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Abstract
Background Wearable devices have the advantage of always being with individuals, enabling easy detection of their 
movements. Smart clothing can provide feedback to family caregivers of older adults with disabilities who require 
in-home care.

Methods This study describes the process of setting up a smart technology-assisted (STA) home-nursing care 
program, the difficulties encountered, and strategies applied to improve the program. The STA program utilized 
a smart-vest, designed specifically for older persons with dementia or recovering from hip-fracture surgery. The 
smart-vest facilitated nurses’ and family caregivers’ detection of a care receiver’s movements via a remote-monitoring 
system. Movements included getting up at night, time spent in the bathroom, duration of daytime immobility, 
leaving the house, and daily activity. Twelve caregivers of older adults and their care receiver participated; care 
receivers included persons recovering from hip fracture (n = 5) and persons living with dementia (n = 7). Data about 
installation of the individual STA in-home systems, monitoring, and technical difficulties encountered were obtained 
from researchers’ reports. Qualitative data about the caregivers’ and care receivers’ use of the system were obtained 
from homecare nurses’ reports, which were explored with thematic analysis.

Results Compiled reports from the research team identified three areas of difficulty with the system: incompatibility 
with the home environment, which caused extra hours of manpower and added to the cost of set-up and 
maintenance; interruptions in data transmissions, due to system malfunctions; and inaccuracies in data transmissions, 
due to sensors on the smart-vest. These difficulties contributed to frustration experienced by caregivers and care 
receivers.

Conclusions The difficulties encountered impeded implementation of the STA home nursing care. Each of these 
difficulties had their own unique problems and strategies to resolve them. Our findings can provide a reference for 
future implementation of similar smart-home systems, which could facilitate ease-of-use for family caregivers.
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Background
Taiwan has improved the availability of health care for 
persons with chronic diseases who are home-bound or 
living in rural communities by providing remote health 
care through telehealth. Remote care via telehealth care 
has improved care for persons with metabolic syndrome 
living in a rural area [1] as well as facilitating in-home 
control of hypertension [2]. In a Taiwan-based qualitative 
study, telehealth care was provided to family caregivers 
of patients with heart failure following hospital discharge 
[3]. When compared with caregivers who only received 
discharge planning, those who received home telehealth 
support experienced reduced caregiver burden, and mas-
tery of stress and family function improved. during the 
first 30 days after discharge of persons with heart fail-
ure for disease management Another qualitative study 
explored responses of users of home telehealth care for 
chronic disease management [4]. Most users perceived 
telehealth care as a convenient and useful model for 
healthcare delivery.

Smart home care technologies that monitor behaviors 
of persons needing assisted care are typically equipped 
with interrelated software and hardware components. 
The goal is to collect data that can alert their caregivers 
or health care professionals about activities that might 
be risky so that they can take preventive actions [5]. 
This merging of smart technologies and the Internet of 
things (IoT) was used by Amiribesheli and Bouchachia 
(2018) to develop a smart technology-assisted (STA) 
homecare prototype tailored to the needs of persons 
living with dementia (PLWD) [6]. To determine if the 
prototype could reduce dementia care difficulties, the 
prototype was evaluated with input from dementia-care 
stakeholders comprised of PLWD, caregivers (formal 
and informal), and geriatric psychologists. The findings 
of Amiribesheli and Bouchachia suggest that STA care 
could be used for family caregivers of older relatives liv-
ing at home with chronic care needs, such as older adults 
recovering from hip-fracture surgery or PLWD.

Hip fracture is a common traumatic injury for older 
adults, which is associated with morbidity and mortal-
ity. Hip fracture is increasing as the population ages and 
recovery from this injury is a major social and economic 
burden, partially due to the cost of care [7, 8]. The risk of 
osteoporotic hip fractures for individuals ≥ 50 years was 
estimated to be about 158 million in 2010 and is expected 
to double by 2040 [8]. It is estimated that by 2050, Asia 
will account for half of all hip fractures [9].

The increase in older adults worldwide has also con-
tributed to an increase the number of persons living 
with dementia. This health issue is another cause for 
the increasing cost of health care for societies world-
wide [10]. The World Alzheimer Report from 2015 esti-
mated that the number of persons living with dementia 

would double every 20 years, increasing from 46.8  mil-
lion to 131.5  million by 2050 [10]. In response to this 
expected increase, the World Health Organization 
announced a global public-health action plan for 2017 
to 2025 designed to increase care for persons living with 
dementia and their families and decrease the impact of 
dementia on communities and countries [11]. In 2014 
in Taiwan, all-cause dementia was estimated to have an 
age-adjusted prevalence of 8.04% [12]. The proportion of 
adults ≥ 65 years in Taiwan was 14.6% in 2018; in 2026 it 
will exceed 20% [13]. Therefore, improving home care for 
older persons recovering from hip-fracture surgery and 
those living with dementia is an important health and 
societal issue.

In Taiwan, family caregivers provide long-term in-
home care for over 80% of older adults recovering from 
hip fracture and over 90% of PLWD [14, 15]. An STA 
home nursing care program could benefit these family 
caregivers by providing home health care support, which 
could improve home care and reduce caregiver burden. 
Therefore, we developed an STA home nursing care 
program for family caregivers to alleviate some of the 
burden of caregiving and reduce the need for constant 
vigilance, which is required when providing care for older 
persons recovering from hip-fracture surgery or PLWD. 
We incorporated smart clothing technology developed 
originally by Wang et al. [16] for monitoring electrocar-
diography (ECG) signals. The smart clothing was also 
demonstrated to be accurate for variables for older adults 
living in long-term care institutions in Taiwan [17] and 
has been used to alert persons to arrythmias that occur 
during exercise [18].

This study describes installation of the STA home nurs-
ing care program, modifications to a smart vest, which 
incorporated smart technology designed specifically 
for the older persons recovering from hip-fracture sur-
gery or living with dementia, and measures monitored. 
Reports from engineers and nurse researchers were used 
to describe problems encountered during installation and 
implementation of individual in-home systems, and the 
strategies used to resolve them. Analysis of feedback col-
lected by home care nurses identified difficulties caregiv-
ers experienced with the system.

Methods
Design of the smart vest
The smart vest was made of a washable electroconduc-
tive fabric with sewn-in electrode patches that collect 
analog signals from the four sensors; the circuit is com-
pleted by fastening a metal buckle (Fig.  1). The proto-
type for the smart vest platform integrates signals from 
multiple sensors. In this study, we only used a G-Sensor 
for gravitational acceleration (GC), which provided data 
about activity level, gait, and posture. Application of an 
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algorithm based on the hidden Markov model (HMM) 
was used detect falls. The smart vest is worn as under-
wear and can accurately gauge acceleration of movement 
on three axes; it was modified to make it easy for older 
persons to wear and is off-the-shelf ready. The ECG sen-
sor nodes are easy to remove from the smart-vest, allow-
ing and the signal transmission metal fiber containing 
the ECG electrodes to be washed directly in the washing 
machine and line-dried. The durability of the fiber after 
washing has been tested at least 20 times. Every care 
receiver was provided with at least two vests to allow 
continued use when a vest needed washing.

While the smart vest is in place, signals are sent to a 
sensor node, which is an analog-to-digital converter 
(ADC) microprocessor for analysis in real time. The ADC 
converts digital signals with a sampling frequency of 
250 Hz. A smartphone mobile application (APP) is used 
as a gateway server to display results of analysis from 
the sensors and a cloud platform integrates longitudinal 
health data from the smart vest, which can be used for 

healthcare consultations with nursing staff (Fig. 2). Fam-
ily caregivers and the home-care nurses downloaded the 
APP to their mobile phones to receive health and emer-
gency information. Details of the design and technical 
information have been previously reported [16]. These 
smart-clothing sensors and the electroconductive fab-
ric have been awarded 25 patents and four technology 
transfers.

The STA Home nursing-care program
The STA home care program was developed to be used 
in combination with the smart vest, described above. 
The heterogeneity among older PLWD and older adults 
recovering from hip-fracture surgery allowed us to 
develop a program that assessed daily living patterns for 
older adults with different disabilities.

Preparation and installation of the STA home care program
The first stage of preparation for the home care program 
was conducted by a research nurse who visited the home 

Fig. 2 Illustration of the smart technology-assisted home health care system

 

Fig. 1 Views of the smart vest with the four locations for the sensors: cervical spine, upper abdomen, body mass center, and both sides of the waist (I, II, 
III, and IV, respectively)
 The images on the far right show the conductive knitted fabric containing the buckle used to secure the vest and complete the circuit
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of each caregiver to assess the home environment. A 
floor map was drawn to indicate the position of the liv-
ing room, bedrooms, and exit doors. The map was dis-
cussed with the engineer who then prepared the sensors 
and web environment. The research nurse made a second 
visit to the home to install the sensors in the living room 
and bedrooms; for caregivers of PLWD, a sensor with an 
audible alarm was placed by exit doors. A smoke detec-
tor was installed in all homes to signal potential fire and 
smoke. In addition, the homes were equipped with an 
emergency push-button to alert the home care nurse (via 
the APP) if emergent care was needed. Initially, the setup 
required six hours, which included installation of sensors 
and integration with the internet system. This lengthy 
setup was an inconvenience for other family members in 
the household. However, once standardized, installation 
required approximately three hours.

Settings specific to persons with dementia
Because wandering is one of the most significant con-
cerns for caregivers of PLWD, indoor positioning sensors 
were installed in the door and in areas of frequent activ-
ity. A Received Signal Strength Indicator (RSSI) was used 
for indoor positioning was used because signals from a 
Global Positioning System (GPS) are frequently weak or 
unavailable in indoor environments. RSSI measures the 
power level of received wireless signals, such as Wi-Fi 
or Bluetooth, and can be used to estimate the distance 
between a mobile device and a set of fixed reference 
points. Accuracy was maintained through constant data 
collection and calibration, signal strength to distance 
mapping, fingerprinting, localization, error mitigation, 
and continuous refinement.

Measurements
The STA home nursing care program used a remote 
monitoring system paired with the smart vest; sensors 
were placed in each participant’s home to facilitate detec-
tion of the care receiver’s activities. Daily steps and other 
movements were used to monitor level of daily activity, 
which included: (1) active steps; (2) gait, such as forward, 
backward, swinging; 3) posture status while lying, sitting, 
standing, walking; (4) getting out of bed; and (5) going to 
the toilet. Monitoring for PLWD also included level of 
intensity of the RSSI in the sensors, which were assessed 
every 30 s.

The smart-technology allows individual alert thresh-
olds to be set for each person based on their disability. 
Analyzed data from the smart vest were transmitted and 
downloaded to an APP on the nurse’s mobile phone, 
which included alerts about any atypical behaviors, such 
as wandering or a lack of movement, which were then 
immediately communicated to family caregivers. Any 
modifications to caregiving activities that might mediate 

these behaviors were initiated immediately through the 
nurse, such as encouraging daily activities, providing 
safety measures for getting up at night or going out, and 
managing the agitation of persons with dementia.

Monitoring data were collected from sensors in the 
smart vests and the home environment. Care receivers 
were instructed to wear the smart vest for at least four 
days/week for 24  h for three months, a length of time 
shown to allow detection of frequent falls [19]. Data 
transmitted from the sensors in the smart vest to the APP 
and to the cloud were analyzed by the researchers. Fol-
lowing installation of the sensors in the home environ-
ment, a research nurse visited the participants’ homes 
once a week for one month. During each home visit, the 
research nurse routinely checked the function of the sys-
tem. She also made phone calls to verify and record the 
reasons for system alarms.

Participants
We recruited older PLWD or recovering from hip frac-
ture and their caregivers to participate in the STA home 
nursing care program from the trauma wards of Chang 
Gung Memorial Hospital at Linkou or neurological clin-
ics in Taipei and Taoyuan. Patients were included by these 
criteria: (1) ≥ 60 years old, (2) received hip arthroplasty or 
internal fixation or were diagnosed with dementia by a 
neurologist, (3) lived in a home setting (4) lived in north-
ern Taiwan, and (5) could communicate. Patients were 
excluded by these criteria: (1) terminally ill, (2) without a 
primary family caregiver, or (3) without a fixed home/liv-
ing environment (living in an institution or rotating habi-
tation). Family caregivers were included by these criteria: 
(1) ≥ 20 years old, (2) responsible for providing direct care 
or supervising care received by the patient, and (3) lived 
with the person with dementia or hip-fractured person. 
Potential participants were contacted at hospital admis-
sion or in clinics by a research nurse. Those who agreed 
to participate signed an informed consent.

Of 196 patients who were informed of the study, 107 
were recovering from hip fracture and 89 had dementia; 
179 patients refused to participate for the following rea-
sons: the family caregiver did not feel it was necessary 
(n = 38), the patient did not want to wear the smart-vest 
or found it uncomfortable (too hot; n = 23); caregivers 
felt bothered by setting up the smart-care environment 
(n = 32); caregivers did not want to have another inter-
net system in the house (n = 10); and caregivers felt they 
had to wait too long for the system to be set up (n = 4). 
Six patients agreed to participate but did not receive the 
smart-care intervention due to mortality (n = 1), moving 
to an institutional setting (n = 1), changed their decision 
due to fear of the potential harms of electromagnetic 
waves (n = 1), and difficulty in installing an internet web 
system at home (n = 3). The remaining patients with 
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dementia (n = 7) and hip fracture (n = 6) agreed to par-
ticipate and provided informed consent. However, one 
participant with hip fracture (S005) refused to use the 
smart-care system after agreeing to participate due to 
disruptions in the family while we attempted to install 
the home system. Therefore, this study reports the data 
for 12 participants who received smart-care, seven with 
dementia and five with hip fracture. Four participants 
with dementia were male; four had been diagnosed with 
very mild dementia, two with mild dementia, and one 
with moderate dementia. Of the five participants with 
hip fracture, four were female; all five were recovering 
from hip-fracture surgery.

Data collection
The research team and engineers met monthly to share 
and discuss problems encountered during installation 
and maintenance of the home system. Research nurses 
maintained a detailed record of each home visit, which 
included documentation of the problems participants 
had encountered using the system. Problems that were 
ongoing as well as those that had been resolved were 
recorded. Home care nurses documented feedback from 
family caregivers about challenges with the use of the 
smart vest and home sensors. Data for feedback from the 
caregivers were analyzed with thematic analysis to match 
the difficulties with the implementation problems.

Data analysis
Reports from home care nurses about the caregiv-
ers’ experiences with the home system were analyzed 
with thematic analysis [20], which aims to identify pat-
terns in the data to form emerging themes [21]. Data 
describing problems experienced were coded and ana-
lyzed according to group difficulties and problems with 
implementation. The coders included an experienced 
qualitative researcher and two geriatric nursing special-
ists. Data were initially coded independently, and the two 
researchers then compared findings until a consensus 
was reached. After notes obtained from the home nurse 
about the experiences of the 12th participant were ana-
lyzed, the two researchers noted that no new information 
or insights had been identified, and both agreed that sat-
uration had been reached with the 11th participant [22].

Trustworthiness
Trustworthiness of the analysis of the reports was 
ensured by four criteria for rigor: credibility, depend-
ability, transferability, and confirmability [23]. Credibility 
was enhanced by triangulation of data collected dur-
ing home visits with the records of the nurse research-
ers home visits. Dependability and confirmability was 
enhanced by maintaining an audit trail of the data col-
lection and analysis, and regular reviews of raw data, 

codes, and emergent themes, which were conducted by 
an outside panel of experts in gerontological nursing and 
qualitative studies. Transferability, which refers to the 
application of the findings, was enhanced through thor-
ough rich descriptions and contextual conceptualizations 
of the study results.

Results
Reports from the nurse researchers indicated three areas 
served as barriers to implementation: incompatibility 
with the home environment, errors in data transmissions, 
and inaccuracies in the data source. Field notes from the 
research team described the problems and what strate-
gies were employed to attempt to mitigate these barriers 
to the smart-care system. The problems and solutions 
employed to address these difficulties are summarized in 
Table 1. Details are described below.

Incompatibility
Incompatibility of the system differed for each home 
environment. However, one or more of the follow-
ing variables was a contributing factor, which required 
adjustments specific to each setting: lack of an internet 
system, an unstable internet system, dysfunctional wire-
less sensors, or incompatible location of sensors.

Internet set-up
Six participants (S003, S004, S008, T002, T006, T008) 
did not have a home internet provider (46.1%) when the 
study began. In addition, homes with an internet pro-
vider needed a fixed Internet Protocol (IP) address under 
privacy protection regulations, which required an appli-
cation to the provider. Although the engineer facilitated 
installment of an internet system where possible, and 
contacted the phone company on behalf of the family 
caregiver to explain why a fixed IP address was needed, 
resolving these problems required additional time from 
the engineer. In some instances (n = 3) it was not possible 
obtain an IP and a mobile hotspot was needed, which 
required the engineer to find a telephone carrier that was 
more reliable.

Unstable internet system
When the quality of the carrier resulted in instability of 
the home internet systems, we contracted with a more 
reliable commercial carrier or switched from a com-
munity provider to an independent provider. When the 
provider was a community service and the internet was 
unstable, we switched the family to an independent inter-
net provider. In four instances (participants S001, S003, 
T001,T002), three months after beginning the study, the 
home monitoring system failed due to a sudden loss of 
the fixed IP. Two of these participants (S001, S003) also 
experienced problems with the smart-home monitoring 
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system due to interference from other home utilities, 
and the fixed IP was re-set. Resolving these problems 
required extra visits from the engineer and research 
nurse, resulting in additional time.

Dysfunctional wireless sensor
Although the system was originally designed for wireless 
sensors to receive information from the smart vest, wire-
less transmission was blocked by the concrete walls in the 
home residence. This unforeseen difficulty was overcome 
by switching to hard-wired sensors.

Errors in data transmission
Errors in data transmission were the result of sensor 
accuracy, battery durability, and loss of electrical power. 
These errors included inaccuracies in data as well as a 
loss of data due to interruptions in transmission.

Sensor accuracy
Sensor accuracy was a problem for caregivers of persons 
recovering from hip-fracture surgery. If the person with 
hip fracture used a walker or a cane, the sensors under-
estimated the number of steps; this resulted in an inac-
curate assessment of changes in walking ability during 
recovery. This occurred for two participants (S004, S008) 
whose sensors did not detect any improvements in walk-
ing ability; a nurse researcher noticed the number of 
steps detected by the sensor and the actual steps taken 
was significantly different. It was determined that the 

small gait of these participants prevented sensors from 
obtaining an accurate count of steps. The parameters of 
the sensors were reset to accommodate the participants’ 
individual gaits, which resolved the problem.

Battery durability
Transmission was interrupted for four care receivers 
(participants S003, S007, S008, T008) because of battery 
failure. We solved this problem by purchasing a battery 
brand demonstrated in our initial monitoring to have 
the longest durability, changing the battery regularly in 
advance, and closing sensors for functions that were not 
currently being monitored.

Electrical power
Data for 12 participants was impacted by interruptions in 
or loss of electrical power. Data were lost for three par-
ticipants (S001, S003, S005) when the electricity was acci-
dentally turned off by a family member. Unfortunately, 
the loss of electricity caused a disconnection from the 
data center during a period of data transmission. Three 
participants (T002, S003, S004) were disconnected from 
the system when they removed their old vest, put on the 
second vest, and failed to attach the buckle correctly, 
which prevented completion of the circuit. The nurse 
researcher contacted the caregivers and instructed them 
to check the smart vest. For four other participants (S005, 
S008, T003, T006), data were not transmitted properly 
because the APP on the research nurse’s smartphone 

Table 1 Problems and solutions for the three barriers to implementation the home smart-care system
Barrier Problem Solution
Incompatibility Internet set-up Installation of service for those without a provider

Application for a fixed IP address
Stable telephone carrier for those needing a mobile hotspot

Unstable internet system Change of carrier
Re-set of IP address

Dysfunctional sensors Switched from wireless to hard-wired
Transmission errors Sensor accuracy Reset sensor parameters for hip-fracture patients

Battery durability Installed longer-life batteries
Timely battery changes
Disconnected sensors not in use

Loss of electrical power Remotely rebooted system;
Rechecked the system

 Accidental disconnection Visited home to determine cause; rebooted the system
 Smart vest not connected Nurse researcher alerted caregivers
 Smartphone APP error Engineer reconnected

Data inaccuracies Alarm thresholds
 Persons with hip fracture Created a formula to reset threshold during recovery
 Persons with dementia Adjusted threshold to indicate levels of high and low activity
Adherence to wearing vest Explained importance of wearing the smart-vest to provide 24-h data
Improper use of alarms
 Emergency button Emphasized the importance of using the button for emergencies only
 Door alarm Despite explaining the importance of the sensor, this was not resolved.

Incompatibility with the home environment; Transmission, errors in data transmission; Data inaccuracies, inaccuracies in the data source
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malfunctioned. The engineer resolved this problem by 
identifying and correcting the problem, re-establishing a 
connection with the network, and verifying that the sys-
tem was functioning properly.

Inaccuracies in the data source
The initial settings for the source of the data (the sensors) 
did not always align with real-life behaviors of the care-
givers and care receivers. The settings for alarm thresh-
olds, adherence to wearing the smart vest, and improper 
use of emergency alarms resulted in data that did not 
reflect the activity of the participants.

Alarm thresholds
The alarm thresholds needed to meet the needs of the 
care receiver and their caregiver, which differed for per-
sons with hip-fracture and PLWD. The initial settings for 
persons recovering from hip-fracture surgery were based 
on their health status on hospital discharge. Because the 
rate of improvement varied with the measurement as well 
as with each individual, some guidelines were needed to 
adjust the settings during recovery. To better estimate 
the settings for low levels (initial status) to high levels 
(recovery phases), the nurse researcher determined the 
threshold for activity level could be calculated using the 
mean of the average daily steps during the first week of 
home care, plus and minus one standard deviation (SD). 
The threshold was calculated the week before entering 
the home care program. During the recovery phase, as 
the activity level improved over time, the threshold was 
readjusted monthly. For PLWD, it was critical that the 
alarm be adjusted to indicate both high activity (possible 
agitated state) and low activity (possible illness).

Adherence to wearing the smart vest
Many participants were unwilling to wear the smart-vests 
on the schedule suggested. To enhance participant adher-
ence, the research nurse reminded family caregivers con-
tinuously about the need to the wear the smart-vest 24 h 
a day as often as possible. However, seven participants 
did not wear the smart-vest at night, preventing monitor-
ing of nighttime activities. The nurse researcher patiently 
explained to the participants and their caregivers the 
reason for wearing the smart-vest continuously, includ-
ing during the night. After hearing the explanation, two 
participants (S003, S007) agreed to wear the smart-vest 
at night; however, the other five refused, and did not wear 
the smart-vest at night during the entire study period 
(S004, S005, T001, T005, T007).

Improper use of alarms
Many of the care receivers (n = 8) accidently activated the 
emergency button (which was silent) and 36 non-emer-
gency calls were generated. To discourage non-emergent 

calls, the nurse researcher and home care nurse fre-
quently reminded family caregivers to discuss the use 
of the emergency button with the care receiver and to 
emphasize that it should only be pressed when needed. 
Most family caregivers chose not to activate the front 
door alarm. They explained that they did not think it was 
necessary because they believed the care receiver would 
not leave the house by themselves (S003, S005, S007, 
T001, T002, T003, T005, T006, T007, T008). Two care-
givers manually turned the alarm on or off when they felt 
it was needed (S001, S004). We emphasized that the sen-
sors would not transmit data if the care receiver left the 
home, however, this did not change the behavior of any of 
the caregivers.

Discussion
The STA home-nursing care program developed in this 
study used smart clothing in the form of a smart-vest 
with a remote monitoring system to enhance the quality 
of home nursing care. Smart-home technology transmit-
ted patient data from the smart-vest to home sensors on 
a daily, 24-hour basis. Data such as posture changes, day 
and night activities, and toilet frequency were used to 
establish a normal pattern of the individual’s daily living 
to help home care nurses and family caregiver become 
more aware of the individual’s cycles of activity and rest, 
detect atypical activities, and deal with them as soon as 
possible.

Two important features were established with our 
smart care system. First, compared with a smartwatch, 
the smart-vest not only measures the number of steps, 
but also calculates changes in the patient’s posture (sit-
ting, standing, lying) and changes in the angle of walking. 
Our solutions are useful for disabled persons with assis-
tive devices, as opposed to the smartwatch, which cannot 
be used due to monitor abnormal arm movements, or to 
analyze a patient’s gait during rehabilitation for hip frac-
ture (left and right swing angle). Second, the smart-vest 
makes it possible to continuously detect activity and pos-
ture over a long period of time.

This study is the first to report the difficulties encoun-
tered and the strategies employed to resolve the chal-
lenges of implementing a smart-care model for PLWD or 
recovering from hip fracture in a home setting. We found 
that the difficulties encountered in setting up this system 
could be categorized into problems with incompatibility 
of the home environment, interruptions in data transmis-
sion, and inaccuracies in data source.

Smart care has been used to help older adults remain 
in their homes for aging in place [24, 25] and for family 
caregivers [26, 27]. Our smart-care program is unique 
in that its focus was on the assistance it could provide 
to family caregivers. This included short-term benefits 
for family caregivers of an older person recovering from 
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hip-fracture surgery as well as long-term benefits for 
caregivers of PLWD. These findings expand on the diffi-
culties and challenges of providing smart home care for 
PLWD and older adults recovering from hip-fracture 
surgery [28, 29]. Similar to other smart-care systems, we 
encountered problems with battery durability, interrup-
tions during data transmission, and inaccuracies in data 
sources [27].

Care receivers were resistant to using the smart-vest 
and caregivers were not diligent about making sure sen-
sors were activated, which was a challenge when attempt-
ing to optimize the program for prevention of activities 
that might endanger the care receiver. The perception of 
whether a technology is useful has been demonstrated 
to impact a user’s reluctance to accept technology [30, 
31]. This reluctance can be explained by the theoreti-
cal framework of the Technology Acceptance Model 
described by Davis [29], which suggests that two factors 
determine acceptance: (1) perceived usefulness, and (2) 
perceived ease of use. Thus, the challenges from the mul-
tiple difficulties with the system may have prevented the 
participants from experiencing or understanding the use-
fulness of the system, and they certainly did not find the 
system easy to use. We are confident that resolving these 
difficulties will enhance acceptance of and adherence to 
the smart-clothing system in the future, as has been dem-
onstrated for another study [32].

Limitations
This study had several limitations. First, our small, con-
venience sample might limit the generalizability of our 
results. Second, we did not include patients’ and care-
givers’ feelings and opinions about the STA home-nurs-
ing care model, and we did not evaluate outcomes. This 
information has been analyzed and reported elsewhere. 
Lastly, we did not make long-term observations, prevent-
ing us from capturing situations that occurred later.

Despite these limitations, the results of this study can 
serve as a reference for future implementation of smart 
care in the home setting. We have learned that a stable 
internet connection with a fixed IP is crucial for setting 
up a smart-home environment. Therefore, selecting a sta-
ble internet carrier is not only critical for the stability of 
the smart environment, but is also important for reduc-
ing the time needed for system installation. Budgeting 
the cost of setting up new internet connections should be 
considered for all participants, even those with an exist-
ing connection. Finally, quantitative research studies with 
a large sample size should be conducted to better assess 
the functionality and usability of the STA program.

Conclusions
We developed an STA Home Nursing care program 
for PLWD and those recovering from hip fracture. Our 
model was characterized by a smart-vest with a remote 
monitoring system designed to detect behaviors such 
as getting up at night, staying for prolonged periods in 
the bathroom, immobility, leaving the house, and daily 
activity, based on number of steps taken per day. We 
encountered three main difficulties that were categorized 
as incompatibility of the system with the home environ-
ment, interruptions in data transmissions, and inac-
curacies in data sources. There was a wide variety in 
participants’ home settings and personal situations which 
were unique to each patient and their caregiver.

Many of the problems encountered were considered 
prior to conducting the study. However, despite our best 
efforts, unexpected problems occurred during the instal-
lation and implementation of the STA home care system. 
Theoretically, problems such as battery durability, sensor 
locations, and robustness of the wireless sensors should 
have been foreseen. However, real-word situations do 
not necessarily conform to one’s predictions. We were 
unable to predict how this system would draw on bat-
tery power, the presence of concrete walls in the homes 
and apartments of the participants, and the large pres-
ence of unreliable internet providers, and influence of a 
caregiver’s attitude towards complying with the protocol. 
Each of these difficulties had their own unique problems 
and strategies to resolve them, which can serve as ref-
erences for others when developing and implementing 
similar smart-care systems. We believe sharing this infor-
mation with researchers considering adopting this form 
of home-care assistance could speed up installation and 
reduce costs.
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