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Abstract 
Smart home, as one of the most prosperous industries of the Internet of Things, has 

tremendous potential in helping the elderly aging in place and dealing with the challenges of 
aging society. However, compared with the optimistic estimates of related industry and 
academia, currently, the acceptance and market penetration of smart homes for the elderly 
stays extremely low. The essential problem is that the existing smart home products and 
services for older adults could not meet their core value demand, and the application of 
technology and service delivery have not been able to eliminate or reduce their worries and 
perceived risks. As the most populous country in the world, China is one of the countries with 
the fastest aging process in the world. In the upcoming future, China will become the country 
with the most aging population globally which will bring a huge burden to the Chinese 
government and society. A huge base of aging population also indicates that there is an 
enormous blue ocean of business opportunities in the Chinese aging industry.  

Targeted on the future elderly aged from 45-60 in China, this research develops the 
perceived value and perceived risk scales of smart homes for future elders by following the 
standard scale development process. The perceived value scale is consisted of perceived benefit 
and perceived cost scale, among which the perceived benefit scale contains eight factors with 
the integration of the PERMA-V wellbeing model, they are independence, healthcare, safety, 
positive emotion, engagement, relationship, meaning, and achievement, in total 38 
measurement items; the perceived cost scale consists of three factors, namely monetary cost, 
study cost, and space cost, in total 15 items. And the perceived risk scale is made up of ten 
factors, namely privacy & security risk, physical risk, technological risk, performance risk, 
service risk, financial risk, psychological risk, industry & market risk, social support risk, policy 
& law risk, in total 70 items. The combination of these two scales could comprehensively 
evaluate the elderly’s perception of smart homes from the value creation and risk avoidance 
perspective. Moreover, based on the development of perceived value and perceived risk scales, 
this study further develops a smart home technology acceptance model for the elderly by using 
perceived value and perceived risk as the core variables through structural equation modeling. 
The result shows that the perceived benefit has a significantly positive effect on the attitude of 
future elders toward smart home using, which will further affect their behavioral intention to 
use. In contrast, the perceived cost and perceived risk exert a mainly negative effect in the 
model. Thus, maximizing the perceived benefit in the eight dimensions mentioned above, as 
well as controlling, reducing, or eliminating perceived risk and perceived cost is the core 
principle to improve the acceptance and adoption of smart homes for future elders. 

The research breaks through the limitation of the conventional technology acceptance 
model and makes the value evaluation of a high-tech applications for the elderly group much 
more precise and profound. The results of this research can provide guidelines and help 
corresponding designers, developers, industry practitioners, and policymakers to accurately 
grasp the value needs of the elderly and clarify the potential risks that should be avoided 
during the products and service developing and delivery process. So that the maturity and 
market penetration of the smart home industry for older adults could be improved, the social 
pension burden could be relieved, and the all-around wellbeing of the elderly could be 
promoted, which endow the research with crucial theory and practice value. 

Keywords: internet of things; smart homes; older adults; perceived value; perceived risk; 
technology acceptance model; scale development; structural equation modeling. 
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Chapter 1 Introduction 
 

This chapter gives a brief introduction about the dissertation, mainly including the 
following contents: research background, purpose and significance, innovation point, content 
and structure, research method. 

1.1 Research background  

The aging population has become one of the most significant social transformations in the 
21st century [1]. With the improvement of living standards and the development of science and 
medical technology, humans live a longer life nowadays. Due to the low birth rate and longer 
life expectancy, a crowd of countries is currently facing the challenges of aging society [2]. As 
the most populous country in the world, China is one of the countries with the fastest aging 
process all of the world [3]. In 2025, China's population over 60 years old will reach 300 million, 
which will make China become an over-aged country. By 2035, China will have 400 million 
elderly people, and by 2050, this data will reach 487 million, accounting for 34.9% of the total 
population [4]. It can be seen that, in the upcoming future, China will become the country with 
the most aging population in the world. This kind of population structure could bring a huge 
burden to the Chinese government and society, which also indicates that there is an enormous 
blue ocean of business opportunities of the Chinese aging industry [5].  

According to an existing survey, 90% of old Chinese people choose to live at home after 
retirement [6]. However, with the decline of physical and social functions, the independence 
and safety of their lives could not be guaranteed in the conventional home environment [7]. 
Smart homes use comprehensive wiring technology, information communication technology, 
security technology, automatic control technology, audio, and video technology, etc. to build 
efficient residential facilities and home management systems of schedule affairs to improve the 
convenience, comfort, safety, environmental friendliness, and artistry of the home life, which 
make it has huge potential in helping the elderly aging in place [8,9]. It can not only make up 
for the shortage of service labor in the elderly care industry, relieves the pressure and burden 
of social pension, but also can provide precise, efficient, high-quality, and convenient services 
to meet the elderly’s diverse demand and help them live an independent, safe and happy life 
in their familiar environment [10-13]. In addition, through the collection of elderly-related data, 
the establishment of a basic information database for elderly behaviors could be realized. It will 
provide a basis for the government to publish related policies and improve their service ability 
for the elderly so that the burden of social pension could be reduced, the social welfare, as well 
as the World Health Organization (WHO) goals of healthy aging and active aging, could be 
promoted [14]. With the promotion of the Chinese government's smart pension policy, smart 
homes will have broad market prospects in China in the future. However, compared with the 
optimistic estimates and high expectations of relevant industry and academia, currently, the 
acceptance and market penetration of smart homes for older adults stays extremely low [15,16]. 
The essential problem is that the existing smart home products and services for the elderly 
could not meet their core value needs, and the application of technology and service delivery 
have not been able to eliminate or reduce their worries and perceived risks toward the usage 
of smart homes.  

Currently, the majority of the research and development of smart homes targets on the 
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young group while the older adults receive little attention. At the same time, numerous 
researches aiming at elderly groups concentrate on the healthcare and physiological aspects of 
the elderly while the impact of the home environment on the mental state and all-around 
happiness of the elderly has been rarely discussed. This is a very big misunderstanding. It is 
true that the major problem for the elderly is the physical and safety issues, but with the 
improvement of living standards and medical science, there are more and more healthy elderly 
people [17], and their needs for spiritual life are growing and stay strong [18]. At the same time, 
the mental life of the elderly often determines their mental state, and the mental state has a 
significant impact on their physical health [19]. Loneliness and depression are often the real 
culprits behind the worsening physical health of the elderly. Therefore, the design and 
development of smart homes for the elderly should not only focus on the conventional physical 
aspect but also emphasize the satisfaction of their psychological needs [20-22]. Generally 
speaking, the current studies of smart homes for the elderly are more limited to the 
development and consideration from a single technology perspective, lacking insight into their 
core value demands and not well-circumvented users’ anxiety and perceived risks from a 
humanism aspect [23], industry and technology development are immature[15], market 
penetration and the users’ acceptance stays low[16]. 

1.2 Research purpose and significance  

1.2.1 Research purpose 

In view of the lack of core value insights and anxieties identification of smart home 
products and services for the elderly, this research aims to develop the perceived value and 
perceived risk scales of smart homes for older adults and construct a technology acceptance 
model based on these two core variables.  

The author followed the standard scale development process to conduct exploratory factor 
analysis (EFA) and confirmatory factor analysis (CFA) in SPSS 25.0 and AMOS 25.0 to gain the 
perceived value scale and perceived risk scale through the investigation of the future elderly 
group aged from 45-60 in China. Moreover, based on these two scales, a technology acceptance 
model of smart homes for future elders has been proposed and verified through structural 
equation modeling (SEM) in AMOS 25.0. The results of the research could provide guidance 
and references for the development and maturity of smart homes for future elders from a user-
centered perspective, improve their quality of life (QOL), and promote their all-around 
happiness through the application of smart technology. 

The reasons why the research targets on 45-60 years old group are as follows: First, people 
over 60 years old are defined as senior citizens in China, those aged from 45-60 will transform 
into aging population gradually in the coming 15 years, who are the main groups of future 
elders. Second, these group people have witnessed and experienced the born and rapid 
development of China's Internet and been deeply influenced by information technology. They 
are more likely to be the early adopters and users of smart homes when they are getting old 
compared to the aging group now. Third, the development of smart home technology, the 
maturity of related industries and markets, the users’ perception and adoption of smart homes 
are still in their initial stage. They all need time to be optimized, promoted, and diffused. Since 
information technology nowadays is experiencing unprecedented development and 
advancement, in 15 years, there will be more possibilities for smart homes from the technology, 
service, industry, market, social, and policy level. The maturity of these conditions could 
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promote the elderly all-around happiness from a comprehensive perspective including the 
physical, psychological and cognitive aspects through smart home technology, which is the 
core proposition of this research.  

1.2.2 Research significance 

1. Theoretical significance 

This research has developed a smart home perceived value scale and perceived risk scale 
for the elderly and proposed a smart home technology acceptance model based on these two 
core variables. First, it has complemented the gap of current value evaluation and risk 
identification of emerging technology for the elderly group. The core value needs and typical 
characteristics of the aging group have been well considered during the scale development 
process, which makes the perceived value and perceived risk scales is specifically suitable for 
older adults. Second, the research has broken through the limitation of the conventional 
technology acceptance model, which takes the perceived usefulness and perceived ease of use 
as the core variables. Nowadays, due to the development of information communication 
technology (ICT), customers could form recognition and perceptions about certain products 
and services via multi-channels and a variety of ways, like offline experience, online 
information, and comments, mass media, broadcasting, pictures, radios, videos, etc., and then 
decide whether to purchase and use certain products and services. Moreover, users’ 
requirements are diverse and complex, which are far more beyond the functional demand. Also, 
for the integrated system platform like smart home, it involves complicated problems like 
privacy, security, and ethical issues, which are out of the range of usefulness and ease of use. 
Thus, the traditional technology acceptance model could not respond to the diverse needs and 
technology harmfulness of complex and intelligent systems platforms, so that reshape the 
technology acceptance model through the two essential variables, perceived value and 
perceived risk, could provide a profound and comprehensive insight into the acceptance 
motivation of users, which is of great theoretical significance.  

2. Practical significance 

The results of this research can provide guidelines and help corresponding designers, 
developers, industry practitioners, and policymakers to accurately grasp the value needs of the 
elderly and clarify the potential risks that should be avoided during the products and service 
development and delivery process. It can help the elders aging in place and is beneficial to 
maximize the perceived value of smart homes for the elderly. It can improve the smart home 
acceptance and adoption rate to speed up the maturity of the smart home industry for the aging 
groups. It can help advance technologies such as the internet, big data, and cloud computing, 
artificial intelligence, etc., to combine together in dealing with the issues and challenges of the 
aging society so that the social pension burden of government and society could be relieved, 
the QOL and all-around wellbeing of the elderly could be promoted, which endow the research 
with crucial practice value. 

1.3 Research innovation point 

The innovation points of this research are mainly reflected in the following four aspects: 

1.  Development of the smart home perceived value scale for the elderly: The development of 
the perceived value scale is based on the PERMA-V wellbeing model. It reveals the value needs 
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of the elderly deeply and comprehensively and how smart homes could bring wellbeing to 
older adults from the physical, psychological, and cognitive perspectives. Happiness is an 
eternal goal pursued by human beings no matter how time changes and how technology 
advances. The existing perceived value scales are not targeted on the elderly customer group, 
no need to mention aiming at the smart technology toward the aging group. They are general 
to evaluate a product or service in terms of function, emotion, and social aspects, while the 
evaluation items are not specific and suitable for older adults. There is no certain perceived 
value scale for smart homes toward older adults up until now. Thus, the scale development of 
this research aiming at the evaluation of the perceived value of intelligent technology 
application for older groups is a valuable exploration that has breakthrough significance. 

2.  Development of the smart home perceived risk scale for the elderly: The development of 
the perceived risk scale comprehensively analyzes and presents the risk factors affecting the 
perception and acceptance of the elderly toward smart home from the macro to the micro 
perspective. It covers national policy and law, industry and market standards, social support, 
services responsiveness, technology uncertainty, privacy, and security, etc., as well as the 
psychological risk and performance risk of the elderly group. The maturity and development 
of emerging technology are inseparable from the support and maturity of the macro and micro 
level conditions. Our research presents a comprehensive perceived risk measurement scale for 
the application of relevant smart technologies in dealing with aging challenges and issues. It is 
fundamentally different from other studies that only discuss a few aspects of risk or ignore the 
specific characteristics of older adults. 

3.  Construction of the technology acceptance model of a smart home for the elderly based on 
perceived value and perceived risk: the smart home is an integrated system of smart technology 
which is different from conventional single intelligent technology product or service so that its 
acceptance and adoption should be considered in a systematic level. The ultimate reason for 
users to accept the relevant products and services of smart homes depends on to what kind of 
extent these technologies can satisfy their value demands. This research breaks through the 
limitation of the conventional technology acceptance model, which could not respond to the 
diverse value needs of customers and ignore the technology uncertainty and negative effects, 
replaces the variables perceived usefulness and perceived ease of use with perceived value and 
perceived risk. The research integrates the technical value and risk of smart homes for the 
elderly into the construction of the technology acceptance model from a systematic and 
comprehensive perspective. 

4.  Provision of a method for the value evaluation of emerging technology application for the 
aging group: Although this research mainly focuses on the development of value measurement 
scales and acceptance model of the smart home industry, it is also applicable to other 
corresponding emerging smart technologies which targeted on older adults. The results of this 
research can help corresponding designers, developers, and industry practitioners to quickly 
and accurately grasp the value needs of the elderly and clarify the potential risks that should 
be avoided during the products and service development and delivery process, which is of 
significant value. 

5. Integrate the PERMA-V model into the technology application field. The PERMA model is a 
model of human psychological wellbeing. Martin Seligman, the "father of positive psychology" 
in the book "Flourish: A visionary new understanding of happiness and wellbeing" proposed 
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it. It includes five aspects: P (positive emotion), E (engagement), R (relationship), M (meaning) 
and A (accomplishment). Martin Seligman points out that the overall happiness of man must 
be vigorous development, full experience, and display in these five dimensions. In order to 
present the comprehensive description of wellbeing through this model, the dimensions have 
been updated to six in 2011, which adding the V(Vitality) to represent the physical foundation 
of happiness. The PERMA-V model is originated from the psychological field to indicate the 
structure of wellbeing of the individual. In this study, the author integrates this meaningful 
theory with the application of smart home technology to construct all-around happiness for 
older adults, which remains an innovative cross-field integration and provides a new approach 
for the exploration of how smart technology could sculpt wellbeing for humankind.   

1.4 Research content and structure  

The research is mainly divided into seven chapters. Chapter 1 is the comprehensive 
description of the research, including the research background, research purpose, innovation 
point, research content and structure, research method. Chapter 2 is a summary of the current 
situation of smart home development and a literature review of relevant existing research and 
theories. Chapter 3 is the analysis of the physiological, psychological, cognitive and 
consumption characteristics of elderly people. Chapter 4 is the content of study 1, the scale 
development of the perceived value of smart homes for older adults; Chapter 5 is the content 
of study 2, the scale development of perceived risk of smart homes for the elderly. Chapter 6 is 
the content of study 3, which is the technology acceptance model of smart homes for elderly 
people based on the perceived value and perceived risk; After getting a comprehensive 
technology acceptance model, in Chapter 7, the author gives the conclusion and summary of 
the whole dissertation and put forward the development strategies of smart homes industry 
for the elderly based on the previous research. The limitation of the whole dissertation and the 
future research direction has also been clarified in this chapter. For more details about the 
content of each chapter, please refer to the frame diagram below: 
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Figure 1.1 Research structure 
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1.5 Research methods  

The research mainly adopted the following six research methods: 

1. Literature review method 
Through the research, induction, and analysis of a large number of documents on the 

internationally renowned databases Web of Science, Scopus, and IEEE Explorer, the value 
factors and risk factors, as well as their measurement items of the smart home for the elderly, 
are initially summarized which give a foundation for the further development of the perceived 
value and perceived risk scale. At the same time, the sorting and analysis of previous studies 
provide significant inspiration for other study methods and the procedure of this research. 
2. Interview research method 

During the scale development of perceived value and perceived risk, as called study 1 and 
study 2, the author conducted interviews with future elders aged 45-60 and experts whose 
research field is aging society to check the rationality of the preliminary value and risk factors 
extracting from existing literature, optimize the statement and numbers of measurement items 
and add important items which have not been considered before. This step is called the 
refinement and item reduction of scale development. 
3. Questionnaire survey method 

The questionnaire survey method has played an important role in the three main studies 
of this dissertation. For study 1 and study 2, the author conducted a pilot study before the large-
scale questionnaire survey to optimize the question expressions and make the language easier 
to understand. Then, two main large-scale questionnaire surveys were carried out using the 
revised questionnaire to collect data for the exploratory factor analysis and confirmatory factor 
analysis of relevant scale development. For Study 3, the author combined the generated scale 
of perceived value and perceived risk in study 1 and study 2 to conduct a large-scale 
questionnaire survey to collect data for further model fit and hypotheses test of the technology 
acceptance model. 
4. Statistical analysis method 

The research used SPSS 25.0 for statistical analysis of the collected data in Study 1, Study 
2, and Study 3, involving descriptive statistical analysis for demographic information, factor 
analysis, reliability and validity analysis, Cronbach α coefficient method, etc. 
5. Scale development method 

The research followed the standard scale development process in study 1 and study 2, 
which including item generation, refinement, and reduction, questionnaire design, pre-study, 
exploratory factor analysis, confirmatory factor analysis. During these steps, the exploratory 
factor analysis of study 1 and study 2 was conducted through SPSS 25.0, and the confirmatory 
factor analysis was conducted in AMOS 25.0. 
6. Structural equation model method 

The research process of study 3 is to put forward hypotheses based on theoretical analysis 
and then conducting a questionnaire survey to collect data for empirical testing, which mainly 
used the structural equation model (SEM) method. For study 3, it initially conducted the 
descriptive analysis, reliability, and validity test. Then, AMOS 25.0 software was used for the 
evaluation of overall model adaptation and model fit criteria. Last, SEM was performed to 
check path analysis for hypotheses evaluation. 
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Chapter 2  Literature Review 
 
2.1 Research purpose 

The main purpose of this chapter is to build a theoretical foundation for the whole thesis. 
First, it discusses the concept, history, the development status of smart homes, as well as the 
previous research about the application of smart homes in the aging field. Second, the relevant 
researches of the technology acceptance model are analyzed. Third, wellbeing theory and 
corresponding measurement scale are presented. Last but not least, the direction and theories 
basis of this research are clarified.  

2.2 Research method 

This chapter mainly adopts two research methods. The first one is literature review to 
summarize and present the smart home concept, history, development status, and research 
situation, as well as the technology acceptance model and wellbeing theories. The second one 
is inductive analysis to find the gap in existing studies and reflect the direction and method of 
this research. To be specific, the literature review provides the evidence and foundation to the 
inductive analysis and makes the reasoning process and conclusions more convincing and 
credible. 

2.3 Smart homes for the elderly 

2.3.1 The definition and concept of Smart homes 

Smart homes are human residential platforms using integrated wiring technology, 
network communication technology, security technology, automatic control technology, audio 
and video technology to integrate facilities related to home life to build efficient residential 
facilities and home environment with a management system for schedule affairs. Based on the 
Internet of Things technology, a family ecosystem composed of hardware, software, and cloud 
computing platforms can realize functions such as remote control, the interconnection between 
different devices, and self-learning of intelligent systems, etc. Through the collection and 
analysis of user behavior data to provide users with personalized services, improve home 
safety, convenience, comfort, and artistry, make home life safer, and even realize an 
environmentally friendly and energy-saving living space. It is the embodiment of the Internet 
of Things which can connect various devices and provide home appliance control, lighting 
control, indoor and outdoor remote control, anti-theft alarm, environmental monitoring, 
HVAC control, infrared forwarding, and programmable timing control, etc. Compared with an 
ordinary home, smart home not only has traditional living functions, can provide a comfortable, 
safe, high-grade, and pleasant living space, but also transforms the interaction between users 
and systems from the original passive mechanism to active, intelligent response, provides a 
full range of information exchange to enable the family to maintain smooth information 
exchanges with the external world which greatly improve their quality of life [1-4]. 

2.3.2. The development stages of smart homes 

In the 1930s, some people put forward the idea of home automation at the World Expo. 
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Until 1984, United Technology Corporation applied equipment information and integrated 
concepts to buildings, and the first intelligent building appeared in Connecticut. After that, a 
system that integrated the independent functions of electrical appliances, communication 
equipment, and security devices was called "smart home" in the United States, and smart 
homes have been introduced to the business world since that time. According to the general 
understanding of the industry, smart homes will roughly go through four stages of 
development: 

The first stage, the home automation stage. It is the basis for the automatic control of smart 
homes. Strictly speaking, this stage cannot be regarded as a smart home but only a prototype 
of a smart home. One of its most notable forms is the automatic management of electrical 
products, such as home appliances, curtains, and garage doors, etc. 

The second stage, the single product stage. It is also the primary stage of smart home, 
mainly includes single products, such as smart switches, smart sockets, smart door locks, smart 
cameras, smart bulbs, smart speakers, smart TVs, etc. The most obvious feature of this stage is 
that there are many single smart home products on the market, and they exist in isolation from 
each other and cannot be connected or communicated with each other. In this stage, traditional 
companies are gradually developing towards intelligence, and emerging technology 
companies are committed to the research and development of novel smart items.  

The third stage, the Internet of Things stage. It is a real smart home. This stage is mainly 
focusing on developing the breadth of smart homes, and the keywords are systemization and 
sceneization. Among them, systemization is the thinking of interconnection of all things to 
solve the problem of fragmentation of smart homes, and integrate them into a system, which 
is convenient for management and control; sceneization is to shape the intelligent life scenarios 
by permutation and combination on the basis of different systems. This stage can realize data 
interoperability between products of different categories. The linkage between multiple 
products allows users to customize different scenarios at will and also meets the various 
demands of users. The control at this stage is mainly controlled by artificially launching 
commands. For example, the smart bracelet can obtain the weight, BMI (Body mass index), 
body fat percentage, and other health data detected by the body fat scale, and monitor the 
user's sleep quality, exercise, and diet records based on these health data to cultivate a healthier 
lifestyle for the users. In this stage, home sceneization has also become an enterprise focus of 
smart home companies. 

The fourth stage, the artificial intelligence stage. It is to combine smart homes with artificial 
intelligence technology. This stage is mainly focusing on the in-depth mining of the 
"intelligence" aspect of smart homes. Big data and cloud computing capabilities will be fully 
utilized. Deep learning, computer vision, and other technologies will also be used to realize the 
learning, thinking, simulation, and consciousness of smart homes. The systematic realization 
of intelligence is the result of cross-product data exchange and interaction. Different products 
can not only exchange data but also transform it into active feedback without the command 
and intervention from users. For example, if the smart bed senses that the user is hot and sweats, 
it will actively transmit the data to the smart air conditioner, and the air conditioner is activated 
to provide a more comfortable temperature for the living space. Or when the smart box detects 
that the environmental humidity is too heavy, it will transmit the information to the 
dehumidifier, and the dehumidifier will adjust the space humidity in real-time. This kind of 
systematic intelligence is based on the premise of having perfect intelligent single products and 
service systems, which can realize cross-product and cross-system interaction. It requires all 
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products and systems in the smart home to operate on a unified platform and follow a unified 
standard. This also means that manufacturers that have already entered the field of smart 
homes need to consider whether their set of smart product gateway devices can be grafted onto 
the big platform in the future. Smart homes will go through a long development process, and 
various smart home companies are currently working towards the fourth stage. 

2.3.3. The development status of smart homes in China 

Since the world's first smart building appeared in the United States in 1984, the concept of 
smart home has been introduced to China for more than 30 years. From 2003, China 
successively introduced some smart home systems to the market. Led by the development of 
artificial intelligence and Internet of Things technology, the smart home industry is booming. 
From 2014 to 2019, China's smart home market developed rapidly, with the market size 
growing from 72 billion yuan to 211.8 billion yuan. Data shows that smart products have 
become a hot spot in China's consumer market. From sweeping robots to smart speakers, smart 
child companion robots to smart door locks, etc. More and more smart products have become 
synonymous with a sense of the future. Looking at the development process of smart homes in 
China, it can be roughly divided into the following five stages. 
• The first stage: the budding period (1994-1999). This is the first stage of smart home 

development in China. The entire industry is still in a stage of concepts adoption and 
product recognition. At this time, no professional smart home manufacturers have 
appeared. Only LivingLab was the first to enter this market. Today, the products are 
continuously improved and upgraded, and at the same time, a considerable domestic 
market was forming. 

• The second stage: the pioneering period (2000-2005). At this stage, more than 50 smart 
home R&D(Research and development) and production enterprises have been established 
in China, mainly located in Shenzhen, Shanghai, Tianjin, Beijing, Hangzhou, Xiamen, and 
other big cities. The marketing and technical training systems of smart homes have been 
gradually improved. At this stage, overseas smart home products have basically not 
entered the domestic Chinese market. 

• The third stage: the hovering period (2006-2010). After 2005, the brutal growth and 
vicious competition of smart home companies in the previous stage has brought great 
negative effects to the smart home industry, which including excessively exaggerating the 
functions of smart homes but actually unable to achieve the related effect, manufacturers 
only care about the development of agents but neglected the training and support, which 
has caused operation difficulties, and the unstable products have led to a high complaint 
rate from users. From 2005 to 2007, dozens of smart home manufacturers withdrew from 
this market, and many local agents closed their businesses. The majority of smart home 
companies that have persisted have also experienced the pain of downsizing in recent 
years. In this period, foreign smart home brands have secretly entered the Chinese market, 
some domestic companies that still survived have also made their way to find their 
development directions. 

• The Fourth stage: the development period (2011-2020). Since 2011, the market has clearly 
witnessed a momentum of growth. The high volume growth of smart home products 
shows that the industry has entered an inflection point, a new round of integration and 
evolution from the hovering period. On the one hand, smart homes have entered a 
relatively rapid development stage; on the other hand, agreements and technical 
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standards have begun to interoperate and merge actively, and industry mergers and 
acquisitions have begun to emerge which even become the mainstream in this industry. 

• The fifth stage: the rapid integration period (2021-2025). With the emergence of various 
high technologies such as artificial intelligence, big data, 5G, and cloud computing in 2020, 
smart homes will enter the fast lane. The integration of these technologies is just around 
the corner. A brain that can “think” and “make decisions” to transform passive feedback 
to active response and realizes a real human-computer interaction experience is on the 
way. Voice interaction will gradually replace traditional apps and touch control to realize 
self-learning and control of the systems. Visual processing and gesture recognition will 
bring more powerful interaction capabilities for smart homes. It can also provide users 
with personalized life services through the collection and analysis of user behavior data, 
so that home life will become safe, comfortable, energy-saving, efficient, and convenient. 

2.3.4. The main players of smart homes industry in China 

As China's smart home industry is gradually moving from the single smart product stage 
to the whole house intelligence stage, three business camps have differentiated, they are 
traditional Internet giants such as BAT (Baidu, Alibaba, Tencent), smartphone manufacturers 
such as Xiaomi and Huawei, and traditional home appliance companies have successively 
deployed the smart home industry. 

The first is the Internet camp represented by Baidu, Alibaba, and Tencent. Backed by the 
natural flow of the Internet and huge capital, BAT has natural platform ecological attributes. 
The research and development of small home appliances are more time-saving, labor-saving, 
and money-saving for the Internet company. They use smart speakers as the entry point, such 
as Baidu's "Xiaodu", Ali's "Tmall Elf", and Tencent's "Tingting". Currently, Chinese IT giants 
are actively deploying their smart homes AIoT (AI+IoT) ecosystem via their advantages in 
smart speakers’ market share. In early 2020, Alibaba upgraded the Tmall Genie business to an 
independent business department. The Tmall Genie department held a 2020 spring conference 
and proposed the "Double Hundred Plan" in May. They announced that Alibaba would invest 
tens of billions to build content, services, and the AIoT ecosystem and further consolidate the 
growth soil of smart speakers. They will create hundreds of smart home devices to accelerate 
the explosion of smart industry with the integration of Alibaba Cloud’s IoT resources. Relying 
on Internet thinking and design, supply chain, brand, and channel sales capabilities, Xiaomi 
has accumulated a large quantity of user base, numerous equipment, massive data, and 
application scenarios to build its own AIoT ecosystem. Baidu has the world's leading ABC 
(Artificial Intelligence, Big Data, Cloud Computing) and IoT technology. The guarantee of hard 
power allows Baidu to quickly gain the right of speech in the smart speaker industry and enter 
the first echelon. In 2019, Baidu focused on the screen speaker layout. With the excellent 
technical foundation, high-quality hardware products, and rich content resources, it quickly 
grabbed half of the screen speakers and maintains its leading role until now. By 2020, Baidu 
successively released three-screen speakers, continuing to consolidate its leading position. 

The second is the smartphone manufacturers camp, represented by Xiaomi and Huawei, 
such as Xiaomi’s "Xiao Ai" and Huawei’s "Xiaoyi". Xiaomi and Huawei, both of which were 
born in hardware, have formed a parallel business model of smart furniture and mobile phone 
business. Take Huawei as an example. In December 2020, Huawei held a new product launch 
conference for the whole house smart and smart screen, and officially released Huawei's smart 
home strategy and whole house smart solutions. Unlike other smart home manufacturers, 
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Huawei did not design its own "central control screen", instead it used its own Huawei mobile 
phones to achieve central control. From air-conditioning TVs to smart door locks to cameras, 
the smartphone camp has created a rich industry field for smart homes. 

The third is the traditional home appliance industry camp, represented by Haier, Midea, 
and Gree. Traditional home appliance giants such as Haier tend to establish a full-product 
model for smart homes, enhance brand effects, increase customer stickiness, and develop 
towards platformization, ecoligization, and scalization. Home appliance companies will give 
priority to large home appliances, such as TVs, refrigerators, air conditioners, and so on. For 
example, Gree’s smart home products first launched smart air conditioners, and Midea’s smart 
home products first launched smart refrigerators. These home appliance companies have 
invested a lot of time, money, and manpower in the research and development of large home 
appliances and have accumulated rich experience.  

In addition to the above three camps, traditional electrical and controller manufacturers 
such as ABB, Legrand, Philips, and Op Lighting are also involved in the smart home industry; 
so do real estate companies in China such as Vanke, Evergrande, and Country Garden; China 
Mobile, China Telecom, China Unicom, and other communications manufacturers, as well as 
emerging smart home manufacturers such as Tuya Smart, Oribo, Bolian, and Green Rice. But 
compared to the market share of the three main camps, the market performance of these camps 
is not optimistic. 

2.3.5 The research status of smart homes for elderly  

The dual decline of physical functions and social functions has caused the physical and 
psychological, and cognitive disconnection of the elderly from the outside world. Thus, how 
to apply modern technology to help the elderly rebuild “connectivity” and create an 
independent, safe, happy home environment is a question that all the smart home researchers 
and developers should take into consideration in the future. The market maturity and 
popularity of smart homes are still low [8], and the aging adoption trend of the smart home 
industry is not obvious [9]. However, there is no doubt that a smart home would have a 
prosperous future and provide an effective solution for the global challenges of an aging 
society [10]. At present, many developed countries are already exploring the application of 
smart homes in dealing with the aging challenges, such as the United States, the United 
Kingdom, France, Italy, Japan, South Korea, etc. [11]. Many projects are in progress, with 
funding from international organizations and local governments. 

In the United States, the “Aging in place” project at the University of Missouri in Colombia 
focuses on offering elderly long-term healthcare services in the home environment due to their 
choices [12]. Another project at MIT, called “The house of the future”, conducts qualitative and 
quantitative studies on the relationship of the elderly group with their living environment 
factors and builds a user model based on updating the machine learning data set [13]. Moreover, 
there is a smart home system called “ACHE” in boulder, which aims to optimize the usage of 
energy resources by realizing intelligent control of temperature, heating, and lighting with 
respecting the lifestyle and habits of its residents [14]. What is more, “GatorTech Smart House” 
in Florida, developed by Helal et al., equipped the home components including entrance door, 
bathroom, floor, mailbox, etc. with sensors and actuators and connected them into the online 
platform to try to provide a comfortable and safe home environment for the elderly [15]. 

In Europe, Gloucester’s Smart House project funding by the UK government aims to help 
the elderly suffering from dementia. The majority of items in the house are under continuous 
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monitoring via sensors [16]. Another project called “The ENABLE” also focuses on the subject 
with moderate dementia and provides assistive technology to improve their quality of life 
[17,18]. Moreover, “CarerNet”, a project in the UK, proposes the concept of “hospital at home” 
and deploys telemedicine services for older adults, including emergency response, community 
health information, real-time monitoring, etc. [19]. In Netherland, a smart home system has 
been built to learn residents habits and make decisions by itself according to the subjects’ 
behavior pattern and daily routine, and it can also measure the daily physiological signs such 
as blood pressure, blood sugar, mean arterial pressure, arrhythmia, lung capacity, body weight, 
body temperature, and body fat. The main purpose of this project is to promote the 
communication of seniors, caregivers, and service providers [20]. 

In some Asian countries, like Japan, smart homes usually apply assistive technologies to 
create a smart and comfortable environment for older adults to live at home and improve their 
quality of life. There are 13 smart home examples called “Welfare Techno-Houses (WTH)” built 
by The Japanese Ministry of International Trade and Industry [21,22]. In Tokyo, Andoh et al. 
have developed a system based on resident vital physical signs analysis, including breathing, 
heart rate, body motion, etc., to monitor the sleeping status of seniors [23]. In Nara, Masuda et 
al. have designed a monitoring system to provide elderly physical data and daily life 
information for rehabilitation therapists [24]. Moreover, a smart home, designed by Dr. 
Matsuoka in Osaka, inserts 167 sensors in a home environment, including home appliances like 
refrigerator, TV set, rice cooker, air conditioning, and home furniture to detect the elderly’s 
activities and realize intelligent adjustment and control [25]. 

The discussion above is a part of typical smart home examples, and there are still plenty 
of other projects and research. However, to sum up, the majority of existing projects and 
research are mainly concentrated in the following five aspects. First, home automation. It aims 
to help people improve the comfort of the home environment. Second, energy usage 
optimization. It is to continuously monitor important parameters of the home environment and 
optimize the energy usage to realize energy saving. Third, emergency and accident prevention. 
This aspect is to use sensors networks to monitor and predict home life and environmental 
hazards to reduce property and personal accidents. Fourth, healthcare. This function is mainly 
to help seniors cope with the reduction of physical functions through intelligent technology, 
like perception and cognitive abilities. Fifth, health management and medical rehabilitation. 
This aspect is to monitor the elderly’s mobility and physiological parameters through wearable 
biomedical sensors to provide health management and rehabilitation treatment. 

It is true that the use of intelligent devices and sensor technology is the foundation of a 
smart home, and health and safety issues are one of the most concerned aspects of the elderly 
group. However, with unprecedented developments on the medical level, there is an 
increasing number of healthy elders, and this group accounts for a large proportion of the 
whole elderly population [26]. In terms of spiritual and emotional life, their needs are no 
different from those of normal people. Physiology refers to the life activity of the biological 
organism and the function of each organ. Psychology is related to the process and result of 
sorting out the inner symbol activities of people. Specifically, it refers to biological 
manifestations of subjective reflection of the objective material world, called psychological 
phenomena, including psychological processes and psychological characteristics. Human 
psychological activities have a process of occurrence, development, and disappearance. When 
people are active, they understand things in the external world through various senses and 
think about the causality of things through brain activities, accompanied by emotional 
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experiences such as joy, anger, sorrow, and fear. This reflects the whole process of a series of 
psychological phenomena is the psychological process. According to its nature, it can be 
divided into three aspects, namely the cognitive process, the emotional process, and the will 
process, referred to as knowledge, affection, and intention. Psychological choices are 
perceptual, and physical choices are organic. 

Older adults want an independent, safe, and decent life. They also need recognition and 
respect from the external world rather than being treated as a vulnerable group who needs 
additional help [27]. At the same time, the mental status of the elderly plays an important role 
in their physical health. Even before serious diseases, the psychological state exerts a significant 
effect on their health status [28]. So the research and developers of a smart home for seniors 
only laying emphasis on the technical part or home environment or healthcare indeed 
somehow loses the essence of elderly needs. Because these concerns mostly stay at the survival 
level and ignore the psychological needs and spiritual life of the elderly group. Some scholars 
have also noticed related issues and put forward that smart homes should promote the 
socialization interaction of older adults and help them deal with the problem of isolation 
[11,29,30], but they fail to put forward the concept of creating a smart home for all-around 
happiness for the elderly and lack the in-depth exploration of relevant system evaluation and 
construction. 

2.4 Technology acceptance model  

1967, the Theory of Reasoned Action (TRA), a general theory of behavior prediction, was 
first introduced by Fishbein and Icek Ajzen [31]. They believe that behavioral beliefs determine 
people's attitudes, normative beliefs determine subjective norms, and attitudes and subjective 
norms together determine behavioral intention, which in turn affects actual behavior. In 1985, 
Icek Ajzen found that people have control beliefs in the process of behavioral decision-making. 
He improved the theory of TRA by adding Perceived behavioral control elements and 
proposed the Theory of Planned Action (TPB)[32]. He believes that people’s decision-making 
behavior includes consideration of behavioral risks, and whether the perceived risk is 
controlled stays an important factor affecting people’s behavioral intentions and actual 
behavior. In TPB, he introduced the concept of “perceived” and pointed out the subjectivity of 
people's decision-making behavior. In 1989, Davis applied TRA and TPB to the field of 
information systems to explain users' acceptance of information technology and proposed the 
Technology Acceptance Model (TAM) [33]. In TAM, he takes system design feature variables 
as external variables as the initial factors for people to decide whether to use the information 
system, external variables directly determines the perceived ease of use, and then these two 
variables together determine the perceived usefulness, the perceived usefulness and perceived 
ease of use together determine people's attitude toward using, which in turn affects people's 
behavioral intention to use, the behavioral intention to use ultimately determines the actual 
system use. The Innovation Diffusion Theory (IDT) was proposed by the American scholar 
Everett M. Rogers in 1962 about persuading people to accept new ideas, new things, and new 
products through the media, which focuses on new technologies and social behaviors and 
reveals the process of the spread of new technologies in society [34]. Social Cognitive Theory 
(SCT) start as Social Learning Theory (SLT) in the 1960s and developed into SCT in 1986 by 
Albert Bandura, which believes that learning takes place in a social environment, where 
personal factors, environmental factors, and behaviors have dynamic and mutual interactions 
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[35]. It assumes that users acquire and maintain behaviors while considering the social 
environment of their developing behaviors and highlights the concept of self-efficacy. The 
Motivation Model (MM) was used by Davis et al. to study the adoption and use of Information 
Communication Technology (ICT) in 1992 [36]. Thompson et al. proposed the Model of 
Personal Computer Utilization (MPCU) in 1991 to predict users' personal computer usage 
behavior [37].  

To sum up, the existing Technology Acceptance Model (TAM) has provided valuable 
references for the TAM research of smart homes for future elders, but there is a gap in current 
value evaluation and risk identification of emerging technology for the elderly group. The core 
value needs and typical characteristics of the aging group have not been well considered in 
existing researches. Moreover, there is the limitation of the conventional technology acceptance 
model, which takes the perceived usefulness and perceived ease of use as the core variables. 
Nowadays, due to the development of information communication technology (ICT), 
customers could form recognition and perceptions about certain products and services via 
multi-channels and a variety of ways, like offline experience, online information, and 
comments, mass media, broadcasting, pictures, radios, videos, etc., and then decide whether 
to purchase and use certain products and services. Moreover, users’ requirements are diverse 
and complex, which are far more beyond the functional demand. Also, for the integrated 
system platform like smart home, it involves complicated problems like privacy, security, and 
ethical issues, which are out of the range of usefulness and ease of use. Thus, the traditional 
technology acceptance model could not respond to the diverse needs and technology 
harmfulness of complex, intelligent systems platforms. 

2.5 Wellbeing theory and measurement 

2.5.1 Subjective wellbeing and scale 

Positive psychology is one of the latest branches of psychology. It mainly conducts research 
and proposes theories on the power and virtue to make individuals and communities thrive 
[38]. The theme of positive psychology is "happiness". Happiness is a seemingly simple but 
extremely complex concept. It is also a goal that humans have striven to own and pursue since 
ancient times. Subjective wellbeing (SWB), as one of the important research fields of Positive 
Psychology [39], has received extensive attention from researchers. It is an individual's overall 
evaluation of his own quality of life, and it is one of the important indicators of the individual's 
mental health level [40]. It has two main components: life satisfaction and emotional experience, 
including positive and negative emotions [41]. Since the concept of subjective wellbeing was 
proposed, related scholars have paid close attention to the standardized measurement of 
subjective wellbeing and proposed a series of measurement indicators. Diener has developed 
a subjective wellbeing scale, which includes two parts, namely the positive and negative affect 
scale (PANAS) and the Satisfaction with life scale (SWLS), which has been widely adopted [42]. 
Other scales, like the Index of Well-Being (IWB) compiled by Campbell, includes two parts 
which are the satisfaction of life and perceived stress [43]. Memorial University of 
Newfoundland Scale of Happiness(MUNSH), which is applicable to the elderly and has been 
widely used [44].  

2.5.2 PERMA-V model 
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For the existing research of wellbeing, the majority of them only provide the basic concept 
definition, dimensions categories, or measurement scale of wellbeing, which is far from the 
comprehensive way. The PERMA model is a model of human psychological wellbeing, which 
is considered to be the most comprehensive framework of “the good life”, and is the foundation 
of positive psychology in science and practice. Martin Seligman, the "father of positive 
psychology" in the book "Flourish: A visionary new understanding of happiness and 
wellbeing" proposed it. As shown in figure 1.1, it includes five aspects: P (positive emotion), E 
(engagement), R (relationship), M (meaning) and A (accomplishment) [45]. In 2011, Martin 
Seligman added a new dimension “V(Vitality)”, and points out that the overall happiness of 
individual must be the comprehensive development, full experience, and display in these six 
dimensions. In this model, wellbeing is understood as being more than experiencing positive 
emotions and feeling happy. The new dimension has given the physical foundation for the 
other dimensions and makes the model presents a much stronger explanation about the all-
around wellbeing of human beings. 

The specific contents are as follows: 

 
 

Figure 2.1. The positive psychology PERMAV model 
 
• Positive emotions: Positive emotions are the foundation of happiness theory, which refers 

to the subjective feelings that can make us happy, warm, and comfortable. Life, which can 
successfully show these attributes, is called a pleasant life. Positive emotions have a 
broadening effect on our thoughts and actions. They allow us to discard automatic 
responses and instead look for creative, flexible, and unpredictable new ways of thinking 
and acting. Positive emotions are strongly correlated with both resilience and 
wellbeing. Emotions are contagious, and we know positive emotional states are conducive 
to building strong relationships. 

• Engagement: Engagement is a state when a person really enjoys and values doing 
something. He will devote himself to the moment and concentrate on doing it. In positive 
psychology, this state of involvement is called "flow". Engagement occurs when we employ 
our skills and strengths to meet a challenge. When we are engaged, we focus our attention 
on a task and are at one with the moment.  

• Relationship: Positive relationships include the forms of regular contact, communication, 
activities, mutual care, help, appreciation, and gratitude. These positive relationships allow 
individuals to be listened to, comforted, encouraged and reminded so that they have the 
ability to face difficulties and adversities. Relationships are fundamental to wellbeing. The 
experiences that contribute to wellbeing are often amplified through our relationships, for 
example, great joy, meaning, laughter, a feeling of belonging, and pride in accomplishment. 
Connections to others can give life purpose and meaning.  
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• Meaning: Meaning is a personal sense of belonging, and this thing brings value beyond 
the individual. If people want to be happy, they must feel that their life is meaningful, 
worthwhile, and valuable. Having a sense of meaning and purpose occurs when we serve 
something bigger than ourselves. We know that cultivating connections to others, 
identifying and working toward a purpose, telling stories about our place in the world, and 
making contributions beyond ourselves can immeasurably deepen our lives and our 
wellbeing.  

• Achievement: A sense of accomplishment is the feeling of being happy or successful in 
what a person has done when they complete or finish something. Human beings have a 
basic need to feel they are growing and making progress in life.  

• Vitality: Research shows us that vitality is integral to our wellbeing. Our ability to sleep 
deeply, eat well, and exercise regularly has a significant impact on all other elements of 
wellbeing. Maintaining physical vitality is essential for building resilience and bouncing 
back through adversity and challenge. 

Smart homes will have huge market prospects in China and will undoubtedly change our 
future life style in this artificial intelligent era. It presents infinite potential in dealing with the 
aging challenges and help the elderly aging in place and live an independent, safe, healthy, and 
happy life after retirement. Despite the optimistic expectation of future market growth, the 
development of whole house intelligence of smart home is still in its early and realization phase. 
The products and services are yet far from mass-market adoption[5]. The essential problem is 
that the existing smart home products and services for older adults could not meet their core 
value demand, and the application of technology and service delivery have not been able to 
eliminate or reduce their worries and perceived risks. Moreover, with regarding to technology 
acceptance and adoption, there is limitation of the conventional technology acceptance model, 
which taking the perceived usefulness and perceived ease of use as the core variables and could 
not respond to the diverse needs and technology harmfulness of complex, intelligent systems 
platforms like smart homes. Thus, the research of the scale development of the perceived value 
and perceived risk of smart homes for the elderly, and the construction of a new technology 
acceptance model based on these two core variables which reflect the core value and typical 
risks of smart homes are necessary and urgent. Home is the place where people spend the 
longest time in their lives. At the same time, compared to a single product or service, smart 
home is the integration of numerous products and intelligent service systems. This combination 
determines that smart homes have functions beyond the conventional single product or service 
and provide the possibility and huge potential of shaping all-around wellbeing for the elderly 
in home life. The PERMA-V model is a model of human wellbeing, which is considered to be 
the most comprehensive framework of “the good life” indicating the structure of all-around 
wellbeing of the individual. In this study, the author intends to integrate this meaningful theory 
with the application of smart technology to construct all-around happiness home environment 
for older adults, which remains an innovative cross-field integration and provides a new 
approach for the exploration of how smart technology could sculpt wellbeing for aging group. 
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Chapter 3 The characteristics of the elderly 
 
3.1 Research purpose 

The primary purpose of this chapter is to discuss the characteristics of older adults, which 
mainly contains the physical characteristics, psychological characteristics, cognitive 
characteristics, and consumption characteristics. The summary of the characteristics of older 
adults could provide the analysis basis for the dimension extraction and item generation of 
perceived value and perceived risk of smart homes for the elderly. 

3.2 Research method 

This chapter mainly adopts two kinds of research methods. The first is literature review to 
gain the relevant record, description, and analysis of the elders’ characteristics. The second is 
inductive analysis to summarize the relevant features of the elderly into four aspects, namely 
physical, psychological, cognitive, and consumption characteristics. 

3.3 The characteristics of elderly  

With the increase of age, the physical and social functions of the elderly will unavoidably 
decline and decay. Table 1 shows the aging age of the principal organs of the human body, 
which is compiled and summarized by the author based on literature review and materials 
scanning. From the table, we can see the human body aging laws and regulations, which could 
support further characteristic analysis of older adults. 

Table 1. The aging age of human organs 

The aging age of human organs 
Brain Lung Skin Muscle Breast Bone Fertility Heart Eyes 

20 20 25 30 35 35 35 40 40 

Teeth Prostate Kidney Hearing Intestine Taste&
Smell 

Bladder Sound 
Gland 

Liver 

40 50 50 55 55 60 65 65 70 

3.3.1 Physical characteristics 

The human body comprises the following nine significant systems: motor system, 
nervous system, endocrine system, circulatory system, respiratory system, digestive system, 
urinary system, reproductive system, and immune system [1]. The improvement of the 
quality of life and the level of medical care has led to the continuous extension of the average 
life expectancy of mankind [2]. The health status of the elderly in China has generally entered 
a stage where chronic diseases and degenerative diseases are predominant. Most of them are 
healthy and energetic older adults who have the ability to take care of themselves and do not 
need special care and concerns within a certain age period [3]. The author summarizes the 
typical degradation of the elderly in physical aspect as following： 

• Degeneration of sensory system: Degeneration of the nervous system could directly lead 
to the degradation of the elderly's sensory system, which is mainly reflected in the aspects 
of vision, hearing, taste, smell, and touch, and will affect external stimuli and information 
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acceptance, manifested as unresponsiveness, especially hearing and vision. It can lead to 
severe life disorders. 

• Degeneration of skeletal and muscle system: For the elderly group, the decrease of 
calcium in bone and bone density may easily multiple fractures. The muscle tissue of the 
ordinary human body begins to decrease from about 50 years old. The process accelerates 
significantly after 60 years old, which leading to muscle relaxation and may turn into 
amyotrophic lateral sclerosis (ALS) in severe cases. It could dramatically affect the daily 
life of older adults, such as being unable to perform high-intensity exercise. And if the 
situation getting worse, it may bring walking obstacles in daily life. 

• Degeneration of cardiopulmonary system: Because of the decline of the endocrine system, 
female ovaries or testes begin to reduce the quantity of hormones that will directly affect 
the nervous system works. During this period, people often experience chest tightness, 
shortness of breath, palpitations, shortness of breath, dizziness, tinnitus, irregular heart 
rate, and even cardiovascular and cerebrovascular diseases. Deterioration of the heart and 
lungs could cause respiratory and circulatory problems, like heart disease, hypertension, 
and hyperglycemia, which are very common in the elderly group. 

• High incidence of chronic disease: Chronic diseases are closely related to the individual’s 
lifestyle. Multiple stress from work and life in middle age and former life is one of the 
important reasons leading to the high incidence of chronic diseases for the elderly. Being 
lack of exercise, unhealthy eating habits could also be the causes. Over time, an unhealthy 
lifestyle will cause declines in the body's immune system, eventually leading to various 
chronic diseases. 

3.3.2 Psychological characteristics 

In China, after retirement, the social scope of seniors is usually limited to the family and 
surrounding communities. At the same time, most of their children are busy with their works 
and live away in another city, so they could not give enough companionship and concern to 
their parents. This situation may easily cause some psychological diseases ignored by their 
children, even themselves. Moreover, physical function declines and chronic diseases of the 
elderly could also bring the elderly different degrees of psychological changes. Over time, it 
may lead to severe psychological diseases and affect physical health. The parents of the first 
one-child generation in China have or will soon enter the group of older adults [4]. With the 
acceleration of the urbanization process, their children usually go to progressive cities and 
regions to receive a higher quality education and pursue their occupation career, which will 
make the older generation live alone in their house or hometown [5]. In 2020, there will be more 
than 118 million older adults living alone and in empty nests in China [6]. The intense 
emotional dependence on children and the reunion desire with the extended family make the 
elderly group have a stronger sense of loneliness [7]. The weakening of traditional family 
support and the rapid development of social media has given rise to the need for social 
networking, entertainment, companionship, and spiritual comfort for the elderly. The author 
summarizes the typical psychological characteristics of the Chinese elderly as following： 

• Loneliness and depression: Most older adults in China live a busy life before retirement, 
moving between work and family all day long. It is hard for them to feel lonely because 
of the solid spiritual pursuit of career success and value realization. However, after 
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retirement, they are easy to lose their life goals and future plan. Some seniors could easily 
get depression. As time goes by, such negative feelings of loneliness and depression will 
lead to a poor mental state of the elderly and invoke suspicious and anxious emotions. For 
instance, the phenomenon of "empty-nest elderly" is a severe problem in China. No family 
members are accompanying them, leading their sense of security to drop and loneliness 
to rise. 

• Inferiority and frustration: Due to the decline of physical and cognitive functions of the 
elderly, many inconveniences and mistakes could appear in life, such as improper 
handling of things, difficulty in accepting new things, the pain of illness, etc. These 
situations are very likely to bring negative emotions of inferiority and self-criticism to 
seniors. They will be more sensitive and easily get frustrated because of their 
powerlessness to reality and aging. 

• Degeneration of cardiopulmonary system: The secretion quantity of hormones will 
reduce with the aging process of the endocrine system, including ovaries and testes, which 
will directly affect the nervous system. During this period, people often experience chest 
tightness, shortness of breath, palpitations, shortness of breath, dizziness, tinnitus, 
irregular heart rate, and even cardiovascular and cerebrovascular diseases. Deterioration 
of the heart and lungs has caused respiratory and circulatory problems in older people. 
Conditions such as respiratory diseases and heart disease, as well as hypertension and 
hyperglycemia, are very common in the elderly. 

• Menopause symptoms: After entering menopause, both men's and women's physical and 
psychological states will change significantly. Poor mood, irritability, nervousness, 
anxiety, insomnia, and sentimentality are often presenting. Older adults are eager to 
receive attention and respect in old age and reducing the psychological gap resulting from 
retirement. Therefore, it is essential to pay attention to the mental health of retired elderly, 
enrich their spiritual and cultural life, and help them expand their social circles. 

3.3.3 Cognitive characteristics 

With the aging process, brain cells begin to decrease, nervous system begins to shrink, 
information delivery and nerve conduction efficiency will considerably be slowed down 
compared to young people. The cognitive characteristics of the elderly are mainly reflected in 
cognitive aging and cognitive impairment. 

• Cognitive aging: The characteristics of cognitive aging mainly manifest in a slower 
motion and central nervous processing speed, reduced working memory, decreased 
ability to suppress the effects of irrelevant stimuli, and increased physical disharmony. It 
includes intelligence decline, thinking ability decline, memory decline, responsiveness 
decline, learning and operating ability decline. Because of these facts, most older people 
have a weaker ability to perceive and accept new things, making them spend more time 
than the young group to learn a new operation or master a new skill. 

• Cognitive impairment: Cognitive impairment could be divided into mild degree and 
severe degree. Studies have shown that there is a great chance that mild cognitive 
impairment could turn into Alzheimer's disease [8]. Alzheimer's disease is a degenerative 
neurological disorder with a more insidious, progressive development [9]. Cognitive 
impairment, memory impairment, visual impairment, speech loss, executive disability, 
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and personality change are all clinical symptoms [10]. The etiology has not been identified 
so far. Professor Reidrey of the Alzheimer's Research Fund Committee in the UK said: 
"Researchers believe that the hidden dangers of Alzheimer's disease begin in middle age. 
Maintaining an active and healthy lifestyle, such as keeping a good diet and doing a 
regular examination of blood pressure and cholesterol, can significantly reduce the 
prevalence of Alzheimer's disease [11].  

3.3.4 Consumption characteristics  

Concerning the consumption characteristics of the elderly, there are both positive and 
negative aspects. The following gives a discussion in detail: 

• Consumption disadvantages due to physical and psychological decline: The judgment 
ability and logical thinking ability of the elderly all decrease with the increase of age[12]. 
In terms of consumption characteristics, the consumption behaviors of the elderly are 
easily affected by pragmatic, anxiety, herd, compensation, and profit-seeking psychology. 
When encountering with rights violation situation, their protection awareness is weak[13]. 

• Diverse consumption demands: The new elders who have just retired generally are in 
good health, and there is no significant difference in their demands compared with the 
young and middle-aged. In addition to essential nutrition and medical treatment, they 
advocate freedom and pursue comfort. They have strong enthusiasm for colorful and 
abundant life, such as travel, sports, fashion, beauty, fitness, food, leisure, entertainment, 
skills, and hobbies[14].  

• Pursue high-quality life: With the continuous improvement of China's economic, medical 
standards, and pension assurance, Chinese new elders often have a certain amount of 
savings and have formed a stable lifestyle and modern consumption habits. They are 
willing to consume to improve their quality of life and strengthen their feeling of 
happiness and fulfillment [15].  

• Closer connection with the Internet: Chinese new elders shows a high degree of 
acceptance of the Internet and proficient use of electronic products, which profoundly 
reshapes their consumption patterns. The big data released by JD.com shows that 
electronic products such as smartphones and tablets are among the top search keywords 
for elders. The use of mobile terminals, online payment, e-commerce platforms were once 
the "patent" of young people. But, now, there are numerous Chinese elders and middle-
aged people who can operate them proficiently. At present, the number of Internet users 
over 60 in China has exceeded 400 million; more than 60% of the elderly can use WeChat, 
Alipay, and other mobile terminals for consumption. According to data from Alibaba 
Group, online shoppers over the age of 50 in China presents a colossal base. The number 
is nearly 30 million on Taobao and Tmall. Many older adults choose online platforms to 
buy food and daily necessities, make orders and reservations. It is easy and convenient, 
which provides great help for older adults with poor physical mobility. It can be seen that 
more and more middle-aged and older adults are integrating into the Internet 
environment in China. The weakened living ability and social isolation of the elderly need 
the assistance of intelligent products and services.They are even more in need of 
intelligent technology than the young groups [16]. 
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According to the characteristic analysis of the elderly from physical, psychological, 
cognitive and consumption aspects, some fact and conclusion can be obtained. On one hand, 
comparing with the general people or youth group, the elderly present totally different 
characteristics with the increase of age, which including the degeneration of sensory system, 
skeletal and muscle system, cardiopulmonary system as well as high incidence of chronic 
disease in physical aspect, loneliness and depression, inferiority and frustration, degeneration 
of cardiopulmonary system, menopause symptoms in psychological aspect; cognitive aging 
and cognitive impairment in cognitive part, etc. Thus, the development and design of smart 
homes for the elderly should take these characteristics into consideration, compensate for their 
weaken ability and try to reduce their perceived risks as much as possible. On the other hand, 
the diverse consumption demand, pursuit for high quality life and close connection with 
internet of the elderly, provide the foundation and feasibility to apply various innovative 
technology in the home environment to satisfy their diverse value demand. What’s more, the 
conventional smart homes for the elderly usually focus on their physical demand. Concerning 
the psychological and cognitive perspectives, there are also plenty of ways in which we can 
apply to meet their related value demand through smart home technology. Thus, the goal of 
constructing overall happiness for the elderly via smart homes should be given emphasis and 
put on the agenda. To sum up, the analysis of the characteristics of the elderly could help the 
research to grasp the value demands, risk perception, and consumption preference of Chinese 
elderly and provide the foundation for the generation, refinements, and adjustment of the 
measurement items of related perceived value scale and perceived risk scale. It could also 
further contribute to the construction of the technology acceptance model of smart homes for 
the elderly in the following research process. 
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Chapter 4 
Perceived value scale of smart homes for the elderly 
 

4.1 Research purpose 

To construct a smart home with all-around wellbeing for the elderly and help them realize 
independent, safe, and happy life in the old stage, this chapter introduces the PERMA-V 
wellbeing model to develop a perceived value scale of smart homes for the elderly. It reflects 
the typical characteristics and core needs of the aging group. The scale comprehensively 
evaluates the value and potential of smart homes that can help future elders aging in place. It 
can help related industries fully and accurately grasp the core value demands of older adults 
and provide a direction and evaluation criteria for the future development of associated 
enterprises and industries. 

4.2 Research method 

This chapter follows the standard scale development and validation process [1-3]. The main 
research methods include literature review, expert interview, user interview, questionnaire 
survey, and statistical analysis. The research steps are as follows: First, a preliminary pool of 
measurement items of perceived value was formed through literature research and user 
interview. Second, an expert interview was conducted to analyze the rationality of all the items, 
the item expressions were optimized, and relevant contents were refined. Third, a 
questionnaire was formulated using the optimized measurement items, and a pre-study was 
conducted to ensure the questions and answers were meaningful. Forth, the final questionnaire 
of the perceived value of smart homes for the elderly was formed after modification and 
adjustment according to the analysis result of the pre-study. Fifth, the final questionnaire was 
used to conduct the main investigation, which includes data collection and analysis. The first-
round data was used for exploratory factor analysis, SPSS 25.0 was applied to extract factors 
and test the validity of relevant factor loading. The second-round data was used for 
confirmatory factor analysis via AMOS 25.0. According to the data analysis result, the 
measurement items of the corresponding factors were optimized until all the model fit indexes 
reach the standard threshold. Last but not least, the constituent factors and measurement items 
which satisfy all the model fit index threshold was outputted to form the final scale. It is worth 
mentioning that the perceived value of this study is mainly composed of perceived benefit and 
perceived cost, so the scale of perceived value includes two parts, the perceived benefit scale, 
and the perceived cost scale. Among them, perceive benefit has a positive impact on perceived 
value while perceived cost indicates a negative effect. Therefore, when exploratory factor 
analysis and confirmatory factor analysis were performed, these two parts were analyzed 
separately. 

4.3 Defining perceived value of smart homes for the elderly 

From the perspective of economics, value is a concept about commodity economy. It is the 
undifferentiated human labor or abstract human labor condensed in commodities that stays 
abstract, invisible and intangible. For a long time, a large number of researchers have tried to 
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give a standard definition about value, but they failed to reach a consensus in the end. Value 
shares different definition and presents different meanings in the field of consumer research 
[4], and its concept shows diversified characteristics [5,6]. In many existing literatures, 
consumer value is equivalent to consumer perceived value. From the perspective of consumer 
orientation, there is a clear difference between consumer value and consumer perceived value. 
The former is a consumer-oriented concept while the later involves consumers’ own evaluation 
and judgment which remains an assessment concept. In the research field of consumer  
behavior, the concept of perceived value has been widely recognized and used. Under such a 
cognitive framework, customers are concerned about the benefits they can acquire from the 
products or services they want to buy and the relevant costs they need to pay, so that they can 
choose the product or service with the maximum overall value to satisfy their demand[4,7,8]. 

According to the existing papers, there are mainly two factions of perceived value study. 
One group is based on Zeithaml's two-dimensional model, which advocates that perceived 
value is composed of perceived benefit and perceived cost[4]. The other is a multi-dimensional 
model of perceived value, represented by the five-dimensional model of Sheth which contains 
functional value, conditional value, social value, emotional value and epistemic value [9]. The 
results of these researches and explorations have strong reference significance for this study, 
but their targeted consumers are basically mass consumer groups. When it comes to specific 
group which shares obvious different physical and psychological characteristics, such as older 
adults, the existing definition of perceived value and the dimension divisions are too general 
and do not have pertinent sense. For example, the functional value dimension, is there any 
difference of the functional needs between aging group and the youth group? What are the 
functions of smart home that the elderly needs?  The general value dimensions could not 
respond to these questions because they have not taken the characteristics of the elderly into 
consideration. At the same time, with the advance of society and industry, especially the 
development of information communication technology and internet of things, the majority of 
products nowadays are no longer a single physical object, but a system combination composed 
of hardware, software and humanware. In the upcoming future, all the physical stuffs may be 
inserted with sensors and form a connected world. Smart homes are the integration of 
numerous single household products and different service systems. It has huge potential and 
can serve for all-around user demands. Therefore, for the smart home for the elderly, the 
composition of its perceived value should be unique and different from the conventional 
dimensions. 

This study combines the characteristics of the elderly and the potential of smart homes in 
shaping independent, safe, healthy, and happy life for older adults. It follows Zeithaml’s 
academic propositions and basically divides perceived value into perceived benefit and 
perceived cost. The reason why the author picked up the Zeithaml’s theory was because, with 
regards to value, there is no sense to just focus on the valuable part, it is also important for the 
users to figure out how much does it cost to gain the certain value. If some products or service 
systems are of great value for the users, but the cost is beyond their affordability, then the value 
will not have any positive effect on them and it is unnecessary to have further perception and 
consideration. Thus, the perceived value in this research has been further divided into 
perceived benefit and perceived cost. Furthermore, the perceived benefit of smart homes for 
the elderly has been divided into eight dimensions and perceived cost into three dimensions. 
The specific definition and composition analysis can be seen in following content. 
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4.3.1 The definition of perceived benefit of smart homes for the elderly 

This study introduces the concept of "wellbeing" to the perceived benefit scale of smart 
homes for the elderly. Home is supposed to be the heaven of happiness. It is the place where 
people spend the longest time in their lives. For the aging group, due to the decline in their 
physical and social functions, after retirement, they are supposed to spend their longest time 
in home environment. With the improvement of living standards and the development of 
science and medical technology, human live a longer life and healthier lifestyle nowadays. 
There are tremendous healthy elders and those who only have several chronic diseases or slight 
inconvenience in mobility. Therefore, smart homes for the elderly should get rid of the shackles 
of providing single service or conventional nursing function, and aim at creating an all-around 
happiness environment for their aging life. Compared to a single product or service, smart 
home is the integration of numerous products and intelligent service systems. This 
combination determines that smart homes have the functions beyond the conventional single 
product or service, and provide the possibility and huge potential of shaping all-around 
wellbeing for the elderly in home life. PERMA-V model, proposed by Martin Seligman, the 
"father of positive psychology", which is considered to be the most comprehensive framework 
of “the good life”. Thus, the author takes the PERMA-V wellbeing model of positive 
psychology as theory basis and further divides the dimensions of perceived benefit of smart 
homes for the elderly into PERMA-IHS, they are "Positive Emotion", "Engagement", 
"Relationship", "Meaning", "Achievement", "Independence", "Healthcare", "Safety", in total 
eight dimensions. Among them, PERMA is retained from the original model, “V” from 
PERMA-V model which means “Vitality” has been further divided into IHS, namely 
"Independence", "Healthcare", "Safety". “Vitality” is integral to people’s wellbeing, which 
provides the physical essence and foundation for the realization of other five factors PERMA. 
When it comes to older adults, the importance of the physical foundation has been further 
emphasized and given great concerns due to their specific physical situation, they will suffer 
from degeneration of sensory system, skeletal and muscle system, cardiopulmonary system as 
well as high incidence of chronic disease with the increase of age. These situations make them 
quite different from youth and ordinary people in physical aspects. In fact, to some extent, the 
significance of the existence of smart homes for the elderly is to make up for their weaken 
physiological functions and solve the problems they may face with. According to the literature 
review of smart homes for the elderly, it is found that, when the majority of authors mentioned 
the benefits of smart home, there are three words, namely independence, healthcare, safety, 
their occurrence frequency is extremely high. It is not difficult to understand that with the 
decline of the physical and social functions of the elderly, their ability to live independently 
will continue to be weaken and challenged. The application of smart technology can bring 
convenience and efficiency to them, and make up for the weakened physiological functions. 
Simultaneously, as the age increases, various health problems will follow one after another, so 
healthcare plays a crucial role in the elderly’s daily life. Moreover, as a vulnerable group, the 
safety of the elderly will also be subject to various threats and challenges. Compared with 
young people, their cognition, perception and judgement abilities become weaker, and there 
could be various incidence and dangers in personal safety, environmental safety, property 
safety, etc. Thus, the author took “Independence”, ”Healthcare”, ”Safety” as the physical 
foundation of the benefit of smart homes for future elderly instead of the single word “vitality” 
in PERMA-V model, which could reflect the needs and characteristics of the elderly more 
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directly and profoundly. The following is the detailed definition of the relevant sub-dimensions 
of perceived benefit in this study: 

• Independence: The benefit of "independence" means that smart homes can bring efficiency 
and convenience to healthy or mildly disabled elders through smart products and services 
to help them get rid of dependence on others, achieve self-reliance, self-management, self-
care and live with dignity. It mainly reflected in the home smart technology to meet the 
basic needs of the elderly, including clothing, eating, housing, moving, and using, such as 
the automatic control of home appliances, online shopping, take-out foods, taxi calls, 
picking up express delivery, washing clothes, housekeeping services, etc. 

• Healthcare: The benefit of "healthcare" means that smart homes can help the elderly realize 
the management, prevention, treatment and rehabilitation of healthy problems and 
diseases in home environment to live a healthy lifestyle through smart products and 
services. It mainly includes the detection and management of physical health through 
smart medical equipment, online medical consultation, telemedicine, embedded fitness 
equipment, rehabilitation training equipment, etc. 

• Safety: The benefit of "safety" means that smart homes can ensure the physical safety, social 
safety, environmental safety, and property safety of the elderly through smart products 
and services. Among them, the physical safety of the elderly mainly reflects by the 
emergency detection and responses, such as sudden heart attacks, falls, etc. Social safety 
means that the elderly can always get support and help from relevant social forces when 
they need it. Property safety is mainly reflected from the anti-theft monitoring system 
through smart doors, windows, cameras, etc. Environmental safety is mainly reflected by 
the monitor of air, water, electricity, fire, etc. in the home environment to prevent accidents 
such as gas leak and fire disaster. 

• Positive emotion: The benefit of "positive emotion" means that smart homes can help the 
elderly maintain good emotions status through smart products and services, making them 
feel comfortable, relaxed, enjoyable, excited, loved, and get rid of negative emotions such 
as loneliness or depression. It mainly includes two aspects. On the one hand, smart home 
could provide smart home theater, smart game equipment, smart party system, etc. to 
enable the elderly to engage in different entertainment and social activities, such as 
listening to music and radio, watching TV series, watching movies, playing chess and card 
games, family gatherings, etc. On the other hand, smart home could integrate lighting 
systems, temperature and humidity Control systems, door and window systems, etc. to 
regulate the lighting, temperature, and humidity control to create a comfortable living 
environment for the elderly. 

• Engagement: The benefit of "engagement" means that smart homes can help the elderly to 
engage in activities related to their hobbies and competence in home life through smart 
products and services. The elderly could enter a state of “heart flow”, forgetting time and 
space, and feel unparalleled happiness from the things they are engaged in. The shaping of 
engagement mainly includes intelligent information system, intelligent education system, 
intelligent interest assistance system, etc., to help the elderly master, learn and engage in 
knowledge and activities that they are interested in. 

• Relationship: The benefit of "relationship" means that smart homes can help the elderly 
develop and strengthen their interpersonal bond with the outside world and promote their 
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social interaction through smart products and services. The main objects include their 
relatives, friends, families, children, couple, pets, related organizations and institutions. 
Moreover, it can also include the enhancement of the belief or religious connection of the 
elderly, the development of social companion robots based on artificial intelligence 
technology, and even the connection with nature through surroundings or the use of virtual 
reality to enhance their experience about the virtual nature. 

• Meaning: The benefit of "meaning" means that smart homes can help the elderly to find 
the purpose and direction of life, provide opportunity to allow them continue making 
social contribution or reemployment to realize their value of existence after retirement. For 
example, using the Internet technology and platform to help them achieve re-employment, 
do freelance work, create start-ups, join online volunteer community to contribute to 
society, provide remote peers support, help children take care of grandchildren, master 
knowledge and skills through online study to complete unfulfilled wishes, etc. 

• Achievement: The benefit of "achievement" means that smart homes can help the elderly 
to accomplish what they can do and gain a sense of accomplishment. For smart homes, it 
mainly includes the sense of reality achievement and virtual achievement. The sense of 
reality achievement includes helping the elderly to be appreciated, concerned, and gain the 
recognition and respect from others or acquire social status through their hobbies, talents, 
works, etc. The sense of virtual achievement is mainly reflected in the smart home helping 
the elderly to get likes, comments, fans, and attention on the Internet platform or social 
media, even in virtual game system to obtain high rank of game character or virtual gaming 
wealth, etc. 

4.3.2 The definition of perceived cost of smart homes for the elderly 

Before giving the definition of perceived cost, the author wants to clarify that this research 
targets on refurbished house for smart home. The newly designed smart home is not taken into 
consideration. The reasons are as follows: first, as the research background mentioned, 90% of 
Chinese older adults choose to live at home after retirement, they share nostalgia and deep 
emotion for the place they used to live in, so that the smart home in this research is focusing on 
how can smart home help the elderly aging in place and spend their older life in their familiar 
environment. If for newly designed smart home, it will lose this kind of meaning. Second, in 
China, the elderly always save money for their children or grandchildren to buy new houses for 
marriage or study, they seldom invest in new house specifically for themselves, like smart home, 
to spend their retirement time. This kind of consumption culture makes the research of newly 
designed smart home shares low necessity and implies that refurbished house should be given 
the emphasis. Last but not least, some real estate company in China try to expand their business 
landscape via targeting on older adults, but they suffer from huge economic loss. There should 
be some Chinese elderly who are willing to paying for new smart house, and in the future, the 
consumption preference of the most Chinese elderly may be somehow changed, but the 
percentage and possibility stays really low. 

Based on the analysis above, the perceived cost of smart homes for the elderly should be the 
elderly’s perception of the cost they need to pay in order to use smart home products and 
services. These necessary costs mainly include "monetary cost", "study cost", and "space cost". It 
is worth mentioning that, for the elderly with different economic abilities, education 
backgrounds, and cognitive levels, their perception of corresponding costs should be different. 
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The following is the definition of related cost dimensions in this study. 

• Monetary cost: The "Monetary cost” refers to the money that the elderly need to pay during 
the purchase, transportation, installation, usage, maintenance process of relevant smart 
home products and services.  

• Study cost: The "Study cost” refers to the time, energy, money, intelligence investment of 
the elderly to learn the usage and operation of related products, equipment, and service 
systems. 

• Space cost: The "Space cost” refers to the investment that the elderly need to pay for 
changing the original arrangement of the living environment, removing and discarding of 
old products and equipment, redecoration and rearrangement of network layout in order 
to use smart home products and services.  

4.4 Preliminary works  

4.4.1 Items generation  

In order to give a convincing and systematic review about the value and benefit of smart 
home for elderly. The author has searched the global mainstream literature databases, 
including Web of science, Scopus, IEEE Xplore, with keywords "smart home", "older adult", 
"perception" and their synonyms. 2110 articles were collected in total. The specific search results 
are shown in Table 1. 

Table 1. Database, Search Terms and Hits 

Database Search Terms Hits 
 
 
Web of Science(1990-2020) 

("smart home" OR "smart-home" OR "smart house" 
OR "remote house" OR "intelligent home" OR 
"intelligent house" OR "home automation system" 
OR "house automation system" OR "automated 
home" OR "automated house") AND ("older adult" 
OR "Elderly" OR "senior" OR "elder" OR "older 
person" OR "older people" OR "aged" OR "aging" 
OR "middle-aged") AND ("perception" OR 
"Adoption" OR "acceptance" OR "acceptability" OR 
"need" OR "demand" OR "requirement" OR 
"attitude" OR "behavior" OR "awareness" OR 
"willingness" OR "barrier" OR "difficulty" OR 
"assessment" OR "evaluation" OR "measurement" 
OR "measure") 

 
 

473 
 
 
 
Scopus(1990-2020) 

 
 
 

1354 

IEEE Xplore(1990-2020) 
 

283 

 

Among the 2110 articles, 852 duplicate articles were deleted, 59 unnamed articles were 
deleted, and the remaining 1199 articles were screened by title, abstract and full text. In the end, 
64 articles were selected as the materials of literature review. From the existing articles, we 
refined and summarized keywords for the perceived benefit and perceived cost of smart home 
for the elderly. After deleting and merging synonyms as well as adding some new keywords, 
the author had gained Table 2. The table shows the key components of perceived benefit and 
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perceived cost of smart homes for the elderly and synonyms are placed in brackets for similar 
components. Based on it, the initial measurement items of each dimension were generated. 
Then, a small range of user interview was conducted. The author randomly selected 15 future 
elderly people aged 45-60, and asked them about their understanding of the generated 
measurement items, as well as other important value demands that were not reflected or fully 
reflected in the existing variables and measurement items. According to their understanding 
and reflection, the language expression and content of each items have been modified and 
optimized. Some new items and content have been added. Through the literature review and 
user interview, the item pool of perceived value of smart homes for future elderly has been 
formed. 
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Table 2. Measurement item categories, keywords, and references 

Perceived Value Statements Sources 
Perceived Benefit 

Independence 
 (IND) 

Self-reliance (Daily life assistance, Life assistance, Support autonomous living), Self-management 
(Energy management, Daily activity tracking, Remote control, Home automation), Self-care (Self-
support, Medicines and tasks reminders), Efficiency (Effectiveness, Productivity, Convenience), 
Escape from indignity (Dignity, Life autonomy) 

[10] [11] [12] [13] [14] [15] [16] [17] 
[18] [19] [20] [21] [22] [23] [24] [25] 
[26] [27] [28] [29] [30] [31] [32] [33] 
[34] [35] [36] [37] [38] [39] [40] [41] 

[42] [43] [44] [45] [46] 

Healthcare 
 (HEA) 

Health management (Health detection, Health and nutrition, Health monitoring, Chronic diseases 
management, Physiological parameter monitoring), Disease prevention (Exercise, Training cognitive 
functions, Cognitive stimulation), Teleconsultation(Consultancy),  Telemedicine(Prediction of mild 
cognitive impairment, Incipient disease symptoms highlight, Cognitive support, 
Therapy),Telecare(Healthy information exchange, Sensory aids), Rehabilitation(Physical 
rehabilitation and fitness), Medication administration( Medical administration communication)  

[12] [13] [47] [14] [15] [16] [18] [19,20] 
[22] [48] [25] [26] [27] [28] [29] [49] 
[30] [31] [32] [35] [36] [37] [38] [39] 

[40] [41] [42] [43] [44] [46] 

Safety 
 (SAF) 

Life safety (Abnormal behavior detection, Fall detection, Fall prevention), Social safety, Environment 
monitoring(House security, Security monitoring), Property safety, Emergency response( Emergency 
assistance, Emergency detection) 

[10] [13] [14] [15] [18] [20] [50] [22] 
[23] [26] [27] [28] [29] [30] [31] [32] 
[35] [37] [38] [39] [40] [41] [42] [43] 

[45] 

Positive emotion 
(PE) 

Comfort, Relax (Relaxation, Relief of pressure, Workload relief, Leisure), Calm(Unobtrusive, Peace of 
mind), Enjoyable( Fun, Entertainment, Recreation and entertainment, Virtual reality), Delighted 
(Pleasure), Excited, Loved(Emotional interactive) 

[47] [14] [15] [16] [17] [21] [22] [51] 
[25] [26] [29] [30] [31] [32] [36] [36] 

[37] [38] [42] 

Engagement (ENG) 
Competence tasks (Tasks and appointments), Interest development, Knowledge and skills, 
Absorption and concentration(Activity engagement), Lose track of time and space 

[11] [31] [32] [38] 

Relationship 
 (REL) 

Family( Couple, Children), Friends, Social interaction(Social life, Social communication), 
Companionship (Robots, Pet), Belief (Religion),Nature(Biophilic experience), Organization, 
Institution 

[11] [12] [47] [15] [19] [52] [49] [53] 
[30] [31] [32] [35] [37] [40] [42] [43] 

[44] [46] 
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Meaning (MEA) 
Life purpose, Family responsibility (Grandchildren babysitting), Social contribution, Unfulfillment 
(Uncompleted wishes fulfillment), Reemployment, Peers support, 

[49] [31] [32] [40] 

Achievement (ACH) 
Progress in life, Reach goals, Good, Confident, Proud, Sense of accomplishment (Reality 
accomplishment, Virtual accomplishment) 

[31] [32] 

Perceived Cost 

 (Monetary) Cost 
Product price, Service price, Accessory price, Installation fee, Maintenance fee (Repair), 
Transportation fee 

[53] [46] 

Study Cost 
Time investment, Money investment, Energy investment, Interpersonal help, Lack of knowledge and 
experience (Legislation and regulations, Standardization, Operation) 

[17] [46] 

Space Cost House arrangement, House decoration, Old equipment and furniture removement, Network layout  
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4.4.2 Refinement and item reduction 

The item pool formed for perceived value through literature review and user interview 
contained 76 items. They were divided into two parts, the perceived benefit items and the 
perceived cost items. For the perceived benefit, there were 7 items for Independence, 7 for 
Healthcare, 6 for Safety, 10 for Positive emotion, 5 for Engagement, 10 for Relationship, 6 for 
Meaning, 6 for Achievement, 61 in total. With regard to perceived cost, there were 5 items for 
Monetary cost, 6 for Study cost, and 4 for Space cost, 15 in total. After acquiring the item pool, 
expert interview was conducted to evaluate the validity of each dimensions and each 
measurement items of perceived value. A total of 10 experts participated in this research, 
including 4 PhD candidates and 3 Professors whose research field is aging society, 3 workers 
in the smart home industry. We use the mode of remote interviews through Tencent Conference 
and ZOOM to ask experts to present their opinions on the rationality, suitability, validity of 
each perceived value dimensions and relevant measurement items. At the same time, the 
expression and meaning delivery of each items have also been emphasized. Due to their 
suggestions and advice, the author made modification of all the items which consider keeping, 
adding, deleting, merging, revising or dimensional adjustments. The final items for perceived 
benefit are 6 items for Independence, 7 for Healthcare, 5 for Safety, 7 for Positive Emotion, 5 for 
Engagement, 7 for Relationship, 5 for Meaning, 6 for Achievement, 48 in total. Regarding 
perceived cost, there were 5 for Monetary cost, 6 for Study cost, 4 for Space cost, 15 in total. The 
detailed measurement items are shown in Table 3 and Table 4. 
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Table 3. The items of perceived benefit scale  

Perceived Benefit  Items 
 IND1 Smart homes can help me realize self-reliance. 
 IND2 Smart homes can help me realize self-care. 

Independence  IND3 Smart homes can help me realize self-management. 
(IND) IND4 Smart homes can help me improve daily life efficiency. 

 IND5 Smart homes can make my life more convenient. 
 IND6 Smart homes can provide products and services to help with my weaken ability. 

 HEA1 Smart homes can detect my health data and give timely feedback to me. 
Healthcare HEA2 Smart homes can let me exercise at home and realize disease prevention. 

(HEA) HEA3 Smart homes can provide teleconsultation for me. 
 HEA4 Smart homes can provide telemedicine services for me. 
 HEA5 Smart homes can provide telecare for me when I need it. 
 HEA6 Smart homes can help me with the rehabilitation if I got serious disease or finished a surgery. 
 HEA7 Smart homes can help me keep contact with my medical administration. 
 SAF1 Smart homes can ensure my life’s safety. 

Safety SAF2 Smart homes can ensure my social safety. 
(SAF) SAF3 Smart homes can ensure my environmental safety. 

 SAF4 Smart homes can ensure my property safety. 
 SAF5 Smart homes can provide the emergency responses if I got any accident at home. 
 PE1 Smart homes can enable me to feel comfortable. 
 PE2 Smart homes can enable me to feel relaxed. 

Positive emotion  PE3 Smart homes can enable me to feel calm. 
(PE) PE4 Smart homes can enable me to feel joyful. 

 PE5 Smart homes can enable me to feel delighted. 
 PE6 Smart homes can enable me to feel excited. 
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 PE7 Smart homes can enable me to feel I am loved. 
 ENG1 Smart homes can provide me with competent tasks. 

Engagement ENG2 Smart homes can provide me with the support of my interest development. 
(ENG) ENG3 Smart homes can enable me to learn knowledge and skills which I want to learn. 

 ENG4 Smart homes can enable me to get the state of absorption and concentration. 
 ENG5 Smart homes can enable me lose track of time and space while doing something I enjoy. 
 REL1 Smart homes can provide the functions and services to increase the family interaction. 

 REL2 Smart homes can strengthen my social life and cultivate connections to others. 
REL3 Smart homes can provide me with companionship. 

Relationship REL4 Smart homes can provide the functions and services to help me strengthen the connection with my belief. 
(REL) REL5 Smart homes can provide the functions and services to help me feed my pets. 

 REL6 Smart homes can provide the functions and services to strengthen my biophilic experience and the connection 
with nature. 

 REL7 Smart homes can provide the functions and services to strengthen my friendship. 
 MEA1 Smart homes can make me feel I have a sense of direction and purpose in my life. 
 MEA2 Smart homes can help me to do family responsibilities. 

Meaning  MEA3 Smart homes can enable me to make social contribution via technology and Internet. 
(MEA) MEA4 Smart homes can help me do some things which I could not do when I am young via smart technology. 

 MEA5 Smart homes can enable me to do re-employment via technology and the Internet. 
 ACH1 Smart homes can help me make progress in life. 
 ACH2 Smart homes can help me achieving my goals. 

Achievement ACH3 Smart homes can help me feel good about myself.  
(ACH) ACH4 Smart homes can help me feel confident about myself. 

 ACH5 Smart homes can help me feel proud of myself. 
 ACH6 Smart homes can help me have a sense of accomplishment in life. 
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Table 4. The items of perceived cost  

Perceived Cost  Items 
 MON1 If I want to use smart homes when I am old, I need to buy related products and equipment. 

Monetary Cost MON2 If I want to use smart homes when I am old, I need to pay for related services. 
(MON) MON3 If I want to use smart homes when I am old, I need to pay for installation fee.  

 MON4 If I want to use smart homes when I am old, I need to pay for maintenance fee. 
 MON5 If I want to use smart homes when I am old, I need to pay for Transportation fee. 
 STU1 If I want to use smart homes when I am old, I need to spend time learning how to use it. 
 STU2 If I want to use smart homes when I am old, I need to spend money learning how to use it. 

Study Cost STU3 If I want to use smart homes when I am old, I need to spend energy learning how to use it. 
(STU) STU4 If I want to use smart homes when I am old, I need to seek for others help to teach me how to use it. 

 STU5 If I want to use smart homes when I am old, I need to learn related legislation and regulations. 
 STU6 If I want to use smart homes when I am old, I need to learn related industry standardization. 
 SPA1 If I want to use smart homes when I am old, I need to change the arrangement of my house. 

Space Cost SPA2 If I want to use smart homes when I am old, I need to change the decoration of my house. 
(SPA) SPA3 If I want to use smart homes when I am old, I need to remove the old equipment and furniture in my house. 

 SPA4 If I want to use smart homes when I am old, I need to rearrange the network layout of my house. 
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4.4.3 Questionnaire design  

After clarifying the dimensions of perceived value and generating relevant measurement 
items, the author compiled a questionnaire including all the generated items. The questionnaire 
mainly consists of two parts. The first part is the demographic information of the survey 
respondents, including age, gender, occupation, monthly income, marital status. The second 
part is the perceived value scale of smart homes for future elderly, which mainly includes the 
perceived benefit scale and the perceived cost scale, see Appendix A. All the questions have 
been given a specific condition “When I am old” and all the items have been measured through 
5-point Likert scale, during which "1" is "strongly disagree", "2" is "disagree", "3" is "general", 
"4" is "agree", and "5" "is "strongly agree". 

4.4.4 Pre-study  

Before starting large scale investigation, a pre-study was conducted to check the consistency, 
clarity and reliability of the questionnaire. The scale was formatted in a 5-point Likert scale and 
57 middle-aged people aged from 45-60 were recruited in the pilot study. Depending on the 
data result, some confusing questions and long statement were accordingly modified. 
Accordingly, SPSS 25.0 was used to evaluate the consistency and reliability of the questionnaire. 
The Cronbach’s α of the pilot study was 0.875, which was above the threshold of 0.7 and 
indicated that the questionnaire had satisfactory reliability. 

4.5 Scale development and factor analysis  

This section attempts to identify the measurement items of the perceived value scale and 
examine the related reliability and validity of different constructs and measurements. 
Specifically, all 48 items for perceived benefit and 15 items for perceived cost were gathered to 
form a questionnaire and all the items are measured based on a 5-point Likert scale. Participants 
would respond to each item scale from 1=strongly disagree to 5=strongly agree. SPSS25.0 and 
AMOS 25.0 for Windows were used to conduct statistical analysis, the exploratory factor 
analysis (EFA) and confirmatory factor analysis (CFA) were used to test the distinctive 
constructs and model fit indices of the theoretical structure. 

4.5.1 Exploratory factor analysis   

Exploratory factor analysis (EFA) was conduct to reduce the dimensionality and explore the 
appropriate structure of the perceived value scale, which is mainly consisted of two part, the 
perceived benefit scale and the perceived cost scale. 

4.5.1.1 Respondents  

The author conducted online questionnaire survey through Wenjuanxing, a famous Chinese 
questionnaire survey platform to gain the data for exploratory factor analysis. The age of 
participants has been limited in 45-60, 339 responses have been collected. To be more specific, 
191(56.3%) participants were male and 148(43.7%) were female. With regard to the ages, 
102(30.0%) were between the age of 45 and 50, 201(59.3%) were between the age of 51 and 55, 
36(10.6%) were between the age of 56 and 60. The education level, marital status, income and 
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occupation information also have been clarified, which can be seen in Table 5. 

Table 5. Demographic information for exploratory factor analysis 

Attribute Value Freq. % Attribute Value Freq. % 
Gender Male 191 56.3  

Monthly 
Income 
(RMB) 

<1000 34 10.0 
Female 148 43.7 1000-3000 77 22.7 

Age 45-50 102 30.0 3000-5000 87 25.7 
51-55 201 59.3 5000-7000 98 28.9 
56-60 36 10.6 7000-10000 16 4.7 

Education <High school 110 34.4 10000+ 27 8.0 
High school 70 20.6 Occupation Teacher 20 5.9 

Associate 67 19.8 Civil Servant 19 5.6 
Bachelor 48 14.2 IT company staff 19 5.6 
Master 30 8.8 Non-IT company staff 97 28.6 
Doctor 14 4.1 Private entrepreneur 21 6.2 

Marital 
status 

Single 40 11.8 Freelancer 14 4.1 
Married 256 75.5 Worker 94 27.8 
Divorced 35 10.3 Farmer 18 5.3 
Widowed 8 2.4 Others 37 10.9 

4.5.1.2 Exploratory factor analysis of perceived benefit 

A principal axis factoring analysis with varimax orthogonal rotation was conducted. For the 
exploratory factor analysis of perceived benefit scale, the results showed the Kaiser-Meyer-
Olkin(KMO) measure of sampling was 0.929 and Bartlett’s test(Chi-square) value was 
10482.943 (p=0.000), suggesting that it is suitable for factor analysis [54]. Each construct was 
examined and determined in terms of eigenvalues and the scree plot. In terms of item selection 
for the eight factors, all the items were appealed to the condition that singly loading onto one 
factor with coefficients greater than 0.50 [55]. Factor loadings with varimax rotation were 
provided in Table 6.  
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Table 6. Varimax rotation method for the perceived benefit scale in eight factors 

Item Factor 1 Factor 2 Factor 3 Factor 4 Factor 5 Factor 6 Factor 7 Factor 8 
HEA7 .799 .142 .120 .236 .094 .064 .071 .237 
HEA1 .765 .156 .159 .270 .120 .023 .143 .215 
HEA4 .762 .133 .167 .166 .171 -.018 .146 .109 
HEA2 .743 .166 .223 .225 .131 .050 .132 .151 
HEA3 .712 .166 .167 .184 .118 .022 .110 .101 
HEA5 .696 .154 .140 .246 .090 .030 .168 .128 
HEA6 .650 .063 .153 .288 .076 .099 .113 .080 

PE1 .092 .789 .121 .101 .147 -.061 .012 .115 
PE3 .111 .782 .116 .062 .066 .079 .083 .007 
PE7 .116 .770 .171 .132 .078 .028 .033 -.003 
PE6 .091 .756 .219 .069 .132 .096 .140 .151 
PE4 .157 .753 .141 .126 .143 .036 .169 .085 
PE5 .199 .740 .124 .181 .099 .037 .073 .076 
PE2 .099 .733 .223 .194 .163 -.025 .012 .019 

IND4 .140 .160 .764 .210 .088 .008 .093 .056 
IND3 .176 .176 .760 .217 .153 -.095 .036 .141 
IND1 .239 .199 .760 .165 .168 .001 .071 .094 
IND2 .209 .185 .715 .176 .063 .002 .079 .088 
IND6 .094 .261 .701 .196 .125 .001 .073 .042 
IND5 .201 .212 .692 .273 .094 .077 .116 .109 
REL2 .299 .175 .259 .689 .107 .024 .082 .130 
REL4 .262 .184 .160 .681 .126 .070 .019 .259 
REL7 .241 .137 .221 .667 .087 .056 .105 .107 
REL1 .351 .125 .303 .620 .081 .036 .187 .104 
REL3 .362 .156 .260 .612 .033 .071 .103 .209 
REL5 .343 .199 .246 .605 .035 .056 .145 .057 
REL6 .303 .229 .295 .605 .086 -.021 .096 .108 
MEA5 .055 .158 .138 .086 .829 .017 .197 .130 
MEA1 .176 .108 .087 .040 .789 .046 .178 .191 
MEA4 .134 .149 .147 .108 .769 .046 .179 .164 
MEA2 .127 .208 .122 .117 .762 -.018 .162 .125 
MEA3 .147 .163 .117 .043 .716 .088 .099 .221 
ACH2 -.021 -.045 -.016 .002 .018 .780 .022 .066 
ACH6 .071 .052 -.011 .078 .023 .778 .023 -.103 
ACH1 .025 .024 -.015 .028 .003 .751 -.046 .055 
ACH3 .064 .065 .089 .020 .013 .743 -.066 .016 
ACH4 .061 .057 -.017 .000 .043 .740 -.003 .006 
ACH5 -.023 -.013 -.024 .032 .031 .710 -.024 -.043 
SAF4 .146 .087 .111 .093 .128 -.062 .778 .104 
SAF1 .184 .037 .163 -.013 .193 -.045 .742 .200 
SAF3 .056 .115 .056 .125 .237 .033 .701 .146 
SAF5 .239 .060 .042 .020 .130 -.025 .679 .186 
SAF2 .071 .134 .035 .231 .088 -.038 .678 .178 
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ENG5 .190 .060 .053 .190 .144 -.034 .201 .723 
ENG3 .172 .041 .182 .020 .175 .038 .148 .696 
ENG2 .134 .110 .142 .164 .139 -.087 .119 .693 
ENG1 .150 .088 .032 .186 .184 .037 .345 .670 
ENG4 .218 .105 .047 .151 .273 .057 .186 .656 

Notes: Rotation method: Varimax. Extraction method: Principal axis factoring. Rotation converged in seven iterations 

with loading values of more than 0.5. 

4.5.1.3 Exploratory factor analysis of perceived cost 

For the exploratory factor analysis of perceived cost scale, the results showed the Kaiser-
Meyer-Olkin(KMO) measure of sampling was 0.937 and Bartlett’s test(Chi-square) value was 
3212.436 (p=0.000), suggesting that it is suitable for factor analysis [54]. Each construct was 
examined and determined in terms of eigenvalues and the scree plot. In terms of item selection 
for the eight factors, all the items were appealed to the condition that singly loading onto one 
factor with coefficients greater than 0.50 [55]. Factor loadings with varimax rotation were 
provided in Table 7.   

Table 7. Varimax rotation method for the perceived cost scale in three factors 

Items Factor 1 Factor 2 Factor 3 
STU4 .807 .247 .255 
STU1 .787 .249 .203 
STU2 .780 .287 .074 
STU5 .774 .198 .190 
STU3 .764 .184 .150 
STU6 .727 .303 .144 

MON1 .226 .786 .167 
MON3 .264 .781 .238 
MON2 .268 .781 .218 
MON4 .259 .780 .210 
MON5 .324 .752 .221 
SPA3 .193 .173 .846 
SPA1 .143 .184 .826 
SPA4 .170 .207 .800 
SPA2 .216 .275 .766 
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4.5.2 Confirmatory factor analysis   

Based on the result of the exploratory factor analysis, confirmatory factor analysis (CFA) 
was used to evaluate the perceived value scale, which including 48 items for perceived benefit 
scale and 15 items for perceived cost scale. 

4.5.2.1 Respondents  

The similar data collection method with exploratory factor analysis was applied. Online 
questionnaire survey through Wenjuanxing was conducted with the age limitation between 45 
to 60 for the participants. 561 responses have been collected. To be more specific, 306(54.5%) 
participants were male and 255(45.5%) were female. With regard to the ages, 169(30.1%) were 
between the age of 45 and 50, 347(61.9%) were between the age of 51 and 55, 45(8.0%) were 
between the age of 56 and 60. The education level, marital status, income and occupation 
information also have been presented in Table 8. 

Table 8. Demographic information for confirmatory factor analysis 

Attribute Value Freq. % Attribute Value Freq. % 
Gender Male 306 54.5  

Monthly 
Income 
(RMB) 

<1000 46 8.2 
Female 255 45.5 1000-3000 143 25.5 

Age 45-50 169 30.1 3000-5000 133 23.7 
51-55 347 61.9 5000-7000 158 28.2 
56-60 45 8.0 7000-10000 41 7.3 

Education <High school 199 35.4 10000+ 40 7.1 
High school 108 19.3 Occupation Teacher 29 5.2 

Associate 105 18.7 Civil Servant 31 5.5 
Bachelor 85 15.2 IT company staff 34 6.1 
Master 44 7.8 Non-IT company staff 155 27.6 
Doctor 20 3.6 Private entrepreneur 35 6.2 

Marital 
status 

Single 75 13.4 Freelancer 22 3.9 
Married 426 75.9 Worker 172 30.7 
Divorced 51 9.1 Farmer 29 5.2 
Widowed 9 1.6 Others 54 9.7 

4.5.2.2 Confirmatory factor analysis of perceived benefit  

The results showed that the original model did not provide an adequate model fit 
(X2=1852.383; p=0.000; SRMR=0.037; RMSEA=0.037; CFI=0.947; NFI=0.885; IFI=0.947; 
TLI=0.943; GFI=0.882). Following the suggestions from Woosnam and Norman, reasonable 
modifications were introduced based on the correlated residuals and cross-loadings, producing 
a good model fit[56]. Regarding this, the first modified model contained 43 items, producing a 
better model fit for the data (X2=1529.580; p=0.000; SRMR=0.037; RMSEA=0.039; CFI=0.949; 
NFI=0.895; IFI=0.949; TLI=0.945; GFI=0.890). However, the vital index NFI and GFI still can not 
reach the threshold so that the second modification was conducted. The second modified 
model contained 38 items based on the first revision, which indicates that all the model fit 
indices thresholds have been reached (X2=1190.188; p=0.000; SRMR=0.037; RMSEA=0.039; 
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CFI=0.953; NFI=0.905; IFI=0.954; TLI=0.948; GFI=0.903). Table 9 presents the model fit indices 
for the original and revised models. Figure 4.1 shows the path diagram of the second model 
modification of the perceived benefit scale of smart home for future elderly. 

Table 9. Model fit for perceived benefit scale. 

Models X2 d.f. X2/d.f. SRMR RMSEA CFI NFI IFI TLI GFI 
Item 48 1852.383 1052 1.761 0.037 0.037 0.947 0.885 0.947 0.943 0.882 
Item 43 1529.580 832 1.838 0.037 0.039 0.949 0.895 0.949 0.945 0.890 
Item 38 1190.188 637 1.868 0.037 0.039 0.953 0.905 0.954 0.948 0.903 

Threshold   1-5 0.08 0.08 0.90 0.90 0.90 0.90 0.90 
Note: SRMR represents standardized root mean square residual; RMSEA represents root mean square error of 
approximation; CFI represents the comparative fit index; NFI represents normal fit index; IFI represents the 
incremental fit index; TLI represents Tucker-Lewis Index; GFI represents the goodness of fit 

Figure 4.1. The path diagram of the perceived benefit scale 
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4.5.2.3 Confirmatory factor analysis of perceived cost 

After the analysis of perceived benefit, confirmatory factor analysis of perceived cost was 
applied. The results showed that the original model provided an adequate model fit and all the 
model fit indices thresholds have been reached. Table 10 presents the model fit indices for the 
original models (X2=180.106; p=0.000; SRMR=0.034; RMSEA=0.044; CFI=0.982; NFI=0.965; 
IFI=0.982; TLI=0.978; GFI=0.960). Figure 4.2 shows the path diagram of the second model 
modification of the perceived benefit scale of smart home for future elderly. 

Table 10. Model fit for perceived cost scale. 

Models X2 d.f. X2/d.f. SRMR RMSEA CFI NFI IFI TLI GFI 
Item 15 180.106 87 2.070 0.034 0.044 0.982 0.965 0.982 0.978 0.960 

Threshold   1-5 0.08 0.08 0.90 0.90 0.90 0.90 0.90 

Note: SRMR represents standardized root mean square residual; RMSEA represents root mean square error of 
approximation; CFI represents the comparative fit index; NFI represents normal fit index; IFI represents the 
incremental fit index; TLI represents Tucker-Lewis Index; GFI represents the goodness of fit. 

Figure 4.2. The path diagram of the perceived cost scale 

4.5.3 Convergent and discriminant validity   

4.5.3.1 Convergent and discriminant validity of perceived benefit 
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Confirmatory factory analysis was conducted to determine the convergent and 
discriminant validity of the perceived benefit scale. For convergent validity, the standardized 
factor loadings should be above the threshold 0.5 or above, C.R. (t-value) should be above the 
threshold 2 or above, and the averaged variances expected (AVE) value should also be above 
the threshold 0.5 or above [57]. Table 11 shows that the C.R. (t-value), standardized factor 
loadings, and AVE all achieved adequate values. 

Table 11. Convergent and discriminant validity of the perceived benefit scale. 

Construct 
Cronbach’s 

Alpha 
Variable Mean 

Standard 
Deviation 

Standardized 
Factor  

Loading 

C.R. 
(t-Value) 

SMC AVE Composite 
Reliability 

Independence 0.875 

IND1 4.06 1.079 0.813 - 0.662 0.584 0.875 
IND2 3.80 0.989 0.727 17.903 0.528 
IND3 3.96 1.040 0.784 19.972 0.615 
IND4 3.76 1.026 0.739 18.607 0.547 
IND6 3.87 0.971 0.755 19.222 0.569 

Healthcare 0.903 

HEA1 3.88 1.060 0.880 - 0.774 0.657 0.905 
HEA2 3.69 1.135 0.762 22.012 0.581 
HEA4 3.66 1.044 0.762 21.732 0.580 
HEA6 3.68 1.101 0.749 21.487 0.561 
HEA7 3.73 1.064 0.887 29.189 0.786 

Safety 0.809 
SAF1 3.47 1.126 0.807 - 0.651 0.587 0.810 
SAF3 3.45 1.088   0.738 16.108 0.545 
SAF4 3.40 1.053 0.752 16.554 0.566 

Positive 
Emotion 

0.904 

PE1 3.68 0.980 0.759 - 0.576 0.574 0.904 
PE2 3.71 0.966 0.731 17.770 0.535 
PE3 3.80 0.987 0.747 18.037 0.559 
PE4 3.85 0.984 0.779 18.494 0.607 
PE5 3.79 0.964 0.765 18.082 0.586 
PE6 3.81 0.996 0.771 18.495 0.594 
PE7 3.76 0.975 0.748 17.923 0.559 

 
 

Engagement 

 ENG1 3.84 1.108 0.795 - 0.633   

0.875 

ENG2 3.78 1.038 0.717 17.736 0.514 0.585 0.876 
ENG3 3.72 0.988 0.720 17.530 0.519 
ENG4 3.87 1.092 0.796 19.989 0.633 
ENG5 3.87 1.005 0.793 19.965 0.629 

Relationship 0.889 

REL1 3.64 1.130 0.760 - 0.578 0.595 0.880 
REL2 3.70 1.126 0.820 19.784 0.673 
REL3 3.75 1.133 0.789 18.578 0.622 
REL4 3.56 0.999 0.721 16.952 0.521 
REL6 3.61 1.039 0.763 18.310 0.583 

Meaning 0.881 
MEA1 3.86 0.911 0.779 - 0.607 0.604 0.884 
MEA2 4.02 0.944 0.738 17.782 0.544 
MEA3 3.95 0.896 0.710 17.112 0.504 
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MEA4 3.89 0.934 0.797 19.958 0.635 
MEA5 3.94 0.959 0.853 20.935 0.728 

Achievement 0.774 
ACH1 4.04 0.914 0.772 - 0.596 0.534 0.774 
ACH2 3.90 0.918 0.706 13.082 0.498 
ACH6 3.87 0.959 0.712 12.975 0.507 

For the correlation coefficients, the maximum shared variance (MSV) and average shared 
variance (ASV) tend to be used to assess discriminant validity. To specify, the threshold for 
MSV and ASV values should be less than the AVE value [57]. The results of Table 12 show that, 
in the current study, all the AVE values are above the MSV and ASV values, suggesting that 
the eight constructs achieved satisfactory discriminant validity. 

Table 12. Correlation and discriminant validity of the perceived benefits scale. 

Construct CR AVE MSV ASV IND HEA SAF PE ENG REL MEA ACH 
IND 0.877 0.584 0.379 0.170 0.764        
HEA 0.905 0.657 0.429 0.219 0.530*** 0.810       
SAF 0.811 0.597 0.294 0.130 0.258*** 0.357*** 0.766      
PE 0.905 0.574 0.212 0.117 0.445*** 0.393*** 0.208*** 0.757     

ENG 0.877 0.585 0.366 0.209 0.369*** 0.570*** 0.542*** 0.288*** 0.765    
REL 0.880 0.595 0.429 0.215 0.616*** 0.655*** 0.342*** 0.460*** 0.461*** 0.771   
MEA 0.884 0.604 0.366 0.174 0.353*** 0.427*** 0.508*** 0.347*** 0.605*** 0.361*** 0.777  
ACH 0.774 0.534 0.045 0.121 0.083*** 0.188*** 0.076*** 0.102 0.212*** 0.149*** 0.192*** 0.731 

Note: IND represents Independence; HEA represents Healthcare; SAF represents Safety; PE represents Positive 

Emotion; ENG represents Engagement; REL represents Relationship; MEA represents Meaning; ACH represents 

Achievement; *** p < 0.01.  

4.5.3.2 Convergent and discriminant validity of perceived cost 

Confirmatory factory analysis was conducted to determine the convergent and 
discriminant validity of the perceived cost scale. For convergent validity, the standardized 
factor loadings should be above the threshold 0.5 or above, C.R. (t-value) should be above the 
threshold 2 or above, and the averaged variances expected (AVE) value should also be above 
the threshold 0.5 or above [57]. Table 13 shows that the C.R. (t-value), standardized factor 
loadings, and AVE achieved adequate values. 

Table 13. Convergent and discriminant validity of the perceived cost scale. 

Construct 
Cronbach’s 

Alpha 
Variable Mean 

Standard 
Deviation 

Standardized 
Factor  

Loading 

C.R. 
(t-Value) 

SMC AVE Composite 
Reliability 

Monetary 
Cost 

0.897 

MON1 3.60 1.057 0.762 - 0.581 0.636 0.897 
MON2 3.68 1.123 0.802 19.629 0.644 
MON3 3.67 1.078 0.834 20.412 0.696 
MON4 3.63 1.104 0.794 19.243 0.631 
MON5 3.68 1.129 0.795 19.314 0.631 

Study 0.905 STU1 4.16 1.093 0.812 - 0.659 0.617 0.906 
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Cost STU2 3.78 1.070 0.772 20.392 0.595 
STU3 3.77 1.020 0.733 19.029 0.537 
STU4 4.01 1.066 0.874 24.049 0.764 
STU5 3.76 1.071 0.773 20.297 0.597 
STU6 3.82 1.000 0.741 19.331 0.549 

Space 
Cost 

0.874 

SPA1 3.66 0.920 0.789 - 0.622 0.638 0.876 
SPA2 3.92 1.041 0.772 19.070 0.596 
SPA3 3.72 0.951 0.845 20.891 0.715 
SPA4 3.72 0.968 0.788 19.081 0.621 

For the correlation coefficients, the maximum shared variance (MSV) and average shared 
variance (ASV) tend to be used to assess discriminant validity. To specify, the threshold for 
MSV and ASV values should be less than the AVE value [57]. The results of Table 14 show that, 
in the current study, all the AVE values are above the MSV and ASV values, suggesting that 
the four constructs achieved satisfactory discriminant validity. 

Table 14. Correlation and discriminant validity of the perceived benefits scale. 

Construct CR AVE MSV ASV MON STU SPA 
MON 0.897 0.636 0.429 0.363 0.797   
STU 0.906 0.617 0.429 0.333 0.655*** 0.785  
SPA 0.876 0.638 0.297 0.533 0.545*** 0.486*** 0.799 

Note: MON represents Monetary Cost; STU represents Study Cost; SPA represents Space Cost; *** p < 0.01. 

4.6 Conclusion and discussion 

As one of the most promising areas of the Internet of Things, smart home will have 
important applications in dealing with the aging society issues and the healthcare challenges 
of older adults in the future. The design and development of smart homes for older adults 
should aim at realizing all-around happiness of the elderly, improving their quality of life both 
physically and psychologically to help them achieving independent, safe and happy life in old 
stage. For Chinese aging group, the current "new elders" is completely different from our 
previous impressions about the old people. They have strong enthusiasm about life, are willing 
to embrace new things, and are inextricably linked to the Internet. The biggest problem for the 
elderly is that with the decline of physical and social functions, their connection with family, 
society, and the outside world is not only degraded in physical aspect, but also psychologically. 
Therefore, the design and development of smart home products, services and platforms for the 
elderly should not only focus on their basic needs like clothing, eating, housing, moving, using 
and healthcare, but also satisfy their psychological and cognitive demand to help them 
maintain a good mental state and live a happy life. 

In this chapter, the author conducted scale development on the perceived value of smart 
homes for the elderly. The scale mainly includes two parts, one is the perceived benefit scale 
and the other is the perceived cost scale. From the questionnaire survey and data analysis 
results, the variables and corresponding measurement items proposed in this chapter have all 
been verified. This chapter introduces the PERMA-V wellbeing model proposed by Seligman, 
the father of positive psychology, into the perceived value scale development of smart homes 
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for older adults. Based on the concept of constructing a smart home for the elderly toward all-
around wellbeing, this chapter clarified the dimensions, factor composition and relevant 
measurement items of perceived value through literature analysis, user interviews and expert 
interviews. Moreover, a perceived value scale of smart homes for the elderly with a 
comprehensive sense of wellbeing has been developed through the process of pre-study, 
exploratory factor analysis, confirmatory factor analysis, convergent and discriminant validity. 
To be more specific, the perceived value scale is mainly composed of two aspects: the perceived 
benefit scale and the perceived cost scale. The perceived benefit is divided into eight sub-
dimensions, namely "Independence (IND)", "Healthcare (HEA)", "Safety (SAF)", "Positive 
Emotion (PE)", "Engagement (ENG)", "Relationship (REL)", "Meaning (MEA)" and 
"Achievement (ACH)". Perceived cost is divided into three sub-dimensions, namely "Monetary 
cost (MON)", "Study cost (STU)" and "Space cost (SPA)". The overall perceived value of smart 
homes is determined by perceived benefit and perceived cost. Therefore, the enlightenment for 
researchers and related practitioners is that if the perceived value of smart homes for the 
elderly want to be maximized, the smart home system should try to satisfy the elderly needs 
as much as possible at the eight different dimensions of perceived benefit. At the same time, it 
is necessary to control and reduce the perceived cost of smart homes for the elderly in the three 
dimensions. This is a complex and comprehensive system project that requires the organic 
coordination and overall planning of financial, material, technological, and human resources. 
The following is a detailed discussion for different dimensions: 

• Independence: For the benefit of "independence", the final observed variables include five 
items, they are IND1, IND2, IND3, IND4, and IND6, their factor loadings are 0.813, 0.727, 
0.784,0.739, and 0.755 which are all higher than 0.5. The Cronbach’s α of these five 
measurements is 0.875>0.7, the AVE is 0.584>0.5, the Composite Reliability is 0.875>0.7. 
The related key indexes all present adequate value which reveals that the five items of the 
“Independence” dimension achieve satisfactory reliability and validity. The result shows 
that smart homes should aims at bringing efficiency and convenience to healthy or mildly 
disabled elders through smart products and services to help them get rid of dependence 
on others, achieve self-reliance, self-management, self-care, compensate for their waken 
ability to make them live with dignity. Smart home can insert nursing system to serve the 
elderly who bear mild disability or short-term disability, but could still live a home life with 
the help of equipment and light manpower assistance from the third-party platforms, 
organizations or short-term personnel care rather than going to specific elderly care 
institution. Older adults with chronic diseases are included in the discussion. However, 
those who get a serious illness or are seriously disabled or totally lose their mobility or 
selfcare ability are not taken into consideration in this research, because these kinds of 
people they could not live in their own house but need special care and living in hospital 
or specific elderly care institution.  

• Healthcare: For the benefit of "healthcare", the final observed variables include five items, 
they are HEA1, HEA2, HEA4, HEA6, and HEA7, their factor loadings are 0.880, 0.762, 
0.762,0.749, and 0.887 which are all higher than 0.5. The Cronbach’s α of these five 
measurements is 0.903>0.7, the AVE is 0.657>0.5, the Composite Reliability is 0.905>0.7. 
The related key indexes all present adequate value which reveals that the five items of the 
“Healthcare” dimension achieve satisfactory reliability and validity. The result shows that 
smart homes should help the elderly realize the management, prevention, treatment and 
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rehabilitation of healthy problems and diseases in home environment to live a healthy 
lifestyle through smart products and services. It includes the detection and management of 
physical health through smart medical equipment, embedded fitness equipment, 
telemedicine, rehabilitation training equipment, online medical consultation, etc.  

• Safety: For the benefit of "healthcare", the final observed variables include three items, they 
are SAF1, SAF3, and SAF4, their factor loadings are 0.807, 0.738, and 0.752 which are all 
higher than 0.5. The Cronbach’s α of these three measurements is 0.809>0.7, the AVE is 
0.587>0.5, the Composite Reliability is 0.810>0.7. The related key indexes all present 
adequate value which reveals that the three items of the “Safety” dimension achieve 
satisfactory reliability and validity. The result shows that smart homes should ensure the 
physical safety, environmental safety, and property safety of the elderly through smart 
products and services. Among them, the physical safety of the elderly could be reflected by 
the emergency detection and responses, such as sudden heart attacks, falls, etc. 
Environmental safety could be reflected by the monitor of air, water, electricity, fire, etc. in 
the home environment to prevent accidents such as gas leak and fire disaster. Property 
safety could be mainly ensured via the anti-theft monitoring system through smart doors, 
windows, cameras, etc.  

• Positive Emotion: For the benefit of "positive emotion", the final observed variables 
include seven items, they are PE1, PE2, PE3, PE4, PE5, PE6 and PE7, their factor loadings 
are 0.759, 0.731, 0.747,0.779, 0.765,0.771, and 0.748 which are all higher than 0.5. The 
Cronbach’s α of these seven measurements is 0.904>0.7, the AVE is 0.574>0.5, the 
Composite Reliability is 0.904>0.7. The related key indexes all present adequate value 
which reveals that the seven items of the “Positive Emotion” dimension achieve 
satisfactory reliability and validity. The result shows that smart homes should help the 
elderly maintain good emotions status through smart products and services, making them 
feel comfortable, relaxed, calm, joyful, delighted, excited, loved, and get rid of negative 
emotions such as loneliness or depression. It could be mainly realized from two aspects. 
On the one hand, smart home could integrate lighting systems, temperature and humidity 
control systems, door and window systems, etc. to regulate the lighting, temperature, and 
humidity control to create a comfortable living environment for the elderly. On the other 
hand, smart home could provide smart home theater, smart game equipment, smart party 
system, etc. to enable the elderly to engage in different entertainment and social activities, 
such as listening to music and radio, watching TV series, watching movies, playing chess 
and card games, family gatherings, etc.  

• Engagement: For the benefit of "engagement", the final observed variables include five 
items, they are ENG1, ENG2, ENG3, ENG4, and ENG5, their factor loadings are 0.795, 0.717, 
0.720,0.796, and 0.793 which are all higher than 0.5. The Cronbach’s α of these five 
measurements is 0.875>0.7, the AVE is 0.585>0.5, the Composite Reliability is 0.876>0.7. 
The related key indexes all present adequate value which reveals that the five items of the 
“Engagement” dimension achieve satisfactory reliability and validity. The result shows 
that smart homes should help the elderly to engage in activities related to their hobbies and 
competence in home life through smart products and services. The elderly could enter a 
state of “heart flow”, forgetting time and space, and feel unparalleled happiness from the 
things they are engaged in. The shaping of engagement could mainly include intelligent 
information system, intelligent education system, intelligent interest assistance system, etc., 
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to help the elderly master, learn and engage in knowledge and activities that they are 
interested in.  

• Relationship: For the benefit of "relationship", the final observed variables include five 
items, they are REL1, REL2, REL3, REL4, and REL6, their factor loadings are 0.760, 0.820, 
0.789,0.721, and 0.763 which are all higher than 0.5. The Cronbach’s α of these five 
measurements is 0.889>0.7, the AVE is 0.585>0.5, the Composite Reliability is 0.880>0.7. 
The related key indexes all present adequate value which reveals that the five items of the 
“Relationship” dimension achieve satisfactory reliability and validity. The result shows 
that smart homes should help the elderly develop and strengthen their interpersonal bond 
with the outside world and promote their social interaction through smart products and 
services. The main objects may include their relatives, friends, families, children, couple, 
pets, related organizations and institutions. Moreover, it could also include the 
enhancement of the belief or religious connection of the elderly, the development of social 
companion robots based on artificial intelligence technology, and even the connection with 
nature through surroundings or the use of virtual reality to enhance their experience about 
the virtual nature.  

• Meaning: For the benefit of "meaning", the final observed variables include five items, they 
are MEA1, MEA2, MEA3, MEA4, and MEA5, their factor loadings are 0.779, 0.738, 
0.710,0.797, and 0.853 which are all higher than 0.5. The Cronbach’s α of these five 
measurements is 0.881>0.7, the AVE is 0.604>0.5, the Composite Reliability is 0.884>0.7. 
The related key indexes all present adequate value which reveals that the five items of the 
“Meaning” dimension achieve satisfactory reliability and validity. The result shows that 
smart homes should help the elderly to find the purpose and direction of life, provide 
opportunity to allow them continue making social contribution or reemployment to realize 
their value of existence after retirement. For example, using the Internet technology and 
platform to help them achieve re-employment, do freelance work, create start-ups, join 
online volunteer community to contribute to society, provide remote peers support, help 
children take care of their grandchildren, master knowledge and skills through online 
study to complete unfulfilled wishes, etc.  

• Achievement: For the benefit of "achievement", the final observed variables include three 
items, they are ACH1, ACH2, and ACH6, their factor loadings are 0.772, 0.706, and 0.712 
which are all higher than 0.5. The Cronbach’s α of these three measurements is 0.774>0.7, 
the AVE is 0.534>0.5, the Composite Reliability is 0.774>0.7. The related key indexes all 
present adequate value which reveals that the three items of the “Achievement” dimension 
achieve satisfactory reliability and validity. The result shows that smart homes should help 
the elderly to accomplish what they can do to make progress in their life, achieve their goal 
and gain a sense of accomplishment, not only provide more opportunities, but also enhance 
the feedback of the sense of achievement. It can be considered from the sense of reality 
achievement and virtual achievement. The sense of reality achievement may include 
helping the elderly to be appreciated, concerned, and gain the recognition and respect from 
others or acquire social status through their hobbies, talents, works, etc. The sense of virtual 
achievement may be mainly reflected in the smart home helping the elderly to get likes, 
comments, fans, and attention on the Internet platform or social media, even in virtual 
game system to obtain high rank of game character or virtual gaming wealth, etc.  
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• Monetary Cost: For the "monetary cost", the final observed variables include five items. the 
final observed variables include five items, they are MON1, MON2, MON3, MON4, and 
MON6, their factor loadings are 0.762, 0.802, 0.834,0.794, and 0.795 which are all higher than 
0.5. The Cronbach’s α of these five measurements is 0.897>0.7, the AVE is 0.636>0.5, the 
Composite Reliability is 0.897>0.7. The related key indexes all present adequate value 
which reveals that the five items of the “Monetary Cost” dimension achieve satisfactory 
reliability and validity. The result shows that the “monetary cost” of smart home mainly 
includes the purchase cost of related products, services and accessories, transportation fee, 
installation fee, usage fee, maintenance fee, etc. The price of smart home products and 
services should take the elderly’s economic ability into consideration and enable the vast 
majority of elderly groups can afford them. Therefore, in the process of designing, 
developing and delivering related products and services, cost factors should be considered 
in every process to reduce the corresponding monetary expenditures.  

• Study Cost: For the "study cost", the final observed variables include six items, they are 
STU1, STU2, STU3, STU4, STU5, and STU6, their factor loadings are 0.812, 0.772, 0.733, 
0.874, 0.773 and 0.741 which are all higher than 0.5. The Cronbach’s α of these six 
measurements is 0.905>0.7, the AVE is 0.617>0.5, the Composite Reliability is 0.906>0.7. 
The related key indexes all present adequate value which reveals that the six items of the 
“Study Cost” dimension achieve satisfactory reliability and validity. Nowadays, 
technology and knowledge are updated too quickly. Due to the decline of visual ability, 
hearing ability, language ability, and mobility, the cognition of the elderly are increasingly 
weakened. Their feelings are relatively slow down and are difficult to accept fresh things. 
They have formed their own operating habits and cognitive logic in the past decades and 
could not carry out too complicated operating activities. Therefore, the design and 
development of smart home for the elderly should start from their cognitive characteristics 
and operating habits to improve the ease of use of relevant products and services to reduce 
their time, money, energy, relationship and intelligence investment as much as possible.  

• Space Cost: For the "space cost", the final observed variables include four items, they are 
SPA1, SPA2, SPA3, and SPA4, their factor loadings are 0.789, 0.772, 0.845, and 0.788 which 
are all higher than 0.5. The Cronbach’s α of these four measurements is 0.874>0.7, the AVE 
is 0.638>0.5, the Composite Reliability is 0.876>0.7. The related key indexes all present 
adequate value which reveals that the four items of the “Space cost” dimension achieve 
satisfactory reliability and validity. The result shows that “Space cost” includes the 
rearrangement of the house, re-decoration, discarding of old equipment and furniture, and 
change of network layout. Thus, the related cost should be controlled from these four 
aspects, for example, maximum the usage of the old equipment, appliances and furniture 
resources, integrate new products with the existing house environment and decoration, etc. 
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Perceived risk scale of smart homes for the elderly 
 

5.1 Research purpose 

This chapter taking the Chinese social and cultural background, the development status of 
smart home industry in China and the characteristics of future elderly into consideration, aims 
at developing a perceived risk scale of smart homes for future elderly from a macro perspective 
to a micro perspective. The scale will comprehensively reflect older adults’ barriers and 
perception of risk about the adoption of smart homes and provide risk evaluation criteria from 
a customer-oriented aspect. It can help the designers, developers, and practitioners identify, 
reduce, control and avoid associated risks during the design, development, and delivery of the 
smart home products and services for the elderly which presents crucial theoretical and 
practical significance. 

5.2 Research method 

This chapter follows the standard scale development and validation process [1-3]. First, a 
preliminary pool of measurement items of perceived risk was formed through literature 
research and user interview. Second, an expert interview was conducted to analyze the 
rationality of all the items, the item expressions were optimized, and relevant contents were 
refined. Third, a questionnaire was formulated using the optimized measurement items, and a 
pre-study was conducted to ensure the questions and answers were meaningful. Forth, the 
final questionnaire of the perceived risk of smart homes for the elderly was formed after 
modification and adjustment according to the analysis result of the pre-study. Fifth, the final 
questionnaire was used to conduct the main investigation, which includes data collection and 
analysis. The first-round data was used for exploratory factor analysis, SPSS 25.0 was applied 
to extract factors and test the validity of relevant factor loading. The second-round data was 
used for confirmatory factor analysis via AMOS 25.0. According to the data analysis result, the 
measurement items of the corresponding factors were optimized until all the model fit indexes 
reach the standard threshold. Last but not least, the constituent factors and measurement items 
which satisfy all the model fit index threshold was outputted to form the final scale.   

5.3 Defining perceived risk of smart homes for the elderly 

Perceived risk refers to the probability or possibility that the product estimated by the 
customers at the time of purchase will not meet their expectations [4]. Bauer first proposed the 
concept of perceived risk in 1960 [5]. He pointed out that perceived risk includes two 
connotations, one is the uncertainty probability of the result, another is the severity of the 
consequences if a decision is wrong. In 1967, Bauer further pointed out that individual 
perceived risk and actual risk are two completely different concepts. Perceived risk refers to 
the individual's subjective judgment on the risk of things; actual risk is the objective risk 
obtained after rigorous scientific evaluation [6].Cox defines perceived risk as a function of two 
factors, the first one is the individual estimates the probability that the purchase behavior may 
lead to adverse consequences before the purchase behavior occurs. The second one is the 
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degree of loss felt by the individual when adverse consequences occur after the purchase 
behavior[7]. Cunninghan continued to make further modifications to Cox's function and tested 
it with empirical research, the perceived risk has been further typified as six dimensions, 
namely performance, financial, opportunity/time, safety, social and psychological loss[8]. 
Jacoby and Kaplan divided individual shopping risks into five categories, namely, social risks, 
health risks, psychological risks, performance risks, and financial risks [9]. The majority of 
literatures show that the individual's perceived risk variables are multi-dimensional. To sum 
up, based on the results of various researches, perceived risk can be basically summarized into 
seven types: healthy risk, psychological risk, financial risk, social risk, performance risk, time 
risk, and privacy risk [10-12] . 

Considering the development status of China's smart home industry as well as the physical 
and psychological characteristics of the elderly in China, this chapter expands the basis of the 
perceived risk collected from the relevant literature to identify the preliminary risk dimensions 
of smart homes for the elderly. The definition of related dimensions is as following.  

• Privacy & Security risk: The "Privacy & Security risk” refers to the non-autonomy, 
possible leakage or abuse of users' personal information and data due to the smart home 
system running or security issues during the process of monitoring user activities, health 
status and home environment. 

• Physical risk: The "Physical risk” refers to the potential personal safety hazards and 
accident brought by smart home systems. It is mainly reflected in possible theft, robbery, 
blackmail and extortion, incorrect or untimely feedback of emergency, accidental injuries 
caused by equipment physical materials and shapes, invisible health problems caused by 
electromagnetic radiation, etc. 

• Technological risk: The "Technological risk” refers to the risk which bringing by the 
immaturity, instability, inflexibility and incompatibility of smart home technology. It is 
mainly reflected in the low accuracy to recognize and conduct user commands, low system 
stability, system failures, false alarms, low expansion capability, incompatibility between 
different products and operating systems, poor data management and treatment ability, 
etc. 

• Performance risk: The "Performance risk” refers to the function design, appearance 
design, interaction design, user experience design, etc. of the smart home system, do not 
fully consider the actual needs, operating habits, life routine, individual feelings of the 
elderly users. It is mainly reflected in the unitary and poor usability, obstruction or 
impediment devices, aesthetic incongruence with the home environment, low accessibility 
and unfriendly operation, interference with daily activities, etc. 

• Service risk: The "Service risk” refers to the smart home services cannot meet the elderly’s 
demand and present low service quality. It is mainly reflected in low service reliability, no 
timely response, no enough quality assurance, no consistency commercial promise, 
unprofessional and incompetent service staffs, etc. 

• Financial risk: The "Financial risk” refers to the pressure and uncertainty that users feel 
for their financial cost during the process of purchasing, using, and maintaining smart 
home products and services. It is mainly reflected in the relevant products and services 
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are beyond the affordability of the elders, there is non-essential financial expenditure, the 
money spent doesn’t deserve its value, etc. 

• Psychological risk: The "Psychological risk” refers to the pressure of external opinions 
and internal psychological barriers that users feel during the process of purchasing and 
using the smart home system. It is mainly reflected in the blame and incomprehension 
from important persons, unhealthy reliance on automation technology and loss of 
autonomy, persistent reminder about self-frailty, etc. 

• Industry & Market risk: The "Industry and market risk” refers to the risk of immature 
and irregular market and industry development of smart homes for the elderly. It is 
mainly reflected in the market penetrations stays low and are far from mass adoption, no 
consistency industry standardization and regulation, no eligibility criteria about the 
products and services quality, the compatibility of different brands and products is poor, 
etc. 

• Social support risk: The "Social support risk” mainly exists in the situation that the 
implementation of smart home products and systems need relevant social resources and 
forces, such as family support, peer support, community support, neighborhood 
assistance, institutional assistance, telemedicine services, emergency response etc., The 
lack of these kinds of support will bring relevant social support risk. 

• Policy & law risk: The "Policy & law risk” refers to the government or relevant public 
department and authorities that have not promulgated and issued effective policies and 
laws to regulate the smart home industry and provide guarantees for serving consumers. 
It is mainly reflected in the lack of legal framework, standards and guidance as well as 
immature policy & law conduction and supervision environment. 

5.4 Preliminary works  

5.4.1 Items generation  

In order to give a convincing and systematic review about the risk and barrier of smart 
home for elderly. The author has searched the global mainstream literature databases, 
including Web of science, Scopus, IEEE Xplore, with keywords "smart home", "older adult", 
"perception" and their synonyms. 2110 articles were collected in total. The specific search results 
are shown in Table 1. 
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Table 1. Database, Search Terms and Hits 

Database Search Terms Hits 
 
 
Web of Science(1990-2020) 

("smart home" OR "smart-home" OR "smart house" 
OR "remote house" OR "intelligent home" OR 
"intelligent house" OR "home automation system" 
OR "house automation system" OR "automated 
home" OR "automated house") AND ("older adult" 
OR "Elderly" OR "senior" OR "elder" OR "older 
person" OR "older people" OR "aged" OR "aging" 
OR "middle-aged") AND ("perception" OR 
"Adoption" OR "acceptance" OR "acceptability" OR 
"need" OR "demand" OR "requirement" OR 
"attitude" OR "behavior" OR "awareness" OR 
"willingness" OR "barrier" OR "difficulty" OR 
"assessment" OR "evaluation" OR "measurement" 
OR "measure") 

 
 

473 
 
 
 
Scopus(1990-2020) 

 
 
 

1354 

IEEE Xplore(1990-2020) 
 

283 

 

Among the 2110 articles, 852 duplicate articles were deleted, 59 unnamed articles were 
deleted, and the remaining 1199 articles were screened by title, abstract and full text. In the end, 
64 articles were selected as the materials of literature review. From the existing articles, we 
refined and summarized keywords for the perceived risk of smart home for the elderly. After 
deleting and merging synonyms as well as adding some new keywords, the author has gained 
Table 2. The table shows the key components of perceived risk of smart homes for the elderly 
and synonyms are placed in brackets for similar components. Based on it, the initial 
measurement items of each dimension were generated. Then, a small range of user interview 
was conducted. The author randomly selected 15 future elderly people aged 45-60, and asked 
them about their understanding of the generated measurement items, as well as other possible 
risk that were not reflected or fully reflected in the existing variables and measurement items. 
According to their understanding and reflection, the language expression and content of each 
items have been modified and optimized. Some new items and content have been added. 
Through the literature review and user interview, the item pool of perceived risk of smart 
homes for future elderly has been formed. 
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Table 2. Measurement item categories, keywords, and references 

Perceived Risk Statements Source 

Privacy & Security risk 
(PS) 

 

Surveillance(Feeling of surveillance Continuous monitoring) ; Personal daily life activities (Person detection and 
tracking, Violation of personal space); Poor health status ignorance (Avoidance of shame), Data accessibility and 

invisibility (Access control, Accessibility of data, System visibility to others, Personal health information, Privacy of 
information/data, access control, Anonymity, Invasion of personal information, Unauthorized access, Informed 

consent, Transfer of personal information to third parties potentially without proper consent, Forwarding data to third 
parties); Data ownership (Disclosure risks, Encryption, confidentiality, Ownership) ; Data misuse(Information 

misuse/abuse, Consent and uncertainty of H-IoT data), Loophole, Data autonomy (Loss of autonomy, Loss control) 

[13-16] [17] [18] [19] 
[20] [21] [22] [23] 
[24] [25] [26] [27] 
[28] [29] [30] [31] 
[32] [33] [34] [35] 
[36] [37] [38] [39] 

[40] [41] 

Physical risk 
(PHY) 

Theft, Robbery, Blackmail and extortion, Physical hurt, Wrong command for harm, No timely help, Unexpected health 
problems (Decontextualization of health and well-being, Make less physically active),  

[17] [22] [23] [24] 
[26] [30] [35] [37] 

[38] 

Technology risk 
(TECH) 

 

Low accuracy(Wrong command, False alarm, Technical failure, Accuracy and performance, Inaccurate measurement, 
Authentication), Fear of malfunction (Malfunction concerns), Inflexibility(Stubborn, Modularity), 

Feasibility(Architecture issues, Pattern recognition issues, Perceived hassle factor, Restriction in distance or time away 
from home, Complexity, assessment,), Low incompatibility(Incompatibility of devices, Integration issues, Compatible 
devices, Lack interoperability, Lack of interoperability among heterogeneous systems), Insufficient system reliability 

(Reliability, Lack of reliability in the sensor system, Loss connection, Sensor uncertainty management, long-term 
reliability, Lack of continuous monitoring), Expansion capability, , Stability(Robustness, General system stability, Risk 

of old-fashioned system),Lack of information to organize programs for the elderly(Continuous learning, prediction, 
recommendation and decision (AI-driven)) , Data management (Volume of data collection, Recording and storage of 

data, Data handling capability and compression techniques, Real-time data analysis, Salient summary generation from 
large amounts of sensory data). 

[14,16,37] [42] 
[17] [18] [19] [21] 
[24] [25] [43] [27] 
[28] [29] [30] [31] 
[34] [35] [36] [37] 

Performance risk  
(PER) 

 

Usability (Perception of lack of usefulness, Poor usability, Usefulness, Functional dependence, Fully functional and 
comprehensive smart home, Additional demands, Adjustment to changing needs, Concern about future needs and 
abilities), Intrusiveness(Obstruction or impediment in space), Inconspicuousness(Accommodate differences across 

[16,19] [20] [22] [23] 
[24] [25] [27] [34] 

[35] [36] [37] 
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individuals and households ,Feelings of comfort with the design, Aesthetics, Aesthetic incongruence, Attractive design, 
Obtrusiveness), Accessibility (Subject personalization issues, Difficulty of introducing technology into the lives of the 

elderly), Ease to use (Account for front-end interfaces for elderly people and back-end interfaces for younger 
stakeholders, Lack of user friendliness or accessibility, Discomfort or strain, Excessive noise, Lack of general user 

involvement, Difficulties operating general technology currently used at home), Daily activities and routine disruption 
(Interference with daily activities, Disrupts daily routines, Acquisition of new rituals, Impact of the information on 

lifestyle);  

Service risk 
(SER) 

Reliability (Unreliable services), Responsiveness (Lack of human response, No timely response, Lack of human 
response in emergencies), No assurance, Inconsistent services, Unsuitable services and products (Non-professional 

care, Inappropriate care, Unsuitable services and products, Insufficient demand, Lack of perceived need, 
Comfortability, Gap between designers and service provider), Personalized service, Incompetent stuffs(Bad manner 

stuff, Low neatness and cleanness, Empathy, Communication) 

[14] [16] [21] [44] 
[45] [40] 

Financial risk 
(FIN) 

Affordability (Financial accessibility, Beyond affordability, High acquisition costs), Low value (Cost-effectiveness), 
Continuous money investment, Non-essential luxuries (Luxury market-oriented business models), 

Sustainability( Energy efficiency, Save money), Financial pressure 

[14] [16] [18,42] [19] 
[21] [24] [25] [26] 
[27] [29] [32] [34] 

[35] [36] [37] 

Psychological risk 
(PSY) 

 

Family blame ( Couple, Children, Relatives), Friends opposition(Impact on relationships, Detrimental effects on 
relationships), Cause of embarrassment or stigma, Burden to others, Social isolation (Isolation, Social stigmatization, 

Social-isolation due to an increased dependence on technology, Reduction of social relationships and interaction, 
Reduction of human contact, Threat to replace in-person visits), Over-reliance on technology ( Fear of too much 

reliance, Increase dependence on technology, Replacing human care by technology), Autonomy (Loss of autonomy, the 
anxiety of being controlled, Lack of control over autonomously operating systems, Lose control of housekeeping, 

personal autonomy, Stigma and autonomy), Reinforcing an image of being ‘old’ (Hurt self-esteem, Dignity, Symbol of 
loss of independence), Resistance to using innovative technology (Exclusion, Mistrust, Uncertainty) 

[15,19] [21] [23] [24] 
[26] [43] [27] [28] 
[29] [46] [34] [36] 
[37] [38] [39] [40] 

[41] 

Industry & Market risk 
(IM) 

 Absence of a comprehensive market (Immaturity, Disorderly development, Constant assurance, Few maintenance), 
No consistency standardization and regulation (Lack of standardization, Newest technical standard, Uncertainty with 
regulation conflicts between smart home service providers and user) , Fast update (Obsolescence), Eligibility criteria 

[14] [42] [20] [24] 
[25] [27] [38] [39] 

[41] 
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(Approved manufacturer’s label ,Seal of quality, Lack of trust in the manufacturer or provider of the system), Low 
compatibility, Shortage of service labor 

Social Support risk 
(SS) 

Healthcare providers, Caregivers (Increase the dependency for caregivers, The degree to which smart homes lessen the 
sense of personal responsibility on the part of users or their caregivers must be weighed against associated benefits) 

Medical staff (Nurse, Clinicians), Medical experts ( Increase dependence on outside experts), Family, Relatives, Friends, 
Neighborhood, Community, Organization and institution 

[29] [39] [40] [40] 

Policy & Law risk 
(PL) 

Lack of policies & legal framework, Lack of policy & law conduct environment (Lack of comprehensive reimbursement 
policies), Lack of policy & law supervision environment, Lack of policy & law to provide right assurance, Lack of legal 

responsibilities and professional competence, Lack of legal aid 

[25] [37] [41] 
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5.4.2 Refinement and item reduction  

The item pool formed for perceived risk through literature research review and user 
interview contained 81 items. Among them, there were 8 items for Privacy & Security risk, 8 
for Physical risk, 12 for Technological risk, 8 for Performance risk, 10 for Service risk, 5 for 
Financial risk, 8 for Psychological risk, 6 for Industry & Market risk, 10 for Social support risk, 
6 for Policy & Law risk, 81 in total. After acquiring the item pool, expert interview was 
conducted to evaluate the rationality of each dimensions and each measurement items of 
perceived risk. A total of 10 experts participated in this research, including 4 PhD candidates 
and 3 Professors whose research field is aging group, 3 workers in the smart home industry. 
We use the mode of remote interviews through Tencent Conference and ZOOM to ask experts 
to present their opinions on the rationality, suitability, validity of each perceived risk 
dimensions and relevant measurement items. At the same time, the expression and meaning 
delivery of each items have also been emphasized. Due to their suggestions and advice, the 
author made modification of all the items which consider keeping, adding, deleting, merging, 
revising or dimensional adjustments. The final items for perceived risk were 7 items for Privacy 
& Security risk, 7 for Physical risk, 10 for Technological risk, 8 for Performance risk, 9 for Service 
risk, 5 for Financial risk, 7 for Psychological risk, 6 for Industry & Market risk, 10 for Social 
Support risk, 6 for Policy & Law risk, 75 in total. The detailed measurement items are shown 
in Table 3.
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Table 3. The items of perceived risk scale  

Perceived Risk Label Items 
 PS1 I don’t like the feeling of surveillance. 
 PS2 I don’t like to share my personal daily life activities with others. 
Privacy &  PS3 I don't like to share my sensitive personal health information (PHI) data with my important person. 
Security risk  PS4 I am worried about the ownership of my personal data and information. 
(PS) PS5 I am worried that the service provider of smart homes will misuse my personal data and information without my permission.  
 PS6 I am worried about the unauthorized access to my personal data and information and for what purposed it is being used. 
 PS7 I am worried that the smart homes system has loophole and might be attacked by hacker. 
 PHY1 I am worried that using smart homes will increase the risk of theft. 
 PHY2 I am worried that using smart homes will increase the risk of robbery. 
 PHY3 I am worried that using smart homes will increase the risk of blackmail and extortion. 
Physical risk PHY4 I am worried that some devices or equipment may be lack of reliable physical quality and hurt me. 
(PHY) PHY5 I am worried that the smart homes may provide me wrong information or conduct wrong command and bring harm to me. 
 PHY6 I am worried that when I encounter emergency problems the smart homes could not provide timely responses and help. 
 PHY7 I am worried that the usage and radiation of smart homes will bring unexpected health problems. 
 TECH1 I am worried that the smart homes system could not identify or conduct my command accurately. 
 TECH2 I am worried that the smart homes may have malfunctions or suboptimal performance. 
 TECH3 I am worried that the smart homes may lack of reliability in the system. 
Technology risk TECH4 I am worried that the smart homes will deliver wrong messages to related people or service staff. 
(TECH) TECH5 I am worried that the smart homes devices and systems may have low expansion capability.  
 TECH6 I am worried that the smart homes may lack of interoperability among different devices and heterogeneous systems. 
 TECH7 I am worried that the smart homes technology update too fast and old-fashioned system may have low stability. 
 TECH8 I am worried that the smart homes are inflexibility. 

 
TECH9 I am worried that the smart homes should conduct continuous machine learning and may lack of data to organize programme 

for me. 
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 TECH10 I am worried that the data management (record, storage, handling capability and compression) techniques are immature. 
 PER1 I am worried that the smart homes function is too unitary and may have poor usability. 
 PER2 I am worried that the smart homes devices are obstruction or impediment in space and make me feel uncomfortable at home. 
 PER3 I am worried that the smart homes devices are aesthetic incongruence which cannot integrate with my house environment. 
Performance risk PER4 I am worried that the smart homes devices and systems have low accessibility and are hard to use. 
(PER) PER5 I am worried that the smart homes interface and interaction is lack of user friendliness for elderly people. 
 PER6 I am worried that the smart homes function could not meet my needs and demand as time goes by. 
 PER7 I am worried that the smart homes have interference with my daily activities.  
 PER8 I am worried that the smart homes may disrupt my daily routines. 
 SER1 I am worried that the smart homes services are not reliable. 
 SER2 I am worried that the smart homes services could not give me timely responses. 
 SER3 I am worried that the smart homes services do not have assurance. 
Service risk SER4 I am worried that the smart homes services could not provide the consistent services according to their promise. 
(SER) SER5 I am worried that the smart homes services could not provide suitable and professional services.  
 SER6 I am worried that the smart homes services could not provide personalized services I want. 
 SER7 I am worried that the smart homes services staff could not treat me in a good manner. 
 SER8 I am worried that the smart homes services staff is in low neatness and cleanness 
 SER9 I am worried that the smart homes services staff could not understand my specific needs. 
 FIN1 I am worried that the cost of smart homes products and services are beyond my affordability. 
Financial risk FIN2 I am worried that the money I pay for smart homes doesn’t deserve its value. 
(FIN) FIN3 I am worried that I will spend more money for its affordable services if I use smart homes. 
 FIN4 I am worried that smart homes may bring me some non-essential financial expenditure. 
 FIN5 I am worried that smart homes may increase my financial pressure. 
 PSY1 I am worried that my family will blame me on the usage of smart homes. 
 PSY2 I am worried that my friends will think I am strange if I use smart homes. 
Psychological risk PSY3 I am worried that smart homes may cause of embarrassment or stigma when people visit my house. 
(PSY)  PSY4 I am worried that smart homes devices may be a burden to the people who live with me. 
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 PSY5 I am worried that smart homes may replace or diminish my human contact and result in social isolation. 
 PSY6 I am worried that the smart homes will result in my reliance on automation technology and loss of autonomy 
 PSY7 I am worried that the smart homes devices will always be perceived as reinforcing an image of being ”old” for myself. 
 IM1 I am worried that there is an absence of a comprehensive market. 
Industry &  IM2 I am worried that there is no consistent standardization and regulation of the smart home industry. 
Market risk IM3 I am worried that the product update too fast and the products I brought would be obsolete soon. 
(IM) 
 

IM4 I am worried that there is no eligibility criteria about the enterprises and service providers’ quality and level. 
IM5 I am worried that the compatibility of different brands, systems, devices is terrible. 

 IM6 I am worried that there is a shortage of service labor in related aging industry. 
 SS1 I am worried that if there is no enough support from healthcare providers. 
 SS2 I am worried that there is no enough support from caregivers. 
Social Support risk SS3 I am worried that there is no enough support from medical staff. 
(SS) SS4 I am worried that there is no enough support from medical experts. 
 SS5 I am worried that there is no enough support from my family. 
 SS6 I am worried that there is no enough support from my relatives. 
 SS7 I am worried that there is no enough support from my friends. 
 SS8 I am worried that there is no enough support from my neighborhood. 
 SS9 I am worried that there is no enough support from my community. 
 SS10 I am worried that there is no enough support from organizations and institutions. 
 PL1 I am worried that there is a lack of policy or legal framework to give the standards and guidance. 
Policy& PL2 I am worried that there is a lack of policy & law conduct environment. 
Law risk  PL3 I am worried that there is a lack of policy & law supervision environment. 
(PL) PL4 I am worried that there is a lack of policy & law to provide right assurance. 
 PL5 I am worried that there is a lack of legal responsibilities and professional competence of service providers and caregivers. 
 PL6 I am worried that there is a lack of legal aid if some accident happened due to the technology or service problems. 
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5.4.3 Questionnaire design  

After clarifying the dimensions of perceived risk and generating relevant measurement 
items, the author compiled a questionnaire including all the generated items. The questionnaire 
mainly consists of two parts. The first part is the demographic information of the survey 
respondents, including age, gender, occupation, monthly income, marital status; the second 
part is the perceived risk scale of smart homes for future elderly, see Appendix B. All the 
questions have been given a specific condition “When I am old” and all the items have been 
measured through 5-point Likert scale, during which "1" is "strongly disagree", "2" is "disagree", 
"3" is "general", "4" is "agree", and "5" "is "strongly agree". 

5.4.4 Pre-study  

Before starting large scale investigation, a pre-study was conducted to check the 
consistency, clarity and reliability of the questionnaire. The scale was formatted in a 5-point 
Likert scale and 68 middle-aged people aged from 45-60 were recruited in the pilot study. 
Depending on the data result, some confusing questions and long statement were accordingly 
modified. Accordingly, SPSS 25.0 was used to evaluate the consistency and reliability of the 
questionnaire. The Cronbach’s α of the pilot study was 0.897, which was above the threshold 
of 0.7 and indicated that the questionnaire had satisfactory reliability. 

5.5 Scale development and factor analysis  

This section attempts to identify the measurement items of the perceived risk scale and 
examine the related reliability and validity of different constructs and measurements. 
Specifically, all 75 items for perceived risk were gathered to form a questionnaire and all the 
items are measured based on a 5-point Likert scale. Participants would respond to each item 
scale from 1=strongly disagree to 5=strongly agree. SPSS25.0 and AMOS 25.0 for Windows 
were used to conduct statistical analysis, the exploratory factor analysis (EFA) and 
confirmatory factor analysis (CFA) were used to test the distinctive constructs and model fit 
indices of the theoretical structure. 

5.5.1 Exploratory factor analysis   

Exploratory factor analysis (EFA) was conduct to reduce the dimensionality and explore 
the appropriate structure of the perceived risk scale. 

5.5.1.1 Respondents  

The author conducted an online questionnaire survey through Wenjuanxing, a famous 
Chinese questionnaire survey platform to gain the data for exploratory factor analysis. The age 
of participants has been limited in 45-60, 344 responses have been collected. To be more specific, 
178(51.7%) participants were male and 166(48.3%) were men. With regard to the ages, 
128(37.2%) were between the age of 45 and 50, 125(36.3%) were between the age of 51 and 55, 
91(26.5%) were between the age of 56 and 60. The education level, marital status, income and 
occupation information also have been clarified, which can be seen in Table 4. 
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Table 4. Demographic information for exploratory factor analysis 

Attribute Value Freq. % Attribute Value Freq. % 
Gender Male 178 51.7  

Monthly 
Income 
(RMB) 

<1000 33 9.6 
Female 166 48.3 1000-3000 88 25.6 

Age 45-50 128 37.2 3000-5000 91 26.5 
51-55 125 36.3 5000-7000 86 25.0 
56-60 91 26.5 7000-10000 21 6.1 

Education <High school 131 38.0 10000+ 25 7.3 
High school 44 12.8 Occupation Teacher 19 5.5 

Associate 63 18.3 Civil Servant 17 4.9 
Bachelor 64 18.6 IT company staff 16 4.7 
Master 31 9.0 Non-IT company staff 108 31.4 
Doctor 11 3.2 Private entrepreneur 19 5.5 

Marital 
status 

Single 50 14.5 Freelancer 21 6.1 
Married 254 73.8 Worker 86 25.0 
Divorced 22 6.4 Farmer 22 6.4 
Widowed 28 5.2 Others 36 10.4 

5.5.1.2 Exploratory factor analysis of perceived risk  

A principal axis factoring analysis with varimax orthogonal rotation was conducted. For 
the exploratory factor analysis of perceived risk scale, the results showed the Kaiser-Meyer-
Olkin(KMO) measure of sampling was 0.914 and Bartlett’s test(Chi-square) value was 
17620.868 (p=0.000), suggesting that it is suitable for factor analysis [47]. Each construct was 
examined and determined in terms of eigenvalues and the scree plot. In terms of item selection 
for the ten factors, all the items were appealed to the condition that singly loading onto one 
factor with coefficients greater than 0.50 [48]. Factor loadings with varimax rotation were 
provided in Table 5.  
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Table 5. Varimax rotation method for the perceived risk scale in ten factors 

Items Factor 1 Factor 2 Factor 3 Factor 4 Factor 5 Factor 6 Factor 7 Factor 8 Factor 9 Factor 10 
SS8 .834 .017 .045 .040 -.001 .022 .017 .061 .016 .081 
SS2 .817 .071 .073 .057 .006 .059 -.015 .093 .134 .066 
SS7 .792 .065 .021 .079 .065 .049 .044 .112 .163 -.022 
SS5 .792 .021 .052 -.008 .020 .097 .009 .094 .014 .065 
SS9 .792 .004 .135 .036 .002 .048 .028 .038 .112 -.032 
SS10 .790 .003 .093 -.054 .025 .047 .059 .122 .088 .050 
SS1 .784 .044 .117 .015 -.068 -.021 -.005 .076 .021 -.002 
SS3 .783 -.069 .016 .056 -.015 .089 .085 .137 .106 .017 
SS4 .775 .001 .083 .011 .053 .021 .062 .115 .093 -.043 
SS6 .771 .034 .076 .045 .033 -.005 -.058 .129 .167 .033 

SER6 .024 .812 .069 .144 .037 .029 -.032 .088 .096 .053 
SER9 .031 .798 .069 .183 .012 .005 .124 .098 .048 .025 
SER2 .031 .791 .090 .154 .049 .019 .096 -.019 .039 -.003 
SER5 -.037 .791 .033 .116 .029 -.004 .044 .056 .059 .113 
SER8 .037 .789 .117 .177 .017 .027 .025 .025 .050 .008 
SER1 .078 .778 .100 .200 -.038 .070 -.003 .027 -.046 .048 
SER7 .045 .772 .036 .186 .097 .007 .071 .066 .025 .030 
SER4 -.029 .768 .122 .184 -.002 -.038 .069 .037 .001 .050 
SER3 .009 .748 .090 .158 -.020 -.032 .000 .030 .051 .129 

TECH10 .103 .089 .780 .066 .047 -.005 .085 .046 .011 .097 
TECH7 .037 .052 .768 .120 .125 .000 .026 .138 .035 -.013 
TECH6 .038 .053 .750 .206 .040 .045 .055 .067 .038 -.044 
TECH2 .108 .084 .749 .042 .073 .016 .028 .107 .058 .021 
TECH4 .060 .104 .733 .204 .049 .025 .071 .113 .081 .072 
TECH8 .057 .130 .729 .132 .073 .000 .061 .133 -.028 -.002 
TECH1 .080 .065 .718 .188 .064 -.068 -.017 .149 .017 .084 
TECH9 .086 .010 .717 .268 .103 .033 .029 .094 -.023 -.046 
TECH3 .057 .084 .716 .133 .092 .087 .040 .099 .007 -.065 
TECH5 .114 .079 .694 .114 -.024 .038 -.009 .173 .091 .070 
PER6 -.010 .182 .135 .782 .034 -.018 -.049 .145 .050 -.049 
PER8 .064 .235 .207 .771 .025 -.070 .082 .001 .066 .030 
PER3 .077 .175 .170 .752 .027 .061 .031 .052 .054 .078 
PER4 .057 .254 .174 .748 -.002 .019 .024 .057 .117 .001 
PER7 -.051 .213 .263 .737 .028 .055 .060 .063 .085 -.013 
PER1 .084 .211 .221 .719 .037 .112 .045 .073 .111 .005 
PER5 .067 .229 .186 .717 .000 .134 .029 .059 .097 .092 
PER2 -.009 .288 .260 .678 .081 -.001 .050 .024 -.012 .121 
PHY2 -.023 .029 .039 .029 .767 .162 .083 .051 -.060 .159 
PHY1 -.022 -.023 .093 .010 .764 .176 .003 .063 -.011 .073 
PHY7 .033 -.050 .149 .003 .751 .157 -.055 .118 .031 .076 
PHY6 -.044 .103 .047 -.046 .747 .208 .107 .025 .025 .052 
PHY8 .037 .029 .053 .081 .741 .117 .125 -.010 .046 -.015 
PHY4 .002 -.021 .005 .023 .716 .236 .060 .028 -.021 .109 
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PHY3 .069 .039 .074 .037 .708 .217 .015 .021 .037 .132 
PHY5 .042 .086 .183 .063 .679 .275 .009 .005 -.004 .114 
PSY3 .045 .010 .031 .050 .211 .809 .085 .007 -.012 .141 
PSY4 .053 .059 .044 .050 .192 .786 .118 .038 -.034 .154 
PSY6 .038 -.030 .034 .026 .196 .785 .114 .015 .005 .163 
PSY7 .061 .000 -.069 .007 .293 .758 .060 .038 .068 .118 
PSY1 .046 -.001 .029 .047 .294 .756 .118 .094 .059 .142 
PSY5 .103 .000 -.006 .086 .243 .748 .170 .004 .073 .128 
PSY2 .079 .025 .086 .000 .279 .745 .037 .002 .090 .101 
PL5 .046 .061 .030 .050 .164 .090 .828 .008 .024 .130 
PL6 .018 .082 .081 .032 .069 .108 .828 .002 .049 .091 
PL4 .035 .062 .026 .040 -.001 .088 .819 .074 .059 .144 
PL3 .067 .038 .001 .009 .049 .069 .807 .112 .016 .173 
PL1 -.010 .054 .111 .052 .044 .104 .800 .086 .040 .137 
PL2 .048 .058 .086 .026 .017 .150 .798 .121 .032 .154 
PS3 .146 .048 .116 .108 .111 -.005 .059 .770 -.063 .017 
PS4 .059 .032 .102 .095 .075 .001 .058 .766 -.026 .073 
PS1 .143 .001 .148 .030 .067 .055 .035 .762 -.054 .034 
PS5 .145 .052 .155 .073 -.018 .096 .020 .759 -.024 -.013 
PS7 .137 .001 .190 .044 .018 -.008 .080 .756 -.034 .046 
PS6 .154 .094 .173 .021 .014 .019 .065 .747 .060 .043 
PS2 .148 .157 .137 .032 .018 .015 .088 .715 .003 .049 
IM2 .120 .073 .076 -.004 -.003 -.025 .053 -.068 .827 .047 
IM3 .134 .076 .035 .051 .012 -.006 .032 -.045 .822 -.003 
IM1 .161 .062 .054 .081 .012 .043 .042 .014 .811 .084 
IM5 .107 .085 .042 .088 .012 .086 .051 .011 .807 -.010 
IM6 .161 .031 .030 .122 .002 .050 .019 -.011 .802 .020 
IM4 .123 -.035 .008 .110 .012 .046 .018 -.036 .784 .051 
FIN3 .089 .048 -.001 .087 .123 .194 .168 .021 .038 .797 
FIN4 -.018 .072 .013 .050 .145 .131 .232 .085 .054 .769 
FIN5 .033 .108 .048 .056 .126 .199 .265 .052 .035 .757 
FIN2 .060 .148 .041 -.009 .177 .241 .172 .103 .079 .752 
FIN1 .046 .116 .057 .028 .184 .226 .145 .021 .018 .744 

Notes: Rotation method: Varimax. Extraction method: Principal axis factoring. Rotation converged in seven iterations 

with loading values of more than 0.5. 

5.5.2 Confirmatory factor analysis   

Based on the result of the exploratory factor analysis, confirmatory factor analysis (CFA) 
was used to evaluate the perceived risk scale which including 75 items. 

5.5.2.1 Respondents  

The similar data collection method with exploratory factor analysis was applied. The 
online questionnaire survey through Wenjuanxing was conducted with the age limitation 
between 45 to 60 for the participants. 590 responses have been collected. To be more 
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specific,321(54.5%) participants were male and 269(45.6%) were female. With regard to the ages, 
234(39.7%) were between the age of 45 and 50, 210(35.6%) were between the age of 51 and 55, 
146(24.7%) were between the age of 56 and 60. The education level, marital status, income and 
occupation information also have been clarified, which can be seen in Table 6. 

Table 6. Demographic information for confirmatory factor analysis 

Attribute Value Freq. % Attribute Value Freq. % 
Gender Male 321 54.4 Monthly 

Income 
(RMB) 

<1000 59 10.0 
Female 269 45.6 1000-3000 25.6 25.6 

Age 45-50 234 39.7 3000-5000 26.8 26.8 
51-55 210 35.6 5000-7000 25.1 25.1 
56-60 146 24.7 7000-10000 5.6 5.6 

Education <High school 219 37.5 10000+ 6.9 6.9 
High school 84 14.2 Occupation Teacher 28 4.7 

Associate 109 18.5 Civil Servant 31 5.3 
Bachelor 108 18.3 IT company staff 32 5.4 
Master 51 8.6 Non-IT company staff 182 30.8 
Doctor 17 2.9 Private entrepreneur 31 5.3 

Marital 
status 

Single 92 15.6 Freelancer 30 5.1 
Married 434 73.6 Worker 162 27.4 
Divorced 41 6.9 Farmer 34 5.8 
Widowed 23 3.9 Others 60 10.1 

5.5.2.2 Confirmatory factor analysis of perceived risk  

The results showed that the original model did not provide an adequate model fit 
(X2=2777.023; p=0.000; SRMR=0.027; RMSEA=0.005; CFI=0.998; NFI=0.902; IFI=0.998; 
TLI=0.998; GFI=0.894). Following the suggestions from Woosnam and Norman, reasonable 
modifications were introduced based on the correlated residuals and cross-loadings, producing 
a good model fit [49]. Regarding this, the first modified model contained 73 items, producing 
a better model fit for the data (X2=2547.373; p=0.000; SRMR=0.027; RMSEA=0.005; CFI=0.999; 
NFI=0.905; IFI=0.999; TLI=0.999; GFI=0.898). However, the vital index NFI and GFI still can not 
reach the threshold so that the second modification was conducted. The second modified 
model contained 70 items based on the first revision, which indicates that all the model fit 
indices thresholds have been reached (X2=2326.904; p=0.000; SRMR=0.026; RMSEA=0.004; 
CFI=0.999; NFI=0.908; IFI=0.999; TLI=0.999; GFI=0.903). Table 7 presents the model fit indices 
for the original and revised models. Figure 5.1 shows the path diagram of the second model 
modification of the perceived risk scale of smart home for future elderly. 
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Table 7. Model fit for perceived risk scale 

Models X2 d.f. X2/d.f. SRMR RMSEA CFI NFI IFI TLI GFI 

Item 75 2777.023 2732 1.016 0.027 0.005 0.952 0.902 0.952 0.949 0.894 
Item 73 2547.373 2513 1.014 0.027 0.005 0.956 0.905 0.957 0.953 0.898 
Item 70 2326.904 2303 1.010 0.026 0.004 0.961 0.908 0.962 0.957 0.903 

Threshold   1-5 0.08 0.08 0.90 0.90 0.90 0.90 0.90 

Note: SRMR represents standardized root mean square residual; RMSEA represents root mean square error of 

approximation; CFI represents the comparative fit index; NFI represents normal fit index; IFI represents the 

incremental fit index; TLI represents Tucker-Lewis Index; GFI represents the goodness of fit. 
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Figure 5.2. The path diagram of the perceived risk scale 
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5.5.3 Convergent and discriminant validity   

Confirmatory factory analysis was conducted to determine the convergent and 
discriminant validity of the perceived risk scale. For convergent validity, the standardized 
factor loadings should be above the threshold, 0.5 or above, C.R. (t-value) should be above the 
threshold, 2 or above, and the averaged variances expected (AVE) value should also be above 
the threshold, 0.5 or above [50]. Table 8 shows that the C.R. (t-value), standardized factor 
loadings, and AVE achieved adequate values. 

Table 8. Convergent and discriminant validity of the perceived risk scale. 

Construct 
Cronbach’s 

Alpha 
Variable Mean 

Standard 
Deviation 

Standardized 
Factor 

Loading 

C.R. 
(t-Value) 

SMC AVE Composite 
Reliability 

Privacy 
&Security 

Risk 
0.892 

PS1 3.97 0.777 0.745 - 0.555 0.540 0.891 
PS2 3.96 0.797 0.725 17.592 0.541 
PS3 3.94 0.799   0.761 18.222 0.579 
PS4 3.97 0.811 0.731 17.509 0.534 
PS5 3.96 0.799 0.740 17.892 0.548 
PS6 3.95 0.790 0.703 16.798 0.494 
PS7 3.98 0.784 0.727 17.483 0.529 

Physical 
Risk 0.896 

PHY1 3.88 0.949 0.742 - 0.551 0.548 0.894 
PHY2 3.86 0.971 0.779 18.908 0.607 
PHY3 3.84 0.917 0.718 17.215 0.516 
PHY4 3.92 0.880 0.738 17.714 0.545 
PHY5 3.86 0.950 0.733 17.510 0.537 
PHY6 3.87 0.957 0.749 18.038 0.561 
PHY7 3.88 0.921 0.720 17.315 0.518 

Technological 
Risk 0.912 

TECH1 3.32 0.845 0.712 - 0.507 0.531 0.911 
TECH2 3.31 0.873 0.725 16.982 0.525 
TECH3 3.34 0.828 0.704 16.457 0.495 
TECH4 3.34 0.849 0.756 17.013 0.572 
TECH5 3.34 0.860 0.714 16.592 0.510 
TECH6 3.34 0.896 0.729 16.985 0.531 
TECH7 3.34 0.870 0.758 17.656 0.575 
TECH9 3.27 0.857 0.721 16.905 0.519 
TECH10 3.30 0.851 0.739 17.256 0.547 

Performance 
Risk 0.928 

PER1 3.93 0.878 0.791 - 0.625 0.627 0.922 
PER2 3.88 0.883 0.797 20.957 0.635 
PER3 3.88 0.890 0.786 20.674 0.617 
PER4 3.89 0.870 0.795 20.916 0.632 
PER5 3.87 0.897 0.782 20.535 0.612 
PER6 3.93 0.855 0.793 20.951 0.629 
PER7 3.90 0.909 0.799 21.060 0.638 

 
 0.926 

SER1 3.97 0.863 0.762 - 0.581 0.583 0.926 
SER2 3.98 0.838 0.773 19.523 0.598 
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Service  

Risk 

SER3 4.00 0.848 0.738 18.499 0.545 
SER4 3.88 0.883 0.750 18.837 0.563 
SER5 4.00 0.823 0.741 18.507 0.549 
SER6 3.96 0.869 0.798 20.293 0.637 
SER7 3.98 0.823 0.760 19.107 0.577 
SER8 4.00 0.864 0.777 19.586 0.603 
SER9 3.98 0.860 0.773 19.473 0.598 

Financial 
Risk 0.861 

FIN1 3.63 0.855 0.725 - 0.526 0.558 0.863 
FIN2 3.72 0.782 0.762 17.009 0.581 
FIN3 3.66 0.824 0.739 16.544 0.546 
FIN4 3.62 0.816 0.734 16.476 0.539 
FIN5 3.65 0.797 0.773 17.170 0.598 

Psychological 
Risk 0.913 

PSY1 3.73 0.866 0.776 - 0.601 0.601 0.913 
PSY2 3.76 0.847 0.746 19.067 0.556 
PSY3 3.77 0.874 0.801 20.593 0.641 
PSY4 3.76 0.864 0.785 20.013 0.616 
PSY5 3.76 0.835 0.775 19.852 0.601 
PSY6 3.80 0.841 0.765 19.529 0.585 
PSY7 3.72 0.888 0.777 19.887 0.603 

Industry 
& Market 

Risk 
0.908 

IM1 3.03 0.988 0.797 - 0.636 0.617 0.906 
IM2 3.08 0.954 0.804 21.505 0.647 
IM3 3.03 0.961 0.810 21.753 0.656 
IM4 3.16 0.964 0.753 19.781 0.567 
IM5 3.00 0.950 0.783 20.798 0.613 
IM6 3.04 0.951 0.766 20.041 0.586 

Social 
Support 

Risk 
0.912 

SS2 3.50 0.919 0.785 - 0.616 0.598 0.912 
SS3 3.51 0.862 0.764 19.797 0.583 
SS4 3.49 0.860 0.755 19.494 0.570 
SS5 3.51 0.870 0.770 20.021 0.593 
SS8 3.48 0.895 0.773 20.124 0.597 
SS9 3.53 0.898 0.786 20.588 0.618 
SS10 3.51 0.897 0.780 20.221 0.609 

Policy 
& Law Risk 0.912 

PL1 3.58 1.035 0.805 - 0.648 0.645 0.916 
PL2 3.57 1.021 0.807 21.645 0.651 
PL3 3.56 1.066 0.788 20.864 0.620 
PL4 3.57 1.026 0.806 21.648 0.650 
PL5 3.57 1.028 0.809 21.833 0.654 
PL6 3.54 0.991 0.805 21.499 0.649 

The correlation coefficients, the maximum shared variance (MSV) and average shared 
variance (ASV) tend to be used to assess discriminant validity. To specify, the threshold for 
MSV and ASV values should be less than the AVE value [50]. The results of Table 9 show that, 
in the current study, all the AVE values are above the MSV and ASV values, suggesting that the 
four constructs achieved satisfactory discriminant validity.
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Table 9. Correlation and discriminant validity of the perceived risk scale. 

Construct CR AVE MSV ASV PS PHY TECH PER SER FIN PSY IM SS PL 
PS 0.891 0.540 0.137 0.052 0.735          

PHY 0.894 0.548 0.266 0.058 0.226*** 0.740         
TECH 0.911 0.531 0.180 0.053 0.370*** 0.204*** 0.729        
PER 0.922 0.627 0.211 0.065 0.256*** 0.065*** 0.424*** 0.804       
SER 0.926 0.583 0.211 0.044 0.179*** 0.103*** 0.170*** 0.459*** 0.764      
FIN 0.863 0.558 0.175 0.065 0.141*** 0.323*** 0.116*** 0.141*** 0.239*** 0.747     
PSY 0.913 0.601 0.266 0.063 0.099*** 0.516*** 0.052*** 0.096*** 0.084*** 0.418*** 0.775    
IM 0.906 0.617 0.034 0.020 -0.017*** 0.050*** 0.108*** 0.180*** 0.153*** 0.180*** 0.167*** 0.785   
SS 0.912 0.598 0.091 0.032 0.301*** 0.092*** 0.171*** 0.143*** 0.102*** 0.147*** 0.162*** 0.185*** 0.773  
PL 0.916 0.645 0.139 0.048 0.255*** 0.185*** 0.175*** 0.196*** 0.138*** 0.373*** 0.217*** 0.136*** 0.206*** 0.803 

Note: PS represents Privacy & Security Risk; PHY represents Physical Risk; TECH represents Technological Risk; PER represents Performance Risk; SER represents Service Risk; FIN represents Financial 

Risk; PSY represent Psychological Risk; IM represents Industry & Market Risk; SS represents Social Support Risk; PL represents Policy & Law Risk; *** p < 0.01. 
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5.6 Conclusion and discussion 

In this chapter, the author conducted a scale development and validity study on the 
perceived risk of smart homes for the elderly. From the questionnaire survey and data analysis 
results, the variables and corresponding measurement items proposed in this study have been 
verified. In the upcoming future, smart homes will have huge potential in helping the elderly 
aging in place and dealing with aging population challenges. However, there are still numerous 
problems that need to be resolved. These problems will cause varying degrees of risks to the 
usage of smart homes for the elderly. In order to conduct a comprehensive assessment of the 
possible risks of smart homes from customer-oriented perspective, this chapter takes future 
elderly people aged 45-60 in China as the research object. Through literature analysis, user 
interviews and expert interviews, the perceived risk dimensions and relevant measurement 
items of smart homes for the elderly are generated. Through pre-study, exploratory factor 
analysis, confirmatory factor analysis, the reliability and validity of each dimension and its 
corresponding observation variables, a perceived risk scale of smart homes for the elderly has 
been developed and verified. The scale includes ten factors and seventy measurement items. 
Among them, there are 7 items for Privacy & Security Risk (PS), 7 for Physical Risk (PHY), 9 
for Technological Risk (TECH), 7 for Performance Risk (PER), 9 for Service Risk (SER), 5 for 
Financial Risk (FIN), 7 for Psychological Risk (PSY), 6 for Industry & Market Risk (IM), and 7 
for Social Support Risk (SS). 6 for Policy & law risk (PL). This scale is the first systematic risk 
assessment scale taking smart homes for the elderly as the research object which is of milestone 
significance. It helps the industry, enterprises, manufacturers identify the risks and obstacles 
of smart homes services and products for the elderly from the user-centered perspective, so 
that the relevant risks could be controlled, reduced or avoided as much as possible. Through 
this way, the development of smart homes industry for the elderly could be promoted and the 
users adoption and acceptance of relevant products and services could be improved. Each risk 
factors is discussed in detail as follows: 

• Privacy & Security Risk: For “Privacy & Security Risk”, the final observed variables 
include seven items, they are PS1, PS2, PS3, PS4, PS5, PS6, and PS7, their factor loadings 
are 0.745, 0.725, 0.761, 0.731, 0.740, 0.703, and 0.727 which are all higher than 0.5. The 
Cronbach’s α of these seven measurements is 0.892>0.7, the AVE is 0.540>0.5, the 
Composite Reliability is 0.891>0.7. The related key indexes all present adequate value 
which reveals that the seven items of the “Privacy & Security Risk” dimension achieve 
satisfactory reliability and validity. On one hand, the elderly do not like the sense of 
surveillance brought by smart homes to share their personal lives and privacy with others, 
even their family members. For example, some seniors may do not want to share their 
sensitive health information with their important persons, like couple or children, to 
increase unnecessary worries; On the other hand, for platforms, service providers, work 
staffs, and related stakeholders of elderly service enterprises, “ What kind of extent should 
the data and personal information be opened to them to support the implementation of 
related system functions and services as well as avoiding the sense of privacy invasion” is 
a topic worth significant concerns. Moreover, the elderly will also worry about their 
personal information and privacy data will be expose to unauthorized third-party without 
permission, or be stolen by hackers for illegal purposes, etc. Thus, smart homes for the 
elderly should emphasize on the protection of the elderly privacy and security, give them 
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sufficient autonomy and control over their personal information and data, and try to find 
a balance between the privacy protection and high-quality services provision. 

• Physical Risk: For “Physical Risk”, the final observed variables include seven items, they 
are PHY1, PHY2, PHY3, PHY4, PHY5, PHY6, and PHY7, their factor loadings are 0.742, 
0.779, 0.718, 0.738, 0.733, 0.749, and 0.720 which are all higher than 0.5. The Cronbach’s α of 
these seven measurements is 0.896>0.7, the AVE is 0.548>0.5, the Composite Reliability is 
0.894>0.7. The related key indexes all present adequate value which reveals that the seven 
items of the “Physical Risk” dimension achieve satisfactory reliability and validity. Since 
the personal information and daily life data of the elderly could been collected by the 
sensor systems while using smart homes, there may be some hidden risk of fraud, theft, 
robbery, blackmail and extortion because of the information leakage. In addition, with the 
increase of age, the physical ability of the elderly will go through a obvious decline. Thus, 
the physical materials of the smart home devices or equipment may bring physical harm 
to the elderly if they are sharp, or hard, or the surface friction is too small. For example, 
the small friction of the bathroom floor may lead to a fall for the elderly. Moreover, some 
accidental injuries may occur due to the execution of wrong commands, and incorrect or 
untimely feedback from the system. Last but not least, the electromagnetic radiation from 
the smart system may also bring some potential health problems. Therefore, the data 
security should receive specific attention during the usage process. At the same time, the 
material and physical form of smart home devices should also cater to the physical and 
psychological characteristics of the elderly, such as rounded corners, anti-skid treatment, 
etc. The system reliability should be optimized, so as to ensure the accuracy of information 
delivery and command transmission, timely responsiveness should also be guaranteed. 
Finally, related technologies should be rigorously tested before being applied in a large 
number of applications to avoid potential health harms to the elderly.  

• Technological Risk: For “Technological Risk”, the final observed variables include nine 
items, they are TECH1, TECH2, TECH3, TECH4, TECH5, TECH6, TECH7, TECH9, and 
TECH10, their factor loadings are 0.712, 0.725, 0.704, 0.756, 0.714, 0.729, 0.758, 0.721, and 
0.739 which are all higher than 0.5. The Cronbach’s α of these nine measurements is 
0.912>0.7, the AVE is 0.531>0.5, the Composite Reliability is 0.911>0.7. The related key 
indexes all present adequate value which reveals that the nine items of the “Technological 
Risk” dimension achieve satisfactory reliability and validity. They mainly include low 
accuracy of the command identification, malfunction, system failures, error alarms, 
instability, low expansion capability, lack of interoperability among different devices 
and heterogeneous systems, inflexibility, low intelligence, inability to customize 
services for users, insufficient data processing and management capabilities 
(collection record, storage, treatment, compression, delivery). For smart homes 
system, technology is the development basis of relevant intelligent products and services 
which deserves long-term emphasis. The advancement of technology can solve a bunch 
of existing problems, such as improving the accuracy of command identification and 
execution, reducing system failures and errors, improving compatibility between different 
products and operating systems, etc. Individual customized services, smart 
recommendations, active behavioral responses, etc., could also been realized via deep 
learning and data training of a large amount of user behaviors’ data. 
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• Performance Risk: For “Performance Risk”, the final observed variables include seven 
items, they are PER1, PER2, PER3, PER4, PER5, PER6, and PER7, their factor loadings are 
0.791, 0.797, 0.786, 0.795, 0.782, 0.793, and 0.799 which are all higher than 0.5. The 
Cronbach’s α of these seven measurements is 0.928>0.7, the AVE is 0.627>0.5, the 
Composite Reliability is 0.922>0.7. The related key indexes all present adequate value 
which reveals that the seven items of the “Performance Risk” dimension achieve 
satisfactory reliability and validity. The current smart home development attaches great 
importance to "intelligence" and "high-tech" which are mostly aimed at young group, and 
there is a lack of concerns on catering to the physical, psychological and cognitive 
demands of the elderly from a user-centered perspective. In addition, it does not fully 
consider the operating customs of the elderly and ignores their characteristics, which 
makes it difficult for the elderly to operate and cause low accessibility. Therefore, the 
design and development of related products and services should take the core demands 
of the elderly as the start points and improve the usability and ease of use according to 
the elders’ features. Moreover, a plenty of smart home devices are aesthetic 
incongruence which cannot integrate with house environment of the elderly, some of 
them are obstruction or impediment in space and make the seniors feel uncomfortable 
at home. Thus, the hardware and software design of the smart home products should 
take these issues into consideration. Last but not least, some smart home products not 
only cannot bring comfort and convenience to the elderly, but also affect and disrupt 
their normal life routines. In view of these, designers and developers should start from 
the functions, appearance, materials, operation, software of related products and 
services, and consider the characteristics of the elderly from a comprehensive 
perspective to minimize the corresponding risk and optimize user experience. 

• Service Risk: For “Service Risk”, the final observed variables include nine items, they are 
SER1, SER2, SER3, SER4, SER5, SER6, SER7, SER8, and SER9, their factor loadings are 0.762, 
0.773, 0.738, 0.750, 0.741, 0.798, 0.760, 0.777, and 0.773 which are all higher than 0.5. The 
Cronbach’s α of these nine measurements is 0.926>0.7, the AVE is 0.583>0.5, the Composite 
Reliability is 0.926>0.7. The related key indexes all present adequate value which reveals 
that the nine items of the “Service Risk” dimension achieve satisfactory reliability and 
validity. They are unreliability, no timely response, lack of service guarantee, inconsistent 
business promise from the service providers, incompetent service staffs, and inability to 
provide customized services according to different individual needs. As we can see, the 
service risk resources are not only from the non-human factors such as the system stability, 
but also from the service deliverers. If the service deliverer is in bad manner, low neatness 
and cleanness, unable to understand the elders’ specific needs and lack of empathy, there 
is no possibility that the service quality will present a high level. In response to these issues, 
smart home services for the elderly should integrate the special physical and 
psychological needs of the elderly, and comprehensively improve the reliability, 
responsiveness, security, and professionalism from the human and non-human aspects to 
deliver high-quality services for the elderly. 

• Financial Risk: For “Financial Risk”, the final observed variables include 5 items. the 
final observed variables include five items, they are FIN1, FIN2, FIN3, FIN4, and FIN5, their 
factor loadings are 0.725, 0.762, 0.739, 0.734, and 0.773 which are all higher than 0.5. The 
Cronbach’s α of these five measurements is 0.861>0.7, the AVE is 0.558>0.5, the Composite 
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Reliability is 0.863>0.7. The related key indexes all present adequate value which reveals 
that the five items of the “Financial Risk” dimension achieve satisfactory reliability and 
validity. It is mainly reflected in that the purchase of related smart home products and 
services exceeds the elders’ affordability, or makes them feel that the value benefits they 
get are not worth the high prices, or the use of some products and services requires 
continuous payment, or there are unnecessary expenses for them, and may bring them 
financial pressure. Based on these problems, the design and development of smart home 
products and services for the elderly should try to reduce development and production 
costs as much as possible to make the majority of aging group can afford as well as 
providing the elderly with value beyond their expectations. At the same time, we should 
also consider to maximize the use of the existing or easy-acquired resources of the elderly 
to reduce their financial expenditure, such as selling sensor and controllers to make the 
non-smart products in home environment become intelligent, using the existing smart 
devices (phone, pad, laptop, TV, etc.) as the service carriers instead of develop new media 
and products, etc. 

• Psychological Risk: For “Psychological Risk”, the final observed variables include seven 
items, they are PSY1, PSY2, PSY3, PSY4, PSY5, PSY6, and PSY7, their factor loadings are 
0.776, 0.746, 0.801, 0.785, 0.775, 0.765, and 0.777 which are all higher than 0.5. The 
Cronbach’s α of these seven measurements is 0.913>0.7, the AVE is 0.601>0.5, the 
Composite Reliability is 0.913>0.7. The related key indexes all present adequate value 
which reveals that the seven items of the “Psychological Risk” dimension achieve 
satisfactory reliability and validity. Older people are more sensitive than youth in 
psychological aspect. When using smart home products and services, they will worry 
about family members’ blame, care about friends’ opinions, and will also consider 
burdening co-living people, etc. At the same time, the elderly is also afraid of being treated 
as old and vulnerable. For example, some products have strong psychological hints of 
aging in appearance, which will actually make the elderly feel disappointed all the time 
and hurt their self-esteem. On one hand, the powerful functions of smart products will 
give people a sense of spiritual oppression. This kind of oppression is even more serious 
for older adults compared to young group and will make them psychologically produce 
pessimistic and negative resistance; on the other hand, powerful functions may also cause 
the elderly over-reliance on intelligent technology which may passively reduce their 
interpersonal communication and causes social isolation. These issues need to be taken 
seriously during the design, development, and delivery process of smart home products 
and services for the elderly. 

• Industry & Market Risk: For “Industry & Market Risk”, the final observed variables 
include six items, they are IM1, IM2, IM3, IM4, IM5, and IM6, their factor loadings are 0.797, 
0.804, 0.810, 0.753, 0.783, and 0.766 which are all higher than 0.5. The Cronbach’s α of these 
six measurements is 0.908>0.7, the AVE is 0.617>0.5, the Composite Reliability is 0.906>0.7. 
The related key indexes all present adequate value which reveals that the six items of the 
“Industry & Market Risk” dimension achieve satisfactory reliability and validity. It is 
mainly reflected in the smart homes for the elderly currently lacks a comprehensive 
market environment, the existing smart products and services for the elderly are 
incomplete, there is no consistency industry standardization and regulation so that 
the compatibility between products and systems of different brands is poor, the service 
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quality lacks a unified qualification standard certification, there is a shortage of service 
personnel in the relevant elderly care service industry. These problems all reflect the 
immaturity of the smart home market for the elderly. In response to these problems, it is 
necessary to set up an industry organization to propose unified standards and rules for 
products, services, technologies and talent qualification certification in related industries, 
improve product and system compatibility of different brands, and promote the 
construction of an overall service team in the industry. 

• Social Support Risk: For “Social Support Risk”, he final observed variables include seven 
items, they are SS2, SS3, SS4, SS5, SS8, SS9, and SS10, their factor loadings are 0.813, 0.727, 
0.784,0.739, 0.784,0.739, and 0.755 which are all higher than 0.5. The Cronbach’s α of these 
seven measurements is 0.912>0.7, the AVE is 0.598>0.5, the Composite Reliability is 
0.912>0.7. The related key indexes all present adequate value which reveals that the seven 
items of the “Social Support Risk” dimension achieve satisfactory reliability and validity. 
It refers to the implementation of some products and system functions of smart homes 
need to be supported by relevant social forces, such as family members (children and 
partners), relatives, neighbors, communities, social organizations and institutions, as well 
as related service personnel groups, such as nurses, clinical staff, medical experts, etc. The 
lack of these support or the lack of relevant service personnel will create risks and bring 
obstacles to the realization of the relevant functions of the smart home system for the 
elderly. Therefore, a smart home system with a full sense of happiness for the elderly need 
the support of a strong social network which make the construction of social support 
network is of great importance and crucial significance. 

• Policy & Law Risk: For “Policy & Law Risk”, the final observed variables include six 
items, they are PL1, PL2, PL3, PL4, PL5, and PL6, their factor loadings are 0.805, 0.807, 0.788, 
0.806, 0.809, and 0.805 which are all higher than 0.5. The Cronbach’s α of these six 
measurements is 0.912>0.7, the AVE is 0.645>0.5, the Composite Reliability is 0.916>0.7. 
The related key indexes all present adequate value which reveals that the six items of the 
“Policy & Law Risk” dimension achieve satisfactory reliability and validity. It refers to the 
government or relevant authorities that have not promulgated and issued relevant 
policies and laws to regulate the development of the smart home industry, improve 
service quality, and provide legal guarantees for the consumers right. It mainly includes 
the lack of policy and law formulation, implementation, interpretation, and supervision, 
and when the consumers' rights are violated due to the negligence, defects, and non-
professionalism of the smart home system and its service providers, there is no relevant 
law to provide guarantee and assistance. Therefore, in order to guide and regulate the 
market, improve the service level of service personnel, and provide consumers with the 
assurance of rights and interests, the formulation, promulgation and implementation of 
government policies and related laws are urgent and necessary. 
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6.1 Research purpose  

The traditional technology acceptance model takes perceived usefulness and perceived ease 
of use as the core variables. However, with the development and popularity of information 
communication technology, smart technology has been used and served for all aspects of 
human demands. The application value of technology today is not only for usability, but also 
for emotion, social interaction, dignity and respect, self-realization, etc. The behavioral 
intention to use of emerging technology is not only related to the ease of use, but also influenced 
by a quite number of other factors, such as privacy, safety, individual psychology, subjective 
norms, market maturity, government policies, etc. Therefore, the conventional technology 
acceptance model has its limitation to respond the advancement of complex society and 
comprehensive integration of technological application nowadays. Although there are 
considerable numbers of scholars and researchers proposed and expanded some new models 
based on the classic one, they failed to present the influencing factors in a systematic way. Two 
crucial issues remain to be resolved, the first is “how does the technology acceptance model 
respond to users' diverse value demands regarding the dramatic changes of information 
communication technology in this era? ” . The second is “how to reflect the technology negative 
aspects as well as its positives in a technology acceptance model at the same time to grasp its 
all-around development status? ” This chapter explored the above two issues in detail. The 
author believes that, although the development and iteration of smart technology update 
rapidly, but the essential significance of technological development is to realize the 
comprehensive wellbeing and sustainable development of mankind. Therefore, the 
construction of the technology acceptance model should take the human value perception as 
the core variable, and at the same time, avoid, reduce, and control their perceived risk in 
different levels as much as possible. Thus, this chapter aims to build a smart homes technology 
acceptance model for future elderly based on perceived value and perceived risk, their 
measurement items are extracted from the former chapters. 

6.2 Research methods  

This chapter follows the standard empirical research process. The main research methods 
are literature analysis, questionnaire survey, statistical analysis, and structural equation 
modeling. The research steps are as follows: First, on the basis of literature research, the 
research hypothesis in this chapter was proposed and a hypothetical model was constructed. 
The model involves five variables: perceived benefit, perceived cost, perceived risk, attitude 
toward using, behavioral intention to use, among which perceived benefit and perceived cost 
come together to form the perceived value. The measurements of perceived benefit, perceived 
cost, and perceived risk used the scale developed in the previous chapters, and the items of 
attitude toward using and behavioral intention to use were extracted from the existing 
literature. Afterwards, all the measurement items were compiled to a preliminary 
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questionnaire. A pre-study was conducted to test the consistency and reliability of the 
questionnaire. Depends on the result, the questionnaire has been optimized before large scale 
distribution. Then, the main survey was conducted through online questionnaire platform, 
Wenjuanxing. After finishing the data collection, the reliability and validity of the collected 
responses were tested and descriptive statistical analysis was performed via SPSS 25.0. Last but 
not least, AMOS 25.0 was used to draw the technology acceptance model through structural 
equation model, model fitness test and path analysis was conducted, the rationality of the 
seven hypotheses were verified. 

6.3 Hypotheses development and framework 

6.3.1 Perceived value 

This study follows Zeithaml’s academic propositions and basically divides perceived 
value into perceived benefit and perceived cost. 

6.3.1.1 Perceived benefit 

Perceived benefit is the core manifestation of perceived value. In the current fiercely 
competitive market environment, if an enterprise wants to achieve development and gain long-
term prosperity, they must adhere to user-centered principal and highlight the corporate 
strategy of value creation to satisfy customer demands as much as possible. Enterprises should 
formulate reasonable and effective product prices based on the resources they invest according 
to the internal operating conditions and external market environment, and enhance the 
perceived benefit to maximize the perceived value of their products and services. Essentially, 
what companies sell and deliver is not products or services, but value, the value that contains 
in the product functions and service delivery which can be perceived by consumers through 
their existing experience and cognition. Regarding the smart homes system for the elderly, the 
higher the benefit that the system can bring to the elderly, the more the value demands of the 
elderly can be met, so it will have positive effect on their attitude toward using and further 
increase their behavioral intention to use. Based on the above analysis, we propose the 
following two hypotheses: 

Hypothesis 4 (H4). Perceived benefit positively affects the attitude toward using. 

Hypothesis 5 (H5). Perceived benefit positively affects the behavioral intention to use. 

6.3.1.2 Perceived cost 

The usage of smart home products and services requires users to pay corresponding cost. 
In Chapter 4, the author divides the perceived cost of smart homes for the elderly into three 
aspects, namely monetary cost, study cost, space cost. The monetary cost mainly includes the 
money that users need to pay during the purchase, transportation, installation, usage, and 
maintenance of related products and services; study cost is the time, energy, physical strength 
and cognitive investment that elderly users need to spend for using related products and 
services; space cost is the cost related to the original home layout and space changes. To sum 
up, perceived cost is what users must pay for the perceived benefit they want to acquire from 
the smart home systems. The higher the perceived cost is, the higher the cost will be paid to 
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obtain relevant benefits. That also means, the relative perceived benefit and value will be 
reduced and perceived risk will increase. Based on the analysis above, the author drew the 
following hypotheses: 

Hypothesis 1 (H1). Perceived cost negatively affects the perceived benefit. 

Hypothesis 2 (H2). Perceived cost positively affects the perceived risk. 

6.3.2 Perceived risk  

The perceived risk of smart home is the uncertainty and harmful factors that elderly people 
may encounter during the purchasing, using and maintaining process of related smart home 
products and services. In Chapter 5, the author defines the perceived risk of smart homes for 
the elderly from macroscopic laws, policies, and industries, to microscopic privacy, security, 
performance, and services. It mainly includes privacy & security risk, physical risk, 
technological risk, performance risk, service risk, financial risk, psychological risk, industrial 
& market risk, social support risk, policy and law risk. The perceived risk will exert obvious 
negative effects on perceived benefit. The greater the perceived risk is, the more serious its 
damage to perceived benefit which will further negatively affect the users’ attitude toward 
using. Based on the analysis above, the author puts forward the following hypotheses: 

Hypothesis 3 (H3). Perceived risk negatively affects the perceived benefit. 

Hypothesis 6 (H6). Perceived risk negatively affects the attitude toward using. 

6.3.3 Attitude toward using  

Attitude toward using is the consumers judgment, feeling and preference toward the using 
of smart homes. It exists at the level of consciousness. Consciousness is the forerunner of 
behavior intention, which stimulates and guides the occurrence of behavior. Based on the above 
analysis, the author gives the following assumption: 

Hypothesis 7 (H7). Attitude toward using positively affects the behavioral intention to use. 

The following is the hypotheses framework of the technology acceptance model of smart 
homes for future elderly, as shown in Figure 6.1. 
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Figure 6.1. The hypotheses framework of technology acceptance model  

6.4. Empirical study  

6.4.1 Measurement development  

The study involves five variables: perceived benefit, perceived cost, perceived risk, attitude 
toward using, and behavioral intention to use, among which the perceived benefit, perceived 
cost could be combined and stand for perceived value. The perceived value and perceived risk 
in this study used the scale developed in the former chapters, while the variable of intention to 
use and usage behavior are all extracted from the previous study, and the specific content are 
shown in Table 1. All the questions have been give a specific condition “When you getting old” 
and items have been measured in 5-point Likert scale, during which "1" is "strongly disagree", 
"2" is "disagree", "3" is "general", "4" is "agree", and "5" "is "strongly agree". 
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Table 1. The measurement items of smart homes technology acceptance model for the elderly 

Variable Label Items 
 IND1 Smart homes can help me realize self-reliance. 
 IND2 Smart homes can help me realize self-care. 

Independence  IND3 Smart homes can help me realize self-management. 
(IND) IND4 Smart homes can help me improve daily life efficiency. 

 IND6 Smart homes can provide products and services to help with my weaken ability. 
 HEA1 Smart homes can detect my health data and give timely feedback to me. 

Healthcare HEA2 Smart homes can let me exercise at home and realize disease prevention. 
(HEA) HEA4 Smart homes can provide telemedicine services for me. 

 HEA6 Smart homes can help me with the rehabilitation if I got serious disease or finished surgery. 
 HEA7 Smart homes can help me keep in contact with my medical administration. 

Safety SAF1 Smart homes can ensure my life’s safety. 
(SAF) SAF3 Smart homes can ensure my environmental safety. 

 SAF4 Smart homes can ensure my property safety. 
 PE1 Smart homes can enable me to feel comfortable. 
 PE2 Smart homes can enable me to feel relaxed. 

Positive emotion  PE3 Smart homes can enable me to feel calm. 
(PE) PE4 Smart homes can enable me to feel joyful. 

 PE5 Smart homes can enable me to feel delighted. 
 PE6 Smart homes can enable me to feel excited. 
 PE7 Smart homes can enable me to feel I am loved. 
 ENG1 Smart homes can provide me with competent tasks. 

Engagement ENG2 Smart homes can provide me with the support of my interest development. 
(ENG) ENG3 Smart homes can enable me to learn knowledge and skills which I want to learn. 

 ENG4 Smart homes can enable me to get the state of absorption and concentration. 
 ENG5 Smart homes can enable me lose track of time and space while doing something I enjoy. 
 REL1 Smart homes can provide the functions and services to increase the family interaction. 

Relationship REL2 Smart homes can strengthen my social life and cultivate connections to others. 
REL3 Smart homes can provide me with companionship. 
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(REL) REL4 Smart homes can provide the functions and services to help me strengthen the connection with my belief. 

 REL6 Smart homes can provide the functions and services to provide biophilic experience for and strengthen the connection with 
nature. 

 MEA1 Smart homes can make me feel I have a sense of direction and purpose in my life. 
 MEA2 Smart homes can help me to do family responsibilities. 

Meaning  MEA3 Smart homes can enable me to make social contributions via technology and Internet. 
(MEA) MEA4 Smart homes can help me do some things which I could not do when I am young via smart technology. 

 MEA5 Smart homes can enable me to do re-employment via technology and the Internet. 
Achievement ACH1 Smart homes can help me make progress in life. 

(ACH) ACH2 Smart homes can help me achieve my goals. 
 ACH6 Smart homes can help me have a sense of accomplishment in life. 
 MON 1 If I want to use smart home when I am old, I need to buy related products and equipment. 

Monetary Cost MON2 If I want to use smart home when I am old, I need to pay for related services. 
(MON) MON3 If I want to use smart home when I am old, I need to pay for installation fee.  

 MON4 If I want to use smart home when I am old, I need to pay for maintenance fee. 
 MON5 If I want to use smart home when I am old, I need to pay for transportation fee. 
 STU1 If I want to use smart home when I am old, I need to spend time learning how to use it. 
 STU2 If I want to use smart home when I am old, I need to spend money learning how to use it. 

Study Cost STU3 If I want to use smart home when I am old, I need to spend energy learning how to use it. 
(STU) STU4 If I want to use smart home when I am old, I need to seek for others help to teach me how to use it. 

 STU5 If I want to use smart home when I am old, I need to learn related legislation and regulations. 
 STU6 If I want to use smart home when I am old, I need to learn related industry standardization. 
 SPA1 If I want to use smart home when I am old, I need to change the arrangement of my house. 

Space Cost SPA2 If I want to use smart home when I am old, I need to change the decoration of my house. 
(SPA) SPA3 If I want to use smart home when I am old, I need to remove the old equipment and furniture in my house. 

 SPA4 If I want to use smart home when I am old, I need to rearrange the network layout of my house. 
 PS1 I don’t like the feeling of surveillance. 
 PS2 I don’t like to share my personal daily life activities with others. 

Privacy & PS3 I don't like to share my sensitive personal health information data with my important person. 
Security risk PS4 I am worried about the ownership of my personal data and information. 

(PS) PS5 I am worried that my personal data and information may be misused without my permission. 
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 PS6 I am worried about the unauthorized access to my personal data and information and for what purposed it is being used. 
 PS7 I am worried that the smart homes system has loopholes and might be attacked by hacker. 
 PHY1 I am worried that using smart homes will increase the risk of theft. 
 PHY2 I am worried that using smart homes will increase the risk of robbery. 
 PHY3 I am worried that using smart homes will increase the risk of blackmail and extortion. 

Physical risk PHY4 I am worried that some devices or equipment may be lack of reliable physical quality and hurt me. 

(PHY) PHY5 I am worried that the smart homes may provide me wrong information or conduct wrong command and bring harm to 
me. 

 PHY6 I am worried that smart homes could not provide timely response and help when I encounter emergency problems. 
 PHY7 I am worried that the usage and radiation of smart homes will bring unexpected health problems. 
 TECH1 I am worried that the smart homes system could not identify or conduct my command accurately. 
 TECH2 I am worried that the smart homes may have malfunctions or suboptimal performance. 
 TECH3 I am worried that the smart homes may lack of reliability in the system. 

Technological risk TECH4 I am worried that the smart homes will deliver wrong messages to related people or service staff. 
(TECH) TECH5 I am worried that the smart homes devices and systems may have low expansion capability.  

 TECH6 I am worried that the smart homes may lack of interoperability among different devices and heterogeneous systems. 
 TECH7 I am worried that the smart homes technology update too fast and old-fashioned system may have low stability. 

 TECH9 I am worried that the smart homes should conduct continuous machine learning and may lack of data to organize 
programme for me. 

 TECH10 I am worried that the data management (record, storage, handling capability and compression) techniques are immature. 
 PER1 I am worried that the smart homes function is too unitary and may have poor usability. 

 PER2 I am worried that the smart homes devices are obstruction or impediment in space and make me feel uncomfortable at 
home. 

Performance risk PER3 I am worried that the smart homes devices are aesthetic incongruence which cannot integrate with my house environment. 
(PER) PER4 I am worried that the smart homes devices and systems have low accessibility and are hard to use. 

 PER5 I am worried that the smart homes interface and interaction is lack of user friendliness for elderly people. 
 PER7 I am worried that the smart homes have interference with my daily activities.  
 PER8 I am worried that the smart homes may disrupt my daily routines. 
 SER1 I am worried that the smart homes services are not reliable. 
 SER2 I am worried that the smart homes services could not give me timely responses. 
 SER3 I am worried that the smart homes services do not have assurance. 
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Service risk SER4 I am worried that the smart homes services could not provide the consistent services according to their promise. 
(SER) SER5 I am worried that the smart homes services could not provide suitable and professional services.  

 SER6 I am worried that the smart homes services could not provide personalized services I want. 
 SER7 I am worried that the smart homes services staff could not treat me in a good manner. 
 SER8 I am worried that the smart homes services staff is in low neatness and cleanness 
 SER9 I am worried that the smart homes services staff could not understand my specific needs. 
 FIN1 I am worried that the cost of smart homes products and services are beyond my affordability. 

Financial risk FIN2 I am worried that the money I pay for smart homes doesn’t deserve its value. 
(FIN) FIN3 I am worried that I will spend more money for its affordable services if I use smart homes. 

 FIN4 I am worried that smart homes may bring me some non-essential financial expenditure. 
 FIN5 I am worried that smart homes may increase my financial pressure. 
 PSY1 I am worried that my family will blame me on the usage of smart homes. 
 PSY2 I am worried that my friends will think I am strange if I use smart homes. 

Psychological risk PSY3 I am worried that smart homes may cause of embarrassment or stigma when people visit my house. 
(PSY) PSY4 I am worried that smart homes devices may be a burden to the people who live with me. 

 PSY5 I am worried that smart homes may replace or diminish my human contact and result in social isolation. 
 PSY6 I am worried that the smart homes will result in my reliance on automation technology and loss of autonomy 
 PSY7 I am worried that the smart homes devices will always be perceived as reinforcing an image of being “old” for myself. 
 IM1 I am worried that there is an absence of a comprehensive market. 

Industry & IM2 I am worried that there is no consistency standardization and regulation of the smart home industry. 
Market risk IM3 I am worried that the product update too fast and the products I brought would be obsolete soon. 

(IM) IM4 I am worried that there are no eligibility criteria about the enterprises and service providers quality and level. 
 IM5 I am worried that the compatibility of different brands, systems, devices is terrible. 
 IM6 I am worried that there is a shortage of service labor in related aging industry. 
 SS2 I am worried that there is no enough support from caregivers. 
 SS3 I am worried that there is no enough support from medical staff. 

 SS5 I am worried that there is no enough support from my family. 
Social SS7 I am worried that there is no enough support from my friends. 

Support SS8 I am worried that there is no enough support from my neighborhood. 
(SS) SS9 I am worried that there is no enough support from my community. 

 SS10 I am worried that there is no enough support from organizations and institutions. 
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 PL1 I am worried that there is a lack of policy or legal framework to give the standards and guidance. 
Policy& PL2 I am worried that there is a lack of policy & law conduct environment. 
Law risk PL3 I am worried that there is a lack of policy & law supervision environment. 

(PL) PL4 I am worried that there is a lack of policy & law to provide right assurance. 
 PL5 I am worried that there is a lack of legal responsibilities and professional competence of service provider and caregivers. 
 PL6 I am worried that there is a lack of legal aid if some accidence happened due to the technology or service problems. 
 ATU1 When I am old, I believe that smart homes will help me aging in place.  

Attitude  ATU2 When I am old, I believe that using smart homes will help me live a healthy lifestyle. 
Toward Using ATU3 When I am old, I believe that using smart homes will improve my quality of life. 

(ATU) ATU4 When I am old, I believe that using smart homes will bring happiness for me. 
 ATU5 When I am old, I believe that it is worthwhile to use smart homes. 

Behavioral BIU1 When I am old, I am willing to use smart homes. 
Intention BIU2 When I am old, I plan to use smart homes. 
To Use BIU3 When I am old, there is high probability that I will use smart homes. 
(BIU) BIU4 When I am old, I will use smart homes as soon as I can. 

 BIU5 When I am old, I will recommend my family or friends to use smart homes.  
 
 
 

 
 



�
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6.4.2 Survey procedure and data collection  

After the measurement items were determined, the author translated them into Chinese, 
added the demographic information questions, and developed a preliminary questionnaire. 
The questionnaire was randomly distributed through the Chinese Internet questionnaire 
platform, Wenjuanxing. Investigation and data collection are mainly divided into two stages 
which including the pre-study test and the main study. In the first stage, we collected 159 initial 
questionnaire responses. Through the analysis of the data results, the question description 
language and overall logic were optimized to ensure that the respondents were more intuitive 
and accurate in obtaining the questions' meaning and options’ setting. Based on the adjustment 
of the pre-study test, we determined the final questionnaire content and started large-scale 
online distribution. The detail content of the final questionnaire can be seen in Appendix C. In 
the end, a total of 664 formal responses were collected, and users with relevant experience in 
using intelligent products or smart homes devices aged from 45-60 were identified as targeted 
samples that met the research requirements. Under this standard, 557 valid responses were 
obtained as data samples for further analysis, with an effective rate of 83.9%. 

6.4.3 Data analysis plans  

For data analysis, the study initially conducted the descriptive analysis, reliability, and 
validity test. Then, model fit was examined to satisfy the relevant criteria. Last, SEM was 
performed to check path analysis for hypothesis evaluations. SPSS 25.0 was mainly responsible 
for summarizing the demographical information and the preliminary statistics, while AMOS 
25.0 was mainly used to conduct factor analysis and path analysis. 

In the process of data processing, there are two points that need to be specifically stated. 
First, because the variables involved in this model have both positive and negative variables, 
in order to maintain consistency, for data processing, the author applied reverse scoring for the 
perceived cost and perceived risk variables. To be more specific, the original "1" is "5", "2" is "4", 
"3" remains unchanged, "4" is "2", and "5" is "1". Second, since there are a quite number of 
corresponding items, as well as called observation variables in this model, if all of them are 
presented in AMOS 25.0, the model would appear too bloated and complicated. Therefore, the 
author used a method of packaging to deal with the measurement items of each variable. For 
example, there were five items of “Independence” factor in perceived benefit, the 
“Independence” factor was eventually presented by one observation variable “IND” instead of 
five different observation variables in detail in the structural equation modeling. And the 
author took the average value of all the five observation variables to represent the value of 
“IND” factor. To be more specific, if one response, its value of “IND 1” is”4”, “IND 2” is”3”, 
“IND 3” is”5”, “IND 4” is”4”, “IND 6” is”4”, then the value of “IND” for that response is the 
sum of these five observation variables, 20, divided by the number of items, 5, equals 4. The 
value calculation of other observation variables and responses share the same process.  

6.4.4 Demographic information  

In the demographic information part, the study applied SPSS 25.0 to statistics basis 
information of the valid samples, including gender, age, education background, and monthly 
income, etc. Among the 557 samples, 303 are males, accounting for 54.4% of the total sample; 
254 females, accounting for 45.6%. The detailed results are shown in Table 2. 
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Table 2. Demographic information for smart homes technology acceptance model 

Attribute Value Freq. % Attribute Value Freq. % 

Gender Male 303 54.4  
 

Monthly 
Income 
(RMB) 

<1000 46 8.3 
Female 254 45.6 1000-3000 142 25.5 

Age 45-50 169 30.3 3000-5000 133 23.9 
51-55 347 62.3 5000-7000 156 28.0 
56-60 41 7.4 7000-10000 40 7.2 

Education <High school 196 35.2 10000+ 40 7.2 
High school 107 19.2 Occupation Teacher 29 5.2 

Associate 105 18.9 Civil Servant 31 5.6 
Bachelor 85 15.3 IT company staff 33 5.9 
Master 44 7.9 Non-IT company staff 154 27.6 
Doctor 20 3.6 Private entrepreneur 33 5.9 

Marital 
status 

Single 75 13.5 Freelancer 22 3.9 
Married 422 75.8 Worker 172 30.9 
Divorced 51 9.2 Farmer 29 5.2 
Widowed 9 1.6 Others 54 9.7 

6.5 Results and findings  

6.5.1 Descriptive analysis, reliability, and validity  

Descriptive analysis was summarized in Table 3. For the reliability tests, Cronbach’s alpha 
served as an indicator for measuring the internal consistency of the survey with a threshold of 
0.7 [1]. The adequate reliability could reveal that items reflect similar observations under 
similar scenarios with similar participants [2]. For validity tests, unidimensionality validity, 
convergent validity, and discriminant validity served as indicators for confirmative factor 
analysis [3], which measures the degree of association between a claimed variable and its 
observed variables, as depicted in Table 3. Results indicated that all items had achieved 
sufficient validity. To specify, the threshold of standardized factor loadings and averaged 
variances expected (AVE) are both beyond 0.5 or above, and the composite reliability (C.R.) 
should be above 2 [4], indicating the current sample has achieved satisfactory validity. In 
addition, maximum shared variance (MSV) and average shared variance (ASV) were examined 
to check whether discriminant validity is adequate. The relevant results are shown in Table 4. 
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Table 3. Reliability and Unidimensionality. 

Construct 
Cronbach’s 

Alpha 
Variable Mean 

Standard 
Deviation 

Standardized 
Factor  

Loading 

C.R. 
(t-Value) 

SMC AVE Composite 
Reliability 

Perceived 
Benefit 
�PB� 

0.916 

IND 3.68 0.989 0.700 - 0.490 0.558 0.910 
HEA 3.71 0.961 0.745 28.336 0.555 
SAF 3.76 1.006 0.759 26.954 0.575 
PE 3.85 0.988 0.757 19.115 0.573 

ENG 3.78 0.976 0.760 19.346 0.578 
REL 3.80 1.002 0.749 18.928 0.562 
MEA 3.75 0.981 0.767 19.633 0.588 
ACH 3.72 0.948 0.735 18.686 0.540 

Perceived 
Cost 
�PC� 

0.837 
MON 2.36 1.045 0.736 - 0.542 0.568 0.798 
STU 2.36 1.064 0.761 28.336 0.579 
SPA 2.42 1.025 0.764 26.954 0.584 

Perceived 
Risk 
�PR� 

0.934 

PS 2.41 0.962 0.708 - 0.501 0.572 0.930 
PHY 2.35 0.981 0.717 20.632 0.514 

TECH 2.24 1.132 0.783 21.240 0.614 
PER 2.32 1.107 0.792 21.516 0.628 
SER 2.40 0.990 0.732 19.406 0.536 
FIN 2.36 1.048 0.719 18.939 0.517 
PSY 2.34 1.024 0.765 20.486 0.585 
IM 2.40 1.079 0.738 19.594 0.545 
SS 2.27 1.102 0.780 21.118 0.609 
PL 2.34 1.082 0.822 22.760 0.676 

Intention  
to Use 
�ITU� 

0.892 

ITU1 3.53 1.105 0.837 - 0.701 0.618 0.889 
ITU2 3.41 1.059 0.744 19.351 0.554 
ITU3 3.50 1.040 0.696 17.888 0.484 
ITU4 3.45 1.042 0.754 19.912 0.569 
ITU5 3.47 1.058 0.885 25.040 0.783 

Usage 
Behavior 
�UB� 

0.890 

UB1 3.85 1.084 0.724 - 0.525 0.598 0.881 
UB2 3.77 1.023 0.787 17.166 0.620 
UB3 3.97 1.091 0.697 18.030 0.486 
UB4 3.80 1.026 0.822 17.317 0.675 
UB5 3.79 1.035 0.830 16.948 0.689 

Note: C.R.(t-value)=composite reliability; SMC=square multiple correlations; AVE=averaged expected. 

 
Table 4. Correlation Matrix of the Constructs.  

Construct CR AVE MSV ASV PB PC PR ITU UB 

PB 
 0.910 0.558 0.206 0.103 0.747     

PC 0.798 0.568 0.076 0.036 -0.230*** 0.754    
PR 0.930 0.572 0.206 0.104 -0.454*** 0.276*** 0.756   

ATT 0.889 0.618 0.101 0.066 0.258*** -0.103*** -0.318*** 0.786  
INT 0.881 0.599 0.088 0.054 0.297*** -0.079*** -0.182*** 0.294*** 0.774 

Note: p < 0.1; ** p < 0.05; *** p < 0.01; MSV stands for the maximum shared variance; ASV stands for average shared 

variance. 
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6.5.2 Model fit  

Regarding the model fit, the goodness-of-fit (GFI) severed as an indicator by the following 
indices [5], namely standardized root means square residual (SRMR), goodness-of-fit index 
(GFI), root mean square error of approximation (RMSEA), normed fit index (NFI), incremental 
fit index (IFI), Tucker–Lewis index (TLI), and comparative fit index (CFI). All the indices have 
achieved sufficient fitness within the thresholds, as shown in Table 5. 

Table 5. Goodness-of-Fit Test. 

Category Measure Acceptable Values Value 

Absolute fit indices Chi-square  479.9 
 d.f.  238 

 
Chi-

square/d.f. 1-5 2.016  
 GFI 0.90 or above 0.922  
 SRMR 0.08 or below 0.025  
 RMSEA 0.05 - 0.08 0.046  

Incremental fit indices NFI 0.90 or above 0.928  
 IFI 0.90 or above 0.963  
 TLI 0.90 or above 0.956  
�  CFI 0.90 or above 0.962 

Note: GFI = goodness-of-fit index; SRMR = standardized root mean square residual; RMSEA = root mean square 
error of approximation; NFI = normed fit index; IFI = incremental fit index; TLI = Tucker–Lewis index; CFI = 
comparative fit index.  

6.5.3 Hypothesis testing and path analysis  

As to test hypothesis 1-7, a path analysis was further conducted via structural equation 
model (SEM) to evaluate the association among various factors[6]. SEM in this study is a 
systematic approach to examine research hypotheses holistically [6]. Figure 6.2 and Table 6 
show the results of path analysis and the examination of hypotheses 1-7. 

Table 6. Hypothesis Testing 

�  Path Direction Standardized 
coefficient Standard error C.R. (t-value) Result 

H1 PC - > PB -0.114**  0.043 -2.585 Accepted 
H2 PC - > PR 0.276*** 0.042 6.071 Accepted 
H3 PR - > PB -0.422*** 0.050 -8.983 Accepted 
H4 PB - > ATU 0.143** 0.068 2.774 Accepted 
H5 PB - > BIU 0.237*** 0.054 4.871 Accepted 
H6 PR - > ATU -0.254***  0.071 -5.001 Accepted 
H7 ATU - > BIU 0.233*** 0.041 4.786 Accepted 

Note: * p < 0.1; ** p < 0.05; *** p < 0.01. 
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Figure 6.2. Path coefficients resulting from structural equation modeling (SEM)  

Note: * p<0.1; ** p<0.05; ***p<0.01 
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6.6 Conclusion and discussion  

From the results of the model fit test and hypothesis verification, we can see that the 
perceived value is determined by the perceived cost and the perceived benefit. The perceived 
value and the perceived risk will work together on the attitude of future elders toward smart 
home using, and the attitude toward using will further affect the behavioral intention to use of 
the elderly. Among them, the perceived cost has a negative effect on perceived benefit and a 
positive effect on perceived risk. This is because the perceived cost is the monetary, study, and 
space cost that elderly people need to pay for their usage of smart home products and services. 
The greater the cost they need to pay, the more they will sacrifice in order to gain the benefit 
from corresponding products and services, which also means the smaller the perceived benefit 
for the relevant products and services they will form. At the same time, the greater the cost also 
means the uncertainty of using relevant products and services is greater, so that the perceived 
risk will be further increased. Essentially, perceived cost is the beginning of the perceived 
benefit and perceived risk, because only when the customers expect the transaction to happen, 
they will calculate the invisible benefit they can get and be prepared for the uncertainty they 
may face. Hypothesis H1 (Path efficient= -0.11, p<0.01) and H2 (Path efficient=0.28, p<0.001) 
are verified. Perceived risk has a negative effect on perceived benefit. The level of risk will have 
an important impact on the evaluation of perceived benefit. The greater the perceived risk of 
smart home products and services is, the smaller the benefit the customers will perceive. 
Hypothesis H3 (Path efficient=-0.42, p<0.001) is verified. Perceived risk and perceived benefit 
are the two core determinants of elderly users’ attitude toward using. Among them, perceived 
benefit is the core component of the perceived value of smart homes, which has a significant 
positive effect on the elders’ attitude toward using and behavioral intention to use. Perceived 
risk has a significant negative effect on attitude toward using; H4 (Path efficient=0.14, p<0.01), 
H5 (Path efficient=0.24, p<0.001), H6 (Path efficient=-0.25, p<0.001) are verified. Consciousness 
is the forerunner of behavior, and attitude toward using has a significant positive effect on 
behavioral intention to use. H7 (Path efficient=0.23, p<0.001) has been verified. 

Based on the discussion above, we will find that the perceived benefit is the core value 
variable in this model, the perceived cost and perceived risk in the model are two variables 
with essential negative effects. According to the principle of maximizing the positive effect and 
minimizing the negative effect as much as possible, the author proposes three core principles 
to improve the acceptance of smart home for the elderly: 

6.6.1 Maximize perceived benefit 

In this model, perceived benefit is the most core positive variable of perceived value that 
ultimately promotes attitude toward using and behavioral intention to use. Therefore, to 
increase the acceptance of smart home technology for the elderly, one of the most important 
principles should be maximizing perceived benefit. The perceived benefit in this study takes 
the PERMA-V wellbeing model as theory basis, and are further divided into 8 dimensions, 
namely, "Independence", "Healthcare", "Safety", "Positive emotion", "Engagement", 
"Relationship", "Meaning", "Achievement". To maximize perceived benefit, that is, to maximize 
the omni-directional well-being of the elderly in the smart home environment which also 
means to improve the product function and service ability of the smart home system in these 
eight dimensions and ensure the relevant quality. 
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• Independence: The benefit of "independence" contains five items�means that smart homes 
should bring efficiency and convenience to healthy or mildly disabled elders through 
smart products and services to help them get rid of dependence on others, achieve self-
reliance, self-management, self-care, improve daily life efficiency and provide the help 
with their weaken ability. It mainly reflected in the home smart technology to meet the 
basic needs of the elderly, including clothing, eating, housing, moving, and using, such as 
the automatic control of home appliances, online shopping, take-out foods, taxi calls, 
picking up express delivery, washing clothes, housekeeping services, etc. 

• Healthcare: The benefit of "healthcare" contains five items, means that smart homes should 
help the elderly realize the management, prevention, treatment and rehabilitation of 
healthy problems and diseases in home environment to live a healthy lifestyle through 
smart products and services. It mainly includes the detection and management of physical 
health through smart medical equipment, online medical consultation, telemedicine, 
embedded fitness equipment, rehabilitation training equipment, etc. 

• Safety: The benefit of "safety" contains three items, means that smart homes should ensure 
the physical safety, environmental safety, and property safety of the elderly through smart 
products and services. Among them, the physical safety of the elderly mainly reflects by 
the emergency detection and responses, such as sudden heart attacks, falls, etc. Property 
safety is mainly reflected from the anti-theft monitoring system through smart doors, 
windows, cameras, etc. Environmental safety is mainly reflected by the monitor of air, 
water, electricity, fire, etc. in the home environment to prevent accidents such as gas leak 
and fire disaster. 

• Positive emotion: The benefit of "positive emotion" contains seven items, means that smart 
homes should help the elderly maintain good emotions status through smart products and 
services, making them feel comfortable, relax, calm, joyful, delighted, excited, loved, and 
get rid of negative emotions such as loneliness or depression. It mainly includes two 
aspects. On the one hand, smart home could provide smart home theater, smart game 
equipment, smart party system, etc. to enable the elderly to engage in different 
entertainment and social activities, such as listening to music and radio, watching TV 
series, watching movies, playing chess and card games, family gatherings, etc. On the 
other hand, smart home could integrate lighting systems, temperature and humidity 
control systems, door and window systems, etc. to regulate the lighting, temperature, and 
humidity control to create a comfortable living environment for the elderly. 

• Engagement: The benefit of "engagement" contains five items, means that smart homes 
should help the elderly to engage in activities related to their hobbies and competence in 
home life through smart products and services. The elderly could enter a state of “heart 
flow”, forgetting time and space, and feel unparalleled happiness from the things they are 
engaged in. The shaping of engagement mainly includes intelligent information system, 
intelligent education system, intelligent interest assistance system, etc., to help the elderly 
master, learn and engage in knowledge and activities that they are interested in. 

• Relationship: The benefit of "relationship" contains five items, means that smart homes 
should help the elderly develop and strengthen their interpersonal bond with the outside 
world and promote their social interaction through smart products and services. The main 
objects include their relatives, friends, families, children, couple, pets, related 
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organizations and institutions. Moreover, it can also include the enhancement of the belief 
or religious connection of the elderly, the development of social companion robots based 
on artificial intelligence technology, and even the connection with nature through 
surroundings or the use of virtual reality to enhance their biophilic experience. 

• Meaning: The benefit of "meaning" contains five items, means that smart homes should 
help the elderly to find the purpose and direction of life, provide opportunity to allow 
them continue making social contribution or reemployment to realize their value of 
existence after retirement. For example, using the Internet technology and platform to help 
them achieve re-employment, do freelance work, create start-ups, join online volunteer 
community to contribute to society, provide remote peers support, help children take care 
of grandchildren, master knowledge and skills through online study to complete 
unfulfilled wishes, etc. 

• Achievement: The benefit of "achievement" contains three items, means that smart homes 
should help the elderly to make progress in life, achieving goals and accomplish what they 
can do to gain a sense of accomplishment. For smart homes, it can be mainly reflected in 
the sense of reality achievement and virtual achievement. The sense of reality achievement 
includes helping the elderly to be appreciated, concerned, and gain the recognition and 
respect from others or acquire social status through their hobbies, talents, works, etc. The 
sense of virtual achievement is mainly reflected in the smart home helping the elderly to 
get likes, comments, fans, and attention on the Internet platform or social media, even in 
virtual game system to obtain high rank of game character or virtual gaming wealth, etc. 

6.6.2 Reduce the perceived cost 

In order to enhance the perceived value of smart homes for the elderly which are reflected 
in the perceived benefit and perceived cost, according to the technology acceptance model, the 
perceived cost should be controlled and reduced in these three aspects:  
• Monetary cost: The "Monetary cost” contains five items, refers to the money that the 

elderly need to pay during the purchase, transportation, installation, usage, maintenance 
process of relevant smart home products and services. To reduce monetary, smart home 
manufacturers and developers are required to consider the purchasing and payment 
capabilities of the vast majority of the elderly, reducing product development, 
transportation, assembly, and maintenance cost as much as possible, providing high 
quality products and services as well as giving a preferential price.  

• Study cost: The "Study cost” contains six items, refers to the time, energy, money, 
intelligence investment of the elderly to learn the usage and operation of related products, 
equipment, and service systems. As the elderly getting older, their physical strength and 
intelligence will decrease which will bring different difficulties for them to accept and 
reflect new things. Therefore, smart homes for the elderly should take their cognitive 
characteristics and operation habits into consideration, provide them user-friendly 
operation methods, deliver information intuitively and directly, avoid redundant and 
complicated functions, so as to improve the accessibility and user experience to reduce 
their study cost.  

• Space cost: The "Space cost” contains four items, refers to the investment that the elderly 
need to pay for changing the original arrangement of the living environment, removing 
and discarding of old products and equipment, redecoration and rearrangement of 
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network layout in order to use smart home products and services. Reducing space cost 
requires smart home products and services for seniors, maximize the usage of original 
products and living environment of the elderly, and integrating new products and 
equipment into their original living environment. For example, installing sensors to make 
the original home products become intelligent and providing light modification services 
for interior decoration to avoid large-scale discard and re-decoration.  

6.6.3 Control, avoid and eliminate perceived risk 

In this model, perceived risk includes ten dimensions, namely privacy & security risk, 
physical risk, technological risk, performance risk, service risk, financial risk, psychological risk, 
industry & market risk, social support risk, and policy & law risk. The sources of perceived risk 
in smart homes for the elderly are multi-level and multi-faceted, including the physical and 
psychological characteristics of users themselves, technical and service issues of products and 
systems, industry norms and market immaturity, social support systems, government and 
national laws and regulations, etc., Among them, some can be controlled, some can be avoided, 
and some can be eliminated. Essentially, perceived risk contains multi-level issues ranging from 
individuals, enterprises, industries, society to the government. Therefore, the control, reduction 
and elimination of related risk requires the cooperation and strength from all different levels 
and fields. 
• Privacy & Security risk: The “Privacy & Security risk” contains seven items, means that 

smart homes should try to remove the elderly’s feeling of surveillance, protect their 
privacy and security of daily life activities, sensitive personal health information data, 
ownership of their personal data and information, take actions to avoid possible leakage 
or abuse of users' personal information and data due to system running or security issues 
in the process of monitoring user activities, health status and home environment. 

• Physical risk: The “Physical risk” contains seven items, means that there are potential 
personal safety hazards and accident brought by smart home systems for the elderly 
during the usage process. It is mainly reflected in possible theft, robbery, blackmail and 
extortion, incorrect or untimely feedback of emergency, accidental injuries caused by 
equipment physical materials and shapes, invisible health problems caused by 
electromagnetic radiation. Emphasis and attention should be given to these aspects to 
protect the elderly’s physical health and safety. 

• Technological risk: The “Technological risk” contains nine items, refers to the risk which 
bringing by the immaturity, instability, inflexibility and incompatibility of smart home 
technology. It is mainly reflected in the low accuracy to recognize and conduct user 
commands, low system stability, system failures, false alarms, low expansion capability, 
incompatibility between different products and operating systems, poor data 
management and treatment ability. The smart home industry should engage in developing 
and optimizing the smart technology continuously to remove and reduce the 
technological risk for the elderly.  

• Performance risk: The “Performance risk” contains seven items, mainly reflected in the 
unitary and poor usability, obstruction or impediment devices, aesthetic incongruence 
with the home environment, low accessibility and unfriendly operation, interference with 
daily activities. Reducing the performance risk means that the function design, 
appearance design, interaction design, user experience design, etc. of the smart home 
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system should fully consider the actual needs, operating habits, life routine, individual 
feelings of the elderly users to provide them user-friendly operation experience.  

• Service risk: The "Service risk” contains nine items, means that smart homes for the elderly 
should provide high service reliability, timely response, enough quality assurance, 
consistency commercial promise, professional and competent service staffs (Good manner, 
neat and clean, empathy) for the elderly to meet the elderly’s demand and present high 
service quality.  

• Financial risk: The "Financial risk”contains five items, refers to the pressure and 
uncertainty that users feel for their financial cost during the process of purchasing, using, 
and maintaining smart home products and services. It is mainly reflected in the relevant 
products and services are beyond the affordability of the elders, there is non-essential 
financial expenditure, the money spent doesn’t deserve its value, etc. Thus, make the price 
of smart homes meet the affordability of the majority of aging population and provide 
them with cost-effective products and services are important and necessary. 

• Psychological risk: The "Psychological risk”contains seven items, refers to the pressure of 
external opinions and internal psychological barriers that users feel during the process of 
purchasing and using the smart home system. It is mainly reflected in the blame and 
incomprehension from important persons, unhealthy reliance on automation technology 
and loss of autonomy, persistent reminder about self-frailty, etc. Thus, the design and 
development of smart homes should fully consider the psychological characteristics of the 
elderly and give emphasis to avoiding relevant psychological problems and 
embarrassment. 

• Industry & Market risk: The "Industry and market risk”contains five items, refers to the 
risk of immature and irregular market and industry development of smart homes for the 
elderly. It is mainly reflected in the market penetrations stays low and are far from mass 
adoption, no consistency industry standardization and regulation, no eligibility criteria 
about the products and services quality, the compatibility of different brands and products 
is poor, etc. Thus, actions should be taken in the industry and market level to control and 
reduce relevant risks, such as announce consistency industry standardization and 
regulation. 

• Social support risk: The "Social support risk”contains seven items, mainly exists in the 
situation that the implementation of smart home products and systems need relevant 
social resources and forces, such as family support, peer support, community support, 
neighborhood assistance, institutional assistance, telemedicine services, emergency 
response etc., The lack of these kinds of support will bring relevant social support risk. 
Thus, the formation of a social support network for the elderly to support their daily life, 
healthcare and wellbeing should be given attention and emphasis. 

• Policy & law risk: The "Policy & law risk”contains sixitems, means that the government 
or relevant public department and authorities should promulgate and issue effective 
policies and laws to regulate the smart home industry and provide guarantees for serving 
consumers. It is mainly reflected in the construction of legal framework, standards and 
guidance as well as mature policy & law conduction and supervision environment. 
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Chapter 7 Conclusion 
 

This chapter gives a summary and conclusion about the whole dissertation, mainly 
including the following contents: research summary, conclusion, suggestions and advice for 
the development of smart homes for the elderly, limitation and future research direction. 

7.1 Research summary  

Smart home, as one of the most prosperous industries of the Internet of Things, has 
tremendous potential in helping the elderly aging in place, shaping a life with all-around 
wellbeing and dealing with the aging society challenges. However, compared with the 
optimistic estimates of related industry and academia, currently, the acceptance and market 
penetration of smart homes for the elderly stays extremely low. The essential problem is that 
the existing smart home products and services for older adults could not meet their core value 
demand, and the application of technology and service delivery have not been able to eliminate 
or reduce their worries and perceived risks. How to understand the core needs of the future 
elders and create a smart home environment that can provide the elderly with all-around 
happiness, reduce and avoid relevant risks as much as possible, and improve the acceptance 
and adoption of smart homes for future elders, has become a very valuable topic in the research 
field of aging society. As the most populous country in the world, China is one of the countries 
with the fastest aging process in the world. In the upcoming future, China will become the 
country with the most aging population globally which could bring huge burden to the Chinese 
government and society. This fact also reveals that there is an enormous blue ocean of business 
opportunities in Chinese aging industry. Targeted on the future elderly population aged from 
45-60 in China, this research develops the perceived value and perceived risk scales of smart 
homes for future elders by following the standard scale development process. In addition, 
based on the development of perceived value and perceived risk scales, the study further 
develops a smart home technology acceptance model for the elderly by using perceived value 
and perceived risk as the core variables through structure equation modeling (SEM) in Amos 
25.0. The following is the main content of this study. 

• The perceived value scale development of smart homes for the elderly: The development 
of the perceived value scale takes the PERMA-V well-being model as theory basis. It 
reveals the core value needs of the elderly deeply and comprehensively and explores how 
smart home could bring all-around well-being to older adults from the physical, 
psychological, and cognitive perspectives. Happiness is an eternal goal pursued by human 
beings no matter how time changes and how technology advances. Thus, the value of 
technology application in aging field should aims at shaping all-around happiness to the 
elderly, especially for technology integration systems like smart homes. The perceived 
value scale is consisted of perceived benefit and perceived cost scale, among which the 
perceived benefit scale contains eight factors, they are independence(5), healthcare(5), 
safety(3), positive emotion(7), engagement(5), relationship(5), meaning(5) and 
achievement(3), in total 38 measurement items; the perceived cost scale is consisted of 
three factors, namely monetary cost(5), study cost(6) and space cost(4), in total 15 items. It 
can help related industries to fully and accurately grasp the core value demands of older 
adults and reduce their perceived cost as much as possible. The scale provides an 
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important guidance and evaluation criteria for the development of related enterprises and 
industry in the future.   

• The perceived risk scale development of smart home for the elderly: The development of 
perceived risk scale comprehensively analyzes and presents the risk factors affecting the 
elderly’s perception and acceptance of smart homes from the macro to the micro 
perspective in China. Consumer's purchase behavior always company with uncertainty 
even serious and harmful consequence, they could not know whether their consumption 
decision is correct and whether the products and service could meet their expectation. 
Therefore, the perception toward this kind of uncertainty and implicit result in 
consumption decision is the source of perceived risk. In order to clarify and evaluate 
relevant factors, the scale development study has been carried out. With regard to the 
result, the perceived value scale of smart homes for older adults is made up of ten factors, 
namely privacy & security risk(7), physical risk(7), technological risk(9), performance 
risk(7), service risk(9), financial risk(5), psychological risk(7), industry & market risk(6), 
social support risk(7), policy & law risk(6), in total 70 items. It covers national policy and 
law, industry and market standard, social support, services responsiveness, technology 
uncertainty, privacy and security, etc., which contains the potential risk factors from 
government to society, industry to individual. Our research presents a comprehensive 
perceived risk measurement scale for the application of relevant smart technologies in 
dealing with aging challenges and issues in smart home environment which providing a 
important guidance for controlling, reducing and avoiding relevant risk from an 
customer-oriented perspective. 

• Construction of the technology acceptance model of smart home for the elderly based on 
perceived value and perceived risk: smart home is an integration system of smart 
technology which is different from conventional single intelligent technology product or 
service, so that its acceptance and adoption should be considered in a systematic level 
rather than perceived usability and perceived ease of use. The ultimate reason for users to 
accept the relevant products and services of smart home depends on to what kind of extent 
these technologies can satisfy their value demands as well as reducing and controlling the 
potential risks. This research breaks through the limitation of conventional technology 
acceptance model which could not respond to the diverse value needs of customers and 
ignore the technology uncertainty and negative effects, replaces the variables perceived 
usefulness and perceived ease of use with perceived value and perceived risk. The whole 
technology acceptance model is consist of five variables, namely perceived benefit, 
perceived cost, perceived risk, attitude toward using, behavioral intention to use, among 
which the perceived benefit and perceived cost is the key component variable of perceived 
value. Seven hypothesis have been proposed and an empirical study has been conducted 
through structure equation modeling(SEM) in Amos 25.0. All the hypothesis have been 
verified and the model fitness reached the threshold. 

7.2 Research conclusion  

Targeted on the future elderly aged from 45-60 in China, this research develops the 
perceived value and perceived risk scales of smart homes for future elders by following the 
standard scale development process. The perceived value scale is consisted of perceived benefit 
and perceived cost scale, among which the perceived benefit scale contains eight factors with 
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the integration of the PERMA-V wellbeing model, they are independence, healthcare, safety, 
positive emotion, engagement, relationship, meaning, and achievement, in total 38 
measurement items; the perceived cost scale consists of three factors, namely monetary cost, 
study cost, and space cost, in total 15 items. And the perceived risk scale is made up of ten 
factors, namely privacy & security risk, physical risk, technological risk, performance risk, 
service risk, financial risk, psychological risk, industry & market risk, social support risk, policy 
& law risk, in total 70 items. The combination of these two scales could comprehensively 
evaluate the elderly’s perception of smart homes from the value creation and risk avoidance 
perspective. Moreover, based on the development of perceived value and perceived risk scales, 
this study further develops a smart home technology acceptance model for the elderly by using 
perceived value and perceived risk as the core variables through structural equation modeling. 
The result shows that the perceived benefit has a significantly positive effect on the attitude of 
future elders toward smart home using, which will further affect their behavioral intention to 
use. In contrast, the perceived cost and perceived risk exert a mainly negative effect in the 
model. Thus, maximizing the perceived benefit in the eight dimensions mentioned above, as 
well as controlling, reducing, or eliminating perceived risk and perceived cost is the core 
principle to improve the acceptance and adoption of smart homes for future elders. 

7.2.1 Maximize perceived benefit 

For the Technology Acceptance Model verified in this research, perceived benefit is the 
core positive variable of perceived value that ultimately promotes attitude toward using and 
behavioral intention to use. Therefore, to increase the acceptance of smart home technology for 
the elderly, one of the most important principles should be maximizing perceived benefit. The 
perceived benefit in this study takes the PERMA-V wellbeing model as theory basis, and are 
further divided into eight dimensions, namely, "Independence", "Healthcare", "Safety", 
"Positive emotion", "Engagement", "Relationship", "Meaning", "Achievement". To maximize 
perceived benefit, that is, to maximize the omni-directional well-being of the elderly in the 
smart home environment, which also means to improve the product function and service 
ability of the smart homes system in these eight dimensions and ensure the relevant quality. 

• Independence: The benefit of "independence" contains five items，means that smart homes 
should bring efficiency and convenience to healthy or mildly disabled elders through 
smart products and services to help them get rid of dependence on others, achieve self-
reliance, self-management, self-care, improve daily life efficiency and provide the help 
with their weaken ability. It mainly reflected in the home smart technology to meet the 
basic needs of the elderly, including clothing, eating, housing, moving, and using, such as 
the automatic control of home appliances, online shopping, take-out foods, taxi calls, 
picking up express delivery, washing clothes, housekeeping services, etc. 

• Healthcare: The benefit of "healthcare" contains five items, means that smart homes should 
help the elderly realize the management, prevention, treatment and rehabilitation of 
healthy problems and diseases in home environment to live a healthy lifestyle through 
smart products and services. It mainly includes the detection and management of physical 
health through smart medical equipment, online medical consultation, telemedicine, 
embedded fitness equipment, rehabilitation training equipment, etc. 

• Safety: The benefit of "safety" contains five items, means that smart homes should ensure 
the physical safety, environmental safety, and property safety of the elderly through smart 
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products and services. Among them, the physical safety of the elderly mainly reflects by 
the emergency detection and responses, such as sudden heart attacks, falls, etc. Property 
safety is mainly reflected from the anti-theft monitoring system through smart doors, 
windows, cameras, etc. Environmental safety is mainly reflected by the monitor of air, 
water, electricity, fire, etc. in the home environment to prevent accidents such as gas leak 
and fire disaster. 

• Positive emotion: The benefit of "positive emotion" contains seven items, means that smart 
homes should help the elderly maintain good emotions status through smart products and 
services, making them feel comfortable, relax, calm, joyful, delighted, excited, loved, and 
get rid of negative emotions such as loneliness or depression. It mainly includes two 
aspects. On the one hand, smart home could provide smart home theater, smart game 
equipment, smart party system, etc. to enable the elderly to engage in different 
entertainment and social activities, such as listening to music and radio, watching TV 
series, watching movies, playing chess and card games, family gatherings, etc. On the 
other hand, smart home could integrate lighting systems, temperature and humidity 
control systems, door and window systems, etc. to regulate the lighting, temperature, and 
humidity control to create a comfortable living environment for the elderly. 

• Engagement: The benefit of "engagement" contains five items, means that smart homes 
should help the elderly to engage in activities related to their hobbies and competence in 
home life through smart products and services. The elderly could enter a state of “heart 
flow”, forgetting time and space, and feel unparalleled happiness from the things they are 
engaged in. The shaping of engagement mainly includes intelligent information system, 
intelligent education system, intelligent interest assistance system, etc., to help the elderly 
master, learn and engage in knowledge and activities that they are interested in. 

• Relationship: The benefit of "relationship" contains five items, means that smart homes 
should help the elderly develop and strengthen their interpersonal bond with the outside 
world and promote their social interaction through smart products and services. The main 
objects include their relatives, friends, families, children, couple, pets, related 
organizations and institutions. Moreover, it can also include the enhancement of the belief 
or religious connection of the elderly, the development of social companion robots based 
on artificial intelligence technology, and even the connection with nature through 
surroundings or the use of virtual reality to enhance their biophilic experience. 

• Meaning: The benefit of "meaning" contains five items, means that smart homes should 
help the elderly to find the purpose and direction of life, provide opportunity to allow 
them continue making social contribution or reemployment to realize their value of 
existence after retirement. For example, using the Internet technology and platform to help 
them achieve re-employment, do freelance work, create start-ups, join online volunteer 
community to contribute to society, provide remote peers support, help children take care 
of grandchildren, master knowledge and skills through online study to complete 
unfulfilled wishes, etc. 

• Achievement: The benefit of "achievement" contains three items, means that smart homes 
should help the elderly to make progress in life, achieving goals and accomplish what they 
can do to gain a sense of accomplishment. For smart homes, it can be mainly reflected in 
the sense of reality achievement and virtual achievement. The sense of reality achievement 
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includes helping the elderly to be appreciated, concerned, and gain the recognition and 
respect from others or acquire social status through their hobbies, talents, works, etc. The 
sense of virtual achievement is mainly reflected in the smart home helping the elderly to 
get likes, comments, fans, and attention on the Internet platform or social media, even in 
virtual game system to obtain high rank of game character or virtual gaming wealth, etc. 

7.2.2 Reduce the perceived cost 

In order to enhance the perceived value of smart homes for the elderly which are reflected 
in the perceived benefit and perceived cost, according to the technology acceptance model, the 
perceived cost should be controlled and reduced in these three aspects: 
• Monetary cost: The "Monetary cost” contains five items, refers to the money that the 

elderly need to pay during the purchase, transportation, installation, usage, maintenance 
process of relevant smart home products and services. To reduce monetary, smart home 
manufacturers and developers are required to consider the purchasing and payment 
capabilities of the vast majority of the elderly, reducing product development, 
transportation, assembly, and maintenance cost as much as possible, providing high 
quality products and services as well as giving a preferential price.  

• Study cost: The "Study cost” contains six items, refers to the time, energy, money, 
intelligence investment of the elderly to learn the usage and operation of related products, 
equipment, and service systems. As the elderly getting older, their physical strength and 
intelligence will decrease which will bring different difficulties for them to accept and 
reflect new things. Therefore, smart homes for the elderly should take their cognitive 
characteristics and operation habits into consideration, provide them user-friendly 
operation methods, deliver information intuitively and directly, avoid redundant and 
complicated functions, so as to improve the accessibility and user experience to reduce 
their study cost.  

• Space cost: The "Space cost” contains four items, refers to the investment that the elderly 
need to pay for changing the original arrangement of the living environment, removing 
and discarding of old products and equipment, redecoration and rearrangement of 
network layout in order to use smart home products and services. Reducing space cost 
requires smart home products and services for seniors, maximize the usage of original 
products and living environment of the elderly, and integrating new products and 
equipment into their original living environment. For example, installing sensors to make 
the original home products become intelligent and providing light modification services 
for interior decoration to avoid large-scale discard and re-decoration. 

7.2.3 Control, avoid and eliminate perceived risk 

In the Technology Acceptance Model, perceived risk includes ten dimensions, namely 
privacy & security risk, physical risk, technological risk, performance risk, service risk, 
financial risk, psychological risk, industry & market risk, social support risk, and policy & law 
risk. The sources of perceived risk in smart homes for the elderly are multi-level and multi-
faceted, including the physical and psychological characteristics of users themselves, technical 
and service issues of products and systems, industry norms and market immaturity, social 
support systems, government and national laws and regulations, etc., Among them, some can 
be controlled, some can be avoided, and some can be eliminated. Essentially, perceived risk 
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contains multi-level issues ranging from individuals, enterprises, industries, society to the 
government. Therefore, the control, reduction and elimination of related risk requires the 
cooperation and strength from all different levels and fields. 

• Privacy & Security risk: The ”Privacy & Security risk“ contains seven items, means that 
smart homes should try to remove the elderly’s feeling of surveillance, protect their 
privacy and security of daily life activities, sensitive personal health information data, 
ownership of their personal data and information, take actions to avoid possible leakage 
or abuse of users' personal information and data due to system running or security issues 
in the process of monitoring user activities, health status and home environment. 

• Physical risk: The “Physical risk” contains seven items, means that there are potential 
personal safety hazards and accident brought by smart home systems for the eldelry 
during the usage process. It is mainly reflected in possible theft, robbery, blackmail and 
extortion, incorrect or untimely feedback of emergency, accidental injuries caused by 
equipment physical materials and shapes, invisible health problems caused by 
electromagnetic radiation. Emphasis and attention should be give to these aspects to 
protect the elderly’s physical health and safety. 

• Technological risk: The “ Technological risk” contains nine items, refers to the risk which 
bringing by the immaturity, instability, inflexibility and incompatibility of smart home 
technology. It is mainly reflected in the low accuracy to recognize and conduct user 
commands, low system stability, system failures, false alarms, low expansion capability, 
incompatibility between different products and operating systems, poor data 
management and treatment ability. The smart home industry should engage in developing 
and optimizing the smart technology continuously to remove and reduce the 
technological risk for the elderly.  

• Performance risk: The “Performance risk” contains seven items, mainly reflected in the 
unitary and poor usability, obstruction or impediment devices, aesthetic incongruence 
with the home environment, low accessibility and unfriendly operation, interference with 
daily activities. Reducing the performance risk means that the function design, 
appearance design, interaction design, user experience design, etc. of the smart home 
system should fully consider the actual needs, operating habits, life routine, individual 
feelings of the elderly users to provide them user-friendly operation experience.  

• Service risk: The "Service risk” contains nine items, means that smart homes for the elderly 
should provide high service reliability, timely response, enough quality assurance, 
consistency commercial promise, professional and competent service staffs (Good manner, 
neat and clean, empathy) for the elderly to meet the elderly’s demand and present high 
service quality.  

• Financial risk: The “Financial risk” contains give items, refers to the pressure and 
uncertainty that users feel for their financial cost during the process of purchasing, using, 
and maintaining smart home products and services. It is mainly reflected in the relevant 
products and services are beyond the affordability of the elders, there is non-essential 
financial expenditure, the money spent doesn’t deserve its value, etc. Thus, make the price 
of smart homes meet the affordability of the majority of aging population and provide 
them with cost-effective products and services are important and necessary. 
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• Psychological risk: The “Psychological risk” contains seven items, refers to the pressure of 
external opinions and internal psychological barriers that users feel during the process of 
purchasing and using the smart home system. It is mainly reflected in the blame and 
incomprehension from important persons, unhealthy reliance on automation technology 
and loss of autonomy, persistent reminder about self-frailty, etc. Thus, the design and 
development of smart homes should fully consider the psychological characteristics of the 
elderly and give emphasis to avoiding relevant psychological problems and 
embarrassment. 

• Industry & Market risk: The “Industry and market risk” contains five items, refers to the 
risk of immature and irregular market and industry development of smart homes for the 
elderly. It is mainly reflected in the market penetrations stays low and are far from mass 
adoption, no consistency industry standardization and regulation, no eligibility criteria 
about the products and services quality, the compatibility of different brands and products 
is poor, etc. Thus, actions should be taken in the industry and market level to control and 
reduce relevant risks, such as announce consistency industry standardization and 
regulation. 

• Social support risk: The “Social support risk” contains seven items, mainly exists in the 
situation that the implementation of smart home products and systems need relevant 
social resources and forces, such as family support, peer support, community support, 
neighborhood assistance, institutional assistance, telemedicine services, emergency 
response etc., The lack of these kinds of support will bring relevant social support risk. 
Thus, the formation of a social support network for the elderly to support their daily life, 
healthcare and wellbeing should be given attention and emphasis. 

• Policy & law risk: The “Policy & law risk” contains six items, means that the government 
or relevant public department and authorities should promulgate and issue effective 
policies and laws to regulate the smart home industry and provide guarantees for serving 
consumers. It is mainly reflected in the construction of legal framework, standards and 
guidance as well as mature policy & law conduction and supervision environment. 

7.3 Research suggestions and advice 

The maturity and development of an emerging technology is inseparable from the 
support and maturity of the macro and micro level conditions. The following give an 
discussion about the suggestions and advice of the development of smart homes for the 
elderly from five different levels, namely user level, enterprise level, industry level, society 
level, and government level. 

7.3.1 User level 

• Maintain a positive attitude toward aging. Attitude and mentality are the manifestation 
of a personal spirit state, which will have an important impact on ones behavior pattern. 
Different attitude will lead to different ways of living, depend on it, the quality of life will 
be vastly different. Therefore, a pleasure lifestyle and happiness stems from the elderly's 
own attitude and subjective initiative. The older adults should cultivate a positive attitude, 
maintain childlike innocence, inspire enthusiasm and initiative in life, set new goals and 
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the pursuit after retirement, and fulfill their inner world, to realize active and healthy 
aging. 

• Improve information literacy and embrace smart technology. The development of 
information technology is an irreversible trend in human society. In the future, people 
who are not proficient in using smart products will gradually lag behind and lose 
connection with the era. The elderly group should jump out of their own inherent living 
habits and comfortable zone, improve their own Internet literacy, actively integrate with 
the intelligent society, and enjoy the speed and convenience brought by information 
communication technology. It should not only be the technology adapting to users, people 
should also actively adapt to technology and keep up with the society development. 

• Explore new possibility of life. The application of intelligent technology is only a tool 
that serves the comprehensive development and all-around happiness of people. In the 
future, smart homes will bring unlimited possibilities to the home life of the elderly. The 
elderly should try to live a better life and create more possibilities for themselves with the 
help of intelligent technology when faced with the weakening of their physical and 
psychological abilities. 

7.3.2 Enterprise level 

• Identify the user’s core value demands: The current smart home industry is still in its 
initial development stage. Although the industry is novel and fashionable, the majority of 
the products are temporarily limited to the control and automation of home appliances 
which makes it seems unnecessary and dispensable. At the same time, a plenty of smart 
home products and services for the elderly have not take their typical characteristics into 
consideration and lack the insight of their core value demand which may usually 
concentrate on the healthcare and surveillance aspects. Thus, the future development of 
smart homes for the elderly should jump out of the conventional shackles and limitation 
to create a smart home with full sense of happiness for the elderly both physically, 
psychologically and cognitively.  

• Optimize user experience: For the existing products and services of smart homes, they 
usually fail to take the physical, psychological and cognitive characteristics of the elderly 
into consideration. System accessibility is poor, functions are redundancy, the interface 
and operation is complex, design and decoration do not cater to the preference of the 
elderly, etc. Thus, in order to provide a user-friendly interaction between the products and 
the seniors, the optimization of the user experience of relevant products and services that 
fully considering the features and habits of the aging is urgent and necessary.  

• Advance digital and artificial intelligence technology: Nowadays, the smart homes for 
the elderly still have many technological bottlenecks and challenges which restrict the 
development of related products and the improvement of its service quality, such as low 
accuracy, instability and low compatibility of different devices and systems, poor data 
treatment and management ability, lack of data for training the system to give active and 
intelligent response to individual needs, etc. The advancement of relevant digital and 
artificial intelligence technology is still the foundation of providing pleasure products and 
services for the elderly so that the research and development of technology is the crucial 
aspect that companies should emphasize for a long time. 
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• Improve service quality: The particular characteristics of the elderly determines the 
complexity of their service needs and puts forward higher requirements for the service 
quality of the corresponding system and service providers. Enterprises should strengthen 
the quality control of related products and systems, give timely responses, improve 
service reliability and provide adequate service guarantees for the elderly. Moreover, 
collecting timely user feedback to continuously optimize service quality and gain the 
service satisfaction of the senior group. 

• Emphasize privacy and security issues: The smart home system for the elderly should 
help users get rid of the sense of being monitored as much as possible, protect the privacy 
of users, evaluate the privacy of users, and allow users to have more autonomous control 
over their own data. At the same time, the data information of related products is a key 
guarantee for customer privacy in terms of technical application and security protection. 
Therefore, companies should also enhance the security protection of related systems in 
terms of data security and privacy. 

7.3.3 Industry level 

• Establish industry standardization: At present, in addition to famous IT giants, there are 
numerous enterprises and business groups involved in the smart home industry which 
presents a multi-domain and mixed commercial background. This kind of phenomenon 
result in the diversity of different technology standards which make the versatility and 
compatibility between different products and systems are extremely poor. If the elderly 
want to enjoy different products and services, they need to install and download various 
products and software for cross-platform operation, which is really complicated and 
inefficient. If a consistency industry standard is established for smart home products for 
the elderly, it will greatly improve the versatility and richness of products and services 
and reduce the elders' usage costs. 

• Strengthen the construction of service teams: The current pension industry is facing a 
serious shortage of human labor and resources. This phenomenon will be increasing 
serious in the future as the degree of aging further intensifies. The realization of a 
independent, healthy, safe and happy lifestyle with dignity for the elderly in their old 
stage requires not only the support of their families, friends, community, society and the 
public policies, but also a service team with professional and competent working ability. 
Therefore, the construction of related service teams, the cultivation and training of service 
staffs, the qualification certification system for service talents are also very important and 
necessary. 

7.3.4 Society level 

• Promote public education: Many elderly people have a sense of resistance and 
unfamiliarity with the operation and use of smart technology. Related social institutions 
or service communities for the elderly can provide them with training courses, free 
teaching, etc to enhance the elderly’s perception and understanding of intelligent 
technology and products. In this this, their ability to use and operate related products and 
service could be improved and their survival capability in this digital era can be 
strengthened. 
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• Build social support network: The smart home for the elderly is a comprehensive product 
and service system integration. The implementation and delivery of various elderly 
services requires the support of different groups in society. Thus, forming a huge social 
support network, such as social welfare institutions and organizations, community groups, 
family members, relatives, friends, peers, neighbors, healthcare workers, medical experts, 
nursing staffs, nutritionists, etc. is very important and necessary for the realization of a 
pleasure life and comprehensive wellbeing for the elderly. 

7.3.5 Government level 

• Provide policy guidance and support: The development of the smart home industry for 
the elderly is still in its infancy stage. There is a serious absence of policy guidance and 
support for the future development direction, industry rules and regulations, 
technological structures, service standards, etc. Thus, government should pay attention 
and promulgate relevant policies and work plans to guide the rapid and healthy 
development of the smart home industry for the elderly to facing with the aging 
challenges. 

• Release laws for the rights protection. With the increase of age, the elderly are at a 
disadvantage in the consumption field because of their decline ability. In this regard, the 
government departments should release law to standardize elderly-related industries and 
strengthen legal supervision to regulate the unhealthy trends and illegal phenomena in 
the smart home industry for the elderly. At the same time, the government should issue 
relevant laws to provide them with corresponding legal support and legal protection in 
case of the occurrence of their personal and property loss due to the problems in smart 
home technology and system, such as the privacy and security issues. 

7.4 Research limitation and future study  

7.4.1 Limitations of investigation methods 

This study collected questionnaires through the Chinese Internet questionnaire platform, 
Wenjuanxing. The scales and model development did not generate from the real smart home 
products and systems evaluation. This is because the scale items and model developed in this 
research is future-targeted which could not get real smart homes samples to conduct the 
investigation. On the one hand, it is limited by the current development of smart technology. 
On the other hand, the current elderly users have not cultivated the corresponding market 
consumption habits for smart homes. With the change of time, the consumption concept of the 
elderly will be different, and the technology, appearance, and usage context of the product will 
also be changed and advanced, but no matter how the science and technology develop, the 
pursuit of wellbeing and happiness stays an eternal theme of mankind. Thus, the core value of 
technology that it can bring to people and customers will not change. Therefore, the results of 
this research point out an overall direction for the future development of the smart home 
industry for the elderly which is toward the construction of all-around happiness. In the future, 
when conditions permit and mature, the author hopes that the value of the smart home 
technology mentioned in this research can be realized in a substantive way, and further user 
evaluation and testing could be carried out based on it.  
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7.4.2 Limitations of the research population 

The data collection in this study is through online questionnaire. That means the responses 
gotten in this study are from the users who already have strong internet uses basis and shares 
relative high acceptance of Internet-related smart technologies. Taking this into consideration, 
the users who still stay low adoption about digital technology is not included in this study. On 
one hand, this is not a big problem, because if the users are not familiar with internet use, there 
is no need to mention the adoption of advanced technology products and systems like smart 
home. On the other hand, it also indicates that the volume of the questionnaires and data 
collection of this study is still not particularly large which have not included all the different 
types of potential users. Thus, in the future, the author will further expand the sample size of 
the data collection to enhance the universality and credibility of the conclusions. 

7.4.3 Limitations of analysis content 

The main purpose of this research is the development of scales and technology acceptance 
model validation, which has not considered the impact of demographic variables on the 
perceived value and perceived risk of smart homes, such as gender, age, occupation, etc. 
However, people with different characteristics should have different perceived value and 
perceived risk as well as acceptance of smart homes. Thus, this research did not further explore 
the content in this aspect. In the future, the author will further explore the differences in the 
value demands, risk perception, and technology acceptance of elderly people with different 
characteristics toward smart homes. 

7.4.4 Limitations of scale & model examination 

This study focuses on the scale development and model generation of smart homes for 
future elderly. In the future, the author would like to apply the perceived value scale，
perceived risk scale and technology acceptance model in the smart homes industry to test the 
effects how they provide guidance and reference for relevant designers and enterprise 
practitioners during the smart homes products and services discover, define, develop and 
delivery process. Moreover, it can be given to the users to do evaluation of how the existing 
smart homes can improve their quality of life and promote their all-around happiness 
through the application of smart technology which could provide crucial suggestions and 
advice to help the related enterprises and service providers find their optimization direction 
and provide more satisfactory living environment for the elderly. 



Appendix 
Appendix A  

Perceived Value Scale of Smart Homes for Future elderly 

The following is the main questionnaire the author used for perceived value scale 
development. It consists of three parts, the demographic part, the perceived benefit 
measurement part, and the perceived cost measurement part. For each demographic item, the 
options have been included in the brackets below. All the scale items have been measured on 
a 5-point Likert scale. There are five answers that can be selected:" 1=Strongly disagree"," 
2=Disagree"," 3=Neutral"," 4=Agree", and "5=Strongly Agree". The definition of each 
dimension has been given in front of their measurement items to help the participants have a 
better understanding of related statements. What needs to be mentioned is that the description 
of the concept of smart home has been presented at the beginning of the questionnaire. The 
related content can be seen as follows: 

 
“Smart homes are human residential platforms using integrated wiring technology, network 

communication technology, security technology, automatic control technology, audio and video 
technology to integrate facilities related to home life to build efficient residential environment with a 
management system for schedule affairs. Based on the Internet of Things technology, a family ecosystem 
composed of hardware, software, and cloud computing platforms can realize functions such as remote 
control, the interconnection between different devices, and self-learning of intelligent systems, etc. 
Through the collection and analysis of user behavior data to provide users with personalized services, 
improve home safety, convenience, comfort, and artistry, and even realize an environmentally friendly 
and energy-saving living space. It is the embodiment of the Internet of Things which can connect various 
devices and provide home appliance control, lighting control, indoor and outdoor remote control, anti-
theft alarm, environmental monitoring, HVAC control, infrared forwarding, and programmable timing 
control, etc. Compared with an ordinary home, smart home not only has traditional living functions, can 
provide a comfortable, safe, high-grade, and pleasant living space, but also can transform the interaction 
between users and systems from the original passive mechanism to active intelligent response, provides 
a full range of information exchange to enable the home environment to maintain smooth communication 
with the external world which can significantly improve the users’ quality of life.  

Imagine that in the next five, ten, twenty years or several decades, when you become old, at that 
time, the Internet and artificial intelligence technology are highly developed, our home environment is 
embedded with diverse smart products with abundant functions and service systems to improve the 
quality of life of the elderly and promote their all-around happiness in home environment. Under this 
assumption, please rate the acceptance of the following statements, where "1" is "strongly disagree", 
"2" is "disagree", "3" is "general", and "4" is "agree", "5" means "strongly agree". 

Demographics 

Gender (Male, Female), Age (45-50, 51-55, 56-60), Education Level (<High school, High 
school, Associate, Bachelor, Master, Doctor), Marital status (Single, Married, Divorced, 
Widowed), Monthly Income (<1000, 1000-3000, 3000-5000, 5000-7000, 7000-10000, 10000+), 
Occupation (Teachers, Civil Servants, IT company staff, Non-IT company staff, Private 
entrepreneur, Freelancer, Worker, Farmer, Others) 

Measurement- Perceived Benefit 

Independence (IND) 

The benefit of "independence" means that smart homes can bring efficiency and convenience to 
healthy or mildly disabled elders through smart products and services to help them get rid of 
dependence on others, achieve self-reliance, self-management, self-care, and live with dignity. 
It mainly reflected in the smart home technology to meet the basic needs of the elderly, including 



clothing, eating, housing, moving, and using, such as the automatic control of home appliances, 
online shopping, take-out foods, taxi calls, picking up express delivery, washing clothes, 
housekeeping services, etc. 

• When I am old, smart homes can help me realize self-reliance. 
• When I am old, smart homes can help me realize self-care. 
• When I am old, smart homes can help me realize self-management. 
• When I am old, smart homes can help me improve daily life efficiency. 
• When I am old, smart homes can make my life more convenient. 
• When I am old, smart homes can provide products and services to help with my weaken 

ability. 

Healthcare (HEA) 

The benefit of "healthcare" means that smart homes can help the elderly realize the management, 
prevention, treatment, and rehabilitation of health problems and diseases in the home 
environment to live a healthy lifestyle through smart products and services. It mainly includes 
the detection and management of physical health through smart medical equipment, online 
medical consultation, telemedicine, embedded fitness equipment, rehabilitation training 
equipment, etc. 

• When I am old, smart homes can detect my health data and give timely feedback to me. 
• When I am old, smart homes can let me exercise at home and realize disease prevention. 
• When I am old, smart homes can provide teleconsultation for me. 
• When I am old, smart homes can provide telemedicine services for me. 
• When I am old, smart homes can provide telecare for me when I need it. 
• When I am old, smart homes can help me with rehabilitation if I got serious disease or 

finished surgery. 
• When I am old, smart homes can help me keep in contact with my medical administration. 

Safety (SAF) 

The benefit of "safety" means that smart homes can ensure the physical safety, social safety, 
environmental safety, and property safety of the elderly through smart products and services. 
Among them, the physical safety of the elderly mainly reflects by emergency detection and 
responses, such as sudden heart attacks, falls, etc. Social safety means that the elderly can always 
get support and help from relevant social forces when they need it. Property safety is mainly 
reflected from the anti-theft monitoring system through smart doors, windows, cameras, etc. 
Environmental safety is mainly reflected by the monitor of air, water, electricity, fire, etc., in the 
home environment to prevent accidents such as gas leaks and fire disasters. 

• When I am old, smart homes can ensure my life's safety. 
• When I am old, smart homes can ensure my social safety. 
• When I am old, smart homes can ensure my environmental safety. 
• When I am old, smart homes can ensure my property safety. 
• When I am old, smart homes can provide emergency responses if I got any accident at 

home. 

Positive Emotion (PE) 

The benefit of "positive emotion" means that smart homes can help the elderly maintain good 
emotional status through smart products and services, making them feel comfortable, relaxed, 
enjoyable, excited, loved, and get rid of negative emotions such as loneliness or depression. It 
mainly includes two aspects. On the one hand, smart home could provide smart home theater, 
smart game equipment, smart party system, etc. to enable the elderly to engage in different 
entertainment and social activities, such as listening to music and radio, watching TV series, 
watching movies, playing chess and card games, family gatherings, etc. On the other hand, 
smart home could integrate lighting systems, temperature and humidity control systems, door 



and window systems, etc., to regulate the lighting, temperature, and humidity control to create 
a comfortable living environment for the elderly. 

• When I am old, smart homes can enable me to feel comfortable. 
• When I am old, smart homes can enable me to feel relaxed. 
• When I am old, smart homes can enable me to feel calm. 
• When I am old, smart homes can enable me to feel joyful. 
• When I am old, smart homes can enable me to feel delighted. 
• When I am old, smart homes can enable me to feel excited. 
• When I am old, smart homes can enable me to feel I am loved. 

Engagement (ENG) 

The benefit of "engagement" means that smart homes can help the elderly to engage in activities 
related to their hobbies and competence in home life through smart products and services. The 
elderly could enter a state of "heart flow", forgetting time and space, and feel unparalleled 
happiness from the things they are engaged in. The shaping of engagement mainly includes 
intelligent information systems, intelligent education systems, intelligent interest assistance 
systems, etc., to help the elderly master, learn and engage in knowledge and activities that they 
are interested in. 

• When I am old, smart homes can provide me with competent tasks. 
• When I am old, smart homes can provide me with the support of my interest development. 
• When I am old, smart homes can enable me to learn knowledge and skills which I want to 

learn. 
• When I am old, smart homes can enable me to get the state of absorption and concentration. 
• When I am old, smart homes can enable me to lose track of time and space while doing 

something I enjoy. 

Relationship (REL) 

The benefit of "relationship" means that smart homes can help the elderly develop and 
strengthen their interpersonal bond with the outside world and promote their social interaction 
through smart products and services. The main objects include their relatives, friends, families, 
children, couples, pets, related organizations, and institutions. Moreover, it can also include the 
enhancement of the belief or religious connection of the elderly, the development of social 
companion robots based on artificial intelligence technology, and even the connection with 
nature through surroundings or the use of virtual reality to enhance their experience about the 
virtual nature. 

• When I am old, smart homes can provide the functions and services to increase family 
interaction. 

• When I am old, smart homes can strengthen my social life and cultivate connections to 
others. 

• When I am old, smart homes can provide me with companionship. 
• When I am old, smart homes can provide the functions and services to help me strengthen 

the connection with my belief. 
• When I am old, smart homes can provide the functions and services to help me feed my 

pets. 
• When I am old, smart homes can provide the functions and services to strengthen my 

biophilic experience and the connection with nature. 
• When I am old, smart homes can provide the functions and services to strengthen my 

friendship. 

Meaning (MEA) 

The benefit of "meaning" means that smart homes can help the elderly to find the purpose and 
direction of life, provide the opportunity to allow them to continue making social contributions 



or reemployment to realize their value of existence after retirement. For example, using the 
Internet technology and platform to help them achieve re-employment, do freelance work, 
create start-ups, join online volunteer community to contribute to society, provide remote peers 
support, help children take care of grandchildren, master knowledge and skills through online 
study to complete unfulfilled wishes, etc. 

• When I am old, smart homes can make me feel I have a sense of direction and purpose in 
my life. 

• When I am old, smart homes can help me to do family responsibilities. 
• When I am old, smart homes can enable me to make social contributions via technology 

and the Internet. 
• When I am old, smart homes can help me do some things which I could not do when I am 

young via smart technology. 
• When I am old, smart homes can enable me to do re-employment via technology and the 

Internet. 

Achievement (ACH) 

The benefit of "achievement" means that smart homes can help the elderly to accomplish what 
they can do and gain a sense of accomplishment. For smart homes, it mainly includes the sense 
of reality achievement and virtual achievement. The sense of reality achievement includes 
helping the elderly to be appreciated, concerned, and gain recognition and respect from others 
or acquire social status through their hobbies, talents, works, etc. The sense of virtual 
achievement is mainly reflected in the smart home helping the elderly to get likes, comments, 
fans, and attention on the Internet platform or social media, even in the virtual game system to 
obtain high rank of game character or virtual gaming wealth, etc. 

• When I am old, smart homes can help me make progress in life. 
• When I am old, smart homes can help me achieve my goals. 
• When I am old, smart homes can help me feel good about myself. 
• When I am old, smart homes can help me feel confident about myself. 
• When I am old, smart homes can help me feel proud of myself. 
• When I am old, smart homes can help me have a sense of accomplishment in life. 

Measurement-Perceived Cost 

Monetary Cost (MON) 

The "Monetary cost" refers to the money that the elderly need to pay during the purchase, 
transportation, installation, usage, maintenance process of relevant smart home products and 
services. 

• If I want to use smart homes when I am old, I need to buy related products and equipment. 
• If I want to use smart homes when I am old, I need to pay for related services. 
• If I want to use smart homes when I am old, I need to pay for installation fee. 
• If I want to use smart homes when I am old, I need to pay for maintenance fee. 
• If I want to use smart homes when I am old, I need to pay for Transportation fee. 

 

Study Cost (STU) 

The "Study cost" refers to the time, energy, money, intelligence investment of the elderly to learn 
the usage and operation of related products, equipment, and service systems. 

• If I want to use smart homes when I am old, I need to spend time learning how to use it. 
• If I want to use smart homes when I am old, I need to spend money learning how to use 

it. 



• If I want to use smart homes when I am old, I need to spend energy learning how to use 
it. 

• If I want to use smart homes when I am old, I need to seek for others help to teach me how 
to use it. 

• If I want to use smart homes when I am old, I need to learn related legislation and 
regulations. 

• If I want to use smart homes when I am old, I need to learn related industry 
standardization. 

Space Cost (SPA) 

The "Space cost" refers to the investment that the elderly need to pay for changing the original 
arrangement of the living environment, removing and discarding old products and equipment, 
redecoration, and rearrangement of network layout in order to use smart home products and 
services. 

• If I want to use smart homes when I am old, I need to change the arrangement of my house. 
• If I want to use smart homes when I am old, I need to change the decoration of my house. 
• If I want to use smart homes when I am old, I need to remove the old equipment and 

furniture in my house. 
• If I want to use smart homes when I am old, I need to rearrange the network layout of my 

house. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Appendix B  

Perceived Risk Scale of Smart Homes for Future elderly 

The following is the main questionnaire the author used for perceived risk scale 
development. It consists of two parts, the demographic part, and the perceived risk 
measurement part. For each demographic item, the options have been included in the brackets 
below. All the scale items have been measured on 5-point Likert scale. There are five answers 
can be selected:" 1=Strongly disagree"," 2=Disagree"," 3=Neutral"," 4=Agree" and "5=Strongly 
Agree". The definition of each dimension has been given in front of their measurement items 
to help the participants have a better understanding of related statements. What needs to be 
mentioned is that, the description of the concept of smart home has been presented at the 
beginning of the questionnaire. The related content could be seen as follows: 

 
“Smart homes are human residential platforms using integrated wiring technology, network 

communication technology, security technology, automatic control technology, audio and video 
technology to integrate facilities related to home life to build efficient residential environment with a 
management system for schedule affairs. Based on the Internet of Things technology, a family ecosystem 
composed of hardware, software, and cloud computing platforms can realize functions such as remote 
control, the interconnection between different devices, and self-learning of intelligent systems, etc. 
Through the collection and analysis of user behavior data to provide users with personalized services, 
improve home safety, convenience, comfort, and artistry, and even realize an environmentally friendly 
and energy-saving living space. It is the embodiment of the Internet of Things which can connect various 
devices and provide home appliance control, lighting control, indoor and outdoor remote control, anti-
theft alarm, environmental monitoring, HVAC control, infrared forwarding, and programmable timing 
control, etc. Compared with an ordinary home, smart home not only has traditional living functions, can 
provide a comfortable, safe, high-grade, and pleasant living space, but also can transform the interaction 
between users and systems from the original passive mechanism to active intelligent response, provides 
a full range of information exchange to enable the home environment to maintain smooth communication 
with the external world which can significantly improve the users’ quality of life.  

Imagine that in the next five, ten, twenty years or several decades, when you become old, at that 
time, the Internet and artificial intelligence technology are highly developed, our home environment is 
embedded with diverse smart products with abundant functions and service systems to improve the 
quality of life of the elderly and promote their all-around happiness in home environment. At the same 
time, the risks brought by smart technologies and the external world are also widespread and exist. Under 
this assumption, please rate the acceptance of the following statements, where "1" is "strongly disagree", 
"2" is "disagree", "3" is "general", and "4" is "agree", "5" means "strongly agree". 

Demographics 

Gender (Male, Female), Age (45-50, 51-55, 56-60), Education Level (<High school, High 
school, Associate, Bachelor, Master, Doctor), Marital status (Single, Married, Divorced, 
Widowed), Monthly Income (<1000, 1000-3000, 3000-5000, 5000-7000, 7000-10000, 10000+), 
Occupation (Teachers, Civil Servants, IT company staff, Non-IT company staff, Private 
entrepreneur, Freelancer, Worker, Farmer, Others) 

Measurement-Perceived Risk 

Privacy & Security Risk (PS) 

The" Privacy & Security risk "refers to the non-autonomy, possible leakage or abuse of users' 
personal information and data due to system running or security issues in the process of 
monitoring user activities, health status, and home environment. 

• I don't like the feeling of surveillance. 
• I don't like to share my personal daily life activities with others. 



• I don't like to share my sensitive personal health information data with my important 
person. 

• I am worried about the ownership of my personal data and information. 
• I am worried that my personal data and information may be misused without my 

permission. 
• I am worried about the unauthorized access to my personal data and information and for 

what purpose it may be used. 
• I am worried that the smart homes system has loopholes and might be attacked by hacker. 

Physical Risk (PHY) 

The" Physical risk "refers to the potential personal safety hazards and accidents brought by 
smart home systems. It is mainly reflected in possible theft, robbery, blackmail and extortion, 
incorrect or untimely feedback of emergency, accidental injuries caused by equipment physical 
materials and shapes, invisible health problems caused by electromagnetic radiation, etc. 

• I am worried that using smart homes will increase the risk of theft. 
• I am worried that using smart homes will increase the risk of robbery. 
• I am worried that using smart homes will increase the risk of blackmail and extortion. 
• I am worried that some devices or equipment may be lack of reliable physical quality and 

hurt me. 
• I am worried that the smart homes may provide me with wrong information or conduct 

wrong commands and harm me. 
• I am worried that when I encounter emergency problems, the smart homes could not 

provide timely responses and help. 
• I am worried that the usage and radiation of smart homes will bring unexpected health 

problems. 

Technological Risk (TECH) 

The "Technological risk" refers to the risk brought by the immaturity, instability, inflexibility, 
and incompatibility of smart home technology. It is mainly reflected in the low accuracy to 
recognize and conduct user commands, low system stability, system failures, false alarms, low 
expansion capability, incompatibility between different products and operating systems, poor 
data management and treatment ability, etc. 

• I am worried that the smart homes system could not identify or conduct my command 
accurately. 

• I am worried that the smart homes may have malfunctions or suboptimal performance. 
• I am worried that the smart homes may lack of reliability in the system. 
• I am worried that the smart homes will deliver wrong messages to related people or 

service staff. 
• I am worried that the smart homes devices and systems may have low expansion 

capability. 
• I am worried that the smart homes may lack of interoperability among different devices 

and heterogeneous systems. 
• I am worried that the smart homes technology update too fast and old-fashioned system 

may have low stability. 
• I am worried that the smart homes may have inflexibility problems. 
• I am worried that the smart homes should conduct continuous machine learning and may 

lack of data to organize programme for me. 
• I am worried that the data management (record, storage, handling capability, and 

compression) techniques are immature. 
• I am worried that the smart homes lack continuous monitoring of elderly people. 
• I am worried that the smart homes may give a false alarm. 

Performance Risk (PER) 



The" Performance risk" refers to the function design, appearance design, interaction design, 
user experience design, etc., of the smart home system, do not fully consider the actual needs, 
operating habits, life routine, individual feelings of the elderly users. It is mainly reflected in 
the unitary and poor usability, obstruction or impediment devices, aesthetic incongruence with 
the home environment, low accessibility and unfriendly operation, interference with daily 
activities, etc. 

• I am worried that the smart homes function is too unitary and may have poor usability. 
• I am worried that the smart homes devices are obstruction or impediment in space and 

make me feel uncomfortable at home. 
• I am worried that the smart homes devices are aesthetic incongruence which cannot 

integrate with my house environment. 
• I am worried that the smart homes devices and systems have low accessibility and are 

hard to use. 
• I am worried that the smart homes interface and interaction is lack of user-friendliness for 

elderly people. 
• I am worried that the smart homes function could not meet my needs and demand as time 

goes by. 
• I am worried that the smart homes have interference with my daily activities. 
• I am worried that the smart homes may disrupt my daily routines. 

Service Risk (SER) 

The "Service risk" refers to the smart home services that cannot meet the elderly's demand and 
present low service quality. It is mainly reflected in low service reliability, no timely response, 
no enough quality assurance, no consistent commercial promise, unprofessional and 
incompetent service staff, etc. 

• I am worried that the smart homes services are not reliable. 
• I am worried that the smart homes services could not give me timely responses. 
• I am worried that the smart homes services do not have assurance. 
• I am worried that the smart homes services could not provide consistent services 

according to their promise. 
• I am worried that the smart homes services could not provide suitable and professional 

services. 
• I am worried that the smart homes services could not provide the personalized services I 

want. 
• I am worried that the smart homes services staff could not treat me in a good manner. 
• I am worried that the smart homes services staff is in low neatness and cleanness. 
• I am worried that the smart homes services staff could not understand my specific needs. 

Financial Risk (FIN) 

The "Financial risk" refers to the pressure and uncertainty that users feel for their financial cost 
during the process of purchasing, using, and maintaining smart home products and services. 
It is mainly reflected in the relevant products and services are beyond the affordability of the 
elders, there is some non-essential financial expenditure, the money spent doesn't deserve its 
value, etc. 

• I am worried that the cost of smart homes products and services is beyond my 
affordability. 

• I am worried that the money I pay for smart homes doesn't deserve its value. 
• I am worried that I will spend more money on its affordable services if I use smart homes. 
• I am worried that smart homes may bring me some non-essential financial expenditure. 
• I am worried that smart homes may increase my financial pressure. 

Psychological Risk (PSY) 



The "Psychological risk" refers to the pressure of external opinions and internal psychological 
barriers that users feel during the process of purchasing and using the smart home system. It 
is mainly reflected in the blame and incomprehension from important persons, unhealthy 
reliance on automation technology and loss of autonomy, persistent reminder about self-frailty, 
etc. 

• I am worried that my family will blame me for the usage of smart homes. 
• I am worried that my friends will think I am strange if I use smart homes. 
• I am worried that smart homes may cause embarrassment or stigma when people visit my 

house. 
• I am worried that smart homes devices may be a burden to the people who live with me. 
• I am worried that smart homes may replace or diminish my human contact and result in 

social isolation. 
• I am worried that the smart homes will result in my reliance on automation technology 

and loss of autonomy 
• I am worried that the smart homes devices will always be perceived as reinforcing an 

image of being “old” for myself. 

Industry & Market Risk (IM) 

The "Industry & market risk" refers to the risk of the immature and irregular market and 
industry development of smart homes for the elderly. It is mainly reflected in the market 
penetrations staying low and far from mass adoption, no consistency in industry 
standardization and regulation, no eligibility criteria about the products and services quality, 
the compatibility of different brands and products is poor, etc. 

• I am worried that there is an absence of a comprehensive market. 
• I am worried that there is no consistent standardization and regulation of the smart home 

industry. 
• I am worried that the product update too fast and the products I brought would be 

obsolete soon. 
• I am worried that there are no eligibility criteria for the enterprises and service providers' 

quality and level. 
• I am worried that the compatibility of different brands, systems, devices is terrible. 
• I am worried that there is a shortage of service labor in related aging industry. 

Social Support Risk (SS) 

The "Social support risk" mainly exists in the situation that the implementation of smart home 
products and systems need relevant social resources and forces, such as family support, peer 
support, community support, neighborhood assistance, institutional assistance, telemedicine 
services, emergency response, etc., The lack of these kinds of support will bring relevant social 
support risk. 

• I am worried that if there is no enough support from healthcare providers. 
• I am worried that there is no enough support from caregivers. 
• I am worried that there is no enough support from medical staff. 
• I am worried that there is no enough support from medical experts. 
• I am worried that there is no enough support from my family. 
• I am worried that there is no enough support from my relatives. 
• I am worried that there is no enough support from my friends. 
• I am worried that there is no enough support from my neighborhood. 
• I am worried that there is no enough support from my community. 
• I am worried that there is no enough support from organizations and institutions. 

Policy & Law Risk (PL) 



The "Policy & law risk" refers to the government or relevant public department and authorities 
that have not promulgated and issued effective policies and laws to regulate the smart home 
industry and provide guarantees for serving consumers. It is mainly reflected in the lack of 
legal framework, standards, and guidance as well as immature policy & law conduction and 
supervision environment. 

• I am worried that there is a lack of policy or legal framework to give the standards and 
guidance. 

• I am worried that there is a lack of policy & law conduct environment. 
• I am worried that there is a lack of policy & law supervision environment. 
• I am worried that there is a lack of policy & law to provide the right assurance. 
• I am worried that there is a lack of legal responsibilities and professional competence of 

related service providers and caregivers. 
• I am worried that there is a lack of legal aid if some accident happened due to the 

technology or service problems. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Appendix C  

Technology Acceptance Model of Smart Homes for Future elders 

The following is the main questionnaire the author used for the construction of the 
technology acceptance model of smart homes for future elderly. The model includes five 
variables. The perceived benefit and perceived cost could consist of perceived value which 
used the measurement scale developed in Chapter 4. The perceived risk was measured via the 
scale developed in Chapter 5. The measurement items of attitude toward using and behavioral 
intention to use were extracted from existing academic papers. For each demographic item, the 
options have been included in the brackets below. All the scale items have been measured on 
5-point Likert scale. There are five answers that can be selected:" 1=Strongly disagree"," 
2=Disagree"," 3=Neutral"," 4=Agree" and "5=Strongly Agree". The definition of all the variables 
and their dimensions has been given in front of their measurement items to help the 
participants have a better understanding of related statements. What needs to be mentioned is 
that the description of the concept of smart home has been presented at the beginning of the 
questionnaire. The related content can be seen as follows: 

 
“Smart homes are human residential platforms using integrated wiring technology, network 

communication technology, security technology, automatic control technology, audio and video 
technology to integrate facilities related to home life to build efficient residential environment with a 
management system for schedule affairs. Based on the Internet of Things technology, a family ecosystem 
composed of hardware, software, and cloud computing platforms can realize functions such as remote 
control, the interconnection between different devices, and self-learning of intelligent systems, etc. 
Through the collection and analysis of user behavior data to provide users with personalized services, 
improve home safety, convenience, comfort, and artistry, and even realize an environmentally friendly 
and energy-saving living space. It is the embodiment of the Internet of Things which can connect various 
devices and provide home appliance control, lighting control, indoor and outdoor remote control, anti-
theft alarm, environmental monitoring, HVAC control, infrared forwarding, and programmable timing 
control, etc. Compared with an ordinary home, smart home not only has traditional living functions, can 
provide a comfortable, safe, high-grade, and pleasant living space, but also can transform the interaction 
between users and systems from the original passive mechanism to active intelligent response, provides 
a full range of information exchange to enable the home environment to maintain smooth communication 
with the external world which can significantly improve the users’ quality of life.  

Imagine that in the next five, ten, twenty years or several decades, when you become old, at that 
time, the Internet and artificial intelligence technology are highly developed, our home environment is 
embedded with diverse smart products with abundant functions and service systems to improve the 
quality of life of the elderly and promote their all-around happiness in home environment. At the same 
time, the risks brought by smart technologies and the external world are also widespread and exist. Under 
this assumption, please rate the acceptance of the following statements, where "1" is "strongly disagree", 
"2" is "disagree", "3" is "general", and "4" is "agree", "5" means "strongly agree". 

Demographics 

Gender (Male, Female), Age (45-50, 51-55, 56-60), Education Level (<High school, High 
school, Associate, Bachelor, Master, Doctor), Marital status (Single, Married, Divorced, 
Widowed), Monthly Income (<1000, 1000-3000, 3000-5000, 5000-7000, 7000-10000, 10000+), 
Occupation (Teachers, Civil Servants, IT company staff, Non-IT company staff, Private 
entrepreneur, Freelancer, Worker, Farmer, Others) 

Measurement- Perceived Benefit 

Independence (IND) 

The benefit of "independence" means that smart homes can bring efficiency and convenience to 
healthy or mildly disabled elders through smart products and services to help them get rid of 



dependence on others, achieve self-reliance, self-management, self-care, and live with dignity. 
It mainly reflected in the home smart technology to meet the basic needs of the elderly, including 
clothing, eating, housing, moving, and using, such as the automatic control of home appliances, 
online shopping, take-out foods, taxi calls, picking up express delivery, washing clothes, 
housekeeping services, etc. 

• When I am old, smart homes can help me realize self-reliance. 
• When I am old, smart homes can help me realize self-care. 
• When I am old, smart homes can help me realize self-management. 
• When I am old, smart homes can help me improve daily life efficiency. 
• When I am old, smart homes can provide products and services to help with my weaken 

ability. 

Healthcare (HEA) 

The benefit of "healthcare" means that smart homes can help the elderly realize the management, 
prevention, treatment, and rehabilitation of health problems and diseases in the home 
environment to live a healthy lifestyle through smart products and services. It mainly includes 
the detection and management of physical health through smart medical equipment, online 
medical consultation, telemedicine, embedded fitness equipment, rehabilitation training 
equipment, etc. 

• When I am old, smart homes can detect my health data and give timely feedback to me. 
• When I am old, smart homes can let me exercise at home and realize disease prevention. 
• When I am old, smart homes can provide telemedicine services for me. 
• When I am old, smart homes can help me with the rehabilitation if I got serious diseases 

or finished surgery. 
• When I am old, smart homes can help me keep in contact with my medical administration. 

Safety (SAF) 

The benefit of "safety" means that smart homes can ensure the physical safety, social safety, 
environmental safety, and property safety of the elderly through smart products and services. 
Among them, the physical safety of the elderly mainly reflects by emergency detection and 
responses, such as sudden heart attacks, falls, etc. Property safety is mainly reflected from the 
anti-theft monitoring system through smart doors, windows, cameras, etc. Environmental safety 
is mainly reflected by the monitor of air, water, electricity, fire, etc., in the home environment to 
prevent accidents such as gas leaks and fire disasters. 

• When I am old, smart homes can ensure my life's safety. 
• When I am old, smart homes can ensure my environmental safety. 
• When I am old, smart homes can ensure my property safety. 

Positive Emotion (PE) 

The benefit of "positive emotion" means that smart homes can help the elderly maintain good 
emotional status through smart products and services, making them feel comfortable, relaxed, 
enjoyable, excited, loved, and get rid of negative emotions such as loneliness or depression. It 
mainly includes two aspects. On the one hand, smart home could provide smart home theater, 
smart game equipment, smart party system, etc. to enable the elderly to engage in different 
entertainment and social activities, such as listening to music and radio, watching TV series, 
watching movies, playing chess and card games, family gatherings, etc. On the other hand, 
smart homes could integrate lighting systems, temperature and humidity control systems, door 
and window systems, etc., to regulate the lighting, temperature, and humidity control to create 
a comfortable living environment for the elderly. 

• When I am old, smart homes can enable me to feel comfortable. 
• When I am old, smart homes can enable me to feel relaxed. 
• When I am old, smart homes can enable me to feel calm. 



• When I am old, smart homes can enable me to feel joyful. 
• When I am old, smart homes can enable me to feel delighted. 
• When I am old, smart homes can enable me to feel excited. 
• When I am old, smart homes can enable me to feel I am loved. 

Engagement (ENG) 

The benefit of "engagement" means that smart homes can help the elderly to engage in activities 
related to their hobbies and competence in home life through smart products and services. The 
elderly could enter a state of “heart flow”, forgetting time and space, and feel unparalleled 
happiness from their activities. The shaping of engagement mainly includes intelligent 
information systems, intelligent education systems, intelligent interest assistance systems, etc., 
to help the elderly master, learn and engage in knowledge and activities that they are interested 
in. 

• When I am old, smart homes can provide me with competent tasks. 
• When I am old, smart homes can provide me with the support of my interest development. 
• When I am old, smart homes can enable me to learn knowledge and skills which I want to 

learn. 
• When I am old, smart homes can enable me to get the state of absorption and concentration. 
• When I am old, smart homes can enable me to lose track of time and space while doing 

something I enjoy. 

Relationship (REL) 

The benefit of "relationship" means that smart homes can help the elderly develop and 
strengthen their interpersonal bond with the outside world and promote their social interaction 
through smart products and services. The main objects include their relatives, friends, families, 
children, couples, pets, related organizations, and institutions. Moreover, it can also include the 
enhancement of the belief or religious connection of the elderly, the development of social 
companion robots based on artificial intelligence technology, and even the connection with 
nature through surroundings or the use of virtual reality to enhance their experience about the 
virtual nature. 

• When I am old, smart homes can provide the functions and services to increase family 
interaction. 

• When I am old, smart homes can strengthen my social life and cultivate connections to 
others. 

• When I am old, smart homes can provide me with companionship. 
• When I am old, smart homes can provide the functions and services to help me strengthen 

the connection with my belief. 
• When I am old, smart homes can provide the functions and services to strengthen my 

biophilic experience and the connection with nature. 

Meaning (MEA) 

The benefit of "meaning" means that smart homes can help the elderly to find the purpose and 
direction of life, provide opportunities to allow them to continue making social contribution or 
reemployment to realize their value of existence after retirement. For example, using the Internet 
technology and platform to help them achieve re-employment, do freelance work, create start-
ups, join online volunteer community to contribute to society, provide remote peers support, 
help children take care of grandchildren, master knowledge and skills through online study to 
complete unfulfilled wishes, etc. 

• When I am old, smart homes can make me feel I have a sense of direction and purpose in 
my life. 

• When I am old, smart homes can help me to do family responsibilities. 



• When I am old, smart homes can enable me to make social contributions via technology 
and the Internet. 

• When I am old, smart homes can help me do some things which I could not do when I am 
young via smart technology. 

• When I am old, smart homes can enable me to do re-employment via technology and the 
Internet. 

Achievement (ACH) 

The benefit of "achievement" means that smart homes can help the elderly to accomplish what 
they can do and gain a sense of accomplishment. For smart homes, it mainly includes the sense 
of reality achievement and virtual achievement. The sense of reality achievement includes 
helping the elderly be appreciated, concerned, and gain recognition and respect from others or 
acquire social status through their hobbies, talents, works, etc. The sense of virtual achievement 
is mainly reflected in the smart home helping the elderly to get likes, comments, fans, and 
attention on the Internet platform or social media, even in the virtual game system to obtain a 
high rank of game character or virtual gaming wealth, etc. 

• When I am old, smart homes can help me make progress in life. 
• When I am old, smart homes can help me achieve my goals. 
• When I am old, smart homes can help me have a sense of accomplishment in life. 

Measurement-Perceived Cost 

Monetary Cost (MON) 

The "Monetary cost” refers to the money that the elderly need to pay during the purchase, 
transportation, installation, usage, maintenance process of relevant smart home products and 
services. 

• If I want to use smart homes when I am old, I need to buy related products and equipment. 
• If I want to use smart homes when I am old, I need to pay for related services. 
• If I want to use smart homes when I am old, I need to pay for installation fee. 
• If I want to use smart homes when I am old, I need to pay for maintenance fee. 
• If I want to use smart homes when I am old, I need to pay for transportation fee. 

Study Cost (STU) 

The "Study cost” refers to the time, energy, money, intelligence investment of the elderly to learn 
the usage and operation of related products, equipment, and service systems. 

• If I want to use smart homes when I am old, I need to spend time learning how to use it. 
• If I want to use smart homes when I am old, I need to spend money learning how to use 

it. 
• If I want to use smart homes when I am old, I need to spend energy learning how to use 

it. 
• If I want to use smart homes when I am old, I need to seek others help to teach me how to 

use it. 
• If I want to use smart homes when I am old, I need to learn related legislation and 

regulations. 
• If I want to use smart homes when I am old, I need to learn related industry 

standardization. 

Space Cost (SPA) 

The "Space cost” refers to the investment that the elderly need to pay for changing the original 
arrangement of the living environment, removing and discarding of old products and 
equipment, redecoration, and rearrangement of network layout in order to use smart home 
products and services. 



• If I want to use smart homes when I am old, I need to change the arrangement of my house. 
• If I want to use smart homes when I am old, I need to change the decoration of my house. 
• If I want to use smart homes when I am old, I need to remove the old equipment and 

furniture in my house. 
• If I want to use smart homes when I am old, I need to rearrange the network layout of my 

house. 

Measurement-Perceived Risk 

Privacy & Security Risk (PS) 

The “Privacy & Security risk” refers to the non-autonomy, possible leakage or abuse of users' 
personal information and data due to system running or security issues in the process of 
monitoring user activities, health status, and home environment. 

• I don't like the feeling of surveillance. 
• I don't like to share my personal daily life activities with others. 
• I don't like to share my sensitive personal health information data with my important 

person. 
• I am worried about the ownership of my personal data and information. 
• I am worried that my personal data and information may be misused without my 

permission. 
• I am worried about the unauthorized access to my personal data and information and for 

what purpose it may be used. 
• I am worried that the smart homes system has loopholes and might be attacked by hacker. 

Physical Risk (PHY) 

The “Physical risk” refers to the potential personal safety hazards and accidents brought by 
smart home systems. It is mainly reflected in possible theft, robbery, blackmail and extortion, 
incorrect or untimely feedback of emergency, accidental injuries caused by equipment physical 
materials and shapes, invisible health problems caused by electromagnetic radiation, etc. 

• I am worried that using smart homes will increase the risk of theft. 
• I am worried that using smart homes will increase the risk of robbery. 
• I am worried that using smart homes will increase the risk of blackmail and extortion. 
• I am worried that some devices or equipment may be lack of reliable physical quality and 

hurt me. 
• I am worried that the smart homes may provide me wrong information or conduct wrong 

command and bring harm to me. 
• I am worried that smart homes could not provide timely responses and help when I 

encounter emergency problems. 
• I am worried that the usage and radiation of smart homes will bring unexpected health 

problems. 

Technological Risk (TECH) 

The “Technological risk” refers to the risk brought by the immaturity, instability, inflexibility, 
and incompatibility of smart home technology. It is mainly reflected in the low accuracy to 
recognize and conduct user commands, low system stability, system failures, false alarms, low 
expansion capability, incompatibility between different products and operating systems, poor 
data management and treatment ability, etc. 

• I am worried that the smart homes system could not identify or conduct my command 
accurately. 

• I am worried that the smart homes may have malfunctions or suboptimal performance. 
• I am worried that the smart homes may lack of reliability in the system. 



• I am worried that the smart homes will deliver wrong messages to related people or 
service staff. 

• I am worried that the smart homes devices and systems may have low expansion 
capability. 

• I am worried that the smart homes may lack of interoperability among different devices 
and heterogeneous systems. 

• I am worried that the smart homes technology update too fast and old-fashioned system 
may have low stability. 

• I am worried that the smart homes should conduct continuous machine learning and may 
lack of data to organize programme for me. 

• I am worried that the data management (record, storage, handling capability, and 
compression) techniques are immature. 

Performance Risk (PER) 

The “Performance risk” refers to the function design, appearance design, interaction design, 
user experience design, etc., of the smart home system, which does not fully consider the actual 
needs, operating habits, life routine, individual feelings of the elderly users. It is mainly 
reflected in the unitary and poor usability, obstruction or impediment devices, aesthetic 
incongruence with the home environment, low accessibility and unfriendly operation, 
interference with daily activities, etc. 

• I am worried that the smart homes function is too unitary and may have poor usability. 
• I am worried that the smart homes devices are obstruction or impediment in space and 

make me feel uncomfortable at home. 
• I am worried that the smart homes devices are aesthetic incongruence which cannot 

integrate with my house environment. 
• I am worried that the smart homes devices and systems have low accessibility and are 

hard to use. 
• I am worried that the smart homes interface and interaction is lack of user-friendliness for 

elderly people. 
• I am worried that the smart homes have interference with my daily activities. 

Service Risk (SER) 

The “Service risk” refers to the smart home services cannot meet the elderly’s demand and 
present low service quality. It is mainly reflected in low service reliability, no timely response, 
no enough quality assurance, no consistent commercial promise, unprofessional and 
incompetent service staff, etc. 

• I am worried that the smart homes services are not reliable. 
• I am worried that the smart homes services could not give me timely responses. 
• I am worried that the smart homes services do not have assurance. 
• I am worried that the smart homes services could not provide consistent services 

according to their promise. 
• I am worried that the smart homes services could not provide suitable and professional 

services. 
• I am worried that the smart homes services could not provide the personalized services I 

want. 
• I am worried that the smart homes services staff could not treat me in a good manner. 
• I am worried that the smart homes services staff is in low neatness and cleanness. 
• I am worried that the smart homes services staff could not understand my specific needs. 

Financial Risk (FIN) 

The “Financial risk” refers to the pressure and uncertainty that users feel for their financial cost 
during the process of purchasing, using, and maintaining smart home products and services. 
It is mainly reflected in the relevant products and services are beyond the affordability of the 



elders, there is some non-essential financial expenditure, the money spent doesn’t deserve its 
value, etc. 

• I am worried that the cost of smart homes products and services is beyond my 
affordability. 

• I am worried that the money I pay for smart homes doesn't deserve its value. 
• I am worried that I will spend more money on its affordable services if I use smart homes. 
• I am worried that smart homes may bring me some non-essential financial expenditure. 
• I am worried that smart homes may increase my financial pressure. 

Psychological Risk (PSY) 

The “Psychological risk” refers to the pressure of external opinions and internal psychological 
barriers that users feel during the process of purchasing and using the smart home system. It 
is mainly reflected in the blame and incomprehension from important persons, unhealthy 
reliance on automation technology and loss of autonomy, persistent reminder about self-frailty, 
etc. 

• I am worried that my family will blame me for the usage of smart homes. 
• I am worried that my friends will think I am strange if I use smart homes. 
• I am worried that smart home may cause embarrassment or stigma when people visit my 

house. 
• I am worried that smart home devices may be a burden to the people who live with me. 
• I am worried that smart home may replace or diminish my human contact and result in 

social isolation. 
• I am worried that the smart home will result in my reliance on automation technology and 

loss of autonomy 
• I am worried that the smart home devices will always be perceived as reinforcing an image 

of being "old" for myself. 

Industry & Market Risk (IM) 

The “Industry and market risk” refers to the risk of the immature and irregular market and 
industry development of smart homes for the elderly. It is mainly reflected in the market 
penetrations that stay low and are far from mass adoption, no consistency in industry 
standardization and regulation, no eligibility criteria about the products and services quality, 
the compatibility of different brands and products is poor, etc. 

• I am worried that there is an absence of a comprehensive market. 
• I am worried that there is no consistent standardization and regulation of the smart homes 

industry. 
• I am worried that the product update too fast and the products I brought would be 

obsolete soon. 
• I am worried that there are no eligibility criteria for the enterprises and service providers' 

quality and level. 
• I am worried that the compatibility of different brands, systems, devices is terrible. 
• I am worried that there is a shortage of service labor in the related aging industry. 

Social Support Risk (SS) 

The “Social support risk” mainly exists in the situation that the implementation of smart home 
products and systems need relevant social resources and forces, such as family support, peer 
support, community support, neighborhood assistance, institutional assistance, telemedicine 
services, emergency response, etc., the lack of these kinds of support will bring relevant social 
support risk. 

• I am worried that there is no enough support from caregivers. 
• I am worried that there is no enough support from medical staff. 
• I am worried that there is no enough support from my family. 



• I am worried that there is no enough support from my friends. 
• I am worried that there is no enough support from my neighborhood. 
• I am worried that there is no enough support from my community. 
• I am worried that there is no enough support from organizations and institutions. 

Policy & Law Risk (PL) 

The "Policy & law risk” refers to the government or relevant public department and authorities 
that have not promulgated and issued effective policies and laws to regulate the smart home 
industry and provide guarantees for serving consumers. It is mainly reflected in the lack of 
legal framework, standards, and guidance as well as immature policy & law conduction and 
supervision environment. 

• I am worried that there is a lack of policy or legal framework to give the standards and 
guidance. 

• I am worried that there is a lack of policy & law conduct environment. 
• I am worried that there is a lack of policy & law supervision environment. 
• I am worried that there is a lack of policy & law to provide the right assurance. 
• I am worried that there is a lack of legal responsibilities and professional competence of 

related service providers and caregivers. 
• I am worried that there is a lack of legal aid if some accident happened due to technology 

or service problems. 

Measurement-Attitude Toward Using (ATU) 

The “Attitude toward using” refers to the consumers judgment, feeling and preference toward 
the usage of the products and services of smart homes. It exists at the level of consciousness. 
Consciousness is the forerunner of behavior intention. 

• When I am old, I believe that smart homes will help me aging in place. 
• When I am old, I believe that using smart homes will help me live a healthy lifestyle. 
• When I am old, I believe that using smart homes will improve my quality of life. 
• When I am old, I believe that using smart homes will bring happiness to me. 
• When I am old, I believe that it is worthwhile to use smart homes. 

Measurement-Behavioral Intention to Use (BIU) 

The “Behavioral intention to use” refers to the consumers using motivation of the products and 
services of smart homes, and their intention to put this kind of motivation into real action. 

• When I am old, I am willing to use smart homes. 
• When I am old, I plan to use smart homes. 
• When I am old, there is a high probability that I will use smart homes. 
• When I am old, I will use smart homes as soon as I can.  
• When I am old, I will recommend my family or friends to use smart homes. 
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