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Abstract 

Background  Smart nursing homes (SNHs) integrate advanced technologies, including IoT, digital health, big data, 
AI, and cloud computing to optimise remote clinical services, monitor abnormal events, enhance decision-making, 
and support daily activities for older residents, ensuring overall well-being in a safe and cost-effective environment. 
This study developed and validated a 24-item Expectation and Acceptability of Smart Nursing Homes Questionnaire 
(EASNH-Q), and examined the levels of expectations and acceptability of SNHs and associated factors among older 
adults in China.

Methods  This was an exploratory sequential mixed methods study, where the qualitative case study was con‑
ducted in Hainan and Dalian, while the survey was conducted in Xi’an, Nanjing, Shenyang, and Xiamen. The valida‑
tion of EASNH-Q also included exploratory and confirmatory factor analyses. Multinomial logistic regression analysis 
was used to estimate the determinants of expectations and acceptability of SNHs.

Results  The newly developed EASNH-Q uses a Likert Scale ranging from 1 (strongly disagree) to 5 (strongly agree), 
and underwent validation and refinement from 49 items to the final 24 items. The content validity indices for rel‑
evance, comprehensibility, and comprehensiveness were all above 0.95. The expectations and acceptability of SNHs 
exhibited a strong correlation (r = 0.85, p < 0.01), and good test-retest reliability for expectation (0.90) and acceptability 
(0.81). The highest tertile of expectations (X2=28.89, p < 0.001) and acceptability (X2=25.64, p < 0.001) towards SNHs 
were significantly associated with the willingness to relocate to such facilities. Older adults with self-efficacy in apply‑
ing smart technologies (OR: 28.0) and those expressing a willingness to move to a nursing home (OR: 3.0) were 
more likely to have the highest tertile of expectations compared to those in the lowest tertile. Similarly, older adults 
with self-efficacy in applying smart technologies were more likely to be in the highest tertile of acceptability of SNHs 
(OR: 13.8).

Conclusions  EASNH-Q demonstrated commendable validity, reliability, and stability. The majority of Chinese older 
adults have high expectations for and accept SNHs. Self-efficacy in applying smart technologies and willingness 
to relocate to a nursing home associated with high expectations and acceptability of SNHs.
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Introduction
As the world’s second-largest economy, China is also 
grappling with the intricate challenge of rapid ageing [1]. 
According to a recent national survey (2020) based on 
the scale assessment for activities of daily living (ADLs) 
and instrumental activities of daily living (IADLs) [2], 
three levels were categorised based on the severity of 
dependency and older adults’ requirements for care. 
The study estimated that more than 20  million Chinese 
older adults were in need of minimal assistance with 
daily living activities, such as meal preparation and basic 
hygiene (level 1 dependency), 36 million needed moder-
ate assistance with daily tasks, including cooking, shop-
ping, and medication management (level 2 dependency), 
and 45 million were largely dependent on others for their 
daily living activities, requiring continuous supervision 
and assistance, such as those with severe cognitive or 
physical impairments (level 3 dependency), respectively. 
The one-child policy has directly impacted the availabil-
ity of family caregivers, compounding the issue of inad-
equate care for Chinese older adults in their later years 
[3]. For the majority of older adults, dependency on assis-
tance for daily living activities and cognitive impairments 
has become a significant life event, and these aspects lead 
to an increasing demand for nursing homes [4]. However, 
the quality of care provided in Chinese nursing homes 
is primarily influenced by policies, often falling short of 
meeting the demands of older adults in terms of having 
skilled caregivers, real-time monitoring, and continuous 
health assessment [5].

As sustainable strategies for promoting care for the 
ageing population, the use of smart technologies can 
address the escalating unmet healthcare needs of older 
adults and offset the inadequacy of medical resources to 
effectively improve the current healthcare system [6]. In 
hospital settings, smart technologies are used to enhance 
clinical decision-making [7], while in home-based care, 
they help with self-management and the remote moni-
toring of chronic diseases [8, 9]. In nursing home set-
tings, technologies are predominantly implemented to 
provide person-centred care services and integrate medi-
cal services from remote hospitals [10]. The use of smart 
technologies holds the potential to support a substantial 
number of older adults in both home-based and nurs-
ing home-based care [11]. In 2014, the Ministry of Civil 
Affairs of the People’s Republic of China, the supervisory 
department for geriatric care, initiated the ‘Smart Elderly 
Internet of Things (IoT) Pilot Project’ to enhance the 
operation of SNHs [12]. In 2015, the Chinese government 
introduced the ‘Internet Plus’ plan to encourage techno-
logical innovation [13], encompassing projects related to 
IoT or Artificial Intelligence (AI) in safety monitoring, 
fall prevention, and disease detection for older adults. 

However, the concept of a SNH and the availability of 
smart technologies in nursing home settings remain 
ambiguous. Moreover, many older adults have a nega-
tive attitude towards smart technologies, perceiving them 
as challenging to use and being expensive [14]. Explor-
ing the expectations and acceptability of SNHs within a 
defined service scope and associated technologies [10] 
among stakeholders, particularly older adults, will pro-
vide a better understanding of the future development 
and implementation of SNH models. Expectations, in 
this context, generally encompass the desires of consum-
ers regarding what they expect a SNH to provide [15], 
while acceptability refers to the intention to use services 
when they are available and meet the criteria of target 
users willing to adopt SNHs [16].

Previous studies have often defined a SNH as either a 
smart building equipped with IoT networks [17], or the 
isolated application of smart technology within nursing 
home environment [18–21]. Specifically, a precise defi-
nition of SNHs and the comprehensive implementation 
of functional technologies is needed. A comprehensive 
scoping review has defined a SNH as characterised by 
the incorporating of functional information technologies, 
encompassing the IoT, digital health, big data, AI, cloud 
computing technologies, and information management 
system (IMS) that enable the monitoring of abnormal 
events, provision of remote clinical services, establish-
ment of health information databases, enhancement 
of decision making processes, analysis of clinical data, 
and facilitation of activities of daily living for older resi-
dents [10]. It may integrate medical services from remote 
hospitals or healthcare experts, using telemedicine, 
mHealth, and other electronic clinical information, to 
manage complex health conditions among their residents 
and ensure their overall well-being within a safe and cost-
effective environment [10]. Previous studies have inves-
tigated the willingness and associated factors of Chinese 
older adults to the conventional nursing homes [22, 23]. 
However, there is a lack of studies that have examined the 
expectations and acceptability of SNHs. It is crucial to 
thoroughly investigate the perspective of Chinese older 
adults regarding SNHs. This is necessary to ensure the 
successful development of innovative geriatric care mod-
els that meet the healthcare demands of China’s ageing 
population and are widely embraced.

Research questions
Drawing upon the defined SNH model [10], the follow-
ing research inquiries were devised: 1) What factors 
are important to assess the expectations and accept-
ability of SNHs, and their psychometric property 
as a tool? 2) To what extent are Chinese older adults 
inclined to embrace the evidence-based SNH model? 
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3) What are the levels of expectation and acceptabil-
ity exhibited by Chinese older adults towards the SNH 
model? 4) Is there an association between the sociode-
mographic characteristics of Chinese older adults and 
their levels of expectations and acceptability concern-
ing SNHs?

Methods
In this study, an exploratory sequential mixed method 
(Fig.  1) was used to answer the research questions. 
There were no similar instruments or pre-existing ques-
tionnaires available to measure the expectations and 
acceptability towards SNHs. Hence, a newly devel-
oped instrument was designed based on the results of 
a qualitative study to assess the levels of expectation 
and acceptability of SNHs among Chinese older adults. 
Subsequently, a survey was conducted in four Chi-
nese cities. The sociodemographic factors associated 
with expectations and acceptability of SNHs were also 
explored and examined. Guidelines for conducting and 
reporting mixed research in the field of counseling and 
beyond guided results reporting [24] (Additional file 1). 
In the mixed method approach, qualitative insights 
were derived from a developed questionnaire assess-
ing the expectations and acceptability. Both quantitative 
and qualitative data were combined in the final analysis 
to enhance the depth of findings. The study protocol, a 
scoping review and the preceding qualitative study have 
been previously published [10, 25, 26].

Questionnaire development and validation
The questionnaire was developed as a measurement tool 
building on the conceptual framework (Fig.  2) derived 
from the ‘smart technology adoption behaviors of older 
consumers theory’ proposed by Golant [27], a scoping 
review [10], as well as the results of a qualitative study 
which has been published elsewhere [26]. According to 
the conceptual framework, the adoption of SNH emerges 
in response to unmet healthcare needs, resulting in 
unfulfilled expectations among older adults. The decision 
to embrace SNHs is underpinned by appraisals of infor-
mation and technology. Older adults’ choices are influ-
enced by their prior experiences with smart technologies 
and external sources of persuasiveness, including public 
media, friends, family members, and healthcare profes-
sionals (HCPs). The determinants shaping their tech-
nology appraisal encompass perceived efficaciousness, 
positive or negative usability, and the potential collateral 
damage associated with adopting smart technologies. 
Simultaneously, attributes specific to older adults, such 
as their resilience towards smart technologies, are linked 
to their acceptability of SNHs.

A qualitative case study was conducted using the snow-
ball sampling method to collect data from a total of 34 
participants until data saturation was achieved. Of these 
participants, 28 were older adults aged 60–75, resid-
ing in Hainan and Dalian, China, during the winter sea-
son. They were selected from six provinces to ensure 
a diverse representation of older adults. Additionally, 

Fig. 1  Exploratory sequential mixed methods study design
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six adult children were included in the study to explore 
their expectations and acceptability of SNHs. Semi-struc-
tured in-depth interviews and focus group discussions 
were conducted for data collection. Data were imported 
and managed using ATLAS.ti8 software. A framework 
method [28] was employed using inductive and deductive 
approaches to analyse the textual data. Furthermore, data 
were coded and categorised into themes. All items in the 
new questionnaire were derived from the interviews and 
previous scoping review through the mentioned analyti-
cal strategy. The questionnaire item design incorporated 
direct quotes from the qualitative data to ensure that the 
latter survey aligns authentically with the perspectives of 
the Chinese ageing population. Meanwhile, the concept 
of SNHs, captured from the scoping review was stated 
before the questionnaire to assist the respondents in 
sharing their perspectives on the expectation and accept-
ability of mart nursing homes. It included an explanation 
of it as a care model that provide continuous monitoring 
of its residents through information technologies, con-
nect them with their remote HCPs, and integrate medi-
cal resources to satisfy the care needs of older residents. 
Additionally, information on sociodemographic charac-
teristics, including age, place of residence, gender, health 
condition, income, type of insurance, educational attain-
ment, number of children, and living partners, was col-
lected from the respondents. Three items were included 
to measure respondents’ resilience to smart technologies, 
comprising familiarity with technologies, openness to 
new technology, and self-efficacy in applying smart tech-
nologies [27].

An expert panel, which included two statisticians, two 
family physicians, one public health physician, one nurs-
ing home operator, one business stakeholder, and three 
older adults, was invited to assess the content valid-
ity using the content validity index (CVI) for 49-item of 

the questionnaire [29]. This was done in line with the 
Consensus-based Standards for the selection of health 
status Measurement Instruments (COSMIN checklist) 
guideline [30], which evaluates the relevance, compre-
hensibility, and comprehensiveness of a newly developed 
questionnaire. Subsequently, cognitive debriefing was 
conducted among ten older adults [31]. Of those, eight 
were selected from Dalian and two from Hainan com-
munity groups. Considering the diverse characteristics 
of the intended respondents, three participants with pri-
mary school education were recruited, three with junior 
or high school education, and remaining had university 
education. The research team organised an online group 
discussion where they introduced the purpose of the 
study and explained the concept of SNHs, along with the 
content of each item in the questionnaire. Participants 
were instructed to provide insights into their understand-
ing of the questions, any ambiguous terms, and potential 
areas of confusion. The investigator (ZYY) recorded and 
clarified the responses for each question. For example, 
the investigator used a fixed probe to ask the participants, 
‘Is this a correct choice that can reflect your response? 
Can you paraphrase this item in your own words based 
on your understanding? Can you elaborate on why you 
chose this answer?’. The frequency of problems encoun-
tered for each question would be gathered, such as dif-
ficulties in understanding and ambiguity of wording, and 
adjustments would be made accordingly. One session was 
carried out with a duration of approximately 2–3 h.

Structural validity was established through explora-
tory factor analysis (EFA), based on data collected from 
the survey respondents. The eigenvalue was set above 
1, and items with a loading value below 0.40, as well as 
cross-loadings greater than 0.40 were dropped [32]. 
Subsequently, structural equation modelling (SEM) 
was utilised to evaluate model fit with the SPSS AMOS 

Fig. 2  The coping process of Chinese older adults towards smart solutions in nursing homes
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software. Internal consistency was assessed using Cron-
bach’s alpha. A Cronbach’s alpha exceeding 0.70 is con-
sidered indicative of good internal consistency for the 
questionnaire [33].

Construct validity (hypothesis-testing) was assessed 
by comparing responses towards the expectations and 
acceptability of SNHs with a single item regarding will-
ingness to move to a nursing home (Yes or No) [22]. 
The expectations and acceptability scores were catego-
rised into tertiles. The hypothesis posited that the high-
est tertile of expectations would exhibit an association 
with the willingness to move to a nursing home as evi-
denced by an a priori odds ratio of at least 2.0, while 
the highest tertile of acceptability would be linked to 
the willingness to move to a nursing home, reflect-
ing a priori odds ratio of at least 3.0 [34]. It was also 
hypothesised that expectations and acceptability would 
be positively correlated, with a correlation coefficient r 
value of > 0.4.

A one-month intra-rater test–retest was performed 
among participants who answered and returned the 
second completed questionnaire. The participants were 
recruited from those who had the willingness to partici-
pate in the test–retest and provided their telephone num-
bers when they answered the questionnaire for the first 
time.

Quantitative study (survey)
Study setting
Quantitative data using surveys were collected in four 
major cities namely Xi’an, Nanjing, Shenyang, and Xia-
men, representing the west, east, north, and south of 
China. In Xi’an, Nanjing, and Shenyang, the estimated 
older population comprises 18%, 22%, and 26%, respec-
tively [35–37]. Meanwhile, the government of Xiamen 
has actively promoted smart healthcare initiatives to 
assist older adults in their activities of daily living [38].

Participants and sample size estimation
The selected older adults were within the age range of 
60–75 years. Individuals residing in nursing homes, 
receiving palliative care, or experiencing cognitive 
impairment were excluded. Sample size calculation 
was conducted using PASS software. Based on an 
expected 10% level of acceptance of nursing homes 
among Chinese older adults [22], a 95% confidence 
level with a two-sided and 5% margin of error, the min-
imum required sample size was 139. However, for this 
study, a target sample size of 300 was set with inflation 
for non-response and incompletion rates. The data 
was collected from older adults who usually gather in 
public parks for group activities, such as morning or 
post-dinner exercise.

Data collection
A stratified random sampling method was used to iden-
tify participants. Eight enumerators (two in each city) 
recruited participants and asked them to suggest the ten 
most popular parks or communities where local older 
adults participate in physical activities. Subsequently, 
they recruited older adults from randomly selected pub-
lic parks or community centres. In China, older adults 
typically visit public parks for collective activities, such 
as physical exercise and morning routines, or post-dinner 
dancing. Different age groups can be easily identified by 
the types of activities they engage in. For example, older 
adults aged 60–70 years usually join dancing groups, 
while older individuals prefer playing chess or engaging 
in conversations with others. Additionally, respondents 
were encouraged to provide their telephone numbers to 
enhance research credibility and facilitate participant 
recruitment for the intra-rater test-retest. During data 
collection, enumerators explained the concept of SNHs, 
which was stated on the questionnaire and checked the 
completeness of the questionnaires when all respondents 
returned them.

Data analysis
The IBM Statistical Package for Social Sciences (SPSS 
26) software was used for data management and analy-
sis. Qualitative variables were presented as frequencies 
and percentages. The expectations and acceptability of 
SNHs were categorised into tertiles.Chi-square tests 
were used to examine the associations among the soci-
odemographic factors, expectations and acceptability of 
SNHs, and the willingness to move to a nursing home. 
Multiple logistic regression models were utilised to ana-
lyse the association between the independent variables, 
including sociodemographic characteristics and older 
adults’ resilience to smart technologies, on expectations 
and acceptability of SNHs. Variables from the univariable 
regression analysis with a p-value < 0.20 in the expecta-
tion and acceptability domains were included in the mul-
tinomial logistic regression analysis. In all analyses, the 
significance level was set at 0.05. Statistical strategies to 
multicollinearity, data normality, and assumptions of the 
final model were checked.

Results
Questionnaire development and validation
The initial version of the questionnaire was crafted by 
synthesising qualitative data obtained from a scoping 
review and qualitative case study using both deductive 
and inductive analysis approaches, incorporating themes, 
codes, and subcodes [10, 26] (Additional file 2, A2-1). It 
comprised 24 items for the expectation domain, and 25 
items pertaining to the acceptability domain. Among the 
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24 items in the expectation domain, five codes (subdo-
mains) were identified from the qualitative phase. The 
subdomains are ‘quality of care supported by govern-
ments and societies’ with five items; ‘smart technology 
applications’ with seven items; ‘presence of a skilled HCP 
team’ with three items; ‘access and scope of basic medi-
cal services’ with six items; and ‘integration of medical 
services’ with two items. In the 25-item acceptability 
domain, six codes (subdomains) were identified, which 
encompass ‘perceived efficaciousness’ of SNHs with 
four items; ‘perceived positive usability’ with nine items; 
‘perceived negative usability’ with two items; ‘perceived 
collateral damages’ with four items; ‘persuasiveness of 
external information’ with four items; and ‘persuasive-
ness of internal information’ with two items. Each item 
was measured on a 5-point Likert scale, where a response 
of 1 indicated the lowest levels of expectations or accept-
ability of SNHs, while a response of 5 indicated the high-
est levels of expectations or acceptability.

The CVI scores for relevance, comprehensibility, and 
comprehensiveness were 0.97, 0.96, and 0.95, respec-
tively (Additional file  2, A2-2). These results were con-
sidered highly valuable [29]. The second version of the 
questionnaire had been reduced to 40 items from the 
initial 49 items (Additional file  2, A2-3) and named the 
Expectation and Acceptability of Smart Nursing Homes 
questionnaire (EASNH-Q). The item on willingness to 
move to a nursing home was moved to the sociodemo-
graphic characteristics section and all items were renum-
bered. All participants in the cognitive debriefing agreed 
with the item description and scale design for these 40 

items without any problems. After undergoing the pro-
cess of face and content validity, structural validity, inter-
nal consistency tests, one-month intra-rater test–retest, 
and construct validity were conducted using the data 
obtained from the latter survey among 264 respondents.

EFA identified three subdomains (three factors) for the 
underlying structure of expectations and these three fac-
tors were renamed as nursing care, medical services, and 
government and social support in relation to the service 
categories. EFA also identified three subdomains (three 
factors) for the acceptability structure and the three fac-
tors were categorised as perceived usability, perceived 
efficaciousness, and perceived collateral damages and 
negative usability (Additional file  2, A2-4). In confirma-
tory factor analysis (CFA), single-factor models indicated 
the presence of 24 remaining items. Of which, 10 items 
in the expectation domain and 14 items in the accept-
ability domain were considered adequate (Table 1; Fig. 3) 
(Additional file 2, A2-5). Cronbach’s alpha was 0.87 in the 
expectation domain, and it was 0.92 in the acceptability 
domain.

Construct validity indicated by the strong correla-
tion between the expectations and acceptability of SNHs 
Pearson’s coefficient of 0.85 (p< 0.01). Among the 264 
respondents, 84 (31.8%) were unwilling to move to nurs-
ing homes, while 180 (68.2%) expressed a willingness to 
move (Table 2). Type of insurance, education, the degree 
of familiarity with technology, openness to technology, 
and self-efficacy in applying smart technologies were 
significantly associated with the willingness to move to 
nursing homes. The binary logistic regression analysis for 

Table 1  Results from confirmatory factor analyses

a *p < 0.05., Χ2 = Chi squared
b Df Degrees of freedom
c CMIN/DF Discrepancy divided by degree of freedom
d CFI Comparative Fit Index
e RMSEA Root mean square error of approximation, 90% CI = 90% confidence intervals,
f SRMR Standardised root mean square residual

Domains Model 1 Χ2 Dfb CMIN/DFc CFId RMSEAe

(90% CI)
SRMRf

Expectations Three-factor model
(15 items)

186.232*a 87 2.14 0.92 0.07
(0.05–0.08)

0.04

Two-factor model
(10 items)

82.902* 34 2,44 0.95 0.07
(0.05–0.09)

0.04

One-factor model
(10 items)

67.947* 34 2.00 0.96 0.06
(0.04–0.08)

0.03

Acceptability Three-factor model
(21 items)

490.235 186 2.64 0.87 0.08
(0.07–0.09)

0.05

Two-factor model
(11items)

109.034* 41 2.66 0.95 0.08
(0.06-0,10)

0.04

One-factor model
(14 items)

185.450* 74 2.51 0.94 0.08
(0.06–0.09)

0.05
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expectations and acceptability in relation to the willing-
ness to move to nursing homes presented that the odds 
of older adults in the higher tertiles of expectations for 
SNHs towards moving to nursing homes were higher 
compared to those with the lowest tertile scores (OR of 

1.99, 95% CI 1.01–3.93 for the middle tertile and OR of 
3.02, 95% CI: 1.18–7.73 for the highest tertile) (Table 3). 
Similarly, the odds of older adults with the higher ter-
tiles of acceptability for SNHs towards moving to nursing 
homes were higher compared to those with the lowest 

Fig. 3  The assessment of model fit using the structural equation modelling (SEM)
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Table 2  The Association between the socioeconomic characteristics and the willingness to move to a nursing home (n = 264)

Variable Total
n (%)

No willingness to move to a 
NHa, n (%)

Having willingness to move to a 
NH, n (%)

X2

(P value)

Total 264 (100.0) 84 (31.8) 180 (68.2)

Expectations of smart NHs, 10 items (mean: 4.0, mean range: 2.0–5.0)
  Lowest tertile (≤ 3.90) 93 (35.2) 47 (50.5) 46 (49.5) 28.89

< 0.001  Middle tertile (3.91–4.40) 101 (38.3) 29 (28.7) 72 (71.3)

  Highest tertile (≥ 4.41) 70 (26.5) 8 (11.4) 62 (88.6)

Acceptability of smart NHs, 14 items (mean: 4.0, mean range: 1.6–4.9)
  Lowest tertile (≤ 3.93) 94 (35.6) 48 (51.1) 46 (48.9) 25.65

< 0.001  Middle tertile (3.94–4.29) 87 (33.0) 21 (24.1) 66 (75.9)

  Highest tertile (≥ 4.30) 83 (31.4) 15 (18.1) 68 (81.9)

Age
  60–64 yo 88 (33.3) 24 (27.3) 64 (72.7) 2.20

0.333  65–70 yo 88 (33.3) 33 (37.5) 55 (62.5)

  71–75 yo 88 (33.3) 27 (30.7) 61 (69.3)

Gender
  Male 130 (49.2) 40 (30.8) 90 (69.2) 0.13

0.719  Female 134 (50.8) 44 (32.8) 90 (67.2)

Health status
  Healthy 98 (37.1) 36 (36.7) 62 (63.3) 1.74

0.419  One chronic disease 101 (38.3) 29 (28.7) 72 (71.3)

  Two or more chronic diseases 65 (24.6) 19 (29.2) 46 (70.8)

Income per month
  No pension 30 (11.4) 11 (36.7) 19 (63.3) 2.81

0.421  1000–2000 CNY 59 (22.3) 14 (23.7) 45 (76.3)

  2000–4000 CNY 89 (33.7) 32 (36.0) 57 (64.0)

  More than 4000 CNY 86 (32.6) 27 (31.4) 59 (68.6)

Type of insurance
  No insurance or with NRCMIb 22 (8.3) 11 (50.0) 11 (50.0) 14.85

0.002  URBMIc 30 (11.4) 3 (10.0) 27 (90.0)

  UEBMId 181 (68.6) 65 (35.9) 116 (64.1)

  Other commercial insurance 31 (11.7) 5 (16.1) 26 (83.9)

Education
  Primary school degree or lower 16 (6.1) 4 (25.0) 12 (75.0) 8.09

0.044  Junior school degree 68 (25.8) 19 (27.9) 49 (72.1)

  High school degree 139 (52.6) 54 (38.8) 85 (61.2)

  University degree or higher 41 (15.5) 7 (17.1) 34 (82.9)

Number of children
  1 Child or no child 150 (56.8) 39 (26.0) 111 (74.0) 5.79

0.055  2 Children 96 (36.4) 39 (40.6) 57 (59.4)

  3 or more than 3 children 18 (6.8) 6 (33.3) 12 (66.7)

Living with whom
  Alone 24 (9.1) 5 (20.8) 19 (79.2) 3.89

0.274  With partner or housemaid 125 (47.3) 44 (39.8) 81 (85.2)

  With child or children 42 (15.9) 16 (38.1) 26 (61.9)

  With partner and Children 73 (27.7) 19 (26.0) 54 (74.0)

Familiarity with technology
  Not familiar with technology 54 (20.5) 34 (63.0) 20 (37.0) 31.44

< 0.001  Neutral 146 (55.3) 38 (26.0) 108 (74.0)

  Familiar with technology 64 (24.2) 12 (18.8) 52 (81.2)
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tertile scores. (OR of 2.36, 95% CI 1.13–4.91 for the mid-
dle terile and OR of 2.43, 95% CI: 1.11–5.39 for the high-
est tertile).

In the test-retest reliability analysis, 52 participants (13 
in each city) answered and returned the second com-
pleted EASNH-Q. More than half of them were women, 
the majority were aged 60–70. Five did not have a pen-
sion, two had no insurance, four had a primary school 
education, six had three or more children, and four 
lived alone without partners (Additional file  2, A2-6). 
The intraclass correlation coefficients (ICC) values for 
expectation and acceptability factors were 0.90 and 0.81, 
respectively (Additional file 2, A2-7).

Quantitative study (survey)
In total, 264 respondents completed the question-
naires, resulting in a response rate of 70%. The 
demographic characteristics of the respondents are 
presented in Table  4. The number of respondents in 
each age group (60–64 years old, 65–70 years old, and 
71–75 years old) was similar. Among these respond-
ents, over 60% reported having one or more chronic 

diseases. More than 90% had insurance coverage and 
68.1% had a high school or university education. In 
addition, 56.8% had one child and only 9% lived alone. 
Approximately one-quarter (24.2%) of the respondents 
were familiar with technology, 71.2% had openness to 
technologies, and 63.6% had self-efficacy in applying 
smart technologies. The overall means (SD) for expec-
tations and acceptability were 4.0 (0.60) (Min-Max: 
2.0–5.0) and 4.0 (0.60) (Min-Max: 1.6–4.9), respec-
tively. The associations between sociodemographic 
characteristics and expectations and acceptability of 
SNHs presented that the younger age, having insur-
ance, a university level of education, openness to 
technology, and self-efficacy in applying smart tech-
nologies were significantly associated with expecta-
tions (Table  5). Older age, living with partners and 
children, openness to technology, and self-efficacy in 
applying smart technologies were significantly associ-
ated with acceptability (Table  5). Table  6 displays the 
comparisons between the highest tertile of the expec-
tation group and the lowest tertile of the expectation 
group. Older adults with self-efficacy in applying smart 

a  NH Nursing home
b  NRCMI New rural cooperative medical insurance
c  URBMI Urban resident medical insurance
d  UEBMI Urban employee basic medical insurance

Table 2  (continued)

Variable Total
n (%)

No willingness to move to a 
NHa, n (%)

Having willingness to move to a 
NH, n (%)

X2

(P value)

Openness to technology
  No (not open to technology) 76 (28.8) 50 (65.8) 26 (34.2) 56.77

< 0.001  Yes (open to technology) 188 (71.2) 34 (18.1) 154 (81.9)

Self-efficacy in applying smart technologies
  No 96 (36.4) 56 (58.3) 40 (41.7) 48.89

< 0.001  Yes 168 (63.6) 28 (16.7) 140 (83.3)

Table 3  The association of the highest tertile expectation and acceptability of smart nursing homes and other determinants of the 
willingness to move to a nursing home

Domain Tertiles B S.E. Wald Sig. OR 95% C.I.
Expectations Lowest 6.707

Middle 0.688 0.347 3.932 0.047 1.990 1.008–3.930

Highest 1.104 0.480 5.297 0.021 3.017 1.178–7.725

Domain Variables B S.E. Wald Sig. OR 95% C.I.
Acceptability Lowest 7.015

Middle 0.858 0.374 5.269 0.022 2.359 1.134–4.909

Highest 0.889 0.406 4.803 0.028 2.433 1.099–5.391
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technologies were 28 times more likely to have the 
highest tertile of expectation (OR: 28.02, 95% CI: 5.92-
132.66), and those with willingness to move to a nurs-
ing home were 3 times more likely to have the highest 
tertile of expectation (OR: 2.98, 95% CI: 1.06–8.37). 
Meanwhile, older adults with self-efficacy in applying 
smart technologies were 14 times more likely to be in 
the highest tertile of acceptability compared between 
the highest tertile of the acceptability group and the 
lowest tertile group (OR: 13.80, 95% CI: 4.33–43.95). 
The multinomial logistic regression models revealed 
that 41.7% (Nagelkerke R2 = 0.417) and 32.2% (Nagel-
kerke R2 = 0.322) of the variances in the expectation 
domain and the acceptability domains, respectively.

Discussion
This is the first study in which an instrument was devel-
oped to assess the expectations and acceptability of SNHs 
among mainland Chinese older adults, both in general 
and in particular. It aims to examine their levels of expec-
tations and acceptability towards SNHs, as well as to 
determine the sociodemographic factors associated with 
different categories of expectations and acceptability. 
The exploratory sequential mixed methods study design 
integrates various data sources offering strength to con-
firmatory results [39]. The study began with a qualitative 
phase, which explored the expectations and acceptabil-
ity of a SNH model in general, and specifically among 
Chinese older adults and their family members. The 
qualitative phase mapped the knowledge bases for the 
development and validation of a 24-item EASNH-Q [40], 
and continued with a cross-sectional study in four major 
cities in China involving 264 respondents. Data integra-
tion was achieved through a data-building approach, in 
which the results from the qualitative phase and the sur-
vey were analysed and compared to understand com-
plex phenomena, measure changes, and examine the 
hypothesis [24, 40]. The results from both qualitative 
and quantitative phases aligned with study design prin-
ciples, variables exploration and analysis, and data 
interpretation. Many concordant findings, rather than 
discordant ones, were noted between the two phases. The 
former phase indicated the highest acceptance of mov-
ing to nursing homes as an alternative and a high level 
of agreeableness with external information persuasive-
ness for receiving healthcare benefits, such as media. A 
few discordant results in the later phase were related to 
a lower acceptance of moving to a nursing home and the 
family-oriented culture in healthcare decision-making 
as the trustworthy persuasiveness. Additionally, three 
items were generated from the emerging codes during 
the scoping review and content validity, including SNHs 

Table 4  Socioeconomic characteristics of the respondents(n = 264)

a  NH Nursing home
b  NRCMI New rural cooperative medical insurance
c  URBMI Urban resident medical insurance
d  UEBMI Urban employee basic medical insurance

N(%)

Age

  60–64 88 (33.3)

  65–70 88 (33.3)

  71–75 88 (33.3)

Gender

  Male 130 (49.2)

  Female 134 (50.8)

Health status

  Healthy 98 (37.1)

  One chronic disease 101 (38.3)

  Two or more chronic diseases 65 (24.6)

Income per month

  No pension 30 (11.4)

  1000–2000 CNY 59 (22.3)

  2000–4000 CNY 89 (33.7)

  More than 4000 CNY 86 (32.6)

Type of insurance

  No insurance or with NRCMIb 22 (8.3)

  URBMIc 30 (11.4)

  UEBMId 181 (68.6)

  Other commercial insurance 31 (11.7)

Education

  Primary school degree or lower 16 (6.1)

  Junior school degree 68 (25.8)

  High school degree 139 (52.6)

  University degree or higher 41 (15.5)

Number of children

  1 Child or no child 150 (56.8)

  2 Children 96 (36.4)

  3 or more than 3 children 18 (6.8)

Living with whom

  Alone 24 (9.1)

  With partner or housemaid 125 (47.3)

  With child or children 42 (15.9)

  With partner and Children 73 (27.7)

Familiarity with technology

  Not familiar with technology 54 (20.5)

  Neutral 146 (55.3)

  Familiar with technology 64 (24.2)

Openness to technology

  No (not open to technology) 76 (28.8)

  Yes (open to technology) 188 (71.2)

Self-efficacy in applying smart technologies

  No 96 (36.4)

  Yes 168 (63.6)
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Table 5  Sociodemographic characteristics of respondents according to the different categories of expectations and acceptability of 
smart nursing homes (n = 264)

Domain Variable Total
n (%)

Lowest tertile 
of expectations 
(Mean ≤ 3.90), 
n (%)

Middle tertile 
of expectations 
(Means: 3.91–4.40),
n (%)

Highest tertile 
of expectations 
(Means ≥ 4.41), 
n (%)

X2

(P value)

Expectations Total 264 (100.0) 93 (35.2) 101 (38.3) 70 (26.5)

Willingness to move to a NHa

 No 84 (31.8) 47 (56.0) 29 (34.5) 8 (9.5) 28.885
(< 0.001) Yes 180 (68.2) 46 (25.6) 72 (40.0) 62 (34.4)

Age
 60–64 88 (33.3) 21 (23.9) 37 (42.0) 30 (34.1) 14.642

(0.006) 65–70 88 (33.3) 44 (50.0) 28 (31.8) 16 (18.2)

 71–75 88 (33.3) 28 (31.8) 36 (40.9) 24 (27.3)

Gender
 Male 130 (49.2) 44 (33.8) 53 (40.8) 33 (25.4) 0.684

(0.710) Female 134 (50.8) 49 (36.6) 48 (35.8) 37 (27.6)

Health status
 Healthy 98 (37.1) 43 (43.9) 33 (33.7) 22 (22.4) 5.446

(0.245) One chronic disease 101 (38.3) 32 (31.7) 40 (39.6) 29 (28.7)

 Two or more chronic diseases 65 (24.6) 18 (27.7) 28 (43.1) 19 (29.2)

Income per month
 No pension 30 (11.4) 13 (43.3) 9 (30.0) 8 (26.7) 4.882

(0.559) 1000–2000 CNY 59 (22.3) 17 (43.3) 24 (30.0) 18 (26.7)

 2000–4000 CNY 89 (33.7) 37 (41.6) 32 (36.0) 20 (36.0)

 More than 4000 CNY 86 (32.6) 26 (30.2) 36 (41.9) 24 (27.9)

Type of insurance
 No insurance or with NRCMIa 22 (8.3) 9 (40.9) 11 (50.0) 2 (9.1) 21.412

(0.002) URBMIb 30 (11.4) 12 (40.0) 7 (23.3) 11 (36.7)

 UEBMIc 181 (68.6) 65 (35.9) 76 (42.0) 40 (22.1)

 Other commercial insurance 31 (11.7) 7 (22.6) 7 (22.6) 17 (54.8)

Education
 Primary school degree or lower 16 (6.1) 8 (50.0) 3 (18.8) 5 (31.3) 13.388

(0.037) Junior school degree 68 (25.8) 22 (32.4) 24 (35.3) 22 (32.4)

 High school degree 139 (52.6) 51 (36.7) 62 (44.6) 26 (18.7)

 University degree or higher 41 (15.5) 12 (29.3) 12 (29.3) 17 (41.5)

Number of children
 1 Child or no child 150 (56.8) 51 (34.0) 53 (35.3) 46 (30.7) 5.571

(0.234) 2 Children 96 (36.4) 35 (36.5) 43 (44.8) 18 (18.8)

 3 or more than 3 children 18 (6.8) 7 (38.9) 5 (27.8) 6 (33.3)

Living with whom
 Alone 24 (9.1) 10 (41.7) 6 (25.0) 8 (33.3) 9.906

(0.129) With partner or housemaid 125 (47.3) 41 (32.8) 57 (45.6) 27 (21.6)

 With child or children 42 (15.9) 19 (45.2) 14 (33.3) 9 (21.4)

 With partner and Children 73 (27.7) 23 (31.5) 24 (32.9) 26 (35.6)
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Table 5  (continued)

Familiarity with technology
 Not familiar with technology 54 (20.5) 26 (48.1) 25 (46.3) 3 (5.6) 16.212

(0.003) Neutral 146 (55.3) 49 (33.6) 51 (34.9) 46 (31.5)

 Familiar with technology 64 (24.2) 18 (28.1) 25 (39.1) 21 (32.8)

Openness to technology
 No
(not open to technology)

76 (28.8) 48 (63.2) 26 (34.2) 2 (2.6) 47.051
(< 0.001)

 Yes
(open to technology)

188 (71.2) 45 (23.9) 75 (39.9) 68 (36.2)

Self-efficacy in applying smart technologies
 No 96 (36.4) 64 (66.7) 29 (30.2) 3 (3.1) 76.011

(< 0.001)

 Yes 168 (63.6) 29 (17.3) 72 (42.9) 67 (39.9)

Domain  Variable Total
n (%)

Lowest tertile 
of acceptability 
(Mean ≤ 3.93), 
n (%)

Middle tertile 
of acceptability 
(Means: 3.94–4.29),
n (%)

Highest tertile 
of acceptability 
(Means ≥ 4.30), n (%)

X2

Pvalue

Acceptability  Total 264 (100.0) 94 (35.6) 87 (33.0) 83 (31.4)

Willingness to move to a nursing home
 No 84 (31.8) 48 (57.1) 21 (25.0) 15 (17.9) 25.644

(< 0.001) Yes 180 (68.2) 46 (25.6) 66 (36.7) 68 (37.8)

Age
 60–64 88 (33.3) 23 (26.1) 32 (36.4) 33 (37.5) 9.617

(0.047) 65–70 88 (33.3) 42 (47.7) 25 (28.4) 21 (23.9)

 71–75 88 (33.3) 29 (33.0) 30 (34.1) 29 (33.0)

Gender
 Male 130 (49.2) 38 (29.2) 46 (35.4) 46 (35.4) 4.651

(0.098) Female 134 (50.8) 56 (41.8) 41 (30.6) 37 (27.6)

Health status
 Healthy 98 (37.1) 44 (44.9) 29 (29.6) 25 (25.5) 7.400

(0.116) One chronic disease 101 (38.3) 33 (32.7) 32 (31.7) 36 (35.6)

 Two or more chronic diseases 65 (24.6) 17 (26.2) 26 (40.0) 22 (33.8)

Income per month
 No pension 30 (11.4) 12 (40.0) 7 (23.3) 11 (36.7) 7.772

(0.255) 1000–2000 CNY 59 (22.3) 18 (30.5) 25 (42.4) 16 (27.1)

 2000–4000 CNY 89 (33.7) 32 (36.0) 23 (25.8) 34 (38.2)

 More than 4000 CNY 86 (32.6) 32 (37.2) 32 (37.2) 22 (25.6)

Type of insurance
 No insurance or with NRCMIa 22 (8.3) 11 (50.0) 7 (31.8) 4 (18.2) 6.523

(0.367) URBMIb 30 (11.4) 13 (43.3) 6 (20.0) 11 (36.7)

 UEBMIc 181(68.6) 62 (34.3) 63 (34.8) 56 (30.9)

 Other commercial insurance 31 (11.7) 8 (25.8) 11 (35.5) 12 (38.7)
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can provide better services to improve healthcare acces-
sibility and availability, the preference of “human-centric” 
designs for the smart devices, and hospice care, were 
highly expected by the participants (Additional file 3).

In China, many similar questionnaires commonly focus 
on older adults’ willingness to move to conventional 
nursing homes. Two of these studies had larger samples, 
with 670 and 1003 Chinese older adults [22, 23], and 
more than half of their respondents were in aged 60–70, 
very similar to the main sample of this study. Addition-
ally, more than half of the other studies’ respondents 
had a primary school education or lower in contrast to 
this study that had < 10%. In one study [22], data from 
an urban community showed that half of the respond-
ents had a higher economic status which is similar to the 
respondents in this study (monthly pension: 1000–4000 
CNY, $138–555). Regarding the proportion of willing-
ness to move to a nursing home among Chinese older 
adults, this study had a higher acceptance rate (68.2%) 
compared to the other two previous studies (45.4–11.9%) 

[22, 23]. The higher acceptance rate reflects the increased 
demand for moving to a nursing home, particularly when 
older adults consider their disabilities [41]. It has been 
reported that older adults may choose to transition from 
home-based care to nursing homes with intensive super-
vision and more professional services due to the decline 
in bodily functions and the obstacles faced by family 
members who are unable to devote themselves to nec-
essary or additional care [42]. As an alternative, nursing 
homes can provide 24-hour formal care and some medi-
cal services for older adults who require daily assistance 
and have complex health demands [43]. Moreover, the 
purpose of developing the EASNH-Q was to explore the 
expectations and acceptability of SNHs, making it a novel 
contribution. The item design of the EASNH-Q demon-
strated good levels of relevance, comprehensibility, and 
comprehensiveness in assessing the expectations and 
acceptability of SNHs [44–46].

The expectations and acceptability of SNHs were 
explored among Chinese older adults who were 

Table 5  (continued)

Education
 Primary school degree or lower 16 (6.1) 7 (43.8) 4 (25.0) 5 (31.3) 3.364

(0.762) Junior school degree 68 (25.8) 22 (32.4) 21 (30.9) 25 (36.8)

 High school degree 139 (52.6) 53 (38.1) 45 (32.4) 41 (29.5)

 University degree or higher 41 (15.5) 12 (29.3) 17 (41.5) 12 (29.3)

Number of children
 1 Child or no child 150 (56.8) 50 (33.3) 46 (30.7) 54 (36.0) 5.208

(0.267) 2 Children 96 (36.4) 36 (37.5) 37 (38.5) 23 (24.0)

 3 or more than 3 children 18 (6.8) 8 (44.4) 4 (22.2) 6 (33.3)

Living with whom
 Alone 24 (9.1) 8 (33.3) 10 (41.7) 6 (25.0) 14.149

(0.028) With partner or housemaid 125 (47.3) 43 (34.4) 45 (36.0) 37 (29.6)

 With child or children 42 (15.9) 22 (52.4) 13 (31.0) 7 (16.7)

 With partner and Children 73 (27.7) 21 (28.8) 19 (26.0) 33 (45.2)

Familiarity with technology
 Not familiar with technology 54 (20.5) 28 (51.9) 18 (33.3) 8 (14.8) 11.442

(0.022) Neutral 146 (55.3) 48 (32.9) 47 (32.2) 51 (34.9)

 Familiar with technology 64 (24.2) 18 (28.1) 22 (34.4) 24 (37.5)

Openness to technology
 No
(not open to technology)

76 (28.8) 50 (65.8) 18 (23.7) 8 (10.5) 44.936
(< 0.001)

 Yes
(open to technology)

188 (71.2) 44 (23.4) 69 (36.7) 75 (39.9)

Self-efficacy in applying smart technologies
 No 96 (36.4) 64 (66.7) 23 (24.0) 9 (9.4) 67.940

(< 0.001)

 Yes 168 (63.6) 30 (17.9) 64 (38.1) 74 (44.0)

a NRCMI New rural cooperative medical insurance
b URBMI Urban resident medical insurance

c UEBMI Urban employee basic medical insurance
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Table 6  The multinomial logistic regression analysis of sociodemographic factors on different categories of expectations and 
acceptability of smart nursing homes

Level of  
expectationsa

Variables Subgroups of  
variables

B Std. Error Wald Sig. OR 95% Confidence Inter-
val for Exp(B) (Lower 
-upper bound)

Middle tertile 
of expectations 
(mean: 3.91–4.40)

Health status Two or more chronic 
diseases

0.661 0.459 2.071 0.150 1.936 0.787 4.762

One chronic disease 0.287 0.379 0.573 0.449 1.332 0.634 2.800

Healthy (reference 
group)

0b . . . . . .

Type of insurance UEBMIc -0.436 0.581 0.562 0.453 0.647 0.207 2.021

URBMId -1.895 0.786 5.814 0.016 0.150 0.032 0.701

Other commercial 
insurance

-0.983 0.833 1.392 0.238 0.374 0.073 1.915

No insurance 
or with NRCMIe

(reference group)

0b . . . . . .

Familiar with technology Familiar with tech‑
nology

-1.453 0.637 5.204 0.023 0.234 0.067 0.815

Neutral -1.001 0.481 4.326 0.038 0.368 0.143 0.944

Not familiar 
with technology 
(reference group)

0b . . . . . .

Openness to technology Yes 0.027 0.501 0.003 0.957 1.028 0.385 2.742

No
(reference group)

0b . . . . . .

Self-efficacy in applying 
smart technologies

Yes 2.272 0.504 20.353 < 0.001 9.694 3.613 26.007

No
(reference group)

0b . . . . . .

Willingness to move 
to a nursing home

Yes 0.735 0.377 3.787 0.052 2.085 0.995 4.369

No
(reference group)

0b . . . . . .

Highest tertile 
of expectations 
(mean: >4.41)

Health status Two or more chronic 
diseases

0.216 0.575 0.141 0.707 1.241 0.402 3.834

One chronic disease − 0.046 0.463 0.010 0.921 0.955 0.385 2.366

Healthy (reference 
group)

0b . . . . . .

Type of insurance UEBMI 0.013 0.981 0.000 0.989 1.013 0.148 6.931

URBMI -0.545 1.090 0.251 0.617 0.580 0.068 4.905

Other commercial 
insurance

0.959 1.123 0.729 0.393 2.609 0.289 23.591

No insurance 
or with NRCMI
(reference group)

0b . . . . . .

Familiar with technology Familiar with tech‑
nology

-1.336 0.934 2.046 0.153 0.263 0.042 1.640

Neutral -0.393 0.820 0.230 0.631 0.675 0.135 3.363

Not familiar 
with technology 
(reference group)

0b . . . . . .

Openness to technology Yes 1.250 0.947 1.742 0.187 3.491 0.545 22.351

No
(reference group)

0b . . . . . .

Self-efficacy of in applying 
smart technologies

Yes 3.333 0.793 17.645 < 0.001 28.015 5.916 132.661

No
(reference group)

0b . . . . . .

Willingness to move 
to a nursing home

Yes 1.090 0.528 4.265 0.039 2.975 1.057 8.374

No
(reference group)

0b . . . . . .
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a The reference category is the ‘lowest tertile of expectation (mean: ≤ 3.90)’
b 0 This parameter is set to zero because it is redundant
c UEBMI Urban employee basic medical insurance
d URBMI Urban resident medical insurance
e NRCMI The new rural cooperative medical insurance
f The reference category is the ‘lowest tertile of acceptability (mean: ≤ 3.93)’

Table 6  (continued)

Level of  
acceptabilityf

B Std. Error Wald Sig. OR 95% Confidence Inter-
val for Exp(B)

Moderate tertile 
of acceptability 
(mean: 3.94–4.29)

Health status Two or more chronic 
diseases

0.616 0.459 1.796 0.180 1.851 0.752 4.553

One chronic disease 0.064 0.387 0.028 0.868 1.066 0.499 2.277

Healthy (reference 
group)

0b . . . . . .

Number of children 3 or more than 3 
children

-0.517 0.742 0.486 0.486 0.596 0.139 2.555

2 Children 0.278 0.372 0.558 0.455 1.321 0.637 2.741

1 Child or no child 
(reference group)

0b . . . . . .

Familiar with technology Familiar with tech‑
nology

-1.214 0.648 3.514 0.061 0.297 0.083 1.057

Neutral -0.783 0.493 2.525 0.112 0.457 0.174 1.201

Not familiar 
with technology 
(reference group)

0b . . . . . .

Openness to technology Yes 0.508 0.513 0.981 0.322 1.661 0.608 4.538

No
(reference group)

0b . . . . . .

Self-efficacy in applying 
smart technologies

Yes 1.759 0.498 12.495 < 0.001 5.808 2.190 15.406

No
(reference group)

0b . . . . . .

Willingness to move 
to a nursing home

Yes 0.710 0.387 3.377 0.066 2.035 0.954 4.341

No
(reference group)

0b . . . . . .

Highest tertile 
of acceptability 
(mean: >4.30)

Health status Two or more chronic 
diseases

0.797 0.510 2.444 0.118 2.218 0.817 6.022

One chronic disease 0.308 0.411 0.564 0.453 1.361 0.609 3.043

Healthy (reference 
group)

0b . . . . . .

Number of children 3 or more than 3 
children

-0.309 0.740 0.174 0.676 0.734 0.172 3.133

2 Children -0.329 0.417 0.621 0.431 0.720 0.318 1.631

1 Child or no child 
(reference group)

0b . . . . . .

Familiar with technology Familiar with tech‑
nology

-1.010 0.733 1.900 0.168 0.364 0.087 1.532

Neutral -0.405 0.604 0.449 0.503 0.667 0.204 2.179

Not familiar 
with technology 
(reference group)

0b . . . . . .

Openness to technology Yes 0.566 0.635 0.795 0.373 1.761 0.508 6.109

No
(reference group)

0b . . . . . .

Self-efficacy in applying 
smart technologies

Yes 2.625 0.591 19.721 < 0.001 13.801 4.333 43.954

No
(reference group)

0b . . . . . .

Willingness to move 
to a nursing home

Yes 0.617 0.430 2.060 0.151 1.853 0.798 4.300

No
(reference group)

0b . . . . . .
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interviewed in the qualitative phase. These expectations 
and acceptability were examined through a survey in the 
subsequent quantitative phase, providing empirical evi-
dence of high levels. The survey sites selected from four 
different regions of mainland China represent the major 
group of the Chinese ageing population according to their 
family structures, health status, long-term care needs, and 
insurance schemes [47]. There were small variances in 
different cities when respondents answered the EASNH-
Q (effect size: 0.34 − 0.32) (Additional file  4). The results 
showed that expectations were highly correlated with the 
acceptability of SNHs. Older adults from Nanjing, in the 
east of China, had the highest expectations of SNHs, and 
they also had the highest acceptability of SNHs. In contrast, 
older adults from Xiamen, in the south of China, had the 
lowest expectations and the lowest acceptability. These geo-
graphic differences among older adults may be attributed to 
their sociodemographic characteristics. For example, urban 
older adults living in environments more sustainable for 
an ageing population, with fewer children, higher income, 
and higher education have a better acceptability of nursing 
homes than those in rural areas who have more children, 
limited income, and lower education [48, 49].

In addition, the in-depth analysis of the response distri-
bution for each item revealed that most of the questions 
had a ceiling effect (> 15%), except item for Q11, ‘persua-
siveness of public media increases the acceptability of 
SNHs’ (3.8%). This reflects the report of Chinese older 
adults’ social network type to receive healthcare benefits, 
indicating that the media has less impact on appraising 
their health [50]. Meanwhile, the floor effect of each item 
was small (< 15%). The assessments of ceiling and floor 
effect indicate the ability of a questionnaire to distinguish 
among respondents at the extreme ends of the scale [51]. 
High ceiling effects, as observed in many of the items, 
may suggest a limited instrument range, measurement 
inaccuracy, or response bias [52]. However, no previous 
research has reported on the ceiling and floor effects on 
the expectations and acceptability of nursing homes in 
China. Nevertheless, the high ceiling and floor effects 
reflected and examined the results from the qualitative 
phase that all participants had a positive attitude towards 
SNHs [26].

It is believed that IoT, big data, and internet net-
works can provide quality services [53]. This belief was 
reflected in the responses to items Q1-5, particularly 
in real-time monitoring, disease prediction, electronic 
health records, and customised services. It is impor-
tant to note that technology is not the primary reason 
for people deciding to move to nursing homes. Instead, 
technology acts as an assistant to the functions and care 
practices provided in nursing homes [54]. In China, 
more than half of older adults wish for nursing homes 

to provide medical services at a hospital level [22]. 
This study observed that many respondents had high 
expectations for collaboration between hospitals and 
SNHs to integrate medical services with remote hospi-
tals. Moreover, Chinese older adults expected medical 
staff to be available at conventional nursing homes, as 
many nursing home residents are moderately depend-
ent and at risk of fatal diseases [22, 55]. There were also 
high expectations of having trained caregivers, such as 
nurses and doctors in SNHs. Additionally, more than 
half of the respondents had high expectations of hospice 
care in SNHs because it is an essential part of all health-
care systems. This might be due to the general percep-
tion of the limited services and lack of accessibility of 
hospice care in the current nursing homes. For exam-
ple, only 30.8% of nursing homes in Hebei province pro-
vided hospice care services [56].

Chinese older adults are influenced by the family-ori-
ented culture when it comes to receiving and apprais-
ing information about their health [50]. The results were 
indicative of the same path that trustworthy health-related 
resources were typically found within family members, 
doctors, friends, and public media, as well as influenced 
by personal demands. Respondents showed a high accept-
ability of SNHs when they perceived the benefits and effi-
caciousness of using smart technologies. This perceived 
efficaciousness of technology generally involves a compar-
ison between two options and the benefits received, such 
as comparing the quality of care and cost-effectiveness in 
SNHs versus conventional ones [27, 34]. Moreover, it has 
been commonly reported in previous studies that many 
older adults had negative attitudes towards adopting 
smart technologies due to the additional cost or the need 
to purchase expensive devices [14, 57, 58]. However, the 
high scores of items Q19-22 in the EASNH-Q confirmed 
that certain features of SNHs could increase older adults’ 
positive attitude and their consideration of adopting 
smart technologies. These features include the perceived 
necessity for health, ease of use, user-friendliness, conven-
ience, and the “human-centric” design of smart solutions.

The final adjusted multivariable analysis showed that 
only self-efficacy among three items for testing the 
older adults’ resilience to smart technologies, including 
familiarity with technology and openness to technology 
[27], was more likely to influence the information and 
technology appraisals among Chinese older adults. The 
direct users of smart technologies designed and applied 
in nursing home settings have been revealed through 
the previous scoping review [10]. These users are nurs-
ing home residents (81%) and their HCPs (19%), such as 
nursing home staff and doctors in remote hospitals. Self-
efficacy refers to an individual’s belief in their ability to 
successfully use smart technologies and older adults with 
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self-efficacy in applying smart technologies may increase 
their willingness to adopt new solutions [59].

For other sociodemographic factors, such as age, 
income, and educational attainment, were not found to 
be significantly associated with the different categories 
of expectations and acceptability towards SNHs among 
Chinese older adults. These factors were previously 
reported in other studies to be directly associated with 
Chinese older adults’ willingness to move to a nursing 
home [22, 23], and the willingness to move to a nursing 
home was examined to be significantly associated with 
the highest tertile of expectations in this study.

This study employed several strategies to ensure 
research accuracy and credibility. Firstly, semi-struc-
tured, in-depth interviews, focus group discussions, 
and member checking were used for data collection in 
the qualitative study phase to ensure study credibility. 
A team of five investigators participated in data audit-
ing, analysis, and coding discussions to authenticate 
the findings, ensuring the reliability of the study. In 
the quantitative phase, the survey sites chosen for data 
collection were selected to represent the west, east, 
north, and south of China. Eight onsite enumerators 
underwent training and were provided with a detailed 
study procedure to standardise the recruitment of par-
ticipants and improve data quality. Data accuracy was 
cross-checked by the research team. However, this 
study has some potential limitations. Firstly, the con-
cept of SNHs stated on the EASNH-Q was developed 
based on the informative literature, of which, most of 
the study population were from middle-income and 
high-income countries that may not be applicable to 
resource-challenged or low-income countries, as well 
as countries with limited internet access. Secondly, 
selection biases might have occurred, with qualitative 
study participants being Chinese older adults who were 
flown into Hainan and Dalian during the winter season, 
and quantitative study respondents coming from the 
four major cities [26]. This approach might not have 
captured all the essential factors necessary to meas-
ure the expectations and acceptability of SNHs among 
the entire Chinese ageing population, including other 
regions and rural areas in China, taking into considera-
tion their multimorbidity and cultural differences. The 
findings should be generalised with caution to older 
adults residing in rural areas as they may have a lower 
acceptance of moving to a nursing home [22]. Moreo-
ver, the survey respondents in this study were selected 
among outdoors and able older adults, potentially 
missing specific groups of older people with limited 
mobility, economic disadvantages, or those who fall ill 
at home but still intend to move to nursing homes. In 
addition, the participants may find it difficult to answer 

the questions related to the acceptability of SNHs as 
a whole due to the non-existence of a SNH to refer to 
or a lack of experience using smart technologies for 
healthcare.

Conclusion
The significance of this study lies in the exploration of the 
expectations and acceptability of SNHs among Chinese 
older adults, through both qualitative and quantitative 
evidence leading to the 24-item EASNH-Q that dem-
onstrated commendable validity, reliability, and stabil-
ity. The rigorous development process establishes it as a 
reliable tool for measuring the levels of expectations and 
acceptability of SNHs. Self-efficacy in applying smart 
technologies links to the high expectations and accept-
ability of SNHs. The willingness to relocate to a nursing 
home increases the high expectations of SNHs.

A feasible SNH model presents a promising solution 
for addressing the challenges posed by the rapidly ageing 
society in China. The study results hold relevance for a 
wide range of stakeholders and audience with an interest 
in SNHs, including older adults, their family members, 
healthcare providers, nursing home personnel, policy-
makers, and entrepreneurs in the smart device industry. 
Furthermore, the potential applicability of these findings 
extends beyond China, encompassing both developed 
and developing nations. Subsequent research efforts 
should aim to quantify the expectations and acceptability 
of SNHs within a larger and more diverse Chinese popu-
lation considering various societal strata and potentially 
different countries. Gaining insights from a more exten-
sive population base will enable a more comprehensive 
assessment of the determinants influencing expectations 
and acceptability of SNHs. This, in turn, will contribute 
to the development of a more effective SNH model that 
aligns with local settings and stakeholders’ requirements.
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