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Abstract

Background The role of visiting health services has been proven to be effective in promoting the health of older
populations. Hence, developing a web system for nurses may help improve the quality of visiting health services
for community-dwelling frail older adults. This study was conducted to develop a web application that reflects
the needs of visiting nurses.

Methods Visiting nurses of public health centers and community centers in South Korea participated in the design
and evaluation process. Six nurses took part in the focus group interviews, and 21 visiting nurses and community
center managers participated in the satisfaction evaluation. Focus group interviews were conducted to identify

the needs of visiting nurses with respect to system function. Based on the findings, a web application that can sup-
port the effective delivery of home visiting services in the community was developed. An artificial intelligence (Al)
algorithm was also developed to recommend health and welfare services according to each patient’s health status.
After development, a structured survey was conducted to evaluate user satisfaction with system features using Kano's
model.

Results The new system can be used with mobile devices to increase the mobility of visiting nurses. The system
includes 13 features that support the management of patient data and enhance the efficiency of visiting services (e.g.,
map, navigation, scheduler, protocol archives, professional advice, and online case conferencing). The user satisfaction
survey revealed that nurses showed high satisfaction with the system. Among all features, the nurses were most satis-
fied with the care plan, which included Al-based recommendations for community referral.

Conclusions The system developed from the study has attractive features for visiting nurses and supports their
essential tasks. The system can help with effective case management for older adults requiring in-home care

and reduce nurses'workload. It can also improve communication and networking between healthcare and long-term
care institutions.
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Background

As the burden of care increases with an aging popula-
tion, the demand for home-and community-based care
amplifies. The role of visiting nursing services is particu-
larly important for improving health equity because they
can identify the individual circumstances of vulnerable
older adults and connect them with the required health
and social care institutions in the community [1]. They
can provide customized care by making shared decisions
with patients over a long period of time, which can posi-
tively affect patients’ health [2]. Despite the differences in
healthcare systems, the positive effects of home visits on
enhancing functional independence and health-promot-
ing behaviors, and reducing hospital admissions among
older adults have been reported in Western countries
[3-5].

Recently, the integration of Information and Com-
munications Technology (ICT) with healthcare services
has received increasing attention for improving health-
care services. In 2012, the World Health Organiza-
tion (WHO) published the National eHealth Strategy
Toolkit to develop a national action plan for ICT-based
health policy formulation, monitoring, and evaluation
strategies [6]. Previous research showed that the use of
ICT in healthcare services can improve access to and
quality of services, promote patient-centered care, and
enhance efficiency in decision-making and communica-
tion between care providers [7, 8]. Although the use of
ICT is less common in home-care settings, attempts have
been made to develop web-based systems [9] or software
[10] to assist in patient assessment, data collection, and
planning interventions. Moreover, the implementation of
mobile technologies has diversified the service areas and
functions of home care services [11].

In South Korea, public health centers provide multi-
disciplinary visiting healthcare services through nurses,
doctors, and therapists based on the Regional Health Act
[12]. These services aim to raise public health awareness,
prevent diseases, and improve the self-management of
chronic conditions of community residents, especially
vulnerable populations [13]. Visiting healthcare services
provide a wide range of primary care services, which dif-
fer from those of hospital-based services that focus on
disease treatment and acute care. Visiting nurses provide
individual health interventions for high-risk groups (e.g.,
frail older adults living alone or individuals with multiple
care needs) and group education, conduct public health
campaigns for local residents, and link resources in the
community [14]. Visiting healthcare services in Korea
have been shown to be effective in the management
of hypertension [15], and improvement of frailty and
depressive symptoms in older adults [16]. As home-vis-
iting healthcare services have expanded, various projects
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reflecting regional differences in population characteris-
tics and care needs have been developed.

Visiting nurses at public health centers use an inte-
grated public healthcare information system (PHIS)
developed by the Ministry of Health and Welfare of
Korea. PHIS have enhanced work efficiency and reduced
costs by implementing electronic medical record sys-
tems in public health centers [17]. However, the system
is not without limitations despite several improvements
since 1994. It has been reported that it is difficult to share
information with medical institutions in the commu-
nity, and that improvements are needed to use the sys-
tem in mobile services [17]. Web-based systems using
mobile devices have the potential to facilitate home care
services, given the unique work environment of visiting
nurses who spend a high proportion of work time driv-
ing to the homes of patients [18]. Moreover, they need to
make autonomous decisions in accordance with patient
needs and effective work schedules to provide patient-
centered and timely care [19].

This study was conducted to develop a new web appli-
cation (“CARE-Net”) to enhance the quality and effi-
ciency of visiting healthcare services. The objective of the
study was to develop a platform that supports the care
management of visiting nurses and strengthens the link-
age and cooperation between public health centers and
healthcare organizations in the community. The platform
is intended for use with wireless devices, including tab-
let PCs. The results are expected to be used as basic data
for the development of smart visiting healthcare services
using ICT.

Methods

Study context

In 2021, there were 258 public health centers in every
city or district (“gun” or "gu”) in Korea. In some regions,
particularly rural areas, 1,342 branches of public health
centers and 1,904 public health posts have been operated
[20]. All visiting nurses working in public health centers
used the web-based PHIS to record patients’ health status
and interventions for each home visit. However, the PHIS
was intranet-based used by public health center employ-
ees with desktop computers at the centers.

Participants

The main users of the CARE-Net system are visiting
nurses working in public health centers. Due to the scar-
city of previous research, it is important to understand
the experience of visiting nurses working in the commu-
nity. Therefore, home-visiting nurses working in public
health centers in Korea participated in the design and
evaluation process. The nurses were recruited from pub-
lic health centers using purposive sampling methods, to
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select information-rich cases for our research context
[21]. The potential participants were recruited with the
cooperation of local governments and center managers.
The nurses with experience in visiting health services,
who agreed to participate, were included in the study.

Focus group interviews were conducted with six nurses
using a semi-structured questionnaire to understand the
nature of their work and their needs regarding the web-
based work system. These nurses were from centers in
Seoul, the capital city of Korea. After the system was
developed, 21 visiting nurses and managers from com-
munity centers in Chuncheon City participated in the
evaluation process. These centers were located in both
urban and rural areas. We invited nurses from all cent-
ers in the City and those who agreed to participate in
research were included. They attended training sessions
on the functions of the CARE-Net system before partici-
pating in the evaluation survey.

System development

The system development process is illustrated in Fig. 1.
We reviewed research articles and related documents
(e.g., work manuals and government reports) on visiting
nurse services and health information systems in Korea
and other countries. We conducted interviews with visit-
ing nurses to identify their work experiences and needs
regarding the features of the system to help them provide
effective care to patients in the community. The workflow
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for visiting healthcare services was identified. The pat-
terns of current system utilization and requirement of
system features were defined based on the interviews.
The PHIS data were analyzed to develop an artificial
intelligence (AI) algorithm for recommending services
linked to health and welfare [22]. The Al-based algo-
rithm in the system can assist nurses by recommending
appropriate service connections based on previous work
by senior nurses. Based on these findings, we developed
an integrative web application called CARE-Net that can
support the effective delivery of home-visiting services in
the community.

Additionally, in the development of our platform, we
prioritized data security and ethical considerations. To
protect patient data, we implemented multiple security
layers, including encrypted data transmission, secure
server hosting, and restricted access controls to ensure
that only authorized personnel access sensitive informa-
tion. Regular security audits and updates are standard
practice to uphold these high-security standards. Fur-
thermore, we required all potential users to sign a con-
sent agreement, acknowledging their understanding
and commitment to data privacy and ethical handling
of patient information. This agreement detailed their
responsibilities for maintaining confidentiality and ethi-
cal standards. For patient data, our platform features an
electronic informed consent process, enabling patients to
control the extent and recipients of their shared data.
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Fig. 1 The process of developing the system
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Evaluation of user satisfaction

We used the Kano model to evaluate user satisfac-
tion with CARE-Net features [23]. Although the Kano
model was initially developed to enhance the quality of
manufactured goods, it has also been applied to health-
care services [24—26]. The model employs a question-
naire to categorize each quality attribute. Questionnaires
were developed based on whether a feature was avail-
able (functional form) or not (dysfunctional form). An
evaluation table (Table 1) was used to categorize each
attribute into one of five quality dimensions: (O) one-
dimensional, (A) attractive, (M) must-be, (I) indifferent,
and (R) reverse. A questionable result (Q) denotes the
uncertainty regarding whether the respondent correctly
comprehended the question. The six quality attributes
are described as follows:

i. (O) One-dimensional quality: This quality factor
has a linear relationship with customer satisfaction,
which is satisfied when sufficient and dissatisfied
when insufficient.

ii. (A) Attractive quality: This quality attribute
increases customer satisfaction when sufficient but
does not cause dissatisfaction when insufficient.

ili. (M) Must-be quality: This quality attribute is taken
for granted; improving it does not make a differ-
ence to satisfaction, and its lack leads to dissatisfac-
tion.

iv. (I) Indifferent quality: This quality attribute does
not affect customer satisfaction.

v. (R) Reverse quality: This quality factor, if present,
lowers customer satisfaction.

vi. (Q) Questionable result: erroneous response due to
misunderstanding of questions.

Data analysis
Audio recordings from semi-structured interviews were
transcribed in Korean. Thematic analysis was conducted

Table 1 KANO evaluation table

Page 4 of 13

to identify themes related to nurses’ work experience and
need for a web-based work system [27]. The transcripts
were read several times to understand the implications
of the nurses’ experiences and system requirements, and
were coded for themes. The research team held regu-
lar meetings to compare and resolve differences in the
researchers’ coding. The results were validated through
discussions with the researchers and advice from nursing
researchers and visiting nurses.

After the development of the system, the participants
were included in a pilot project and completed the sur-
vey. Data from the user satisfaction survey were descrip-
tively analyzed based on the Kano model. Out of the
responses received from 21 visiting nurses in Chuncheon
City, a total of 15 were considered for analysis, as data
from 6 participants were incomplete in the satisfaction
survey. All statistical analyses of the satisfaction survey
were performed using SAS 9.3 (SAS Institute Inc., Cary,
NC, USA).

Results

Conceptualization of the system

The new “CARE-Net” system was designed for effective
patient health management considering the characteris-
tics of home visiting services. Until now, visiting nurses
could only use desktop computers in public health cent-
ers after home visits, which increased their workload. To
facilitate higher mobility, the new web-based system is
intended to be used with a tablet PC or mobile device.
Visiting nurses can review or record information, use
online educational materials in the patients’ homes or
while commuting between homes. The main users of the
existing PHIS were visiting nurses at public health cent-
ers. However, we expanded the user categories by includ-
ing healthcare workers in public health centers (e.g.,
doctors, social workers, nutritionists, and physical thera-
pists) and other institutions in the community (e.g., local
primary care doctors and welfare centers).

A feature is not available (Dysfunctional form of question)

1 like it Itmustbe |am neutral lcanliveit Idislike it
thatway that way that way that way
A feature is available (Functional form of question) I like it that way Q A A A Q
[t must be that way R | I I M
I am neutral R | I I M
I can live it that way R | | | M
| dislike it that way R R R R Q

2 A Attractive, O One-dimensional, M Must be, Q Questionable, R Reverse, | Indifferent
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Workflow of the visiting healthcare services

The workflow of visiting healthcare services was iden-
tified as follows: 1) Patient registration, 2) Home visit,
3) Initial evaluation of health conditions and socio-
economic status, 4) Case management (establishment
of care plan and provision of nursing intervention),
5) Nursing record, 6) (If necessary) Patient referral or
linkage with related health and care institutions in the
community, 7) End of visit. The PHIS user manual used
in public health centers was analyzed to identify the
main system functions related to each work stage. We
found that visiting nurses need to establish care plans
for each patient and work with multidisciplinary pro-
fessionals to ensure comprehensive case management.
On some occasions, the public health center refers the
patient to other healthcare institutions for further sup-
port. However, the PHIS lacks the ability to review or
document information related to each patient’s case
management. Moreover, it was not possible to share
information with other healthcare or welfare institu-
tions in the community through the system during
patient referral. Therefore, we decided that features
that support documentation of the care plan and infor-
mation sharing with related institutions were necessary
for the new system.

Focus group interviews

Based on the interviews, we analyzed the difficulties in
using the PHIS and provided suggestions for improve-
ment according to the workflow (Table 2). Before the
visit, the nurses registered the patients, made reser-
vations, and collected basic patient information. Par-
ticipants reported that the current work system was
not efficient in obtaining patient information because
they could not access other social databases through
the system. Additionally, it was difficult to organize,
search for, and register patient information because
visiting healthcare services often target economically
disadvantaged families and the current system col-
lected household data. However, nurses reported the
need to obtain individual patient data for effective case
management.

Moreover, the previous work system did not record
detailed patient information before registration or
results from telephone interviews. The need for a user
interface (UI) that allows convenient scheduling and
organization of patient lists according to the visit date
and patient characteristics was identified. Some nurses
suggested that including an online calendar in the appli-
cation would assist in effective scheduling. They also
wanted to record patient information instantly in the
work system.
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“I wish I could click on it and see the list. [When
I click] my region and my name, those who are in
their 60s, appear [in the system], but it would be
nice if the list, not the number of household mem-
bers, was also displayed. (...) I have to count how
many people I have, but I hope my performance is
shown with my name in the system by month. I feel
very uncomfortable when counting this for monthly
performance statistics.”

Regarding the home-visit phase, nurses found it dif-
ficult to coordinate complex schedules with multiple
patients and carry heavy bags of medical supplies and
educational materials. They felt there was a lack of time
to provide health education in patients’ homes. There-
fore, they wanted a platform that could be used with
wireless devices. They wanted various educational mate-
rials (e.g., documents, pictures, and videos) for patients
to be included in the system. Moreover, they wanted to
check the schedule, patient addresses, and maps (naviga-
tion functions) through the system.

“I carry a blood pressure monitor, a diabetes moni-
tor, an anemia monitor, and a cholesterol monitor,
when necessary, in my bag. Cancer patients need
something like porridge, and I also need a tape
measure, a hand dynamometer, a weight scale,
handbooks, and these days everyone has to wear a
mask as well. And hand sanitizer (...) I also carry
a laptop with me. It's a bit big and heavy, it’s old. I
carry a laptop and some device for connecting Wi-Fi,
and I also carry a mat to put under the weight scale,
so I really have to carry a lot”

In terms of health assessment, the nurses reported the
burden of paperwork related to patient health survey
forms. They wanted simplified forms that included the
essential content. They also felt that the questionnaires
did not sufficiently include items related to patients’
medical histories, and some assessment forms had not
been updated to reflect the actual workflow. In terms
of nursing plan, the participants reported the need for
functions to support its establishment and recording.
Additionally, they felt the need for more interactions
with other healthcare professionals through the system.
Moreover, they wanted to establish a visit plan according
to their own diagnosis and record detailed information
in a narrative form. They typically write detailed narra-
tives related to patients and interventions in the "service
record” because it is the only function that allows narra-
tive writing in the system.

“Questions like do you walk for more than 10 min-
utes?” Mostly we ask a lot of questions. ‘Do you
engage in an intensive exercise?” or do you exercise
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vigorously?, like this. It would be nice if I could ask
just one or two simple questions about exercise”

“I spend a lot of time writing service records. I write
long and in detail on the service record. When I meet
a person a second or third time, I know that person
and I simply check their safety. But when I first meet
someone, I write down everything, from head to toe.
Because it is not like hospitals where I see people
lying down every day, and if I saw a person today, no
matter how soon I meet them, I'll meet them again
in a week. You can even see them one or two months
later”

After the visit, nurses recorded the results of the home
visits and nursing interventions. Currently, nurses spend
a considerable time recording this information on com-
puter systems after returning to office. They required a Ul
based on a mobile device that could be used during home
visits or while commuting. Additionally, they required a
function to upload pictures or specific documents related
to the patients. They reported the need for a function
that provides statistical analysis based on patient infor-
mation (e.g., basic tables and graphs).

“You cannot upload an X-ray picture of an indi-
vidual and the progress of that person in the system
because I cannot leave it as a public document. I
felt a bit sorry about that. When we have a medical
certificate or something like an X-ray picture, some-
times we want to upload those files”

When necessary, nurses refer patients to community
resources such as primary health clinics and welfare
centers. Currently, they must rely on personal efforts to
obtain information and cooperate with community insti-
tutions. It takes time to send a service request by fax or
mail and it is difficult to receive responses from institu-
tions. They suggested that the system should provide
information on various medical and social resources in
the community. Moreover, they wanted new features that
could help with case management and link with other
institutions in the community.

“We just have to find the resources on our own. It
would be good for the system to show those resources.”

“This is not something that can be solved all at once,
so I explain the situation to the person in charge.
But there are a lot of patients who are in ambiguous
situations. There are many people who do not meet
the standard but still need care. (...) It's not just by
calling again, I should call several times. It takes a
bit of time when we prepare all the required docu-
ments, such as a request form, and send them as offi-
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cial documents to outside institutions. It takes a lot
of time to link one person, but no matter how much
time and effort into it, we cannot leave a record of
everything about them.

The visit typically ends when the patient moves to
another region, receives national long-term care benefits,
or dies. However, some patients return to the center to
receive services several years after the end of visit. Par-
ticipants reported difficulties in reusing patient data
when the patient was reregistered for the program. The
registration process needed to be repeated, which led to
duplicate data. They felt the need to reuse patient data
when visits resumed. Additionally, they felt the impor-
tance of coordinating and linking appropriate health and
social care services for frail older patients when the visit
ended because those who receive long-term care insur-
ance services have various care needs.

“For one or two years after we register a person, I
won'’t have to meet the patient if there is no health
problem, and the visit ends. It kept going like this.
Then, after another 2 to 3 years, we might meet them

»

again as they get older; then, we register them again.

“If the address remains..You can see where the
patient went only if social workers wrote it down in
the database. (...) Sometimes, it seems that patients
went to a long-term care hospital located nearby.
However, I cannot search for it unless it was recorded
[in the system]”

System features

Considering the difficulties in using PHIS and the sug-
gestions for improvement derived from interviews, this
study developed 13 system features (Table 3). The key
aspects of the system design and its features are shown
in Fig. 2. The CARE-Net system, a web application, was
developed to function on mobile devices, such as tablets
and smartphones. CARE-Net consists of two UI parts:
one for patient data input and output and one for nurses’
convenience during the visit.

The patient data input/output system includes sub-UIs
centered on patient list. The list provides brief personal
information, such as name, gender, and address. When
a patient’s name is clicked, it links to sub-Uls, including
the main screen, basic information, scheduler, care plan,
case management, and nursing records for the patient.
The patient’s main screen provides records of the recent
nursing visits and health status. The care plan is a UI that
helps create a specific nursing visit plan based on health
problems automatically derived from nursing records.
In particular, the care plan is equipped with an Al-based
linked service recommendation system. An algorithm for
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Table 3 User interface and various features in CARE-Net system
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Category Description

Change of system

Mobile-based system

Basic information input unit

Changes of user interfaces for visiting nurse

Dashboard
Patient list

Main screen

Basic information

Scheduler for each patient

Care plan

Nursing record

Case management

Scheduler

Map and Navigation
Care protocol

Care coach

CARE-Net utilizes a tablet to write down patient information, conduct case conferences, and connect
services to partner organizations while visiting and on the go

CARE-Net converts the basic information input unit from the family to the individual patient

Ul for visiting nurse’s schedules, accessing patient’s records, checking visiting location, and navigation
on one screen

Ul for that includes patient’s name, gender, address, contact information, registration date, last visit
date, and registration status on one screen

Ul for checking the phone call history of pre-registration subjects, classifying service group,
and setting visit cycle according to the nurse’s clinical judgment. In addition, it provides a chart
of the patient’s recent major health problems and recent health status

Ul for recording patient’s basic information, such as name, address, and date of birth. Pre-registration
is available only with name and contact information for efficient patient management before official
registration

Ul for setting the schedule for home visits and phone visits, and the information is linked together
with the calendar and navigation

Ul that can set nursing plan and goals according to each patient’s major health problems based
on the nurse’s clinical judgment. It can also create an integrated nursing plan that includes an Al-
based linked service recommendation system

Nursing record forms were developed to simplify the low-priority questionnaires in the clinical field
and enable nurses to plan visits according to their clinical judgment. Moreover, detailed instructions
are provided on the nursing record form to assist low-skilled nurses with performing therapeutic
interventions according to standardized guidelines

Ul that supports case conferences with the integrated health care team, makes online referrals,
and receives responses from affiliated institutions. When writing a new post on this Ul, a notification
is provided to the designated people through Kakao Message

Ul for scheduling nurses' daily work. It is possible to record additional schedules such as official meet-
ings as well as home and phone visit schedules for each nurse. In addition, the to-do list provides
a summary of each day’s work so that nurses can see it at a glance

Ul that displays the visit locations (as spots on a map) in the schedule for the current day and provides
navigation from the current location to next when the spots are clicked

Ul that provides various manuals and educational materials for using the CARE-Net system, nursing
intervention, and linking medical and social welfare services

Ul where external expert advisory teams (university professors, nurse practitioners, senior nurses,
etc.) provide constant advice on patient care and work. When questions and answers are registered,
a notification is provided to the designated people through Kakao Message

Added user interfaces for linked institute
List of patients requesting linkage

Ul displaying the list of patients for whom the visiting nurse has requested a health and welfare ser-

vices referral. When a new referral request is registered, a notice is sent via Kakao message

List of patients to be linked

Ul showing a list of patients who have accepted the request for health and welfare service referrals

from the visiting nurse. If the request is accepted, all patient records, including care-plan, nurs-
ing records, case management, and care-coach, can be viewed. However, the affiliated institution
only has the authority to create and edit the case management Ul

recommending services within and outside public health
centers has been developed to activate linkages and coop-
eration within the community. Based on patient informa-
tion recorded in the system, the algorithm recommends
various programs and services implemented by public
health centers, local clinics, welfare centers, and long-
term care centers in the community.

The case management Ul helps users create online
case conferences with multidisciplinary teams and send
online documents for referral and responses to medical,

social welfare, and administrative agencies. The Uls for
visiting nursing support provides features including
maps and navigation, calendars and schedulers, proto-
col archives, professional nursing advice, and community
diagnosis. The UI of protocol archives, called the care
protocol, provides various manuals and educational
materials for nursing intervention and medical and social
welfare services. Through the care coach Ul, questions
can be asked to a professional coaching team composed
of multidisciplinary professors and senior visiting nurses
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Dashboard

Managing daily schedules and
efficient movement route at a
glance

Care protocol
Online material

Providing various online
educational materials for
visiting nurses and patients

Case management
Referral/Response

Submission of referral form to
an institution with cooperative
relationship and receiving a
reply on the requested result

Note
When/Wherever

Free to write on any page in
the CARE-Net system when
you need to note something

Patient page

Registration & intervention

Managing patient visit cycle
and checking health condition
on one page. Providing
improved nursing record forms

Case conference

Online meeting room for
care-team members
Sharing information with care

teams inside and outside the
public health center

Fig. 2 Example images and descriptions of main functions in the system

during patient care and answers can be obtained online.
Additionally, the system has a feature for issuing alarms
through mobile phone message. CARE-Net also supports
an online tool for nurses’ community diagnosis and sta-
tistics based on patient information.

Examples of the system usage

CARE-Net can be used to manage frailty and chronic
diseases in older adults and for community network-
ing through mutual referrals with health and social care
institutions (Supplementary file 1). The system includes
a tool that automatically calculates a score to deter-
mine frailty status. Users can check a patient’s frailty
score using the main dashboard. It aims to assist nurses
in identifying frail elderly patients and establishing care
plans for them. In chronic disease management, patients
with uncontrolled hypertension and diabetes are tar-
gets of service provision. When local primary care clin-
ics refer patients to visiting nurses, nurses can conduct
health surveys, establish care plans, and conduct home
visits using CARE-Net.

Furthermore, the referral system can be improved
by using CARE-Net. In South Korea, older adults aged
65 years or above can receive services through the
national long-term care (LTC) insurance after applying
for a needs assessment conducted by the National Health

Insurance Service (NHIS). Visiting nursing services at
public health centers do not cover those who received
LTC grades from the NHIS because public health cent-
ers focus on preventive services. In LTC institutions, vis-
iting nursing services based on a doctor’s prescription
are covered by national LTC insurance. Because many
patients are unfamiliar with these policies, nurses at pub-
lic health centers can refer patients with LTC grades to
LTC institutions.

Evaluation of the system

Satisfaction with the system’s features was surveyed
among nurses participating in the pilot project. As shown
in Table 4, more than half of the nurses had high satisfac-
tion with all features. Especially, the "care plan" equipped
with Al-based linked service recommendations showed
the highest satisfaction. Table 5 lists the service quality
dimensions based on the Kano model for each CARE-
Net system feature. All the functions were evaluated as
one-dimensional quality features. The "map and navi-
gation" feature showed the same response rate for one-
dimensional and attractive qualities. In addition, the ‘case
management’ feature, which enables one to make online
referrals and support case conferences, also recorded a
higher attractive score compared to other features. These
results indicated a strong preference among the nurses
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Table 4 Simple satisfaction results of CARE-Net system features

(N=15)
Question Positive
response, n
(%)
Mobile-based system 10 (66.7)
Dashboard 8(53.3)
Patient list 10 (66.7)
Main screen 10 (66.7)
Basic information 11(73.3)
Scheduler for each patient 11(733)
Care plan 14 (93.3)
Case management 12 (80.0)
Nursing record 9 (60.0)
Scheduler 12 (80.0)
Map and navigation 11(733)
Care protocol 11(73.3)
Care coach 12 (80.0)

2The proportion of the response of I like it that way’and ‘It must be that way'in
the functional form of questions

for features that facilitate efficient home visits and effec-
tive communication and management of patient care.
However, other features, including the mobile-based sys-
tem, schedulers, care protocols, and care coaches, were
identified as natural quality factors, integral to the nurses’
work. It was observed that these components, while nec-
essary, did not significantly enhance overall satisfaction.

Discussion

In this study, we developed a new mobile health-
care system that addresses the needs of visiting
nurses. We focused on the three key requirements of
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mobility, timeliness, and connectivity in the develop-
ment of CARE-Net. It is a web application through
which nurses can input and manage patient data
onsite through mobile devices. An online referral and
response system is implemented in it to enable timely
referrals and connections between medical, social
welfare, and administrative agencies. Furthermore,
various features have been developed to help visit-
ing nurses, including maps, navigation, schedulers,
protocol archives, professional nursing advice, and
online case conferences. In the evaluation of system
satisfaction, most nurses showed high satisfaction. In
particular, the care plan with Al-based connected ser-
vice recommendation showed the highest satisfaction
among all features.

Mobile health (mHealth) technology combines
mobile communication and computing in a handheld
device, enabling mobile computing in the field. Mobile
applications have been developed for, and used by,
medical professionals in various fields, such as hospital
information systems (HIS), disease diagnosis, and clini-
cal communication [28]. The CARE-Net is an infor-
mation system with a format similar to that of HIS. It
has been designed to record nursing data online dur-
ing home visits and to provide access to previous nurs-
ing records. However, developed as a web application,
CARE-Net overcomes the limitations of the PHIS [17].

CARE-Net enables online conversations with col-
leagues and provision of multimedia texts. Unlike
traditional clinical applications, it is focused on multi-
disciplinary collaboration with experts in various dis-
ciplines. Active communication with experts outside
the center informs decision-making, leading to bet-
ter patient outcomes. Previous studies have shown

Table 5 Quality features of CARE-Net system features based on Kano's model (N=15)

A M (o} 1 R Q
Mobile-based system 3(20.0) 3(20.0) 7 (46.7) 2(133) 0(0.0) 0(0.0)
Dashboard 3(20.0) 3(20.0) 5(33.3) 4(26.7) 0(0.0) 0(0.0)
Patient list 1(6.7) 3(20.0) 9(60.0) 1(6.7) 0(0.0) 1(6.7)
Main 1(6.7) 2(13.3) 9 (60.0) 2(13.3) 1(6.7) 0(0.0)
Basic information 1(6.7) 1(6.7) 10 (66.7) 2(13.3) 1(6.7) 0(0.0)
Scheduler for each patient 2(13.3) 16.7) 9 (60.0) 3(20.0) 0 (0.0) 0(0.0)
Care plan 4(26.7) 0(0.0) 9 (60.0) 1(6.7) 0(0.0) 0(0.0)
Case management 5(33.3) 1(6.7) 7 (46.7) 1(6.7) 1(6.7) 0(0.0)
Nursing record 2(133) 3(20.0) 7 (46.7) 2(13.3) 1(6.7) 0(0.0)
Scheduler 4(26.7) 0(0.0) 7 (46.7) 3(20.0) 0(0.0) 1(6.7)
Map and navigation 5(33.3) 2(133) 5(33.3) 2(13.3) 0(0.0) 1(6.7)
Care protocol 4(26.7) 2(13.3) 6 (40.0) 2(13.3) 0(0.0) 1(6.7)
Care coach 4(26.7) 0(0.0) 7 (46.7) 2(13.3) 0(0.0) 1(6.7)

@ A Attractive, M Must be, O One-dimensional, / Indifferent, R Reverse, Q Questionable result
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that a multidisciplinary approach effectively improves
patients’ frailty status, health, and quality of life [29, 30].

Furthermore, the Al-based recommendation algo-
rithm developed in this study can facilitate effective
linkage services by providing lists of available com-
munity resources and care policies. A previous study
reported that tasks linked to community resources,
such as social welfare and clinical services, showed the
lowest confidence and job performance among nurses
[31]. In the satisfaction survey results, the positive
response rate for the care plan with Al-based recom-
mendations was the highest among all CARE-Net fea-
tures. Additionally, the results revealed the difficulties
in connecting with community resources for visiting
nurses working in public health centers.

System requirements have been developed based on
individual and focus group interviews with visiting
nurses working in local communities. To develop an
effective work system, it is crucial to meet the needs
of system users. Qualitative methods provide effective
ways to engage stakeholders in health research, such
that a greater perspective is gained from the in-depth
experiences and opinions of the participants [32]. Addi-
tionally, it allowed the involvement of the end-users
throughout the development and evaluation processes.
For instance, the need for a map function and the use
of mobile devices reflect the nature of visiting care
services that require high mobility. Moreover, nurses’
need for system functionality that supports case man-
agement and community linkages was also identified,
leading to the development of our Al-based recom-
mendation algorithm.

Based on Kano’s quality attributes, all features of
CARE-Net were evaluated as one-dimensional quality
attributes. Only the map and navigation feature had the
same score for attractive and one-dimensional quality
attributes. A one-dimensional attribute is a performance
requirement that users typically demand and expect
from the proposed service [26]. These results suggest
that the presence of most of the features was associated
with maintaining user satisfaction, and that the absence
of these features may lead to dissatisfaction. The attrac-
tive quality attribute has the most significant impact on
user satisfaction. Its presence provides great satisfaction;
however, satisfaction does not decrease if it is not met
[23]. Therefore, attractive requirements differentiate our
service from the others. These results demonstrated that
the CARE-Net system successfully supports the essen-
tial tasks of visiting nurses and, at the same time, has the
attractive features. Because nurses spend a substantial
amount of time on patient visits, the map and navigation
connected to the daily patient visit schedule may unex-
pectedly increase their satisfaction.
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Limitations

The CARE-Net system provides evidence for future
research on smart healthcare systems for visiting ser-
vices. However, this study has some limitations. Although
the pilot project was conducted with the cooperation
of city officials, the number of participants was limited
because each center had only one nurse. Home visits
by nurses may have been limited due to the effects of
COVID-19. Considering the regional differences in work
environments and care policies in Korea, further evalu-
ation of the system with visiting nurses from different
regions is needed.

Conclusions

This study identified visiting nurses’ need for an effective
ICT system that enhances the efficiency of visiting health
services. The results of system evaluation suggest that the
CARE-Net system meets their needs by providing fea-
tures tailored to visiting services. This system could help
in the effective case management of community-dwelling
older adults. This would also reduce nurses’ workload
and enhance effective referrals between healthcare and
LTC institutions.
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