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Abstract

Background: In aglobal context, the shortage of nursing personnel has emerged as a significant challenge, particularly in
countries such as China experiencing population aging. The inadegquacy of nursing human resources has become one of the
primary threats affecting the quality of health services available to Chinese residents. Therefore, forecasting the demand for
nursing personnel has become an important issue.

Objective: Thisstudy presentsaGray GM (1,1) forecasting model for predicting the future 10-year demand for nursing workforce
and the number of specialized geriatric nurses, aiming to provide a scientific basis for the development of policiesin health care
institutions in China.

Methods: Based on data from the China Statistical Yearbook 2022, the Gray GM (1,1) model was used to predict the demand
for nursing jobs and geriatric nurses over the next 10 years (2024-2033).

Results: The resultsindicate that from 2024 to 2033, amidst a continuous growth in the overall population and an increasingly
pronounced trend of population aging, the demand for nursing workforcein China, especialy for specialized geriatric nurses, is
projected to steadily increase.

Conclusions: The paper provides a reference basis for the establishment of China's health care workforce system and the
involvement of government departments in health care workforce planning.

(Asian Pac Isl NursJ 2024;8:€59484) doi:10.2196/59484
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nursing human resource; nursing manpower; Gray GM (1,1) model; forecasting; nursing

: health coverage and the UN Sustainable Development Goals.
Introduction Following this, in 2022, the “National Nursing Career
Heslth human resources are an essential foundation for ~Development Plan (2021-2025)" [3] issued by China'sNational
achieving universal health coverage and the United Nations Health Commission explicitly expressed the crucid role of
Sustainable Development Goals[1]. In 2016, the World Health  NUrsing human resource planning in achieving universal health
Organization (WHO) released the “ Global Strategy on Human ~ COVerage and sustainable development goals. Therefore, the
Resources for Health: Workforce 2030” [2] with a vision to  COMPrehensive promotion of high-quality nursing development

strengthen health systems to ensure equitable access to health and theimprovement of the populati_on’s health Ievel_ areamong
workforce services and accelerate progress toward universal the primary development goalsof China'sfuture medical system.
In China, registered nurses [4] are individuals who have
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completed relevant nursing professional education, obtained a
nursing qualification certificate, and are registered and legally
licensed to practicein medical institutions, including hospitals,
health centers, community health service centers, clinics, and
nursing homes. Asdirect providers of medical nursing services
in China, registered nurses have always been an indispensable
part of Chinese medical ingtitutions, playing a key role in
ensuring patient health and medical safety, and contributing
significantly to advancing the construction of health
development goals worldwide [5]. Despite increasing attention
and implementation of measures such as improving
remuneration and optimizing career advancement pathways to
prevent the loss of nursing human resourcesin recent years, the
issue of nursing staff shortage and uneven distribution in China
has remained prominent [5].

Registered nurse density per 1000 population [5] refers to the
number of registered nurses per 1000 permanent residents,
indicating the availability and capacity of health care services
within aparticular country or region [6]. A higher valueimplies
better assurance of public health needs in that area. The “2020
World Nursing Report” [7] highlights significant disparitiesin
nurse supply among countries. According to WHO statistics,
Sweden has the highest number of nurses per capita globally,
with 21.67 nurses per thousand people [8]. Norway follows
closely with 18.35 nurses per thousand people or more, while
the United States and Japan have 15.69 and 12.7 nurses per
thousand people, respectively [8]. Conversely, China'sregistered
nurse density stands at only 3.56 nurses per 1000 population,
revealing a notable gap compared with the developed nations
[9]. In addition, the increasing trend of aging population in
China has indeed brought about a growing pressure on the
demand for health care services [10]. In 2021, the population
aged 65 years and older in China accounted for 14.2% of the
total population, indicating adoubling of the proportion of older
individuals from 7% to 14% over 21 years. It is projected that
by 2050, the population aged 60 years and older in China will
increaseto 478.9 million. With the increasing proportion of the
older adult population in China, the demand for caregiving
servicesis correspondingly rising [11].

In previous studies, it has been widely reported that an increased
presence of registered nurses significantly improves patient
outcomes and playsacrucia rolein ensuring patient safety [12].
However, in recent years, some scholars have raised concerns
regarding this viewpoint. They argue that an excessive number
of nurses could lead to additional expenses for health care
institutions and wastage of manpower [13]. Some studies even
indicate acorrelation between an excessive allocation of nursing
staff and poorer quality of care[14]. Such as Park’s Optimized
Nurse Staffing (Sweet Spot) Estimation Theory emphasizesthe
crucial balance between nursing quality, cost, and staffing levels,
making a significant contribution to enhancing the effectiveness
of health care workforce planning [15]. As widely known,
effective health care workforce planning drivesthe establishment
of resilient and sustainable health care systems [16], with
workforce demand forecasting playing a crucial role in health
care workforce planning [17]. Therefore, to clarify the current
status of nursing human resource allocation in China, further
seeking the balance point between nursing quality, cost, and
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the level of nurse staffing, it is essential to conduct accurate
forecasting and analysis of the future demand for nurses in
China. It is worth noting that Park et a [18] suggested
integrating mathematical programming into nursing research
to assist nursing leaders and managers in determining optimal
nurse staffing and composition. Consequently, adopting
mathematical models to predict the demand for nursing
personnel is highly feasible.

Currently, many scholars in health care research use
mathematical models and agorithms for predictive purposes.
The methods are mainly divided into 3 categories: first, machine
learning models for demand prediction, such as the study by
Vollmer research team in 2021, which developed a machine
learning—based model to predict emergency department demand
[19]; in 2022, Soltani et a [20] used deep machine learning
modelsto predict the demand of patients with end-stage cancer
at home. Second, time series models, such as using time series
analysis to investigate depression rates during the COVID-19
crisisin Peru [21]; Zhang et al [5] used time series analysisto
assess the impact of the “ National Nursing Development Plan”
on the nursing human resources in China, concluding that the
implementation of the plan significantly expanded the scale of
nursing human resources and optimized allocation efficiency.
Third, the use of hybrid models, such as Chung devel opment
of a dynamic model to forecast the demand for cancer nurses
over the next decade [17]. Human resources for nurses are
influenced by various external and internal factors, such as
economic conditions, industry development trends, and
environmental changes, aswell asorganizationa strategic goals,
business requirements, and talent adjustment policies [22].
Therefore, nurse workforce forecasting requires flexibility and
adaptability, aiming for rapid and accurate predictions through
simple meanswhenever possible. The aforementioned machine
learning models, time-series models, and hybrid models have
demonstrated good predictive performance. However, they
generaly require large amounts of historical data and involve
complex processes. Although data accumulation on nursing
human resourcesin Chinahas been relatively extensiveto date,
nurse workforce dynamics are influenced by various factors
such as national policies and socioeconomic conditions.
Consequently, historical data accumulated over the long term
may not be applicable to the current situation. Therefore, there
is a need to identify a model that does not rely on extensive
data. Fortunately, the Gray GM (1,1) model [23] provides a
structurally simple and widely applicable mathematical
forecasting model, using a small amount of data to forecast
within an unknown required data range. Due to its high
predictive accuracy, good performance, and convenience, the
Gray GM (1,1) model has been widely applied in fields such
as construction, ecological environment, and the medical
industry [23], especially during the COVID-19 crisis, with many
scholars applying it to COVID-19 prediction and achieving
outstanding results[24]. In terms of human resource forecasting,
relevant studies can be traced back to 2007 when Lin et al [25]
used the gray model to forecast the long-term demand and
supply of nursing staff in Taiwan, showing good results.
However, as the data included in this study are limited to the
Taiwan region, it is not applicable to predict the nursing
workforcein mainland China. Therefore, building upon previous
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research, this study usesthe latest datato construct a Gray GM
(1,2) model for forecasting the demand for nursing positionsin
mainland China over the next 10 years. Furthermore,
incorporating current social development trends, an analysis of
the forecast resultsis provided.

Methods

Data Source

The research object was registered nursing talent resources per
thousand people in China. Data were extracted from the China
Statistical Yearbook 2022 [26] from which the total population
and registered nurse numberswere collected from 2008 to 2021,
and the registered nurses per thousand population were
calculated.

Procedures

First, we used Excel 2019 to enter and process the raw data and
used descriptive statistical methodsto study the dynamic trends
of registered nursing talent resources per thousand people in
China. Subseguently, the Gray GM (1,1) model was applied to
model the registered nursing talent resources per thousand
population, and the model was used to forecast the demand of
these resources over the next 10 years. In addition, we have also
forecasted the demand for geriatric nursesin China. Finally, we
used the MATLAB 2023 software (MathWorks Inc) to design

Wu & Kang

amodel program for fitting and prediction, and the accuracy of
the predictions was eval uated.

Ethical Consider ations

All procedures in this study are conducted in accordance with
the guidelines of our ingtitutional ethics committee and the
principles of the Declaration of Helsinki. Since all data are
extracted from public databases, informed consent is not
required for the use of these data. All research results will be
reported accurately and truthfully, and the confidentiality and
security of the data will be ensured. This study has been
approved by the Ethics Review Committee of the School of
Medicine, Wuhan University of Science and Technology (ID
2024097), for both the study and the entire research protocol.

Results

The Development of Nurse Practitionersin China
From 2008 to 2021

According to the data from the “China Statistical Yearbook
2022 [26],” as shown in Table 1, the total number of registered
nurses in China has been increasing annually from 1,678,091
in 2008 to 5,019,422 in 2021, with an average annual growth
rate of 8.14%. The number of registered nurses per thousand
peoplein the country increased by 2.29, with an average annual
growth rate of 7.64%.

Table 1. Development of the number of practicing nurses per 1000 national population from 2008 to 2021.

Year Total population (unit: 10,000 persons) Number of registered nurses (unit: person) Number of nurses per thousand population
(unit: person)
2008 1,32,802 16,78,091 127
2009 1,33,450 18,54,818 1.39
2010 1,34,091 20,48,071 153
2011 1,34,916 22,44,020 1.66
2012 1,35,922 24,96,599 1.85
2013 1,36,726 27,83,121 2.04
2014 1,37,646 30,04,144 2.20
2015 1,38,326 32,41,469 2.37
2016 1,39,232 35,07,166 254
2017 1,40,011 38,04,021 2.74
2018 1,40,541 40,98,630 294
2019 1,41,008 44,45,047 3.18
2020 1,41,212 47,08,717 3.34
2021 1,41,260 50,19,422 3.56

Population Forecast in China

Congtruction of Chinese population Gray GM (1,1), the
prediction model. Take the population humber from 2008 to
2021 asthe original sequence:

@

@
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Step 1: First accumulation of raw data XO:
@]
(@)

Step 2: Neighborhood mean generation was performed on the
sequences after cumulative generation. Neighborhood mean
generation is an equivalence time series, and new data are
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generated with the average construction of adjacent data. Set
the newly generated neighbor mean sequence Z, yielding:

@]
)
Step 3: Construct data matrix B and data vector Y:

@
4

Step 4: Calculate the development coefficient & and the Gray
System residual |
El
©)

Calculation results indicate that: 4=—0.0051 52132807.551

Step 5: Establish a model to solve the time-response function
and predict it.

Thewhitening equation under the Gray GM (1,1) mode! “X©(K)

+aZW=b"is
El

Wu & Kang

(6)
Step 6: Generate the model:

]
(7

Step 7: Find the generated sequence prediction value! = @(ic+ 1)
and model reduction values B ©O(k+1): Bring k=0,1, 2..., 14
into the mode! to calculate X®, among them take [ @(1) =
J®(1)=132802, got by the formula : |ZOk+1)=

|3 O 1)-X Dk
E]
®

Calculate the simulated values.
Step 8: Evaluation of the model-fitting effect.

Using MATLAB 2023 software, the fitting results were tested
using the posterior difference test method. Inthe gray prediction
model of the national total population, the posterior difference
ratio C valuewas 0.0226, and the small probability error P value
was equal to 1.000. Table 2 shows that the model has high
accuracy and a good fitting effect.

Table 2. Evaluation table of posterior difference ratio and probability of small error.

Predicting rank accuracy P value Cvalue
Good 2.95 <35
Qualified 8,.95 35,5
Manage with an effort 7,.8 .5, .65
Unqualified <7 >.65

Step 9: Model prediction

The established model can predict the total population value
for the next decade (2024-2033).

Population-to-Nur se Ratio Prediction

To predict the number of registered nurses per thousand
population, Gray GM (1,1), model, input model code, and annual
datawereinput into the MATL AB software, and the model was
established as follows:

]

C)

https://apinj.jmir.org/2024/1/e59484

The posterior difference ratio C value was 0.005, and the small
error probability P value was 1.000, with a better model
accuracy level.

Forecast Results of Nurse Demand Under the Total
Population

The above prediction results for the future population size
population-nurse ratio were added into the formula: demand
for registered nurses in a certain year = population forecast
(10,000) 10 predicted number of nurses per 1000 population to
obtain the number of demandsfor registered nurse resourcesin
the next 10 years (Table 3). As can be seen from Table 3, the
Gray GM (1,1) model predictsthat by 2032, thetotal population
will exceed 1.5 billion, the population of nurses per 1000 people
will reach 8.357, and the demand for registered nurseswill rise
to 12.58 million.
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Table 3. Forecast results of total population and demand number of nurses between 2024 and 2033.

Year Population measurement (unit: 10,000 Number of nurses per thousand population  Nurse requirements (unit: person)
person) (unit: person)

2024 144503.493 4.574 66,09,590
2025 145244.674 4.932 71,63,467
2026 145989.656 5.318 77,63,730
2027 146738.460 5734 84,13,983
2028 147491.104 6.183 91,19,375
2029 148247.609 6.666 98,82,185
2030 149007.993 7.188 107,10,695
2031 149772.279 7.751 116,08,849
2032 150540.484 8.357 125,80,668
2033 151312.629 9.011 136,34,781

Demand Forecast Results of Nurses Under the Trend
of Population Aging

Our study investigates the aging population trend in Chinain
recent years, which has shown asignificant shift toward an older
demographic structure. Population aging is recognized as a
crucia factor that influences the demand for nursing
professionals in our country [10]. In light of this, we used the
Gray GM (1,1) model and analyzed data from the China
Statistical Yearbook 2022 to predict the future numbers of the

older adult population and the corresponding demand for nurses
in the age group from 2024 to 2033 in China. The detailed
forecast results are shown in Table 4. In 2033, the older adult
population in China can reach 350.39 million, the number of
nurses per 1000 older adult population is nearly 9, and the
requirement of geriatric nurses reached 31,33,882. Owing to
the slow growth of the older adult population from 2008 to
2018, the predicted total older adult population is likely to be
underestimated.

Table 4. Forecast results of total older adult population and demand of nurses from 2024 to 2033.

Year Total older adult population (unit: 10,000 Number of nurses per thousand older adult Requirements of geriatric nurses (unit:
person) population (unit: person) person)
2024 22704.306 4.544 10,31,684
2025 23825.734 4.899 11,67,223
2026 25002.553 5.282 13,20,635
2027 26237.498 5.695 14,94,226
2028 27533.441 6.14 16,90,553
2029 28893.394 6.619 19,12,454
2030 30320.519 7.137 21,63,975
2031 31818.133 7.695 24,48,405
2032 33389.719 8.296 27,70,011
2033 35038.929 8.944 31,33,882

Visual Analysisof the Demand Proportion of Geriatric
Nurses

By using the prediction data generated through the gray model
constructed in the paper, we can conduct acomparative analysis
between the demand for geriatric nurses and the total demand
for nursesin the next decade, as shown in Figure 1. From Figure
1, it can be observed that the demand for geriatric nurses in
China is projected to steadily rise over the next 10 years. By
the year 2024, the demand is estimated to be more than 1.03
million, and by 2033, it is anticipated to reach more than 3.13
million. This growth trend is primarily attributed to the aging
population in China and the increasing demand for older adult

https://apinj.jmir.org/2024/1/e59484

care services. Furthermore, a more in-depth analysis reveals
that the proportion of geriatric nurseswithin the overall demand
for nurses is increasing annually from 2024 to 2033. In 2024,
geriatric nurses constitute around 10% of the total, while this
proportion is expected to rise to 20% by 2033. This indicates
that in the coming decade, the role of specialized geriatric nurses
in Chinas nursing workforce will become increasingly
significant. In conclusion, the demand for geriatric nurses in
China is projected to steadily increase over the next decade,
with their proportion within the nursing workforce rising
annually. To address this trend, it is imperative for China to
enhance the training and education of geriatric nurses to meet
the growing demand for older adult care services.
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Simultaneously, attention must also be given to the overall
expansion of the nursing workforce to ensure the quality and

Figure 1. The proportion of geriatric nurse demand from 2024 to 2033.

Wu & Kang

coverage of health care services.

M Total demand of nurses (Unit:person) M Number of nurses required by the geriatric profession (Unit:person)
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16000000
14000000
12000000
10000000
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6000000
4000000

2000000

2024 2025 2026 2027

Discussion

Principal Findings

The research findings indicate that from 2008 to 2021, the total
number of registered nursesin Chinaexperienced arapid overall
growth rate, with an average annual growth rate of 8.14%. The
number of registered nurses per thousand popul ation increased
from 1.27 to 3.56. Based on the forecast results from Tables 3
and 4, under the gradual increase in the nurse-to-population
ratio, by 2033, the number of registered nurses per thousand
population in Chinais projected to reach 9.01, and the number
per thousand older adult population could reach 8.94,
approaching the current number in the United States. However,
it should be noted that the growth in nurse numbers is aso
influenced by certain external factors not accounted for in this
model, potentially introducing bias into the forecast results.

The Total Workforce of Nursesin China Is Steadily
Increasing, Yet There Remainsa Shortage Compared
With the Demand for Medical Services

In recent years, with the support of the government and
collaboration among health departments, the nursing industry
in China has experienced rapid development and achieved
significant outcomes. By the end of 2021, the proportion of
registered nursesin Chinawith agraduate degree had increased
to 0.3% (14,900/5,019,422) [5]. The proportion holding
bachelor’s degrees has risen to 34.2% (17,16,645/50,19,422),
and the proportion of those with university education has
reached 47.2% (23,69,168/50,19,422) [5]. However, despite the
improvement in the quality of nursing talents, the scarcity of
nursing professionals in China persists. Currently, the total
number of registered nurses in China exceeds 5.2 million, but
the ratio of registered nurses per thousand peopleis only about

https://apinj.jmir.org/2024/1/e59484
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3.7, below the WHO's recommended standard of 5 nurses per
thousand people. According to the “Healthy China 2030”
planning outline [27], it is projected that by 2030, China will
need 4.7 registered nurses per thousand people, indicating a
need for nearly 2 million more nurses to fill this gap.
Furthermore, factors such asthe aging popul ation in developing
countries and the rapid increase in the number of patients with
chronic disease will not only increase the demand for nursing
care but also worsen the severe shortage of nursing professionals
[28]. Thereisasignificant gap in the number of nursesin Ching;
therefore, it is necessary to formulate relevant guiding policies
and coordinate the planning of the devel opment of the nursing
profession in China to meet the growing demand for clinical
nursing services among the population.

The Population Aging Trend Increases the Demand
for the Geriatric Medical Care Service M odel

As China seconomy and society continueto devel op, population
aging has become an inevitable trend [10]. According to this
study’s predictions, by 2033, China's older adult population
will reach 360 million, with a demand for 3 million nurses in
the older adult care sector. Compared with younger individuals,
the nursing needs of older adults are diverse and multilayered,
requiring higher comprehensive qualities from geriatric nurses
[29]. Therefore, nurturing geriatric nursing personnel has
become a focal point in the development of the nursing
profession. However, despite the severity of the aging society,
there still exists alack of relevant training in geriatric nursing
within the nursing profession. For instance, a study by Nawagi
et a [30] revealed that almost no courses on geriatric nursing
knowledge or improving care capabilitiesfor older patientswere
incorporated into nurses' training at all levels. Thisringsaarm
bellsfor Chinato advance the devel opment of geriatric nursing.
Strictly spesking, we should focus on addressing the deficiencies
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inthe nursing field and promote the comprehensive devel opment
of geriatric nursing to meet the needs of an aging society. In
addition, it is suggested to optimize the existing medical nursing
service model and vigorously devel op long-term care and home
care service models that can meet the nursing needs of older
adults, promoting collaboration among disciplines such as
nursing, rehabilitation, medicine, and social work, and
continuously enhance the skill levels of clinical caregivers to
meet the diverse care needs of the older adult population [31].

Exploring New Approaches Actively to Promotethe
Development of Nursing Education in China

Undoubtedly, there is a strong link between education and
human resources [32]. High-quality education provides a solid
foundation for the development of nursing human resources. In
recent years, numerous studies have highlighted the role of
nursing education in addressing nursing shortages, and
governments worldwide have actively implemented various
measures to develop nursing education in response to the
shortage of nursesin their countries [22]. The development of
computer and software technology offers infinite possibilities
for nursing practice, and we must adapt to and embrace teaching
methods that are relevant to the new generation [33]. The roles
of virtual reality technology and artificial intelligence in
fostering nursing students’ cognition and skill mastery have
been further confirmed, and their development in the education
sector is receiving increasing attention [34,35]. However, for
many researchers and educators, they still remain quite novel
and unfamiliar [35]. Therefore, we recommend that health
institutions and educati on departmentsincrease investment and
support for new technologies such as artificia intelligence in
nursing education, comprehensively elevatethelevel of nursing
education and practice in China, and better meet society’s
demand for nursing talent [36]. Second, moreover, according
toastudy in China[37], only asmall percentage of high school
students are willing to pursue nursing education. This low
professional recognition undoubtedly exacerbates the shortage
of nursing professionals. The research also indicates that in
China, nurses’ roles often depend heavily on doctors, inevitably
leaving the public with stereotypical impressions such as
“mechanical” and “hectic,” which significantly diminishes the
professional identity of nursing [37]. Therefore, it isimperative
to promote the reshaping of the nursing profession’s image,
enhance public awareness regarding the societal stature of
nurses, and attract more talents to the field of nursing.

Statistical Prediction Provides Strong Evidence for
Optimizing the Resource Allocation in the Health
Industry

Statistical forecasting [38] applies statistical principles and
methods to predict and analyze future trends and devel opments
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within specific domains. By collecting data and using
appropriate statistical models, forecasters can predict future
trends and provide scientific evidence for decision-making. Its
characteristics include objectivity, scientific rigor, and
forward-looking perspective [23]. This study uses the gray
model to forecast the demand for nursing personnel in China,
estimating the overall trend and quantity of future nursing
personnel based on limited historical data. Compared with other
forecasting methods, the gray model requires less data, thus
offering broad application prospects in manpower forecasting.
However, gray models are relatively adept at handling linear or
approximately linear relationships. Considering this, we suggest
that in practical applications, adjustmentsand corrections should
be made to the predictive results based on real-world
circumstances. In the future, thismodel can be further optimized
in terms of data processing and parameter optimization to
enhance overall accuracy [23].

Conclusions

The study proposesagray forecast model to predict the nursing
manpower demand in China over the next 10 years, with a
specific focus on the projected quantity of geriatric nursesamidst
the trend of population aging. Our findings underscore the
immediate need for health care and educational organizations
toimplement improvement measuresto bridge the gap between
the supply and demand for nurses. In addition, we have
identified the future required number of nurses, providing a
reference basis for governmental involvement in health care
workforce planning.

Limitations

Similar to many studies, this research also has its limitations.
The study exclusively uses a gray model to forecast the overall
nursing demand in China, without considering the impact of
geographical disparities on nursing resource allocation. Given
Chind's vast geographical expanse, there are significant
differences in nursing resource distribution among regions.
Developed areas may have higher levels of nurse manpower
resources than impoverished regions, which could lead to
inaccuracies in the forecasting results due to regional
imbalances. In addition, factors, such as low birth rates, nurse
migration, and the increase in patients with chronic disease,
also significantly influence nursing demand. Therefore, future
research will explore the impact of these factors on nursing
manpower and continue to refine relevant models for precise
forecasting.
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Abstract

Artificial intelligence (Al) is reshaping health care, including nursing, across Asia, presenting opportunities to improve patient
care and outcomes. This viewpoint presents our perspective and interpretation of the current Al landscape, acknowledging its
evolution driven by enhanced processing capabilities, extensive data sets, and refined algorithms. Notable applicationsin countries
such as Singapore, South Korea, Japan, and China showcase the integration of Al-powered technologies such as chatbots, virtual
assistants, data mining, and automated risk assessment systems. This paper further explores the transformative impact of Al on
nursing education, emphasizing personalized learning, adaptive approaches, and Al-enriched simulation tools, and discusses the
opportunities and challenges of these developments. We argue for the harmonious coexistence of traditional nursing values with

Al innovations, marking a significant stride toward a promising health care future in Asia.

(Asian Pac |l NursJ 2024;8:e55321) doi:10.2196/55321

KEYWORDS

machine learning; ML ; artificial intelligence; Al; algorithm; predictive model; predictive analytics; predictive system; practical
model; deep learning; ChatGPT; chatbot; nursing; nurse; nursing education; personalized education; Asia

Introduction

Artificial intelligence (Al) is generdly defined as a
machine-based system that can make predictions,
recommendations, or decisions to influence rea or virtua
environments based on human-defined objectives [1]. These
systems—including branches such asrobotics, machinelearning,
deep learning, and natural language processing—can imitate
human cognitive functions such as reasoning, learning, and
decision-making [2,3]. Over theyears, Al has made significant
advancements based on improved computer processing
capabilities, accessto large data setsfor training, and algorithm
designs[4]. Al-based technol ogies such as Al-powered decision
support systems and Al-powered monitoring systems have been
widely adopted by health care systemsto improve patient care,
enhance efficiency, and reduce costs [5,6]. Nurses are at the
forefront of this revolution. Al can augment nurses abilities,
thusimproving patient outcomes and increasing clinicians' and
patients' satisfaction [7-10].
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The adoption of Al innursingin Asiaisvaried but isagrowing
trend in the region. This viewpoint discusses our multifaceted
perspectives on the use of Al in nursing practice and education,
with a specific focus on Asian countries. It isimportant to note
that this paper is not intended to be a systematic review of the
topic but rather aims to highlight developing trends and
prospectsin the field.

Applications of Al in Nursing

Applications of Al in Nursing Practice and Research

The introduction of Al in nursing in Asia, asin other parts of
the world, began to gain prominence in the late 20th century
and continued to evolve over the years; however, the specific
timeline for the first use of Al in nursing in Asia can vary
depending on the region and health care ingtitution (Table 1).
Some Asian countries, particularly those with advanced health
care systems and a strong focus on technology, may have
adopted Al in nursing earlier than others. Regions such as
Singapore, South Korea, Japan, India, and China have embraced
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Al-powered chatbots and virtual assistants, revolutionizing
nursing practice and education, and addressing basic health
queries[11-14].

Asshownin Table 1, in practice and clinical research, Taiwan,
South Korea, Japan, Singapore, and China have demonstrated
significant advancements in the integration of Al. In Taiwan,
data-mining techniques have significantly enhanced the
prediction of nursing issues, while an electroencephalogram
classification algorithm has greatly improved seizure monitoring.
Hu et a [15] developed an inpatient pressure injury prediction
model with animpressive 87.2% recall rate, benefiting high-risk
patients. In South Korea, the automated sepsis risk assessment
system (Auto-SepRAS) hasexcelled in categorizing sepsisrisk,
emphasizing its continuous monitoring value. Al-driven tools
have effectively reduced hospital-acquired pressure ulcer rates
and intensive care unit stays [16]. Additionally, recent studies
in South Korea used machinelearning—based analytical methods
and natural language processing to accurately predict adverse
drug reactions [17], pressure injury staging [18], and improve
hospital data management capabilities [19]. Japan’s focus on
advanced health care analyticsis evident through the works of
Nakatani et al [20] and Kawashima et al [21], which leveraged
natural language processing and machine learning to predict
hospital inpatient falls (area under the receiver operating
characteristic curve of 0.834) and needs of cancer patientsin
palliative care, respectively. A study in China used machine
learning—based analytical methods for the early detection of
deliriumin children with critical illnesses[22]. These examples
illustrate the remarkable progress in Al integration in nursing
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across these Asian countries, contributing to improved patient
care and safety.

The application of Al-based triage systems in health care
facilities and Al-powered telemedicine can further improve
access to health care for those who live in remote and
conflict-affected areas[23-25]. A research group in Turkey used
machine learning to assess pediatric pain to help address patient
needs and experiences in clinical practice [26]. Despite the
potential benefit of integrating Al into nursing practice to
improve patient care and health care delivery, research in this
area in developing countries is currently limited, and more
studies are needed to explore the feasibility, acceptability, and
effectiveness of Al-based solutions in rea-world nursing
settings.

A bibliometric analysis and science mapping study on Al
research in nursing revealed that China has published 89 papers
and that Japan and Korea each published 19 papersin thisfield
among Asian countries [27]. In addition, a multinational
collaboration network focusing on Al research in nursing has
been formed, encompassing nations in Asia such as Japan,
Thailand, India, China, Korea, and Singapore. However, the
study lacked instances or a comprehensive examination of how
Asian nations are implementing Al technology in the nursing
domain, and it also failed to address the consequences of such
technology on nursing practice and education. Theselimitations
underscore the necessity for increased region-specific research
and deliberate global cooperation to optimize the use of Al
technology in the nursing domain within Asian nations.
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Table 1. Examplesof artificial intelligence (Al) in nursing practice and research across Asia.
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Authors, year, and country Study type Al features Al feature description  Application in Key findings

nursing

Aydinand Ozyazicioglu[26], Primary research; L2(CNNg?) Deep-learning models  Postoperative pain - ML closely matched children’s

2023, Turkey observation study for visual dataanalysis, assessmentinchil- self-reported pain scores,

using layersto automat-  dren demonstrating potential for
ically learn and extract clinical application
features from images

Back et a [16], 2016, South  Primary research Al-powered Al isusedtoanalyze  Sepsisrisk assesss Auto-SepRAS demonstrated

Korea sepsisrisk as-  patient dataand predict  ment moderate predictive power for
sessment sys-  the likelihood of sepsis early sepsisidentificationin
tem (Auto- hospitalized patients
SepRAS)

Hu et a [15], 2020, Taiwan  Primary research ML (decision ML algorithmstomake Inpatient pressure  The random forest model was
tree, logistic  predictionsand classifi- injury prediction  the most accurate with key
regression, cations based on data identified risk factors, including
random forest) skinintegrity and systolic blood

pressure

Jeon et a [17], 2020, South  Primary research Tempora-dif- Combining aspectsof  ApR< Employing temporal-difference

Korea ference Monte Carlo methods learning for analyzing ADRs
methodinrein-  and dynamic program- from nursing notes offers
forcement ming promise for drug safety
learning surveillance

Kawashimaet al [21], 2024, Primary research ML (XG- ML agorithmbasedon Specidist pallia= The predictive model showed

Japan Boostd) gradient boosting used  tive care needs potential to replace traditional

for classificationand ~ prediction screening tools, with high accu-
regression tasks racy inidentifying palliative
care needs

Kim et a [18], 2023, South  Primary research CNN Deep-learning models ~ Pressure injury The CNN model improved the

Korea for visual dataanalysis staging accuracy of pressureinjury

staging decisionsamong health
professionals

Khan et a [24], 2019, Perspective DHIS2®, Theuseof Al and ML  Health dataware-  Bangladesh integrated fragment-

Bangladesh EHR' big da- inmedical hedthrecord house, EHRS, ed health systemsinto aunified
@ AI’ ML software workforce strategy  digital health platform, advanc-

' ing national health care deliv-
ery and planning

Lel et a [22], 2023, China Primary research ML (XG- ML agorithmsbased  Delirium predic- ~ The XGBoost model was the
Boogt, logistic - on gradient boosting tioninpediatricin-  best performer for early predic-
regression, tensive care tion of deliriumin criticaly ill
random forest) children

Nakatani et a [20], 2020, Primary research NLPYand ML NLPfocusesonthein- Predicting inpa- High accuracy in predicting in-

Japan teraction between com- tient falls patient falls using nursing

puters and human lan- records with NLP and ML
guage; ML involves techniques
prediction agorithms
Shi et a [27], 2023, global Bibliometric analy-  Various Al Not applicable Genera nursing Rapid growth in publications
(including Asia) sis technologies practice and citationsin the field of Al

innursing, highlighting key ar-
eas such as nurse rostering,
nursing diagnosis, decision
support, and big data manage-
ment; developed countries|ead
in publications and collabora-
tion

3\ L: machine learning.

BCNIN: convolutional neural network.

CADR: adverse drug reaction.

dx GBoost: extreme gradient boosting.
®DHIS2: District Health Information Software 2.

*EHR: electronic health record.
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INLP: natural language processing.

Applications of Al in Nursing Education and Patient
Support

As shown in Table 2, in nursing education, the integration of
Al promises improved learning outcomes and an overall
elevation in the quality of training by allowing personalized
learning experiences [28-30]. Through intricate algorithms,
educational content can be tailored to resonate with individual
student needs, accounting for their unique strengths, weaknesses,
and learning styles. This ensures content delivery in a manner
most conducive to comprehension and retention. Adaptive
learning allows students to assimilate knowledge at their own
pace, optimizing their educational journey. Engaging and
interactive modules instill genuine enthusiasm in learners,
fostering an environment conducive to in-depth exploration and
understanding [31,32]. Moreover, simulation tools enhanced
by Al capabilities revolutionize hands-on nursing training,

https://apinj.jmir.org/2024/1/e55321
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providing safe and controlled environments for students to
practice and refine their skills. Real-time feedback within these
simulations allows for immediate correction and learning that
are instrumental in building clinical confidence [33-37]. The
specific integration of Al in nursing education in Asiaisvaried
by country and ingtitution. Nevertheless, it is increasingly
recognized as a valuable tool for improving the quality of
education and for preparing nursing students for the complex
health care environment.

While some countries such as India, Pakistan, Bangladesh,
Turkey, and Afghanistan may face limited resources and
infrastructure, several attempts have been made to develop
low-cost, culturally tailored Al technol ogiesto improve patient
care, optimize workflow efficiency, and enhance clinica
decision-making (Table 2). Examples of such Al applications
in these countries include the implementation of Al-powered
chatbots for patient education and support [23,38].
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Table 2. Examplesof artificial intelligence (Al) in nursing education and patient support across Asia.
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Authors, year, and country Study type Al features Al feature description Applicationinnursing  Key findings
Nurse education and provider training
Chenetal [31], 2022, China Primary re- Chatbot Al program designedto  History-taking instruc-  Identified a need for chat-
search simulate conversation tion program bot-based history-taking
with human users instruction to provide more
practice and feedback op-
portunities
Liao et a [8], 2015, Taiwan Primary re- BPN@ AN- BPN isamachine-learn- Support decision-mak- Al can assist in accurately
search; case AP ing model that learnsby  inginnursing; generate  generating nursing diag-
study adjusting its connections nursing diagnoses noses with an agreement
based on errors. ANFIS rate of up to 87% between
combines neural net- system suggestions and
works and fuzzy logic to nurse-made diagnoses.
learn and make decisions
from data.
Liaw etal [37],2023, Singa- Primary re- Al invirtua  UsingAl tocreaterediss Sepsiscareandinterpro- Virtual reality simulations
pore search: RCT®  redlitysmula-  ticandinteractivevirtual fessional communica-  with Al-powered doctors
tion environments, enhancing tion training were effective for sepsis
the user’s experience team training without infe-
rior outcomes
Castonguay and Lovis[30], Reflectionarti- ChatGPT A language model devel- Nursing education, re-  ChatGPT could revolution-
2023, Canada cle oped by OpenAl de- search, and practice ize nursing education by
signed to understand and supporting students’ learn-
generate human-like text ing, improving digital liter-
based on the input it re- acy, and facilitating critical
ceives thinking. Despite potential
biases and limitations, it
can serve asatool for re-
search, teaching, and sum-
marizing complex docu-
ments. Itsintegration re-
quires collaboration to es-
tablish competencies and
ethical guidelinesfor Al
usein nursing
Patient education and support
Cheng et al [32], 2023, Tai- Primary re- Al chatbot Al program designedto  Peritoneal dialysiscare TheAl chatbot significant-
wan search; interven- simulate conversation ly improved patient satis-
tional study with human users faction and reduced infec-
tion rates
Castonguay etal [29],2023, Comparative Al A technology that en- Al maturity inhealth 109 OECDY countriesare
global (including Asia) study ables machinesto mimic care systems at theemerging level of Al

human intelligence, al-
lowing them to learn,
reason, and make deci-
sions

maturity in health care.
Only the United States and
the United Kingdom have
achieved the integrated
ecosystem level, indicating
mature, collaborative Al
usein health care. The
study underscoresthe need
for adaptabl e, context-spe-
cific Al strategiesfor
health care across different
countries.
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Authors, year, and country Study type Al features Al feature description Applicationinnursing  Key findings
Castonguay et al [28], 2024, Editorial Al language  Systemsthat use Al to  Headlth caredigitaliza= Al language models have
global (including Asia) models understand and generate  tion significant potential toim-
human-liketext based on prove decision-making and
the data they have been patient engagement in
trained on health care. Challengesin-
clude ensuring reliability,
transparency, and ethical
use. The new journal sec-
tion aimsto explore,
showcase, and address
these challenges.
Park et al [19], 2024, South  Primary re- NLP® Focuseson theinterac-  Patient interaction, Enhanced communication
Korea search tion between computers  health records manage-  andimproved datamanage-
and human language ment ment capabilities
Simsek-Cetinkayaand Kar-  Primary re- Interactive A digital tool that lets Breast self-examination Al simulation increased
aveli Cakir [38], 2023, search; interven-  screen-based  users engage with simu-  training student satisfaction but
Turkey tional design simulation lated scenarios on a was less effective than
screen, alowing them to standard simulation for
practice skills or experi- teaching skills
ence situations
Wang et al [23], 2022, India Primary re- Al chatbot Al program designed to  Sexual and reproductive  The chatbot engaged users,
search; interven- simulate conversation health education particularly young men,
tional study with human users providing a private space

for discussing sensitive
health topics

3BPN: back-propagation neural network.

bANFIS: adaptive neuro-fuzzy inference system.

®RCT: randomized controlled trial.

doECD: Organisation for Economic Co-operation and Development.
ENLP: natural language processing.

Challenges of Al in Nursing Practice in
Asia

While Al promises to revolutionize health carein Asia, it also
presents several challenges. A primary concern is the lack of
consistent standards and regulations for Al tools. This lack of
standardization can lead to patient safety issues, particularly if
devicesfrom different manufacturers do not integrate smoothly
or yield inconsistent results [39]. Biases embedded within Al
algorithms are another significant concern. If the training data
for these algorithms do not represent diverse populations, the
Al systems might produce discriminatory or unegual outcomes.
Such biases could exacerbate existing health care disparities or
introduce new ones, thus challenging the equity and fairness of
care delivery [40].

Ethical challenges—particularly related to data privacy and
informed consent—are also paramount. As the health care
industry increasingly relies on vast data sets, ensuring data
security and transparent usage is crucial. Addressing patient
autonomy and consent for data usage is of utmost importance.
Moreover, disparities in resources and infrastructure across
Asia’s vast landscape can hinder uniform Al adoption. While
urban health care centersreadily adopt Al, rural areas may face
challenges such as outdated equipment or inconsistent internet
connectivity. Finally, the integration of Al necessitates an
educational shift for nurses, emphasizing a balance between
clinical knowledge and technological skills[41-44].

https://apinj.jmir.org/2024/1/e55321

Theuse of an Al-powered chatbot in nursing education presents
some challenges. One of the foremost challenges is the need
for adequate infrastructure and resources to implement Al
technologies effectively. Many educational institutions may
face financial constraints or lack the technical infrastructure
required for seamless Al integration. Additionally, there are
concerns related to the appropriate and ethical use of Al in
education, including issues of data privacy, bias in Al
algorithms, and transparency in decision-making processes.
Educators and institutions must also address the potential
resistance to change among faculty members and students who
may be unfamiliar with Al-based tools and systems. Balancing
the human touch and critical thinking skillsthat are sointrinsic
to nursing with the technological advancements in Al poses
another challenge, as this requires a thoughtful approach to
curriculum design and the development of Al-enhanced
educational content that aligns with nursing practice.

Furthermore, while some Al-powered dialogue systems (eg,
ChatGPT, Microsoft Bing Al, Google Gemini) have the potential
to enhance nursing education by providing instant access to
information, facilitating virtual simulations, and offering
personalized learning experiences, there are concernsregarding
their potential misuse. Growing concerns are related to students
becoming overly dependent on Al-generated responses along
with the risk of misinformation or inaccurate guidance because
these systems lack access to up-to-date evidence-based
knowledge or clinical expertise[29,34,44]. In nursing education,
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wherecritical thinking, empathy, and clinical judgment arevital,
overrelianceon Al could inadvertently undermine these essential
skills.

Introducing Al integration in nursing in Asia presents severa
challengesthat are rooted in resource constraints, technol ogical
infrastructure disparities, data privacy concerns, cultural
acceptance, resistance to change, education and training gaps,
the need for ethical and legal frameworks, language diversity,
and integration with existing health care systems. Resource
limitations often hinder investmentsin Al technology and staff
training, while disparities in technological infrastructure and
connectivity across regions can hinder access to advanced Al
tools. Developing robust data-protection regulations and
cybersecurity measuresis essential to address privacy concerns.
Overcoming cultural and traditional health care practices, as
well as ensuring that Al is embraced by both health care
providersand patients, requires athoughtful approach. Education
and training are crucial, as health care professionals need
specialized training to effectively use Al tools. Developing
ethical guidelines and legal frameworks, aswell as addressing
the issues related to language diversity and the seamless
integration of Al with existing systems, are complex but
necessary steps to ensure successful Al adoption in nursing

Lukkahatai & Han

across Asia. Despite these challenges, many Asian countries
are actively working to overcome these barriers, recognizing
the potential benefits of Al in nursing for improving patient
care, increasi ng efficiency, and enhancing health care outcomes.

Summary and Prospects

In summary, the advent of Al is indicating a significant
transformation in the field of nursing across Asia. Embracing
these innovations necessitates the recognition of the enduring
importance of the human touch and empathy within the
profession. When effectively integrated, Al can complement
and coexist with the core values of traditional nursing, paving
the way for a harmonious and promising future in health care.
Despite our interpretation of current evidence and perspective
of therole of Al in nursing practice and education in Asia, this
is not a systematic review. The limitation of this viewpoint is
that the potential lack of comprehensive data specific to Al use
in nursing across all Asian countries, the depth of analysis and
generalizability of findings, and cultural and contextual
differences across countries may not be fully captured to shape
our perspectives. These limitations highlight the need for a
follow-up systematic review paper and further research.
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Abstract

Nurses play a key role in providing in-hospital care to patients. Worldwide, there has been a shortage of nursing staff, putting
enormous strain on the existing nursing workforce physically and mentally. A vicious cycle of demanding workplaces exacerbated
by perennial shortages leads to attrition and high staff turnover. A centralized, automated infusion pump monitoring system
optimizes and augments nurses’ performance in the hospital by cutting down on nurse visits to the patient’s bedside for every
matter, whether significant or insignificant. This viewpoint intends to highlight that by filtering out the noise effectively, nurses

can focus on improving patient outcome-ed interventions and enhancing the quality of care.

(Asian Pac Isl NursJ 2024;8:€60116) doi:10.2196/60116
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Introduction

A centralized, automated infusion pump monitoring system
(PMS) isadynamic mechanism that integrates multipleinfusion
pumps into a central location, such as a nurse station. By
generating aerts, infusion pumps with drug libraries from dose
error-reduction systems can warn nursing staff about potential
prescribing, calculation, and programming errors. The pumps
are equipped with hard limits (ie, disallow bypass and prevent
the start of theinfusion) or soft limits (ie, warn of outside range
parameters but permit usersto start theinfusion). Drug libraries
can be customized according to institutional needs and can be
classified based on care areas, specific patient groups, or body
weight configurations. The system can help improve patient
safety, comfort, and outcomes by ensuring accurate and timely
administration of treatments and preventing treatment-related
adverse events[1].

https://apinj.jmir.org/2024/1/e60116

RenderX

Thisviewpoint focuses on nursing challengesin general wards,
the PMS, and the key outcomes from a survey conducted at a
multispecialty hospital in Thailand.

Nursing Challenges in General Wards
and PMS Utility

In a general ward, patients are generally conscious, and the
alarm originating from infusion pumps may disturb patients,
create unwanted anxiety, and incur additional nursevisitstothe
patient’s bedside [2,3]. Responding to each alert and distress
cal warrants nurse visits for visua checks, which is
time-consuming and physically demanding and enhances
cognitive stress[2,3]. Thiswas aso found in the survey, which
is discussed later. Nursing as a profession is beset with a
stressful environment [4-7]. The exhaustion is both physical
and mental. Work exhaustion compounded by the stressful job
of handling emergencies and responding to distress calls and
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alarmsfor multiple patientsin ageneral ward could take aheavy
toll on the state of the personal health of nurses. We have
demonstrated the state of affairsin a hospital’s general ward,
whereby anurse hasto manage multiple patients. If the process
ismanual, it leadsto physical exertion, stress, and exhaustion.
Asillustrated in the left-hand side of Figure 1, a nurse makes
an investigative visit to the patient's bed upon registering
distress calls (orange arrow) and then returns to the central
station (black arrow). After finding a solution, the nurse makes

Chindamorragot et a

another visit to the patient’s bed and administers remedial
measures (gray arrow). However, if award is equipped with a
PMS, asillustrated on theright-hand side of Figure 1, the nurse
can identify the problem on the centralized monitor (eg,
blockade) and solve the issue in a single visit. Therefore, the
additional steps for each patient call are eliminated, resulting
in less physical effort and exhaustion. Staff burnout impacts
organizational performance, patient safety, and health outcomes
if appropriate interventions are not undertaken.

Figure 1. In general wards, the use of a PMS with an infusion system reduces nurse’s movement and improves workflow efficiency in comparison to

without aPMS. PMS: pump monitoring system.
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Figure 2. PMS benefitsto the stakeholders in care delivery. Workflow efficiency improvement, better decision-making, and closer patient monitoring
result in greater patient safety standards. AE: adverse event; |V: intravenous, PMS: pump monitoring system.
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Impact of a PMS on Nurses’ Workflow in
Hospitals

A PMS is critical in reducing physica movements with the
centralized display of the infusion status on the monitor.
Regardless of the clinical settings, a PM S prevents undetected
infusion errors, such as incorrect doses or infusion data, and
facilitates care coordination and collaboration with other health
care professionals by sharing intravenous infusion data and

https://apinj.jmir.org/2024/1/e60116

The risk of medication errors, adverse drug events, and infusion-related complications

alerts through the network and health information systems [8].
Severa benefits have been attributed to the PMS, benefitting
all the stakeholders—patients, nurses, and care providers—in
the health care ecosystem, as shown in Figure 2.
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Key Outcomes of the Nurse Survey in a
General Ward

Overview

We present the survey conducted in Bangkok Hospital
Sanamchan (210 beds), situated in Mueang District, Nakhon
Pathom Province, Thailand. A cross-sectional survey of the 91
nurses working in the general ward was conducted in October
2023, and they were asked to report their feedback on a 7-point
Likert scale. We manually explained the presented questions
to the nurses, and they submitted their responses in complete
privacy on a paper-based system. The key objectives of the
survey were as follows:

- To evauate the work efficiency of nursing staff after the
implementation of a PMS. The efficiency parameters
included reducing the frequency of entering patients’ rooms
to check pump status, decreasing the number of nursecalls,
and other related factors.

« To examine the potential impact of the PMS on nursing
workflow, work planning, and patient recovery.

The response scheme was as follows: 1="Strongly disagree,”
2="Disagree,” 3="Somewhat disagree,” 4="Neither agree OR
disagree” 5="Somewhat agree,” 6="Agree,” and 7="Strongly
agree.” The responses were compiled in Microsoft Excel, and
aninferential analysiswas applied to the data. Theresultswere
interpreted using the central tendency analysis of mean and

Chindamorragot et a

plotted in an intuitive graphical form. The full survey is shown
in Multimedia Appendix 1.

Ethical Consider ations

No ingtitutional review board approval was sought. This is
because this study focuses solely on gathering feedback to gain
perception on the use of the PM S software, similar to a product
use survey. Participants were not selected according to any
pattern or priority; instead, al nurses working in the general
ward were chosen to respond. The purpose of the survey isto
eval uate the satisfaction and effectiveness of the PM S software
after itsinstallation in the general ward. The survey is entirely
anonymous, with no personal detailsand identitiesdisclosed in
any documentation, and it involves no patient data. All
participantswere fully informed about the survey’s purpose and
provided their consent. Asthe survey seeksto gather feedback
on the software product before and after its implementation,
without involving patient data or interventions, it falls outside
the scope of requiring institutional review board approval.

Impact of the PM S on the Work Planning of Nurses

The respondents stated that the PMS reduces the number of
visits to the patient’s room to check on the pump's operating
status (85/91, 93%), and they felt that their anxiety wasreduced
due to fewer calls from the patient’s room (83/91, 91%). A
similar level of response (82/91, 90%) was received on the
decrease in the number of calls from patients' rooms due to
PM S adoption (Figure 3).

Figure 3. PMSimpact on work planning and efficiency. PMS; pump monitoring system.

9000000

PMS Makes Work Planning Easier

It reduces the number of times you visit the
patient's room to check the operating status of
the alarms.

PMS implementation reduces anxietyduetoa
decreased number of calls from the patient's
room.

PMS implementation reduces the number of calls
from the patient's room.

The percentage of participants responded

using a 7-point Likert scale (1-7). 0%

Impact of the PM S on Work Efficiency

The respondents reported that the PMS helps improve work
efficiency (88/91, 97%), helps in work schedule planning to
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ensure patient safety (91/91, 100%), and saves time (91/91,
100%; Figure 4).
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Figure 4. Work efficiency with PM S integration in the workflow. PMS: pump monitoring system.
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The percentage of participants responded

0,
using a 7-point Likert scale (1-7). 0%

Impact of PM S Integration on Patient Recovery

Approximately 95% (86/91) of respondents stated that use of
aPMSin apatient’sroom increases patient and family member

TEREEE

Agree: 88/91, 97%

Agree: 91/91, 100%

Agree: 91/91, 100%
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that workflow planning and efficiency are enhanced with the
PMS, whereas Figure 5 shows that patient recovery is possibly

boosted due to better rest, fewer deep disturbances, and less
care delivery—generated stress.

satisfaction. Meanwhile, 84% (76/91) of respondentsindicated
that the PM S may hel p improve patient recovery. Approximately
96% (87/91) of respondents mentioned that patients sleep better
due to the lack of disruption and fewer nursing staff visits to
the room, making the patient care area quieter (Figure 5).

We would like to highlight that large-scale studies in diverse
settings are needed to reproduce and replicate the results we
have obtained. These outcomes must be viewed from an
indi cative perspective and may not be representative phenomena

of PMSs across all health care systems.
The findings outline 2 broad attributes: PM S's benefits and its

impact on improving patient outcomes. Figures 3 and 4 show

Figureb. Effect of the PMS on patient recovery. PMS; pump monitoring system.

1 2 3 4 5 6 7
.‘ | Agree: 76/91, 84% .
0%

Effect on Patient Recovery

Using PMS in the patient room increases patient and

family member satisfaction. Agree:86/91,95%

PMS may potentially help improve patient recovery.

PMS helps patient sleep better due to no interruption
from pump alarms and less frequency of nurse entering
the room.

Agree: 87/91, 96%

PMS makes patient care area or patient room quieter. Agree: 87/91, 96%

The percentage of participants responded

using a 7-point Likert scale (1-7). 20% 40% 60% 80% 100%
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Critical Implications for Patient Care

The survey findings point to the issue of nurse distraction and
continuous disengagement from the involved tasks when any
patient distress signals are heard in a general ward setting. The
resultant anxiety and immediate dash to check on the patient’s
status has 2 significant adverseimpacts: the mental and physical
health of the nurses. The general ward is relatively spread out,
and the diverse patient mix makes nursing care more strenuous.
While there are many established benefits of PMS models, we
would like to draw our implications from the outcomes of this
survey as a more pragmatic approach.

The most apparent benefits of the PMSfor the nursing staff are
the ability and flexibility to plan work schedules in a more
organized and efficient way, reduce multiple movements, and
discharge patient care duties with less exhaustion and greater
focus[8]. Also, the PM S ensures no unnecessary patient distress,
sleep disturbances, and bedside environment instability. The
resultant effect on patient recovery and outcomesis compounded
due to more efficient nursing care in the hospital [9,10].

PMS application requires an integrated, multimodal approach
to render efficienciesand deliver benefitsat scale. Thisincludes
infrastructure, training, network, interoperability of the health
information systems, and monitoring with acollective approach
to align with the goals of enhancing the quality of patient care.

Future Trends

Technology and data-driven innovation have resulted in the
development of PMS models to advance patient care faster.

Acknowledgments
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Also, with PM Sintegration into el ectronic health records, more
and morereal-world dataare being generated, resulting in more
advanced PM S models[11,12].

To achieve an interconnected, interoperational ecosystem, the
wireless connectivity of PMS; image recognition—barcode
medication administration and radio-frequency identification;
computerized prescriber order entry; and integration into
electronic health records seem to be the next steps forward.
Each of thesetechnologies existsand isbeing used in hospitals,
but these may be operated in “silos’ and not as integrated,
interconnected ecosystems. It is envisaged that these
technologies, when working in unison as a cohesive force, can
provide auto-programming and auto-documentation; clinical
decision support; clinical surveillance; and an alert mechanism
that highlights critical situations demanding immediate
intervention and communicates to the health care professional
who is best positioned to solve the problem.

Conclusion

A PMS enhances the nursing staff’s functional and physical
capabilities during their workflows, enabling better performance
within the hospital environment. A more systematic approach
and reduced exhaustion contribute to fewer nursing care errors.
Asaresult, the quality of patient careimproves, leading to better
care outcomes. Eventually, all the stakeholders in the health
care ecosystem—patients, clinicians, and nursing staff; the
health care system itself; and society would benefit at different
levels.
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Abstract

Background: Music has frequently been used in movement exercises to enhance health benefits. However, scientific evidence
regarding the application of music to Tai Chi practiceislimited.

Objective: This scoping review aims to understand how music has been used in Tai Chi practice and whether music could be
applied to Tai Chi practice to help optimize its benefits.

Methods: PubMed, CINAHL, CNKI, and Weipu databases were searched. We included studies that compare Tai Chi practice
experience or health outcomes between individuals practicing Tai Chi with music and those practicing Tai Chi without music.
Studies published through September 2022 were identified. Two researchers (YD and YH) independently performed study
selection and data extraction. Thematic analysis was used to summarize and categorize the findings of the included studies.

Results: Seven studies were included in this review. All 7 included studies are experimental studies. Practicing Tai Chi with
music might lead to positive perceptions of Tai Chi practice (eg, motivation, concentration, enjoyment, compliance, and
performance) and higher evaluations of Tai Chi instructional quality, especialy for Tai Chi beginners. The effects of incorporating
musicinto Tai Chi practice on health outcomes are inconclusive dueto the heterogeneities of the sample size, and theintervention
components, lengths, and frequencies of the included studies.

Conclusions: Applying music to Tai Chi practice may result in positive Tai Chi practice experience and adherence, particularly
for beginners, which could hel p improve the dissemination and implementation of Tai Chi interventionsfor public health. However,
whether applying music to Tai Chi practice leads to synergetic effects on health outcomes needs further investigation.

(Asian Pac 15l NursJ 2024;8:e60104) doi:10.2196/60104

KEYWORDS
Tai Chi; exercise; music; synergetic effects; review; scoping review; thematic analysis; health outcome; motivation; performance;
dissemination; implementation; public health; data extraction

and meditation. There arevarioustypesof Tai Chi such as Chen,
Yang, Hao, Wu, and Sun styles [1]. Among these, Chen style
isthe oldest, characterized by slow and smooth movementswith
fast and explosive ones; Yang Styleisthe most widely practiced
globally, characterized by slow, gentle, and flowing movements

Introduction

Tai Chi, originating in China, is an ancient Chinese martial art
that evolved into a sport and mind-body exercise. It is
characterized by slow and gentle movements, deep breathing,
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[1]. Each style may include simplified forms, traditional forms,
short forms, and long forms. A Tai Chi form is a sequence of
movements that are performed in a slow, continuous, and
flowing manner, integrating principles of balance, relaxation,
and alignment [1,2].

Widely recognized as a valuable therapeutic intervention, Tai
Chi isoften recommended by health professional s and embraced
by the public to complement conventional medical treatments
[3]. Its slow and deliberate movements, encompassing aerobic,
stretching, balance, and strengthening exercises, have garnered
increasing attention among populations with various health
statuses and within the scientific community for their potential
health benefits [4-6]. Evidence-based research underscores Tai
Chi’shealth benefits, including but not limited to improvements
in balance [7,8], muscle strength [9], cardiovascular and
metabolic health [10-13], physica and cognitive function
[14-18], mental health [19,20], and quality of life [21-24].

Incorporating music into movement exercises is a common
practice to enhance ergogenic effects [25]. In China, Tai Chi
practitioners often use soft, relaxing Chinese folk music to
promote relaxation and concentration during Tai Chi practice
[26,27]. Using music during Tai Chi practice has also been
reported in populations outside of China[28,29]. While studies
examining Tai Chi’s effects on health outcomes are on therise,
few have explored the use of music during Tai Chi practicein
Western popul ations[30-32]. Previousresearch hasinadequately
addressed the application of musicin Tai Chi practice[33], and
studies assessing Tai Chi with music seldom investigate
potential synergistic effects on health outcomes [34,35].
Furthermore, the ongoing debate surrounding the use of music
during Tai Chi practicereflects different perspectiveson music's
impact [36]. Some argue that Tai Chi is a form of moving
meditation, suggesting that engaging in Tai Chi with music may
hinder the attainment of “rujing” (the absence of idle thoughts
or the cultivation of stillness). Conversely, others indicate that
music can aid in reducing distractions and facilitating “rujing”
by calming the mind [36]. Scientific evidenceisthusimperative
to guide best practices in incorporating music into Tai Chi for
optimal health benefits.

Therefore, this study aimsto explore current evidence regarding
the application of music in Tai Chi practice through a scoping
review of studies comparing Tai Chi practiced with music to
that practiced without. Our objectives include understanding
how music has been applied to Tai Chi practice, evaluating what
specific outcomes were assessed in the current scientific
literature, and exploring whether practicing Tai Chi with music
offers advantages over practicing Tai Chi without music.

Methods

Study Design

We used the updated Arksey and O'Madley five-stage
framework [37] to guide the conduct of the scoping review.
Specifically, we followed these steps: (1) identifying the
research question based on the research team’s experience in
conducting Tai Chi—related research and reviewing current
literature; (2) identifying relevant studies; (3) selecting the

https://apinj.jmir.org/2024/1/e60104
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studies; (4) charting the data; and (5) collating, summarizing,
and reporting results. Steps 2-5 are described in detail below.
Additionally, we used the PRISMA-ScR (Preferred Reporting
Items for Systematic Reviews and Meta-analysis extension for
Scoping Reviews) guiddlines[38] to draft and report this scoping
review. The PRISMA-ScR checklist can be found in Multimedia
Appendix 1. We registered this review at the Open Science
Framework [39].

Data Search

We searched the electronic databases PubMed and CINAHL in
September 2022. Medical Subject Headings terms “Tai Chi”
and “music” were used to build the search strategy on PubMed.
The search strategies for PubMed are illustrated in Multimedia
Appendix 2. Subsequently, the search terms used on CINAHL
were constructed based on the PubMed search strategy. Given
that Tai Chi originated in China, where the use of music during
Tai Chi iscommon, we also searched Chinese databases CNKI
and Weipu. “ X#%” (Tai Chi) and “ & K" (music) were used to
search through Chinese databases. We did not set language or
publishing year restrictionsin the database searches aswe aimed
to comprehensively cover thistopic in this scoping review.
Eligibility Criteria

Inclusion criteria were (1) studies with comparisons between
Tai Chi with music and Tai Chi without music, (2) published
journal studies, and (3) at least 1 study group examining Tai
Chi with music and 1 group examining Tai Chi without music.
Given the broad scope of this scoping review, no age limit was
set. Outcomes could encompass any measurements eval uated
in the studies such as Tai Chi practice adherence and health
outcomes. Exclusion criteriawere (1) studieswith nonempirical
design, such as view paper, review paper, and protocols, and
(2) experimental studies without comparisons between Tai Chi
with and without music.

Study Selection

First, al search records were merged, and duplicates were
removed. Thedigibility criteriawere then discussed and refined
by the study team based on the search processes. YD screened
the title and abstract based on the inclusion and exclusion
criteria. YD and YH independently screened the full papers
according to the eligibility criteria. Any discrepancies were
resolved through discussions and consultations with a third
researcher (GXW).

Data Extraction

YD drafted the data extraction form. YD and YH tested the
extraction by charting 2 studies independently and refined the
data extraction form accordingly. The form included study
location, study design, sample characteristics, Tai Chi selection,
music selection, assessed outcomes, and study findings. YD
and Y H independently extracted datafrom each study according
to the extraction form. Any discrepancies were resolved through
discussions and consultations with a third researcher (GXW).
Data were extracted in the origina published language, and a
bilingual researcher translated the Chinese data into English
after synthesis, which was then checked by a native English
Speaker.
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Synthesis

We used anarrative approach to summarize, analyze, and assess
the evidence in this review. Specifically, one table charted the
characterigtics of included studies, and another table summarized
the use of Tai Chi and music in each study. A thematic analysis
approach [40] was adopted to summarize and categorize the
findings of included studies. First, Y D created a codebook based
on the coding of the extracted data and summarized the findings
for each code. Second, YH and GXW reviewed the codes and
summary findings against the extracted data. Summary quotes
are quotes summarized by the authors but not direct quotesfrom
the studies included. Subsequently, YD, YH, and GXW
categorized the codesinto subthemes. The study team reviewed
the themes, subthemes, codes, and summary quotes. Given the
scoping nature of this review, no assessment of study quality
was conducted.

Results

A total of 491 papers in English or Chinese were identified,
including 260 papersin CNKI, 155 papersin Weipu, 45 papers
in PubMed, and 31 papersin CINAHL (Figure 1). We removed

Duetd

21 duplicated papers, leaving 471 papersfor thetitle and abstract
screening. Of those, we considered 20 studies for full-text
screening. We further excluded 13 papers after a full-text
screening due to reasons of being opinion papers (n=7), lacking
a comparison between Tai Chi with and without music (n=5),
and involving other componentsin the Tai Chi with music group
(n=1). Figure 1 indicates the reasons and numbers of excluded
studiesin each screening stage.

All 7 included studies areclinical trials (Table 1); 6 studieswere
conducted in China and 1 in the United States. Five of the 6
studies in China included only college students, and the rest
focused on nurses with impaired mental health. The study
conducted in the United States primarily included older adults.
Five studies reported gender distributions; 2 reported 100%
female, 1 reported 9% female, and the other 2 consisted of 53%
and 47% female, respectively. All 7 studiesincluded at least 2
study groups; 1 group for Tai Chi with music and another for
Tai Chi without music. For studies with available intervention
frequencies, it ranged from 14 to 16 sessions within 7 weeks
(about 1 and a half months) to 3 months. The retention rate
ranged from 72% to 100%. The sample size included in the
final analysis ranged from 13 to 162 participants.

Figurel. PRISMA diagram of selected studies. PRISMA: Preferred Reporting Items for Systematic Reviews and Meta-analysis.
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Table 1. Study characteristics.
Study Location Design Population ~ Age and sample Intervention Frequency and Measurements Retention
or setting size length
Dueta United Cluster ~ Adultsina « Age50-82 « Intervention: « Oncea « Dynamicgatindex 72%
(2017) States random-  senior day yearsold Tai Chi with week for «  Fear of faling
[31] izedcon- activity cen- «  Intervention music 15 «  Tai Chi practicecom-
trolledtri-  ter (n=12): 72.3, « Control: Tai weeks. pliance
E SD 5.7 Chi without o Recorded
«  Control music video
(n=6): 62.0, was sent
SD 10.3 home to
.  Gender: promote
95.5% fe- home
male; 100% practice
femalere-
tained
Li China Random- Studentsata «  Age: not « Intervention: « Notmen- . Ta Chilearningmoti- 100%
(2013) ized con- loca univer- available. Tai Chi with tioned vation
[41] trolledtri-  sity « Intervention music «  Concentration
a (n=30). «  Control: Tai .  Sdtisfaction within-
«  Control Chi without struction
(n=29). music «  Overdl performance
. Gender: (correctness, consis-
100% female tency, pace, style,
overall)
Liuetal China Random- Registered .« Age not o Intervention e August « Physica symptom, 100%
(2020) ized con- nurseswith available (three groups): 2018 to depression, and anxi-
[29] trolledtri- impaired « Intervention: (2) Tai Chi October ety indicators (SCL-
a mental Ta Chi with with music; (2) 2018 909
health work- music (n=30); Tai Chi only; «  Coping style (SC-
ingintheop- Tai Chi only (3) music only. SQb)
erationroom (n=30); music «  Control: nonac-
in 4 local only (n=30). tive
public ter- «  Control: non-
tiary hospi- active (n=30).
tals «  Gender: not
available
Lveta China Cluster ~ Studentsata «  Age: not e Tai Chibegin- « Notmen- « InterestinTai Chi 100%
(2019) con- local univer- available. ner (four scenar- tioned (PESISY)
[42] trolledtri- sity o Tai Chibegin- i0s): (1) nomu- . Galvanic skinre-
a ner (n=16). sic; (2) relaxing sponse
«  Ta Chi profi- and soft music;
cient (n=16). (3) joyful and
«  Gender: not fast music; (4)
available sad music
«  Tai Chi profi-
cient (four sce-
narios): (1) no
music; (2) relax-
ing and soft
music; (3) joy-
ful and fast mu-
Sic; (4) sad mu-
sic
Zhang  China Random- Studentsata «  Age: not « Intervention: « From « Ta Chi performance 100%
(1999) ized con- loca univer- available Tai Chi with Septem- evaluated by Tai Chi
[43] trolledtri-  sity « Intervention music ber 1997 instructors
al (n=76) «  Control: Tai to July
«  Control Chi without 1998
(n=86) music
«  Gender: 47%
female
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Study Location Design Population  Ageand sample Intervention Frequency and Measurements Retention
or setting size length
Zhang  China Random- Studentsata «  Age: not « Intervention: « Twicea o Tai Chi performance 100%
(2009) ized con- loca medi- available Tai Chi and Tai week for evaluated by two Tai
[44] trolledtri- cal school « Intervention Chi sword with 7 weeks. Chi instructors
a (n=70) music .  Practice outside of
«  Control «  Control: Tai class
(n=74) Chi and Tai
«  Gender: 53% Chi sword
female without music
Zhao China Random- Studentsata «  Age: not « Intervention: e 16sess o Interestsin Tai Chi 100%
and ized con-  vocational available Tal Chi with sions o  Perceived difficulties
Wang trolledtri- andtechnical «  Intervention music from of learning Tai Chi
(2017) a college (n=49) . Control: Ta Septem- .«  Positive emotionin-
[45] «  Control Chi without ber 2016 spiration
(n=44) music to De- « Instruction quality
o Gender: 9% cember .«  Ta Chi performance
female 2016 evaluated by two Tai

Chi instructors

83CL-90: Symptom Checklist-90.
bSCSQ: Simplified Coping Style Questionnaire.
®PESIS: Sports Situational Interest Scale Chinese version.

Table 2 showsthe Tai Chi stylesor forms, the music type being
used, and how the study applied music to Tai Chi practice. Three
of the 7 studies specified Tai Chi styles and forms (the 24-form
simplified Yang styl€). Therewere variationsin music selections
used for Tai Chi practice. In the study conducted in the United
States, a board-certified music therapist selected the music;
others did not specify how the music was selected or by whom.
Various music types were selected, but the studies in China
used Chinese music or Chinese medicine principle-oriented
music; whilethe US study used Western music with instruments
familiar to the ethnic groups. Five of the 7 studies described
how they used music during Tai Chi practice. Among the 5
studies, 3 studies did not use music during Tai Chi instructions
and used music only when practicing Tai Chi routines; 1 study
used music throughout the Tai Chi sessions. The remaining
study did not provide Tai Chi instructions; however, it assessed
body responses to diverse types of music while practicing Tai
Chi routines.

Thematic analysis revealed two magor themes with
corresponding subthemes: health outcomes including (1)
physica health and (2) menta and emotiona health; and
experience of Tai Chi practice including (1) Tai Chi practice

https://apinj.jmir.org/2024/1/e60104

and (2) perceived instruction quality (Table 3). Included studies
assessed various outcomes to compare the efficacy of Tai Chi
with and without music. First, the assessed health outcomes
included but were not limited to physical and mental health.
Overall, practicing Tai Chi with musicled to significantly better
balance (dynamic gait index); and a trend of better physical
health indicators and better mental heath (depression and
coping), which were not significant. Tai Chi beginners had
significantly higher skin response to Tai Chi with slow, gentle
music or relaxing, joyful music than advanced practitioners;
higher skin response was found in advanced practitioners
compared to those beginners when practicing Tai Chi without
music. Second, for the experience of Tai Chi practice, at least
1 study showed that practicing Tai Chi with music led to
multiple outcomes such as higher adherence in and outside of
class [31,44], more confidence in learning and mastering Tai
Chi [44,45], better concentration and enjoyment [41], less
perceived difficulties [45], and better performance [41,43-45].
Third, instruction quality was assessed in 3 studies, 2 of which
reported a higher satisfaction rate in the Tai Chi with music
groups[41,44], and more participants rated theinstruction high
quality inthe Tai Chi with music group compared to the control
group [43].
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Table 2. Tai Chi and music selection.

Duetd

Study

Tai Chi selection

Music selection

The use of music for Tai Chi practice

Dueta
(2017)
[31]

Li (2013)

(41]

Liueta
(2020)
[19]

Lveta
(2019)
[42]

Zhang
(1999)
[43]

Zhang
(2009)
[44]

Zhao and

Wang
(2017)
[45]

Thefirst 12 forms
of the 24-form
simplified Yang-
style Tai Chi

The 1-12 forms of
the 24-form simpli-
fied Yang-style Tai
Chi

The24-formsimpli-
fied Yang-style Tai
Chi

Tai Chi (style not
mentioned)

Tai Chi and Tai
Chi sword

Tai Chi (style not
mentioned)

Tai Chi (style not
mentioned)

Music was selected by a board-certified music therapist
who had worked with older adults for over 10 years. For
this study, Western music was selected to provide a

grounded atmosphere—familiar, comfortable, and easily
integrated into the background—rather than Eastern music,

whose different tonal structure, harmony, or rhythmic

structure may have been adistraction. The music selected

aimed to provide a rhythmic structure intended to guide
but not fully direct or entrain movement. Harmony was
similarly considered, with the musical selection using

Western 12-tone major and minor scales. Theinstrumenta-

tion of the selected music was Western (nature sounds,

flute, using instruments familiar to the ethnic group largely

represented by our sample).

Not mentioned.

The principle of five-element music therapy was adopted.
Itisbelieved that ancient Chinese music consists of 5 notes
(gong, shang, jiao, zhi, and yu), which were collected with

the 5 elements of nature (metal, wood, water, fire, and

earth). In addition, the 5 elements correspond to the 5 main

body organs (heart, liver, spleen, lungs, and kidneys).

Music was selected based on participants’ health status per

Chinese medicine principles.

Relaxing and soft music, joyful and fast music, and sad
music, respectively.

Different and appropriate music was selected for Tai Chi
and Tai Chi sword accordingly.

Fishermen’s Song at Eventide, which is characterized by

meaningfulness and soothe, aligning with the feature of
Tai Chi, was used.

Music was selected to align the Tai Chi style with the
rhythm and pace of music, as well as the demographics

and cultural background of Tai Chi practitioners. Themusic

being used was popular Chinese music.

The same recorded asynchronous instrumental music
with nature sounds was used at each session for TC +

M2 class, when participants performed learned Tai Chi
forms. The music therapist was present in each classfor
assistance and consultation. All new Tai Chi formswere
instructed in silence; asynchronous music, which means
there is no conscious attempt from the individua to
match their movements with the rhythm of the music,
was only used while practicing previously learned
movements.

First, theinstructor demonstrated performing two forms
with music, which wereinstructed | ater. Second, instruct-
ing the two forms without music. Third, participants
practiced Tai Chi with music following the instructor.
Fourth, participants practiced Tai Chi with music. Fifth,
theinstructor corrected postures and movementswithout
music, and finally, participants practiced Tai Chi with
music.

Not mentioned.

Each of the three types of music was randomly selected
and applied to Tai Chi practice. The skin response test
was done after participants felt calm and continued

feeling calm even after the test was initiated in 30 sec-
onds. Then participants started practicing Tai Chi with

each type of music. PESI S° was completed right after
practicing with each type of music and practicing with
each type of music was done for at least 5 minutes.

Not mentioned.

Music was played while the instructor was demonstrat-
ing thewhole Tai Chi routine or when participantswere
practicing learned forms.

First, one music was used during warm-up exercise,
followed by another music, which isenthusiastic, toin-
crease the willingness to learn of students; Second, the
combination of joyful, relaxing, and victory music was
played while the instructor provided the opening of the
class. Third, the instructor demoed Tai Chi three times
with music and then instructed each form with musicin
the background.

8TC + M: Tai Chi and music.
bPESIS: Sports Situational Interest Scale Chinese version.
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Experience of Tai Chi practice

Physical symptoms

Galvanic skin re-
sponse

Depression, anxiety

Coping style

Inspiration and arouse

Fear of falling

Tai Chi practice

Tai Chi learning moti-
vation

Interest in Tai Chi

Concentration

Enjoyment of Tai Chi
practice

Perceived difficulties
of learning Tai Chi

Self-efficacy (confi-
dence and perceived
mastering in Tai Chi
practice)

Ta Chi performance

scoreb

Tai Chi class compli-
ance

Practice outside of
class

Satisfaction with in-
struction

Therewas atrend of better physical health indicatorsin Tai Chi with music group than Tai Chi
only group or music only group. However, this was not significant.

Tai Chi beginners had significantly higher skin response values compared to advanced practi-
tioners when practicing Tai Chi with all 3 types of music (more obvious effects to less: soft
and relaxing, fast and joyful, and sad music) compared to more advanced users. However, in
the Tai Chi group without music, there were no differencesin skin response between beginners
and the more advanced. Listening to sad music had the lowest response in both beginner and
advanced groups.

Mental and emotional health

After the intervention, there was atrend of better physical health indicatorsin the Tai Chi with
music group than Tai Chi only group or music only group. However, this was not significant.

Therewasatrend of better positive coping and negative coping in the Tai Chi with music group
compared to Tai Chi only group or music only group. However, this was not significant.

More participantsin the Tai Chi with music group rated the class as effective or very effective
for inspiration and arousal.

Post fear of falling in the Tai Chi with music group was better than in the Tai Chi only group,
though not statistically different.

After the intervention, significantly higher motivation and concentration were found in the Tai
Chi with music group compared to the Tai Chi only group.

Participants self-reported interestsin Tai Chi increased significantly from baseline to end of
study only in the Tai Chi with music group.

Better concentration was found in the intervention group; concentration was higher postinter-
vention in the intervention group.

Beginner experienced higher enjoyment from practicing Tai Chi with all 3typesof music (more
obvious effects to less: soft and relaxing, fast and joyful, and sad music) compared to more
advanced, but no differences in enjoyment between beginners and more advanced were found
in the Tai Chi without music group. Listening to sad music has the lowest response in both
beginner and advanced groups.

More participantsrated learning Tai Chi asvery difficult in the control group, while significantly
more participantsin theintervention group rated learning Tai Chi as easy after theintervention.

More participants were confident in learning Tai Chi inthe Tai Chi with music group, and more
participants reported mastering Tai Chi after the intervention.

Significantly better performance was found in the Tai Chi with music group.

The compliance rate in the Tai Chi with music group (84%) is higher compared to the Tai Chi
without music group class (71%), but the difference was not statistically significant.

Significantly more participantsin the Tai Chi with music group practiced outside of class than
inthe Tai Chi only group.

Perceived instruction quality

More participants experienced significantly better satisfaction with theinstruction given in the
intervention group.

ASIAN/PACIFIC ISLAND NURSING JOURNAL Dueta
Table 3. Themes of outcomes, and study findings between those who practiced Tai Chi with music and those without music.
Themes and findings Author
Health outcomes
Physical health
DGI? The post-DGI scorein Tai Chi with music group was significantly higher than Tai Chi without Du et al (2017)
music group after adjusting age. [31]

Liu et al (2020)
[19]

Lv et a (2019)
[42]

Liuet al (2020)
[19]

Liu et a (2020)
[19]

Zhao and Wang
(2017) [45]

Duet a (2017)
[31]

Li (2013) [41]

Zhao and Wang
(2017) [45]

Li (2013) [41]

Lv et a (2019)
[42]

Zhao and Wang
(2017) [45]

Zhang (2009) [44];
Zhao and Wang
(2017) [45]

Zhang (1999) [43];
Li (2013) [41];
Zhang (2009) [44];
Zhao and Wang
(2017) [45]

Du et a (2017)
[31]

Zhang (2009) [44]

Li (2013) [41];
Zhang (2009) [44]
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Themes and findings

Author

Instruction quality

instruction quality.

More participants rated very high quality of the instructions in terms of content sequency and Zhao and Wang
structure, the arrangement of exercise intensity and frequency, instruction style, and overall

(2017) [45]

3DGI: dynamic gait index.

bTai Chi performance score was rated based on the Tai Chi movements in correctness, consistency, pace, and style; obvious errors, moderate errors,

and minor errors were also assessed.

Discussion

Principal Findings

This scoping review aimed to map out the application of music
in Tai Chi practice. We identified 7 studies published in either
Chinese or English using controlled trials to compare the
differences between practicing Tai Chi with and without music
on various outcome measures. Most studies were conducted in
China, and the selection and use of music for Tai Chi practice
were heterogeneous. Thereis clear positive evidence supporting
the beneficial effects of applying music to Tai Chi practice to
improve the perceived quality of Tai Chi instructions and
promote Tai Chi learning experience, enjoyment, concentration,
adherence, and movement performance. However, further
investigations are needed regarding how music should be
selected in Western culture, its benefits in beginners versus
advanced practitioners, and whether listening to music alone
would lead to similar health benefits compared to practicing
Tai Chi with music.

The studiesincluded in this review used various types of music
for Tai Chi practice, and music was used either throughout the
instruction and routine practice or only for routine practice but
not during instruction. In general, the music selected was
soothing, soft, and relaxing [31,44,45]; aligned well with the
soft, gentle, slow, and graceful movements of Tai Chi; and
suitableto participant culture [31,45]. Thefinding is consistent
with another study reviewing the psychophysical effects of
music in sports and exercise [46]. The review indicated that the
keysto selecting music should include considering not only the
sociocultural background of the practitioners but also the nature
of the physica activity and coordination with the physical
activity task [46]. Therefore, music was often used in sportsfor
pre-event preparations, warm-ups, and training sessions. Inthis
review, music was played either throughout the Tai Chi class
session or only during practicing the Tai Chi routines, both of
which formats showed favorable effects[31,45]. However, since
most of the included studies were conducted in China, further
investigation is needed to determine the generalizability of these
findingsto other regions. In addition, Tai Chi has been strongly
recommended to improve balance and promote health in the
aging populations, while most included studies focused on
Chinese college students, studies assessing to what extent the
findings may apply to older populéations are warranted.

Evidence from many studies suggeststhat music could promote
positive effects during exercise, such as increasing motivation,
happiness, confidence, relaxation, and performance levels
[47,48]. Similarly, we found that practicing Tai Chi with music
could yield higher learning motivation [41], concentration [41],
enjoyment [42], confidence [43,45], performance and

https://apinj.jmir.org/2024/1/e60104

compliance [31,41,43-45], and lower perceived difficulties in
learning Tai Chi [45]. Previous studies reported that many
people who do not habitually engage in exercises often find it
difficult to initiate an exercise routine, and some
well-documented barriers to regular exercise engagement
include alack of motivation and enjoyment and feeling bored
and physicaly uncomfortable [49]. The findings from the
included studies may suggest that adding music to Tai Chi
practice could help aleviate the barriers to engaging in Tai Chi
exercise, especialy for beginners. For example, among the
included studies, one study found that Tai Chi beginners had a
stronger positive influence from music than advanced
practitioners assessed by galvanic skin responses (a signal for
capturing the autonomic nerve responses) and subjective
enjoyment [50]; this may indicate that Tai Chi beginners may
benefit more from using music when practicing Tai Chi in
comparison to more advanced users [42]. Music could likely
help beginners feel relaxed and focused, and promote Tai Chi
exercise in those who are new to learning Tai Chi. For more
advanced Tai Chi practitioners, this may vary depending on
variousfactors such asthe practitioner’s mood and environment
[36]. As an exercise that originated in Asian culture, adding
music affiliated with Western populations may help promote
its instruction, implementation, and dissemination. However,
further investigations are needed to confirm this assumption.

The findings differ when assessing improvements in health
outcomes through adding music. Balance, as measured by the
dynamic gait index, was found to be significantly improved in
the study participants incorporating music, but not in their
counterparts practicing Tai Chi without music after a 15-week
Tai Chi intervention. Balance is a frequently studied
measurement of Tai Chi’s effectson health [51], and the Centers
for Disease Control and Prevention also highly recommends
that older adults practice Tai Chi to improve balance [52]. For
other assessed health measurements, although not significant,
trends showed better outcomesin the Tai Chi with music group
such as physical symptoms and depression. For other health
measurements, no significant improvements were detected,
which could be due to the relatively short intervention lengths.
Further research with longer interventions and a larger sample
sizeiswarranted to explore the possible symbiotic effect of Tai
Chi and music on health outcomes.

Integrating music into Tai Chi practice may offer a promising
avenue for enhancing its benefits on health outcomes in a
holistic approach. First, based on the findings of this review,
the health benefits could be through the pathway of a positive
influence of added music on perceived enjoyment and
concentration, improved adherence or compliance, and overall
positive experience. In addition, as evidenced in the literature,
listening to music alone could improve a variety of health
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outcomes including but not limited to mental health, cognitive
function, and cardiovascular heath [53-58]. Therefore, we
hypothesized a theoretical framework of adding music to Tai
Chi practiceto increaseits benefits on health outcomes (Figure
2). Future research could focus on whether the application of
music to Tai Chi practice leads to synergistic effects on health
outcomes. This includes both physical (eg, mobility, balance,
and metabolic health), cognitive (eg, orientation and memory),
and mental health (eg, stressand depression symptoms). Studies
could also aim to quantify these outcomes and understand the
underlying mechanisms driving these potential benefits. It is
also warranted to investigate which music (such as type of

Duetd

music, itstempo, and rhythm) is appropriate to maximize health
benefits, and how these factors might influence different
populations such as various age groups and health conditions.
These investigations may provide insightsinto how to improve
health through a holistic approach. Last, but not least, qualitative
studies to gather in-depth insights from participants on their
experiences, preferences, and perceptions of Tai Chi practice
with music may provide valuable information to guide the
devel opment of tailored and effective Tai Chi exercise programs.
Tools and recommendations could be developed to guide
interventions using music to Tai Chi practice for health benefits.

Figure 2. Conceptual framework of applying music to Tai Chi practice to increase Tai Chi’s health benefits.

a N

Music Experience and perceptions
of Tai Chi practice
1. learning motivation, interest, compliance, >
+ concentration, enjoyment, self-efficacy, Health outcomes
practice frequency
l . perceived difficulties
Tai Chi
exercise 1 .
AN /
C studied populations were heterogeneous. Various outcomes,
Limitations

The findings of this scoping review should be interpreted with
caution dueto the majority of included studies being conducted
in Chinaamong college students. Even though music has been
used during Tai Chi practice in other populations as reported
in prior studies[26], the mechanisms of using music in Tai Chi
practicein various popul ations have been understudied. Further
research is needed to explore the mechanisms and the potential
harms or benefits and establish the practicality of using music
for Tai Chi practicein other regionsand populations. In addition,
the heterogeneousinterventions, lengths, and frequencies of the
included studies may further limit the application of thefindings.

Conclusions

Based on the findings of the included studies, Tai Chi style or
form selection, the music used during Tai Chi practice, and the

such as differences in Tai Chi practice experience, instruction
quality, and health outcomes, were assessed. There is positive
evidence supporting the beneficial effects of applying music to
Tai Chi practice to improve the perceived quality of Tai Chi
instructions and promote Tai Chi learning experience,
enjoyment, concentration, adherence, and movement
performance. Particularly, including music in Tai Chi practice
may promote Tai Chi among individualsnew to Tai Chi practice
through perceived better instruction and learning experience.
Therefore, applying music to Tai Chi learning and practice
might help promote the implementation of Tai Chi inthe general
population. However, further study with arigorous study design
is needed to clarify if there are synergistic effects of Tai Chi
and music on health outcomes.
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Abstract

Background: Immersive virtual reality (IVR) is a niche technology rising in popularity in nursing education. Although there
isan abundance of evidenceto demonstrate the effect of virtual reality (VR) on desired learning outcomes, thisevidenceislimited
to technical or procedural skills or managing a single patient with clinical problems. Nontechnical skills (NTS), such as
communication, decision-making, teamwork, situation awareness, and manageria skills, have not been explored using IVR
technology.

Objective: This study aimed to (1) investigate the potential efficacy of the IVR system virtual reality hospital (VR-Hospital,
or VR-Hosp), a single-user game we devel oped, on nursing students' NTS, sense of presence in the virtua clinical environment,
and satisfaction and self-confidence in learning; (2) identify variables that predict NTS; and (3) explore students' experiencein
using VR-Hosp.

Methods: A multimethods design with a quantitative and qualitative approach was adopted. Participants were provided with
VR-Hosp with 3 scenarios in training. VR-Hosp adopted a multibed, multipatient, multitask approach and was embedded with
various clinical situations. Learning outcomes were measured after the training, followed by group interviews.

Results: In total, 202 students joined the study. Results revealed high levels of satisfaction and self-confidence in learning.
Significant achievement in NTS was perceived by the students. The levels of satisfaction and self-confidence in learning and the
involvement and sensory fidelity domains in the sense of presence were positive predictors of NTS.

Conclusions: The promising results offer a basis for designing | VR activities for nursing education. Further investigations are
imperative to determine the impact of VR technology on learning outcomesin clinical practice.

(Asian Pac |9l NursJ 2024;8:€58818) doi:10.2196/58818

KEYWORDS

education; educational; hospital; hospitals, nontechnical skills; nurse; nurses; nursing education; nursing; satisfaction;
self-confidence; simulation; simulations; virtual reality; VR; immersive
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Introduction

Background

Immersive virtua reality (IVR) is a niche technology that has
been rising in popularity in nursing education. In the past
decade, clinical practice opportunities have declined for nursing
students due to personnel shortages and an increasing demand
for clinica services [1,2]. Notably, virtual redity (VR)
simulations have been recognized for their tremendous potential
in nursing education and have shown benefits in performance
and knowledge in emergency skillstraining and single-patient
management [3]. In some countries, simulations and other new
technology-based training approaches have been accepted as
alternatives to replace some of the required clinical hours [4].
Their potential to replace clinical hours became more evident
from the closure of clinical venues during the COVID-19 crisis
[2,5]. To enable nursing students to devel op the competence to
solve problems in the clinical context, they not only need to
apply the knowledge and skills that they have learned but also
need to make decisions when facing situations that they were
never taught or had never previously encountered. The question,
therefore, iswhether VR-based education isaplausible solution
to strengthen clinical competence.

Virtual Reality in Nursing Education

VR isarapidly expending field, and its definition is complex,
ranging from the use of computer-based applicationsto generate
simulated environments depicted on a computer screen to 3D
environmentswith interactive functionsand stimuli [6]. VR can
be delivered in immersive or nonimmersive modes to establish
a varied perception of reality [7]. Examples of nonimmersive
modes include online or computer learning and video games.
In contrast, 1VVR education tools or systems are usually delivered
using ahead-mounted device (HMD) to provide full immersion
and interaction in avirtual environment. IVR 3D visualization
features makeit possible to interact with the virtual environment
and offer adeeper sense of presencethat distinguishesIVR from
web-based or 2D technologies [8]. Bystrom et a [9] and Dang
et a [10] have defined a sense of presence as the subjective
experience of participants being present within a virtual
environment, which is a critical determinant of the level of
engagement in immersive learning. Indeed, Dubovi et al [11]
found that students sense of presence within VR training is
positively associated with their conceptual and procedural
learning of medication administration. In clinical simulation, a
higher sense of presence also allows nursing studentsto assume
agreater degree of responsibility for patient outcomesand reflect
on their clinical reasoning and problem-solving skills[12]. We
understand the benefits of repeatabl e training using asimulated
environment for building self-confidence and self-efficacy in
one’s performance without compromising safety for patients
[13]. However, few studies have evaluated the relevance of a
sense of presencein the acquisition of nontechnical skills(NTS)
in nursing students.

Nontechnical Skills

NTS are defined as cognitive and interpersonal skills that
promote worker safety and complement workers' technical
skills, which include the domains of communication, situation
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awareness, teamwork, leadership, and decision-making [14].
Traditional health education has primarily focused on the
development of clinical knowledge and technical skills, often
overlooking NTS [15]. However, increasing evidence links
fallures in NTS to poor patient outcomes [16]. In
multidisciplinary settings, health professionals leadership,
teamwork, and communication skills are crucial for clinical
competence and patient safety [17]. Additionally, in complex
and dynamic environments, situation awareness (defined as an
individual's perception, comprehension, and projection of
events) and critical thinking (which involves reasoning,
deducing, and inducing based on this understanding) are
considered essential skills for health care professionals in
making effective clinical decisions [18-21]. For instance, an
examination of fatal medical accident reports submitted to a
third-party safety agency in Japan over a 3-year period found
that approximately 50% of these incidents stemmed from
fallures in NTS, particularly those involving situationa
awareness, teamwork, and decision-making capabilities [22].
Thus far, most IVR systems have focused on improving
knowledge, mastering technical or procedural skills, developing
emergency responses, or cultivating soft skills, such as empathy
and communication [23-25]. Only a limited number of VR
software programs have been designed for learning NTS.
Examples of these 2 aspects are task prioritization according to
professional guidelines[26] and single-patient management and
deterioration detection [27,28]. It isnoteworthy that inconsi stent
results have been found in high-1VR systemsfor risk perception
and safety training in high school students [29]. Systematic
reviews have revealed that VR is most effective in improving
theoretical knowledge but not affective outcomes and NTS
[30-33]. More evidence is needed to substantiate the use of VR
technology to prepare nursing students to meet the clinical
demandsfor NTS.

Methods

Study Design and Objectives

This study adopted a multimethods design to investigate the
efficacy of using IVR via the virtual reality hospital
(VR-Hospital, or VR-Hosp system (developed by the authors
and their team) on developing NTS among undergraduate
nursing students. VR-Hosp (short-term patent: HK30083446)
is asingle-user game that was developed using Unity Pro and
HTC Vive Cosmos. Its unique feature of adopting a multibed,
multipatient, multitask approach aimed to create a readlistic
clinical environment with various situations that do not
necessarily have adirect relationship to patients' illnesses. From
this, the following research objectives were derived:

- To investigate the efficacy of VR-Hosp on students’ (1)
NTS, (2) sense of presence in the virtual clinical
environment, and (3) satisfaction and self-confidence in
learning

« Toidentify variablesthat predict NTS

Qualitative data were collected through focus groups to
investigate students' learning experiences.
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Study Participants and Setting

Participants were undergraduate nursing studentsin auniversity
in Hong Kong. They were recruited between 2021 and 2022
through convenient sampling from among students taking the
“Fundamentals of Nursing” course, a mandatory subject for
nursing students.

Virtual Reality Hospital

Conceptual Framework

A simulation model [34] was used to guide the devel opment of
VR-Hosp. This model offered a framework to structure the
objectives, fidelity, and complexity of the simulation design in
relation to (1) teacher and student factors and educational
practices, (2) design characteristics and simulation, and (3)
outcomes.

Teacher Factors, Student Factors, and Educational
Practices

The educational practices listed in the simulation model were
active learning, feedback, interactions, expectations, diversity
in learning, and time spent on tasks. In VR-Hosp, unlike
traditional teaching, where learning experiences rely heavily
on teachers, VR-Hosp is an immersive VR game with
predetermined instructions and game flow. Assuch, the practice
factors are relatively standardized. The activities, time, and
criteria for completion were preset based on the learning
objectives. Therefore, the expectations were consistent even
when the tasks differed. Students were required to make
distinctions between and select their actions in response to
varioustasksto attain the designated goals. Active participation
took place since students had to play the gameindividually and
proceed independently. They obtained prompt feedback on
whether their actions were correct through answering
multiple-choice questions (MCQs).

Design Characteristics and Simulation

According to the simulation model, design characteristicsrelate
to objectives, fidelity, complexity, cues, and debriefing. The
objective of using IVR in learning is to create a sense of
presencethat affects|earning outcomes. This sense of presence
is mapped on to the concept of learning space, as delineated
from experiential learning theory [35]. The concept of learning
space is that students learn through transactions between the
person and the environment. This pointsto the need for fidelity
and complexity in the virtual environment. Learners should be
able to subjectively experience their needs, goals, unconscious
influences, memories, beliefs, and events, when positioned in
the dynamics, interdependence, tension, and forces of the
environment.

Thefidelity of VR-Hosp was attained through validation of the
content and coherence of the stimulus and response elements
between the VR and the actual tasks, according to 4 of the 6
principles stated by Harris et al [36]: (1) face validity (whether
the VR game looks and feels redlistic), (2) physical fidelity
(detailsand realism of the physical elements), (3) psychological
fidelity (perceptual and cognitive features of the real task), and
(4) affectivefidelity (elicits emotional responses, such as stress
or fear, in asimilar way to thereal task) [36]. Construct validity
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that measures the distinction in performance between novices
and experts was not examined at this stage. Ergonomic fidelity
was deemed irrelevant since VR-Hosp was not designed to train
students in psychomotor skills.

Cues that popped up during the IVR game were essential to
motivate and lead the students forward to complete the |eaning
tasks. In VR-Hosp, such cues were available to guide them.
MCQswerealso incorporated into the game. If ateacher-guided
debriefing session was not available, when students played
VR-Hosp individually or with peers, the MCQs would allow
them to reflect on their justification for the actions that they
performed.

I ntervention Content

In VR-Hosp, an HMD and a controller held in the right hand
were used by players to navigate the 3D virtua ward
environment, where there were 3 cubicles, with 6 bedsin each
cubicle. VR-Hosp was evaluated by a panel of 6 experts,
including 3 nursing academics with experience in developing
VR games and 3 clinical mentors with rich experience in
supervising clinical placements. The game was pretested by
another 3 clinica mentors and 2 nursing students for
acceptability in terms of content, game instructions, and game
flow before it was launched.

VR-Hosp offered 3 scenarios. Each scenario lasted for
approximately 10 minutes and comprised 2-3 levels of
complexity tailored to students with different levels of clinical
experience. The scenarios were named as follows: (1) clinical
practicum orientation, (2) managing multiple tasks, and (3)
prevention of errors. These 3 scenarios were devel oped to align
with the learning objectives of VR-Hosp: (1) being aware of
safety issues, (2) being alerted to contextua incidents/issuesin
theclinical environment, and (3) prioritizing nursing activities.
The 3 scenarios featured the unpredictability of the clinical
context with unexpected issues arising randomly. Each scenario
within the game provided a context that allowed the students
to apply and reinforce the learning objectives. By starting with
simpler scenarios and progressively moving to more complex
ones, the game aligned with the students' learning journey,
ensuring an appropriate level of challenge and growth.

Each time a player logged in to VR-Hosp, patient deployment,
incidents, MCQs, and answer optionswere generated at random.
The VR game used speech recognition and voice recording
features (in Cantonese) for students to record dialogues in
response to patients needs or nurse instructions before
implementing care.

The voice-recording feature allowed players to respond to the
requests of avatar patients or ward staff. This feature is
unidirectiona (ie, players must carry out the required actions
before progressing to the next step in the game, with the goal
of chalenging players to critically reflect on the course of
actions without any external assistance). Once the players
completed the required actions, the M CQs appeared to provide
an opportunity for them to reflect on their responses and select
appropriate answers. The MCQs were developed based on the
principle of reflective learning, facilitating a moment of
re-evaluation and critical thinking, reinforcing the learning
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objectives, and promoting a deeper understanding of the
scenarios [37]. In addition, the voice recordings and answers
could be reviewed after the VR-Hosp session. By revisiting
their interactions, students could, therefore, identify areas for
improvement, reinforce their [earning, and engage in meaningful
discussions during the debriefing.

Based on expert feedback, the response prompts were revised
and optimized to provide clearer instructions and ensure alogical
progression of clinical scenarios. Revisions to the MCQs were
also guided by expert opinionsto enhance clarity and alignment
with the learning objectives. For instance, to foster critical
thinking and promote acomprehensive approach to patient care,
the MCQswere refined to simulate realistic dialogues, moving
away from standard textbook answers. Moreover, we added
answer choices that encouraged players to consider fall risk
assessments instead of immediately helping the patient back to
bed. The accuracy of the answers was verified, allowing for

Chan et a

further refinements. To increase the realism of avatar patients
and the clinical environment in VR-Hosp, adjustments were
madeto thevisual and behavioral aspects of the avatarsto make
them more lifelike and relatable, thereby facilitating realistic
patient interactions. For example, in the VR-Hosp simulation,
an older male patient exhibiting an unsteady gait was depicted
intheward. Hisfeatureswere adjusted to more accurately reflect
the movements typical of an older person. Additionally, to
address the issue of VR sickness, we fine-tuned the visual and
auditory elements, optimized frame rates, and implemented
techniques such as smooth transitions and minimizing sudden
camera movements.

Figure 1 displays a cubicle, depicts the VR-Hosp environment
with aringing call bell during orientation, and shows aclinical
pitfall with inconsistent signage on diet and the meal delivery
trolley. These scenarios require students to be attentive to virtual
environments found in clinical settings.

Figure 1. Screen capture of VR-Hosp: (a) cubicle, (b) VR-Hosp environment with aringing call bell during orientation, and (c) clinical pitfall with
inconsistent signage on diet and the meal delivery trolley. VR-Hosp: virtual reality hospital.

Clean your hand first

Procedure

Three sets of VR-Hosp equipment, including HMDs and
controllers, and 43-inch televisions mounted on movable
stations, were prepared for students to practice on. There were
19 groups of students, with 12-14 students per group. In the
first 30 minutes of a 2-hour session, students were given a
briefing and practiced operating the controller and the HMD in
the VR environment. They were presented with 1 of 3 different
clinical scenarios using VR-Hosp to deliver patient care in a
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hospital ward setting with 3 cubicles. Afterward, they were
divided into 3 teams of 4-5 students each and played VR-Hosp
on their own. The members of each team took turns at being
either a VR player or an observer, while the virtual game was
played on the television screen at the same time to enable
vicariouslearning. The nursetutor ensured each student in each
group had the same amount of exposure to VR-Hosp (ie, 15
minutes), offered technical support on-site, and held adebriefing
after each session.
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M easures

The following outcomes were assessed immediately after the
VR-Hosp session: virtual nontechnical skills, sense of presence
in avirtua clinical environment, and student satisfaction and
self-confidence in learning.

Virtual Nontechnical Skills

The primary outcomes were 5 personal skills measured using
thevirtua nontechnical skills(v-NOTECHS) system. Statements
in the v-NOTECHS system were modified from the original
NOTECHS rating system [14] to facilitate self-reporting on
these behavioral parameters during engagement with the
VR-Hosp game. The v-NOTECHS system consists of 5
domains: (1) communication and interaction (communication),
3 items; (2) situation awareness and vigilance (situation
awareness), 3items; (3) cooperation and team skills (teamwork),
5 items; (4) leadership and managerial skills (leadership), 5
items, and (5) decision-making, 5 items. One item in the
communication domain of the original scale, “waited for
acknowledgement from scrub nurse,” was deemed irrelevant in
the VR-Hosp learning activities. Players rated the items on a
5-point Likert scale, ranging from 1for strongly disagree to 5
for strongly agree. Cronbach a coefficientsin the original scale
are between .77 and .87.

The Presence Questionnaire Version 3.0

The Presence Questionnaire (PQ) was adopted to measure the
players’ sense of presence in this virtual clinical environment
[38]. The scale explores how players psychological state or
attention shifts from the physical to the virtual environment. It
consists of 4 domains: (1) involvement (involve—how natural
or compelling isit to interact with the environment and control
the objects?), 12 items; (2) adaptation/immersion
(immersion—how much were you engaged in and focused on
the assigned tasks?), 22 items; (3) sensory fiddlity (sensory—the
degree of coherence for stimulating multiple senses), 17 items;
and (4) interface quality (interface—how much did the control
or display devices interfere with concentration on the tasks?),
17 items. The highest scores for these 4 domains were 84, 50,
42, and 21, respectively. Note that the items under interface
quality were negatively worded. Theitem scoreswere reversed
so that the higher scores indicated less distraction and delay in
the game experience. The respondents gave their ratings using
a 7-point Likert scale, ranging from 1 for strongly disagree to
5 for strongly agree.

Student Satisfaction and Self-Confidencein Learning

The Student Satisfaction and Self-Confidence in Learning
(SSSCL) scale was selected to investigate the design of
VR-Hosp [39]. The scale consists of 5 itemsfor the satisfaction
subscal e (satisfaction), measuring satisfaction with the content
and ingtructions of the game. The second subscale,
self-confidence in learning (self-confidence), has 8 items,
measured on a 5-point Likert scale. This subscale measures
players self-confidence in learning associated with the
development of NTS. The internal consistency of the SSSCL
scale is good. Cronbach a coefficients are .92 and .82 for the
satisfaction and self-confidence subscal es, respectively.
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Qualitative Data

An independent senior research assistant who had been trained
in conducting semistructured interviewsled 4 onlinefocus group
sessions. Purposive sampling was used based on the participants
sociodemographic background (ie, gender, year of study) and
whether they had exposure to clinical experience (yes, no) to
ensure the representativeness of the focus group sample. Each
group consisted of 4-5 participants. Another assistant was
present to take notes. The main question posed to the participants
was, Can you share your experience with the VR-Hosp game
and how it affected your learning? Further inquiries were made
about the impact of the experience on their studies; the aspects
they liked or didliked; and the skills, knowledge, and other
benefits they acquired. Each group’s digital audio recording
lasted around 45 minutes and was transcribed word for word
for further analysis.

Data Analysis

Descriptive statistics were computed to show the demographic
profile of the students and to capture their self-reported
performancein developing their NTSusing VR-Hosp. Cronbach
o was used to inspect the internal consistency of the
guestionnaires (a=.70: good reliability; o=.60: acceptable
reliability) [40].

Hierarchical multiple linear regression was used to identify the
incremental predictive values of different variableson NTS. In
block 1, we aimed to establish baseline relationships by
considering the influence of age and gender on NTS, as these
sociodemographic characteristics can affect the devel opment
of NTS[41,42]. In block 2, we accounted for experience-based
factors, specifically prior clinical experience and VR game
experience, which not only are associated with the devel opment
of NTS but also alowed us to establish their incremental
predictive value on NTS beyond the influence of
sociodemographic variables [31,43]. Considering a sense of
presence has been associated with more positive outcomes in
technical skillsamong nursing students, in block 3, the VR-Hosp
game experience measured using the PQ was included to
determine its predictive value for NTS, considering the
influences from previous blocks [11]. Finally, key predictors
in the design of VR-Hosp and confidence in mastering the
teaching content using VR, as measured using the SSSCL scale,
were entered after considering the contributions in previous
blocks. The Technology Acceptance Model (TAM) consists of
3 key components—computer self-efficacy, perceived
usefulness, and perceived ease of use—which have been found
to positively affect the behavioral intention to learn a health
procedure [44]. We used the SSSCL subscale scores because
the constructs measured by these subscales closely parallel the
components of TAM. For example, the self-confidence subscale
of the SSSCL is highly associated with the TAM components
computer self-efficacy and perceived ease of use, while the
satisfaction subscaleis closaly linked to the perceived usefulness
component [45,46].

NVivo version 11 was used to manage the focus group data.
Inductive content analysiswas used to examine and analyze the
interview data, with the aim of identifying the main categories
(themes) in the data and patterns among the subcategories[47].
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The unit of analysis was a statement from the transcripts of the
focus groups. The exploration and interpretation of the meanings
of data led to the emergence of meaningful units of
subcategories, and a name was given to each subcategory
corresponding to the meanings of its coding. Lastly, the
subcategories were condensed to achieve the status of atheme.
To ensure trustworthiness, each transcript was analyzed
independently by 2 researchers (authors KC and TL ), who then
met to discuss the data and reach a consensus on the themes
[47]. The researchers analyzed the data until they reached the
point of data saturation, when no new findings emerged.

Ethical Consider ations

This study was approved by the Human Subject Ethics
Subcommittee of the Hong Kong Polytechnic University
(approval number: HSEARS20211229002). Informed consent
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was obtained from all individuals included in this study.
Students’ participation was entirely voluntary and would not
affect their subject or curriculum in any sense.

Results

Participant Characteristics

Of the 237 undergraduate nursing studentstaking the preclinical
VR-Hosp workshop, 202 (85.2%) students consented and
participated in the study. Among the participants, who had a
mean age of 20.2 (SD 1.45) years (females. n=150, 74.3%), 163
(80.7%) had no clinical experience, whilethe remaining students
had less than 30 days of clinical experience. It is noteworthy
that more than 80% (n=167) of the participants had no VR
experience prior to VR-Hosp. Sociodemographic characteristics
are summarized in Table 1.

Table 1. Demographic measures of the participants (N=202) who played the VR-Hosp® game.

Measures Value
Age (years), mean (SD) 20.2 (1.45)
Gender, n (%)
Male 52 (25.7)
Female 150 (74.3)
Clinical practicum experience, n (%)
No clinical experience yet 163 (80.7)
Clinical placement for 15 days 27 (13.4)
Clinical placement for 30 days 12 (5.9
Experiencein playing IVRP games, n (%)
Never 166 (82.2)
1-3 years 36(17.8)

3/R-Hosp: virtual reality hospital.
BIVR: immersive virtual reality.

Outcome Assessment

The overal Cronbach a coefficients of the 3 instruments were
excellent (Table 2) at .93 (v-NOTECHS system), .95 (SSSCL
scale), and .92 (PQ), confirming that the construct wasinternally
consistent (criterion a=70).The reliability of the v-NOTECHS
subscales administered to the target popul ation were satisfactory,

https://apinj.jmir.org/2024/1/e58818

with Cronbach a ranging from .70 to .90 (communication=.70,
situation awareness=.70, teamwork=.84, leadership=.79, and
decision-making=.90). Cronbach a coefficients of the 4 PQ
subscales were .90, .85, .80, and .74, respectively. The SSSCL
instrument used in the study also achieved a Cronbach a of .93
for the satisfaction subscale and .91 for the self-confidence
subscale.
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Table 2. Outcome measures after participants played the VR-Hosp? game and reliabilities of the scales used.

QOutcome assessments Mean (SD) Cronbach a
v-NOTECHS? 93
Communication and interaction® 4.3(0.59) .70
Situation awareness and vigilance® 4.1(0.55) .70
Cooperation and team skills® 4.1(0.55) .84
L eadership and managerial skills® 4.1(0.50) .79
Decision-making® 4.1(0.52) .90
ssscL scale 95
Satisfaction with the content and instructions® 4.3(0.56) 93
Self-confidence in learning® 4.2(0.53) 91
Qe 92
Involvement (maximum score=84) 57.6 (8.71) .90
Adaptation and immersion (maximum score=50) 28.3 (4.95) .85
Sensory fidelity (maximum score=42) 39.6 (5.95) .80
Interface quality (maximum score=21) 11.0(3.39) 74

#/R-Hosp: virtual reality hospital.

by-NOTECHS: virtual nontechnical skills.

®Maximum score=5.

dSSSCL: Student Satisfaction and Self-Confidence in Learni ng.
€PQ: Presence Questionnaire.

Efficacy on Nontechnical Skills

The survey showed that the learning outcomes for NTS were
largely satisfactory, with mean scores ranging from 4.1 (SD
0.50) to 4.3 (SD 0.54) out of 5 in the v-NOTECHS scales. In
the subscales satisfaction with instructions and self-confidence
inlearning from the SSSCL scal e, mean scores of 4.3 (SD 0.56)
and 4.2 (SD 0.53) were a so reported, respectively, in the 5-point
Likert scale. The sum of the scores for the 4 PQ domains were
involvement=57.6, adaptation and immersion=28.3, sensory
fidelity=39.6, and interface quality=11.0 (Table 2).

https://apinj.jmir.org/2024/1/e58818

Predictions of L earning Outcomes

Self-confidence emerged as a significant predictor of 3
V-NOTECHS skills (Table 3): situation awareness (p=.21,

P=.03, adjusted R?=0.351, F,5,=2.084, P<.001), team skills
(standardized coefficient p=.49, P<.001, adjusted R?=0.392,
F2157=39.36, P<.001), and leadership skills (=.31, P=.002,
adjusted R?=0.377, F,,5,=22.32, P<0.001). Satisfaction was

documented as a significant predictor of 3 v-NOTECHS skills:
communication and interaction (p=.34, P=.001, adjusted

R®=0.336, F 15,=20.01, P<.001) and decision-making (B=.39,
P<.001, adjusted R?=0.392, F, ;5,=33.44, P<.001).
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Table 3. Hierarchical regression analysis.

Chanet a

Block of variables ~ Communicationandin-  Situation awareness and

Cooperationandteam  Leadershipandmanage- Decision-making

teraction vigilance skills rial skills
B Pvaue AR? B Pvaue AR? B Pvaue AR? B Pvaue AR? B Pvdue AR?
Block 1
Gender .03 .65 0.006 .04 .54 0.004 .09 .20 0.010 .14 .06 0019 .09 21 0.008
Age 07 31 _a -6 .52 — - .62 — .01 .93 — .01 .88 —
Block 2
Gender .04 61 0.002 .06 .42 0.017 .10 .15 0.016 .14 .06 0.001 .09 .20 0.004
Age .07 .39 — -B .76 — -0 .16 — -01 .88 — -0 .93 —
VRP experience ‘05 52 — 12 — 13 .08 — 01 87 — 06 .42 —
Clinical experi- 0 .91 — -8 .31 — -3 .72 — .04 .65 — 02 .81 —
ence
Block 3
Gender -0L .88 0.186¢ 01 .89 0206¢ 07 .34 0110° 08 .20 0208¢ 04 51 0.163°
Age A1 15 — .01 .92 — -@ 81 — .02 .77 — .01 .89 —
VR experience .03 .67 — 10 13 — 12 .09 — -0 86 — 04 58 —
Clinical experi- - .78 — B 29 — B 66 — .03 69 — 02 76 —
ence
Involvement .30 .02 — 25 .05 — 12 .36 — A8 .15 — 0 .98 —
Sensory fidelity .16 .13 — 27 .01 — 21 .06 — A1 .26 — 22 .04 —
Immersion 0 .99 — 0L .90 — .03 81 — 19 .07 — 23 .03 —
Interface quali- -12 .08 — -B .62 — -0 .20 — =13 .04 — -0 .19 —
ty
Block 4
Gender 03 .59 0.142¢ 03 .57 0104¢ 09 .14 0256¢ 11 .07 0149¢ 09 .11 0217
Age .09 .19 — 0 .98 -®@ .74 .01 .83 -1 .87
VR experience .04 .56 — 10 .08 A3 .03 0 .97 05 4
Clinical experi- -04 .54 — -® .16 — -06 .35 — .01 91 — 0 .96 —
ence
Involvement 24 04 — 21 .07 — 07 54 — 14 .23 — —07 .56 —
Sensory fidelity .14 .13 — 27 01 — 21 .02 — a1 .22 — 21 .02 —
Immersion =14 .17 — =13 .19 — =15 .12 — .06 .56 — 06 .51 —
Interface quali- —06 .44 — .02 .78 — -8 .65 — -8 .20 — 0 .94 —
ty
Self-confidence .10 .33 — 21 .03 — 49 <.001 — .31 .002 — 16 .103 —
Satisfaction .34 001 — 16 12 — .08 41 — 14 17 — .39 <001 —
3N ot applicable.
bVR: virtual reality.
°P<.001.

Qualitative Data

Basic patterns and coding were clustered and organized into
categories (Multimedia Appendix 1). Content analysis yielded
3 categories corresponding to user experience and intended
learning outcomes (ILOs). The first category pointed to the
fidelity of VR-Hosp. The subcategories were physical fidelity,

https://apinj.jmir.org/2024/1/e58818
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psychological fidelity, and affective fidelity. The other 2
categories deduced were found to match with the itemsin the
SSSCL subscales and the v-NOTECHS system and, thus, were
named satisfaction in learning and development of NTS. The
items in the satisfaction subscal e indicated the effectiveness of
the VR activities in promoting enjoyment and the motivation
tolearn. Itemsin the subscal e self-confidencein learning pointed
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to the development of expected knowledge and skills, as
specified in the v-NOTECHS system measuring self-reported
learning outcomes.

Category |: Fidelity

Realism was noted in VR-Hosp.

Physical Fidelity

It was observed that not only “the graphics and images were
constructed indetail” (student 0207) but also the narrow working
space between bedswas simulated (student 0304), and “ a patient
suddenly climbed out of bed and ran really quickly” (student
0310). The chaotic situation in clinical settings was further
revealed when discrepancies were noted when the food in the

meal cart differed from that indicated in the signage above the
patient’s bed (student 1405).

The positive reports from students that VR-Hosp provides a
realistic simulation consistent with ahospital environment were
corroborated by the quantitative findings of high sensory fidelity
scores in the PQ, which measures the degree of coherence in
stimulating multiple senses.

Psychological Fidelity
Students continually tried to make sense of the chaotic and ad

hoc incidents occurring in the virtual environment. Student 0307
mentioned:

| actually experienced the chaos of clinical practice.
It feels like what | have learnt was not actually
“learnt.”

Another student was stunned by having to create a voice
recording in response to the assignment on patients' needs and
nurses tasks. The importance of communication became clear,
moving the focus solely on psychomotor skills to understand
patients' needs (student 0608).

The unexpectedly immersive learning experience was closely
aligned with the level of involvement—specifically, how natural
or compelling it isto interact with the environment and control
objects. This was particularly evident when students had to
create a voice recording in response to an assignment on
patients' needs and nurses’ tasks, prompting them to reflect on
theimportance of communication in addressing patients needs.

Affective Fidelity

Tension was reported in the realistic situations embodied in the
immersive interactions in VR-Hosp:

In the virtual game, | heard an alarm go off. This
would not have occurred in laboratory practice. This
made me feel very nervous. [ Student 0204]

| felt overwhelmed. [Student 0811]

These qualitative findings were also corroborated by the
adaptation and immersion scores, which assessed how engaged
and focused participants were on the assigned tasks. Tensions
observed from the redlistic and immersive interactions in
VR-Hosp offered them a novel learning experience beyond
traditional laboratory practice.

https://apinj.jmir.org/2024/1/e58818
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Category |1 Satisfaction in Learning

In this category, students said that this training method was
helpful and effective.

Traditional teaching was somehow fragmented, and
only focused on a specific area...This VR-Hosp
offered us a chance to understand the workflow. In
this way, we have |earned better. [ Student 0706]

Not only did they come across various situations that they “did
not see in textbooks’ (student 1303), but they also had to
“analyze information before reporting the patient’s condition”
(student 1109). Students enjoyed the learning activities and
asserted that the games motivated them to learn. Student 1503
said:

The gamethat | played was distributing meals to the

patients. | did not realize that the meal signage could

differ from the actual order.

Category 11 Self-Confidencein Learning

Development of Communication and I nteraction

Communication and interaction skills are core components of
NTS. Multiple students highlighted how the VR experience
helped them realize the importance of these NTS, which they
had previously overlooked (students 0608, 0908, and 1306).
Another participant also added:

| know communication is important, because | have
to respond and find out the priorities of various
situation. [Student 0913]

Development of Situation Awareness

Situation awareness was perceived as a vital skill by many
students. They had learned to be observant and alert not only
to the environment but also to the patients’ actions to ensure
patient safety. As a student mentioned:

Being a nurse, we have to be highly alert since so
many different things could happen...What if | did not
pay attention and the patient suddenly collapsed?
[Student 0410]

Another student echoed:

Many a time during laboratory practice, we perform
the skills in a step-by-step manner. But in reality, it
would not happen as planned. There would be sudden
incidents. [Student 1312]

Development of Decision-M aking

Decision-making was 1 of the central learning outcomes.
Knowledge and clinical reasoning al cameinto play. Moreover,
prioritization was deemed “essentia since tasks came up one
after another” (student 0710). “[We] haveto judge by ourselves’
(students 0105, 0211, 0510, and 0907) was acomment that was
made many times. In addition, students said, “We needed to
determine the priority” (student 1301), learned to “analyze the
information” (students 1008 and 1506), “think critically”
(student 1401), and “know therationalefor our actions’ (student
0311).
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Student 1004 pointed out that “it felt so real that you would be
asked to do another thing while you are busy.” Students also
found that they needed to “multitask” (student 1403) and that
“there is an internal timer” (student 0713). One student best
summarized the experience of playing VR-Hosp:

We had to be efficient, accurate, and careful. [ Student
0406]

Discussion

Principal Findings
This study was the first of its kind to explore nursing students’
experiencein using theimmersivegameVR-Hosptolearn NTS.
Overall, findings suggested that VR-Hosp has the potential to
facilitate NTS learning in order to complement current
educational strategies.

Both quantitative and qualitative findingsindicated the positive
effectsof VR-Hosp training in enhancing nursing students NTS
through a high-stress, time-critical IVR environment that
customized real-life clinical situations with multitasking and
episodes of interruption, demanding heightened awareness and
prompt decision-making. Sensory fidelity signified the realism
and coherence of the senses, for example, sound and movement,
and the examination of virtual objectsfrom multiple viewpoints.
Huang et al [48] found that a high sense of presence might
generate a cognitive overload when individuals are trying to
completevirtual tasks, and thereby negatively affect satisfaction.
In contrast, visual, auditory, and tactile stimul ations were found
to be vital for novice nurses to detect cues related to patients
conditions [49,50]. In a similar vein, sensory fidelity in
VR-Hosp allowed the students to play individually with high
concentration and meticulous cognitive and perceptual
responses, to critically think, and make appropriate decisions.
Consistent with another study, sensory modalities to imitate
real-world movements were crucia in learning [51].

In our quantitative findings, critical sensory input was found to
be associated with perception and comprehension of the situation
[52]. More importantly, the meaningfulness and coherence of
the content and activities were established as factors that
promote learning and the goals of higher education [53]. The
high satisfaction and self-confidence scores, coupled with their
predictions of these 2 NTS, unpacked the meaningfulness of
using VR-Hosp. These findings were further complimented by
students’ feedback, which indicated that the virtual environment
realistically offered space for them to make decisions and react
to the visual or auditory aarms, instead of providing a
step-by-step guide. Students were required to multitask within
a set period and to tend to episodes of sudden demands.
Prioritization and communication with the patient or other
members of the health care team were significant. Students had
to contemplate the rationale for their actions and reconsider
their justifications when answering the MCQs in response to
the virtual situations. Hence, the IVR activities facilitated the
building of situation awareness and vigilance, as well as
decision-making.

The qualitative findings provided further insights into the
distinct contributions of the game’s design to the devel opment
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of NTSamong nursing students. Detecting and handling alarms,
hazards, and clinica pitfalls were the learning activities in
VR-Hosp. Students commented how VR-Hosp heightened their
excitement, eliciting stress and nervousness when encountering
unexpected incidents and equipment alarms during the game
play. It was uncovered that the voice-recording feature in
VR-Hosp made the students feel compelled to communicate
with the nurse and patient during the game. They could not
proceed to the next action if they did not talk to the patients and
other health care workers. Such forced interactions urged them
on to communicate with the avatar and engaged them in
performing the designated activities. Altogether, these
qualitative findings echoed the learning space concept in the
experiential learning framework [35], contributing evidence of
VR-Hosp's sensory fidelity value to physical, psychological,
and affective fidelity.

Previous studies have reported that gender and experience in
playing VR games are factors that affect satisfaction and
usability scores [23]. In contrast, our quantitative findings
revealed that gender and literacy in VR technology do not have
an impact on situation awareness and decision-making. It was
interesting to discover that the other 3 domains in the sense of
presence did not predict either situation awareness or
decision-making. These domainswereinvolvement (controlling
and moving in thevirtual environment), immersion (proficiency
and consistency with thereal world), and interface quality. This
means that interference in using control devices, delay in
experiencing actions, and distraction in visual display did not
hinder students’ confidencein their ability to devel op the desired
skills. It was inconclusive whether naturalistic interactions are
the element that influence how the form and content of the
learning modalities operate in virtual learning environments
[54]. That said, it was likely that exposure to IVR clinical
practice was significant in helping novice nurses develop and
master the skills of situation awareness and decision-making
regardless of the control of VR devices.

Overall, this study offers evidence of the sensation fidelity of
the VR environment as an essential feature to achieve learning
outcomes. Our findings suggest that V R-Hosp hasthe potential
to facilitate the development of situation awareness and
decision-making, complementing current educational strategies.
For instance, IVR provides a cost-effective and accessible
aternative to traditional pedagogy, such as high-fidelity
simulation. Although high-fidelity simulation is an effective
educational strategy, certain limitations, such as shortages of
personnel, resources, and space and the lack of available
qualified facilitators, can impact its implementation and
effectiveness. However, 1VR eliminates the need for physical
resources and a dedicated space, allowing students to engage
in realistic scenarios using VR headsets or other devices. This
scalability enables a larger number of students to participate
simultaneously, enhancing accessibility and reducing logistical
congtraints. With the use of IVR, facilitators can guide and
debrief students, leveraging the recorded interactions and
performance data to provide targeted feedback and facilitate
reflective learning.
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Limitations

This study adopted a convenience sampling method; thus, it is
difficult to generalize the results. The study involved a
cross-sectional survey collected after VR-Hosp practice; thus,
the cause and effect of this VR teaching strategy could not be
determined. NTS in the real world are often influenced by
external factors, such as high uncertainty and time pressure[55].
Considering that v-NOTECHS scoreswere self-reported, further
work is needed to objectively evaluate the learning outcomes
and assess whether these skills can be sustainably translated to
realistic settings. When implementing V R-Hosp, students took
turnsin being playersand observers. Thismight haveinterfered
with the immersive experience since the observers
communicated with the players during the activity, for example,
in locating alarms and when answering MCQs. There might
also have been bias when obtaining qualitative feedback, since
the process was conducted during the debriefing session
moderated by the teachers. However, the information that was
obtained forms a basis for future studies to compare its impact
with that of other educational pedagogies. In addition, the use
of HMDs in IVR can lead to VR sickness, such as nausea,
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dizziness, and blurred vision [56]. Although our study did not
report cases of VR sickness, its presence could negatively impact
the immersive learning experience. Future research should
include measures such as the Virtual Reality Sickness
Questionnaire to evaluate its effect on the desired learning
outcomes [57]. Additionaly, future studies using IVR may
consider striking a balance between realism and incorporating
elements shown to reduce VR sickness, such as narrowing the
horizontal field of view, partially limiting the degrees of freedom
in navigation control, and increasing tactile feedback [58].

Conclusion

VR-Hosp appears to be a promising educational pedagogy for
enhancing NTS, including situation awareness and
decision-making ability, in nursing students. VR-Hosp portrays
a nonlinear world that challenges students to operationalize
what they have learned in traditional classroom teaching and
simulation practices. The findings add evidence to the
determinants of learning outcomes from the aspects of a sense
of presence, satisfaction, and self-confidence in learning. This
should motivate the undertaking of future work on VR-based
teaching and learning activities in higher education.
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Abstract

Background: Doctor of Nursing Practice (DNP) programs in the United States confer the highest practice degree in nursing.
The proportion of racial and ethnic minority DNP students, including those of Asian descent, keeps increasing in the United
States. Statisticsis commonly required for DNP programs. However, thereisinsufficient evidence regarding the number of years
within which statistics should be taken and the minimum grade required for admission to the program.

Objective: This study aimed to examine the associations of statistics prerequisite durations and grades for admission with the
course performances within the DNP program. We al so explored whether a postadmission statistics overview course can prepare
students for a DNP statistics course as well as arequired statistics prerequisite course.

Methods: A retrospective cohort study was conducted with asample of 31 DNP students at alarge university inthe Mid-Atlantic
region. Statistical analysis of data collected over 5 years, between 2018 and 2022, was performed to examine the associations,
using Spearman rank correlation analysis and Mann-Whitney U test (U).

Results: The performance of studentsin a DNP statistics course was not associated with prerequisite duration. There was no
significant association between the duration and the DNP statistics course letter grades (p=0.12; P=.66), neither with exam 1
(p=0.03; P=.91) nor with exam 2 scores (p=0.01; P=.97). Prerequisite grades were positively associated with exam 1 grades
(p=0.59; P=.02), but not exam 2 (p=0.35; P=.19) or course grades (p=0.40; P=.12). In addition, no difference was found in the
performance of students whether meeting the prerequisite requirements or taking a 1-month, self-paced overview course (exam
1: U=159, P=.13; exam 2: U=102, P=.50; course letter grade: U=117, P=.92).

Conclusions: No evidence was found to support the need for limits on when prerequisites are completed or grade requirements.
Opting for a statistics overview course after admission can serve as a viable alternative to the statistics prerequisite, effectively
preparing students for advanced quantitative data analysisin a DNP program.

(Asian Pac sl NursJ 2024;8:€57187) doi:10.2196/57187

KEYWORDS
Doctor of Nursing Practice; admission prerequisite; statistics requirement; biostatistics; nursing education

nursing. The proportion of racial and ethnic minority DNP
students, including those of Asian descent, increased from 21%

Doctor of Nursing Practice (DNP) programsin the United States 11 2010 to 37% in 2020 [1]. Several countries in East and
prepare nurse leaders, conferring the highest practice degreein  Southeast Asia have begun implementing practice-oriented
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nursing doctorate programs, similar to DNP programs in the
United States [2]. The American Association of Colleges of
Nursing (AACN) documents that guide the development of
DNP program curricula emphasize the importance of DNP
graduates being prepared to lead evidence-based practice [3].
To fulfill this, DNP graduates should possess the competence
to trandlate research into practice, evaluate evidence, apply
research in decision-making, and implement viable clinical
innovations to effect practice change [4].

Integration of research into clinical practice for evidence-based
practice requires afirm understanding of statistics. Insufficient
knowledge and reasoning skills in statistics can lead to
inaccurate interpretation and application of knowledge [4].
Accordingly, itiscommon that DNP programs require statistics
as an admission prerequisite. A total of 17% of DNP programs
in the United States mandate applicants to complete a
graduate-level statistics course before admission [5]. Some
programs include statistics as a core course in their DNP
curriculum [6], often requiring undergraduate-level statisticsas
aprerequisite.

While completion of a statistics course before admission to
DNP programs is frequently required, there has been little
evidence or consensus about the specific timeframewithin which
this prerequisite should befulfilled [5] or whether prerequisites
are even needed [7]. Candidates are largely affected by the
existence and duration of this requirement; a tight, short
timeframe may discourage them from applying to the program
as it may mean they have to retake a statistics course to meet
the requirement [8]. Such a duration requirement, when
unnecessary, is disadvantageous to both applicants seeking to
advance their education and to schools aiming to expand the
qualified applicant pools [8]. Previous research has indicated
limited evidence linking prerequisite coursework to subsegquent
performance [9,10]. Thereis no published evidence showing a
differential effect of prerequisite statistics on the admission or
academic performance of racia and ethnic minority DNP
students. Furthermore, admission requirements have changed
over time, implying that specific year criteria may not always
be a good standard [7]. As the specific duration criteria of
prerequisites vary across the DNP programs and limited
evidence supports the need for prerequisite requirements, it is
vital to address the existing gaps in prerequisite courses and to
examine the evidence supporting the criteria[11].

Therefore, this study aimed to investigate the questions: (1) Is
the time elapsed since students' completion of the statistics
prerequisite (duration) associated with their performance in a
DNP statistics course? (2) Are the grades of the statistics
prerequisite course associated with students’ performancein a
DNP statistics course? and (3) Does a postadmission statistics
overview course prepare students for a DNP statistics course
aswell asarequired statistics prerequisite course?

Methods

Study Design and Sample

We conducted a retrospective cohort study that involved the
analysis of datacollected over 5 years, between 2018 and 2022.

https://apinj.jmir.org/2024/1/e57187

Byonet d

Theunit of analysiswas datafrom individuals. The data sources
consisted of the transcripts and class artifacts of the students
who were enrolled in aDNP program—required statistics course
at a large university in the Mid-Atlantic region. We did not
collect their demographics for anonymity. The DNP program
in this study is designed to empower nurses to practice at the
highest level of clinical practice and improve systems and safety
as nurse leaders. The executive, hybrid format allows students
to attend in-person classes once a month, with the balance of
online learning. At the end of the program, students complete
a quality improvement scholarly project that synthesizes and
demonstrates the knowledge and skills they have learned
throughout the program. Statistics play akey role in analyzing
datafor thisscholarly project. Whilethe DNP program required
completing a prerequisite statistics course with a grade of at
least B within 5 years of the program start, it also allowed the
students who had not met either the grade requirement or the
duration requirement of 5 yearsto alternatively take a summer
statistics overview course. The 1-month, online, asynchronous,
self-paced summer overview course was supervised by afaculty
member and contained 5 modules (research design, sampling,
measurement, descriptive statistics, and inferential statistics).
In order to pass the course, the students were required to
demonstrate at least 80% proficiency with the content through
an end-of-the-course exam that they could take a maximum of
2 times. DNP dtatistics course grades were accessed by the
course professor (HDB). The grades and the years and semesters
of the prerequisite statistics course were obtained through the
School of Nursing Office of Admissions and Student Services.
The passing status of the summer overview course was obtained
from the Director of the DNP program.

M easures

Duration Since Statistics Prerequisite

Students started taking the DNP statistics course at various
elapsed times after completion of the prerequisite statistics
course. To compute the duration of this elapsed time (DET),
first, the years and monthswere identified for (1) when students
had compl eted the prerequisite statistics courses based on their
transcript (May for the spring semester, August for the summer
semester, and December for the fall semester) and (2) when
students had started taking the DNP statistics course (August).
Then, we calculated the DET in months by subtraction between
the 2 time points.

Doctor of Nursing Practice Statistics Course
Performances

Intotal, 3 DNP statistics course artifacts were used to measure
the course performance of students: exam 1 and exam 2 scores
(both with a possible score range of 0 to 15), and course letter
grades (1=B—, 2=B, 3=B+, 4=A—, 5=A, and 6=A+). No study
participants received a grade below B in the course.

The contents of the 2 exams were not cumulative. Exam 1
occurred at the midterm and exam 2 at the end of the semester.
Each included 25 multiple-choice questions. The exams assessed
students understanding of the datistical theories and
interpretation of the results from various statistical tests (eg,
descriptive statistics, t tests, one-way ANOVA, repeated
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measures ANOVA, analysis of covariance, multiple linear
regression, logistic regression, and nonparametric tests). The
course letter grades also reflected other course artifacts (eg, a
statistical analysis critique paper) that were excluded from this
study due to alack of immediate relevance to the prerequisite
statistics grades. The course was taught by the same faculty
member during the entire 5-year study period. The faculty
maintained the other format (eg, exam length) and the difficulty
level of the exams across cohorts of students, supported by
comparable exam scores and course grades, on average, over
the years.

Prerequisite Statistics Performance

The letter grades of the statistics courses in the transcripts that
students had submitted for admission were used to measure the
performance of the studentsfor the prerequisite statistics course
(1=B—, 2=B, 3=B+, 4=A—, 5=A, and 6=A+). The DNP program
required a grade of at least B—for admission.

Ethical Considerations

All participantswereinformed of the purpose, content, process,
and potentia risks and benefits of the study. The informed
consents were voluntarily obtained, and participants were
informed that they could withdraw from the study whenever
they wanted. No compensation was provided for study inclusion.
The data used in this study were stored in the institutional
encrypted storage. All study data were accessible only to the
approved researchers. This study was approved by the University
of Virginia Institutional Review Board (#5525) and adhered to
ethical standards.

Statistical Analysis

Descriptiveandinferential statisticswere calculated using |IBM
SPSS Statistics (version 28) [12]. Frequencies and proportions
in percent for categorical variables and their means (SDs) and

https://apinj.jmir.org/2024/1/e57187
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medians (IQRs) for continuous variables were computed. A
Spearman rank correlation analysis was used to explore the
association between the DET and their DNP statistics course
performance (study question 1) and statistics prerequisite course
grades and students’ DNP statistics course performance (study
question 2) because the study data did not meet the normality
assumption. A Mann-Whitney U test was used to investigate
differences in DNP statistics course performance based on the
completion of a statistics overview course or required statistics
prerequisite (study question 3). The significance level for all
statistical tests was set at the conventional level of P=.05.

Results

Sample Characteristics

Out of 86 students who had taken the DNP program statistics
course and wereinvited to the study, atotal of 31 (36%) students
agreed to participate. From the 31 student participants in the
sample, 16 (52%) students met the 5-year statistics prerequisite
requirement for admission, and 15 (48%) students successfully
completed the summer overview course. Therewereno missing
data

Among the 16 students who fulfilled the 5-year statistics
requirement, the mean DET between taking the prerequisite
statistics course and the DNP statistics course was 39.6 (SD
19.7; range 12-80) months, or approximately 3.5 years. Most
of them (11/16, 69%) received an A in their prerequisite
statistics course. In the total sample of 31 students, which was
used to answer study question 3, the distribution of the letter
grades in the DNP statistics course was left skewed, with
predominantly A+ or A. Their mean scoresfor exam 1 and exam
2 were 13.4 (SD 1.5) out of 15 and 13.1 (SD 1.5) out of 15,
respectively (Table 1).
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Table 1. Sample characteristics of the study participants.
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Characteristics

Descriptive statistics

Transcript grade of the prerequisite statistics cour se (n=16), n (%)
A
B
B—

Duration (months elapsed from prerequisite; n=16)
Mean (SD)
Median (IQR)

Year taking the DNP? statistics cour se (n=31), n (%)
2018-2019
2020-2021
2022

DNP statistics course grade (n=31), n (%)

DNP statistics cour se per formances (maximum score=15; n=31)
Exam 1
Mean (SD)
Median (IQR)
Exam 2
Mean (SD)
Median (IQR)

11 (69)
4(25)
1(6)

39.6 (19.7)
34 (27.0-53.5)

5 (16)
19 (61)
7(23)

15 (48)
10 (32)
4(13)
2(6)

13.4(1.5)

13.8 (12.8-14.5)

13.1(1.5)
13.7 (12.0-14.4)

3DNP: Doctor of Nursing Practice.

Association Between Dur ation and Class Per for mance

There was no significant association between the DET and the
DNP statistics course |etter grades (p=—0.12; P=.66). Also, the
DET was neither significantly associated with exam 1 (p=0.03;
P=.91) nor exam 2 scores (p=—0.01; P=.97; Table 2). Therewas

no difference between those who had aDET within 5 yearsand
more than 5 years in their scores of exam 1 (14.2 out of 15 vs
14.2 out of 15), exam 2 (13.2 out of 15 vs 13.6 out of 15), and
course grades (12/13, 92% students earned A— or above vs 3/3,
100% earned A— or above; Table 3).

Table 2. Association of class performance with prerequisite duration and transcript grade (n=16).

Class performance Duration Transcript grade
Exam 1 score
P 0.03 0.59
P value 91 .02
Exam 2 score
p -0.01 0.35
P value .97 19
DNP? cour se letter grade
P -0.12 0.40
P value .66 a2

3DNP: Doctor of Nursing Practice.

https://apinj.jmir.org/2024/1/e57187
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Table 3. Comparison of the course performances by prerequisite duration (<5 years vs >5 years; n=16).
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Course performance Duration
<5 years (n=13) >5 years (n=3)

Exam 1

Mean (SD) 14.2 (0.9) 14.2 (0.9)

Median (IQR) 14.4 (13.8-15.0) 14.4 (13.8-14.7)
Exam 2

Mean (SD) 132 (14) 13.6 (1.9)

Median (IQR) 13.8(12.6-13.8) 14.4 (12.9-14.7)
Letter grade, n (%)

A+ 6 (46) 2(67)

A 4(31) 0(0)

A- 2(15) 1(33)

B+ 1(8) 0(0)

Association Between Prerequisite Performance and
Class Performance

There was a significant and large association between letter
gradesin the prerequisite statistics course and exam 1 scoresin
the DNP datistics course (p=0.59; P=.02). However, the
prerequisite letter gradeswere not significantly associated with
exam 2 scores and the DNP statistics course letter grades,
respectively (p=0.35, P=.19; p=0.40, P=.12). All other effect
sizeswerecloseto O (Table 2).

Comparison Between Statistics Prerequisite and
Overview Course

For the 31 studentsin the full sample, there were no differences
in all 3 DNP statistics course performance measures between
those who met the statistics prerequisite requirement and those
who took the statistics overview course (exam 1: U=159, P=.13;
exam 2: U=102, P=.50; course letter grade: U=117, P=.92).
Exam 1 scores were slightly higher (14.2 out of 15 vs 13.5 out
of 15) among those who met the prerequisite, but the difference
was not significant (Table 4).

Table 4. Comparison between those who met the statistics prerequisite and those who took the overview course (n=31).

Exam 1 Exam 2 Course letter grade

Total (n=31)

Mean (SD) 13.9(1.1) 13.3(1.7) 5.2 (0.9)

Median (IQR) 14.4 (13.2-14.7) 13.9 (12.6-14.4) 5.0 (5.0-6.0)
Prerequisite group (n=16)

Mean (SD) 14.2 (0.9) 13.3(1.4) 5.2 (1.0)

Median (IQR) 14.4 (13.5-15.0) 13.8(12.0-14.1) 5.5 (4.5-6.0)
Overview course group (n=15)

Mean (SD) 13.5(1.2) 13.3(2.0) 5.3(0.9)

Median (IQR) 13.8 (12.9-14.4) 14.4 (12.6-14.7) 5.0 (5.0-6.0)
u?d 159.0 102.0 117.0
P value 13 .50 .92
Pearson correlation coefficient (r) (effect size) 0.28 0.13 0.02

&iann-Whitney U test

Discussion

We did not find a significant association between the duration
after students’ completion of the statistics prerequisite and their
DNP statistics course performance. When a DNP program
requires statistics as an admission prerequisite, a duration
requirement is often attached (eg, 5 years) [11]. The rationale

https://apinj.jmir.org/2024/1/e57187

is that the knowledge of statistics has a limited shelf-life.
However, there is no known evidence after what year the
knowledge degrades significantly enough to warrant retaking
a course. In our study, there was no such critical time point.
Furthermore, our study result showed no overall association of
duration with performance in the higher-level statistics course.
Although the duration in our study sample only spanned from
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12 to 80 months, there is little reason to suppose a significant
association beyond the period.

Likewise, we did not find a correlation between course grades
in the prerequisite statics course and performance in a DNP
statistics course. Although exam 1 scores were positively
associated with the prerequisite grades, the association did not
continuefor exam 2 or the overall course grades. In this context,
the disadvantage for the students with lower prerequisite course
grades was overcome by the end of the semester. One possible
explanation for this is that the attenuation of the significant
association over the semester might be related to what and how
students and faculty contribute to the learning process. The
faculty might have put more effort into helping the students
with lower prerequisite grades, and at the same time, those
students might have sought more academic support from the
faculty. However, future research is needed to verify these
claims. It aso needs to be reiterated that all participating
studentsin thisstudy had at least aB—gradein their prerequisite
statistics course, as this was an admission regquirement.
Therefore, the absence of the correlation over time may not
apply to candidates who earned lower than B— in their
prerequisite course. Nevertheless, our study findings highlight
the necessity for evidence-based criteria regarding statistics
requirements, which may differ from current DNP admission
practices in many programs.

It is noteworthy that we did not find a difference in students
performance whether they met the prerequisite requirements or
took an alternative overview course. A faculty-supervised,
1-month, self-paced, online statistics overview course was as
effective in preparing the students for the DNP statistics course
as a statistics course taken as a prerequisite. The effectiveness
of the statistics overview course presents a novel avenue

Byonet d

diverging from the conventional statistics prerequisite in DNP
programs. This pathway allows these programs to gauge the
readiness of students for their enrollment in an advanced
graduate-level statistics course within the program itself,
eliminating the need for them to undertake an additional
statistics course before joining the program. Also, thisstrategic
initiative hasthe potential to foster greater equity and inclusivity
within DNP program learning cohorts. By affording students
the chance to familiarize themselves with essential content over
a condensed timeframe, the approach eliminates the necessity
of seeking an external course. Providing such an overview
course after students are admitted, rather than requiring them
to take an external course as a prerequisite to admission, can
align with and strengthen increasing diversity, equity, and
inclusion efforts at academic institutions. Our study had several
limitations. The study sample size was small and recruited from
one DNP program. We also did not collect data on potential
confounding variables such as student sociodemographics (age,
social support, work status, etc) and their academic tracks
(part-time and full-time). Further research is needed to explore
whether and how these student characteristics influence the
outcomes. Also, collaborative or comparative studieswith other
health care education programs can be conducted to gain insights
from diverse perspectives.

In conclusion, we did not find evidence to support requiring
candidates to complete a statistics prerequisite course for
admission within a fixed number of years. Instead, there is a
need to establish evidence-based criteria regarding statistics
requirements. Alternatively, offering astatistics overview course
can be an effective way to prepare students for a higher-level
statistics course in DNP programs. With support, students have
the potential to achieve desirable |earning outcomes.
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Abstract

Background: The prevalence and mortality rate of chronic kidney disease (CKD) areincreasing year by year, and it has become
aglobal public health issue. The economic burden caused by CKD isincreasing at arate of 1% per year. CKD ishighly prevalent
and its treatment cost is high but unfortunately remains unknown. Therefore, early detection and intervention are vital meansto
mitigate the treatment burden on patients and decrease disease progression.

Objective: In this study, we investigated the advantages of using the random forest (RF) algorithm for assessing risk factors
associated with CKD.

Methods: We included 40,686 people with compl ete screening records who underwent screening between January 1, 2015, and
December 22, 2020, in Jing’ an District, Shanghai, China. We grouped the participants into those with and those without CKD
by staging based on the glomerular filtration rate staging and grouping based on albuminuria. Using alogistic regression model,
we determined the rel ationship between CK D and risk factors. The RF machine learning al gorithm was used to score the predictive
variables and rank them based on their importance to construct a prediction model.

Results: Thelogistic regression model revealed that gender, older age, obesity, abnormal index estimated glomerular filtration
rate, retirement status, and participation in urban employee medical insurance were significantly associated with therisk of CKD.
On RF algorithm—based screening, the top 4 factors influencing CKD were age, albuminuria, working status, and urinary
albumin-creatinine ratio. The RF model predicted an area under the receiver operating characteristic curve of 93.15%.
Conclusions: Our findings reveal that the RF algorithm has significant predictive value for assessing risk factors associated
with CKD and alows the screening of individuals with risk factors. This has crucial implications for early intervention and
prevention of CKD.

(Asian Pac ISl NursJ 2024,8:e48378) doi:10.2196/48378

KEYWORDS
chronic kidney disease; random forest model; risk factors; assessment

presence of pathological injury for more than 3 months,
abnormal glomerular filtration rate (GFR), abnormal blood or

Chronic kidney disease (CKD) is characterized by chronic Urine composition, abnormal imaging findings, or an index
structural and functiona impairment of thekidney of >3months, ~ estimated GFR (eGFR) of <60 mL/minute/1.73 m* [1]. CKD
caused by various factors. CKD is diagnosed based on the isamajor global health concern. Between 1990 and 2015, the
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annual mortality rate attributed to CKD increased at an average
rate of 3.4% per year, and the global prevalence rate of CKD
increased to 14.3% [2]. The economic burden due to CKD
accounts for 31.4% of the global annual burden of living with
disability [3-6]. In China, the prevalence of CKD among patients
aged 18 yearsand older is 10.8%, encompassing approximately
120 million patients, indicating that approximately 1 in 10
Chinese individuals have had CKD [1]. Nevertheless, the
awarenessrate of CKD islow, and only 12.5% of patientsknow
about their illness. CKD is highly prevalent and its treatment
cost is high but unfortunately remains unknown. Therefore,
early detection and intervention can mitigate the treatment
burden on patients and decrease disease progression.

In recent years, risk factors including hypertension, diabetes,
and obesity, which are associated with CKD, have gradually
shown a trend toward affecting the younger population [7].
CKD is closely linked with an increased risk of all-cause
mortality, cardiovascular disease (CV D), renal failure, and other
adverse health outcomes, causing a serious disease burden
[8-10]. CKD is a major health concern due to its high
prevalence, low awareness rate, high treatment cost, increased
risk of combined cardiovascular events, and early mortality.
Early intervention, treatment, and controlling the risk factors
of CKD can decelerate and decrease disease progression and
consequently reduce overall morbidity and mortality. Hence,
diagnosisand risk factor assessment for patientswith early-stage
CKD are of immense significance.

With continuous advancements in artificial intelligence
technology, many researchers have attempted to use machine
learning modelsin the medical field. Many studies have reported
that machine learning algorithms can improve the
decision-making ahilities of clinicians in different fields,
including clinical prediction. A study published in The Lancet
[11] developed afeasible and effective machine learning—based
risk stratification model for predicting adverse events post
hospital discharge in patients with acute coronary syndromes.
The random forest (RF) algorithm was first proposed by Leo
Breiman and Adele Cutler in the early 21st century [12]. Inthe
last few years, the use of the RF agorithm for disease risk
prediction has garnered increasing attention due to its high
accuracy. Furthermore, some researchers have used econometric
models based on logistic regression (LR) and RF to predict the
risk of acute ovarian failure [13]. Additionally, Let et al [14]
constructed an RF model to improve the early detection and
prediction of the incidence of venous thromboembolism in
patients with lung cancer.

Some researchers have explored the application of machine
learning algorithms in disease prediction, compared them with
traditional statistical regression models, and reported the
differences in the performance of various prediction models.
While comparing conventional LR models with the RF
algorithm, many studies reported that the RF algorithm ismore
advantageous than the LR model. A previous study investigated
the predictability of the RF algorithm, the LR model, and deep
neural network modelsand found that machine learning models,
particularly deep neural network models, can improve the
long-term prognosis prediction of patientswith ischemic stroke
[15]. Another study constructed an interpretable RF model to

https://apinj.jmir.org/2024/1/e48378
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predict severe acute pancreatitis and found that the RF model
showed better precision and diagnostic accuracy than the LR
and Bedside Index Of Severity In Acute Pancreatitis models
[16]. Some researchers used 5 machine learning algorithms
separately to predict the malnutrition status of 5-year-old
children in Bangladesh and found that the accuracy of the RF
algorithm was 68.51%, which was greater than that of other
algorithms [17]. Another study reported that the RF algorithm
isabetter predictive model for older patientswith hip fractures
and high-risk mortality within 1 year after surgery [18].

A longitudinal study involving 143,043 patients with
hypertension was performed to predict long-term CVD risk.
The study reported that advanced machine learning algorithms
using RF performed better than traditional LR [19]. A
longitudinal cohort study compared clinical risk predictions
among patients with CVD using 19 prediction techniques. The
study also reported that excluding LR and commonly used
machine learning algorithms from long-term risk prediction
models underestimated the disease risk [20].

Researchers have also investigated the advantages of using RF
modelsin predicting kidney diseases. A previous study reported
the performance of 4 prediction tools, namely deep learning,
plain Bayesian, RF, and LR, for predicting all-cause mortality
in patientswith CKD. The study showed that Bayesian networks
and LR showed superior prediction abilities [21]. However,
another study reported that plain Bayesian, RF, and LR
performed adequately well and showed high sensitivity for
screening end-stage renal disease in patients with CKD, which
is inconsistent with previous reports [22]. Another previous
study constructed 3 algorithms, namely RF, plain Bayesian, and
LR, to classify glomerular and tubular injury and found that RF
showed the best performance in terms of accuracy, sensitivity,
and specificity. These findings suggest that RF can facilitate
early diagnosis of glomerular and tubular injury to mitigate
CKD progression [23]. Therefore, previous studies on the
viability of RF models have reported inconsistent conclusions
due to differences in research perspectives and subjects.

Methods

Data Source

The datafor this study were collected from the CKD screening
population in Jing'an District from January 1, 2015, to
December 22, 2020. | nformation obtained included demographic
and sociological characteristics, height, weight, diastolic and
systolic blood pressure, health insurance type, screening date,
urinary protein and urinary albumin-creatinine ratio (UACR),
blood creatinine, eGFR, and screening results. Intotal, 103,960
records were initially screened and CKD diagnoses were
categorized based on ICD-10 (International Satistical
Classification of Diseases, Tenth Revision) criteria. Records
with incomplete or duplicate data were excluded, resulting in
afinal sample size of 40,686 casesfor analysis. These dataare
considered credible and authentic.

Definition of Grouping

The participants were categorized based on dichotomous
variables: 1 for the nonmanagement population (indicating the
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absence of CKD) and 2 for the management population
(indicating the presence of CKD).

Table 1. Grouping and assignment of dependent and independent variables.

Liuetd

Covariance

We used the 11 factors identified in the univariate analysis as
explanatory variables for the LR model. The grouping and
assignment of the dependent and independent variablesarelisted
in Table 1.

Name Variable Value assignment

CKD? screening Y 1. Nonmanagement population; 2. Management population
Gender X1 1. Mde; 2. Female

Age X2 1. <65 years; 2. 65-75 years; 3. 275 years

BMI X3 1. Normal: 18.5-24; 2. Underweight: <18.5; 3. Overweight: 24-28; 4. Obesity: =28
History of X4 1. No; 2. Yes

hypertension

Index blood X5 1. Normal; 2. Abnormal

creatinine

Index eGFR® X6 1.No; 2. Yes

Index urinary protein X7 1. Negative; 2. Positive

Albuminuria Xg 1. No; 2. Yes

Urine albumin- Xg 1. <80; 2. 30-300; 3. 2300

creatinine ratio

Working status X10 1. Retired staff; 2. Unemployed person; 3. Others®

Type of medical X11 1. Urban employee medical insurance;

insurance

. Urban resident medical insurance; 3. Othersd

8CKD: chronic kidney disease.
PeGFR: estimated glomerular filtration rate.
COthers include students, freelancers, and workers.

dothers include the poverty relief system, out-of-pocket insurance, new rural cooperative medical system (NRCMS), commercial medical insurance,

and free medical service. The same as below.

Statistical M odel

A database was established using Excel (Microsoft Corp) 2010,
and SAS (version 9.4; SAS Ingtitute Inc) statistical software
was used for data analysis. The chi-square test was performed
for 1-way analysisto select variablesfor inclusionin the model,
with thethreshold for statistical significance set at P<.05. Based
on the GFR stage, abuminuria (Alb) grouping, and the
distribution of data, the study categorized participantsfor CKD
screening into management (suspected and diagnosed patients)
and nonmanagement (healthy individuals) populations. The
resulting dichotomous L R model was then used for subsegquent
analysis.

The RF Algorithm

RF isaclassification agorithm that uses multiple decision trees
totrain and predict samples. Specifically, the algorithm samples
the training data set N times with replacement and selects a
random subset of training samples each time. The remaining
undrawn samples are subsequently used to evaluate the
prediction error of the model.

https://apinj.jmir.org/2024/1/e48378

Training Validation Split

The data set of 40,686 participants was randomly split into the
following 2 subsets using simple random sampling in Python
3.6: onefor validation sample set A including 13,549 cases (or
33.3% of the total data set), and the other for then training
sample set B including 27,139 cases (or 66.7% of the total data
set). Thefirst subset A constituted the external validation sample
set with 3000 cases (accounting for 7.4% of the total data set).
The RF algorithm was subsequently applied to the training
sample set to evaluate the importance of each variable and
construct a CKD risk factor model. This model was used to
predict the test sampl e set, with aminimum prediction accuracy
threshold of 70%.

Parameters

The mean number of feature selections was used for each
random tree (mtry) in the model.

For aset with predictors, atypical number isthe rounded square
root of mtry [12]. Only 11 features were used in this study. We
did not use the square root method to calculate mtry. However,
we randomly selected a certain number of features each time
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and fixed ntree to adjust mtry to determine the values that
minimized generalization errors as the optimal value of mtry.

The mean number of random treeswas used in the RF algorithm
(ntree) in the model. (1) Using bootstrap resampling, 20% of
the B set was randomly split and was used as an interna
validation set and 80% was used as the training set. (2)
Assuming that the number of the decision tree was ntree, for
each node, mtry features were randomly selected. These mtry
features were used to divide the sample set, and the index Gini
was used to determine the best partitioning method. (3) For
determining the mean error of thetest set, steps (1), (2), and (3)
were repeated. With each iteration of step (2), the ntree was
increased by 1. ntree gradually increased from 1 to 200. We
obtained the set for average generalization error, and observed
the variation in the average generalization error with ntree.
When the optimal model was achieved, we obtained the number
of ntrees.

Variable Importance

After establishing the RF model, it was used for prediction.
Given the abundance of trees in the forest, determining which
variables have the most significant impact on predictions can
be challenging. Fortunately, an important method was used to
assess the significance of variables in the model. Specifically,
for each variable, in each decision tree of an RF, the decrease
inthe splitting criterion function (residual squared or Gini index)

https://apinj.jmir.org/2024/1/e48378
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caused by that variable was measured. The decrease in
magnitude for each decision tree wasthen averaged to determine
the importance of the variable. The importance of each feature
variable was ranked and plotted in order, resulting in avariable
importance plot.

Ethical Consider ations

The Ingtitutional Review Committee Board at Shanghai
Changzheng Hospital affiliated with the Naval Medical
University approved this study with written consent
(N0.2016SL.020). This observational study analyzed existing
data sources, which did not contain any patient-identifiable
information. This study did not involve the collection, use, or
transmission of individually identifiable data.

Results

LR Model With 2 Classifications

Results of Single Factor Analysis

An LR model with 2 classifications (CKD and non-CKD) was
used for analysis. As shown in Table 2, the results of the
univariate analysisindicate astatistically significant distribution
of differences in CKD status in the investigated population
across 11 variables: gender, age, BMI, history of hypertension,
index blood creatinine, index eGFR, index urinary protein, Alb,
UACR, working status, and type of health insurance (P<.05).
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Table 2. Distribution and comparison of baseline characteristics among patients diagnosed with CKD?,

Variable name Total participants, n Management population, n (%) Chi-square (df) P value

Gender 47.43 (1) <.001
Mae 17,205 16,052 (93.30)
Female 23,481 21,473 (91.45)

Age (years) 7811.50 (2) <.001
<65 9638 6864 (71.22)
65-75 20,156 19,783 (98.15)
=75 10,892 10,878 (99.87)

BMI (kg/m?) 220.31(3) <.001
Normal (18.5-24) 19,444 17,545 (90.23)
Underweight (<18.5) 1021 936 (91.67)
Overweight (24-28) 15,387 14,457 (93.96)
Obesity (=28) 4834 4587 (94.89)

History of hypertension 8.62 (1) .003
No 37,513 34,556 (92.12)
Yes 3173 2969 (93.57)

Index blood creatinine 62.35 (1) <.001
Normal 39,959 36,798 (92.09)
Abnormal 727 727 (100)

Index eGFRP 1164.79 (1) <.001
Normal 16,817 14,603 (86.83)
Abnormal 23,869 22,922 (96.03)

Urineprotein indicators 387.10 (1) <.001
Negative 36,557 33,396 (91.35)
Positive 4129 4129 (100)

Albuminuria 519.68 (1) <.001
No 35,329 32,168 (91.05)
Yes 5357 5357 (100)

Urinary albumin-creatinineratio 580.49 (2) <.001
<30 34,793 31,632 (90.91)
30-300 5207 5207 (100)
=300 686 686 (100)

Working status 1471.67 (2) <.001
Retired staff 37,406 35,062 (93.73)
Unemployed person 204 142 (69.61)
Others 3076 2321 (75.46)

Type of medical insurance 111.97 (2) <.001
Urban worker 22,909 21,405 (93.43)
Urban resident 16,626 15,055 (90.55)
Others 1151 1065 (92.53)

8CKD: chronic kidney disease.
PeGFR: estimated glomerular filtration rate.
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Multivariate Analysis

On univariate analysis, variables with statistically significant
differences were subjected to multivariate analysis as
explanatory variables in binary LR to establish a regression
model. The variables were screened using the input method
with asignificanceleve of a=.05. Theresults of the multivariate
analysis are presented in Table 3. The risk of CKD was lower
in women than in men (odds ratio [OR] 0.909, 95% ClI
0.829-0.997). Furthermore, therisk of CKD gradually increased
with an increase in age, with people aged 75 years and older
(OR 256.759, 95% Cl 151.115-436.259) and those aged 65-75
years (OR 20.471, 95% CI 18.209-23.013) being at higher risk
than those younger than 65 years. Moreover, individuals with
a BMI above the normal range were at a higher risk of CKD.
PeoplewithaBMI of 228 (OR 2.024, 95% CI 1.426-1.733) and
those with a BMI of 24-28 (OR 1.572, 95% Cl 1.426-1.733)
were at a higher risk of CKD than those with a normal BMI.
Similarly, peoplewith an abnormal eGFR index were at ahigher
risk of CKD (OR 1.397, 95% CI 1.271-1.537) than those with
anormal eGFR. Compared with other participants, retirees (OR
2.432,95% CI 2.162-2.736) and peoplewith medical insurance

https://apinj.jmir.org/2024/1/e48378
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for urban employees (OR 1.769, 95% Cl 1.319-2.372) were at
higher risk of CKD.

Table 4 shows that in the test sample, a high proportion of
records (98.9%) was accurately predicted. Specificaly, the
prediction model correctly identified all management population
records, whereas only 6.4% of nonmanagement population
records were accurately predicted.

Although dichotomous L R offers notabl e advantagesincluding
fast training, easy understanding, and high interpretability, its
limitations should be acknowledged. First, its effectiveness may
be hampered when managing imbal anced data sets, as observed
in this study where indicators including urine routine proteins
(PROs) exhibited excessive ORs because of the higher
proportion of abnorma vaues within the management
population. Second, similar to the accuracy rates of linear
models, the accuracy rates of LR models may not be optimal
because the latter can experience difficulty in fitting the true
datadistribution. Herein, imbalanced data setsin the regression
model led to statistically insignificant urine test results. Thus,
to overcome these limitations, we considered using a machine
learning approach.
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Table 3. Logistic regression analysis of factors affecting chronic kidney disease in people with different characteristics.

Variable name B E Wald chi-square (df) P value Odds ratio (95% Cl)
Female gender (reference: -0.095 0.047 4103 (1) 04 0.909 (0.829-0.997)
male)
Age (years; reference: <65 years)
65-75 3.019 0.060 2555.045 (1) <.001 20.471 (18.209-23.013)
=275 5.548 0.270 420.803 (1) <.001 256.759 (151.115-436.259)
BMI (kg/mz; reference: normal [18.5-24 kg/mz])
Underweight (<18.5) -0.286 0.148 3.737 (1) .05 0.751 (0.562-1.004)
Overweight (24-28) 0.452 0.050 82.521 (1) <.001 1.572 (1.426-1.733)
Obesity (=28) 0.705 0.081 76.341 (1) <.001 2.024 (1.728-2.370)
Having a history of hyperten-  0.127 0.089 2.031 (1) 15 1.135 (0.953-1.352)
sion (reference: no)
Abnormal index blood creati-  16.407 1054.200 0.000 (1) .99 1.33x107 (0.000-0.000)
nine (reference: normal index
blood creatinine)
Abnormal index eGFR (refer-  0-335 0.048 47.630 (1) <.001 1.397 (1.271-1.537)
ence: normal index eGFR)
Positive urineproteinindicators  15.990 436.534 0.001 (1) 97 8.80x10° (0.000-0.000)
(reference: negative urine pro-
tein indicators)
Having abuminuria(not having 17.360 403.317 0.002 (1) 97 3.46x107 (0.000-0.000)
albuminuria)
Urine albumin-creatinineratio (reference: <30)
30-300 17.435 440,654 0.002 (1) 97 3.73x107 (0.000-0.000)
>300 15.824 1063.960 <0.001 (1) 99 7.45x10° (0.000)
Working status (reference: other)
Retired staff 0.889 0.060 218.852 (1) <.001 2.432 (2.162-2.736)
Unemployed person -0.032 0.203 0.026 (1) 87 0.968 (0.651-1.441)
Type of medical insurance (reference: other)
Urban employee 0.570 0.150 14.504 (1) <.001 1.769 (1.319-2.372)
medical insurance
Urban resident -0.159 0.151 1.116 (1) 29 0.853 (0.634-1.146)
medical insurance
8GFR: estimated glomerular filtration rate.
Table 4. Classification of model predictions.
Real test Prediction of chronic kidney disease status Percentage of accurate
predictions, %
Nonmanagement population,n  Management population, n
Chronic kidney disease
Non-management target population 3 44 6.4
Management target population 0 3818 100.00
Total percentage 98.90
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Machine Learning: RF Algorithm

Modeling

The data set was split into 66.7% of samples, which
corresponded to 27,139 records, randomly selected without
replacement. The control method was applied by fixing the ntree
(number of means of random treesin the RF algorithm) constant
and debugging the mtry (mean number of feature selections
used for each random tree) parameter. |n each iteration, acertain
number of features were randomly selected, and the average
generalization error value was computed for 11 trials. The

Figure 1. The effect of mtry on the error rate of random forest algorithm.
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change in the error rate of the model, with respect to mtry, is
depictedin Figure 1. The error rate decreased significantly when
the number of features changed from 1 to 2, followed by an
increase close to the minimum value, which was achieved when
mtry=4. Next, the mtry value was set to 4, and the ntree value
was adjusted accordingly. In total, 200 random trials were
conducted to gauge the average generalization error of the test
set (Figure 2). The generalization error rate decreased rapidly
from 1 to 10, decreased slowly from 10 to 25, and thereafter
flattened and stabilized. Thus, the optimal model wasidentified
when the ntree value was 166.
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Figure 2. The effect of ntree on the error rate of the random forest (RF) algorithm.
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Analysis of the Results of the RF Algorithm

The RF algorithm was trained on a test data set comprising
27,139 records, with ntree=166 and mtry=4. Using these
parameters, the algorithm was applied to classify the test set
data, and theimportance ranking of each feature was determined
(Multimedia Appendix 1). The 4 most important features
identified were age, Alb, working status, and UACR. These

Liuetd

features were further selected for the prediction study, which
yield afinal classification accuracy rate of 92.67%.

Next, 100 random trialswere conducted to ensure the reliability
of our results. The generalization error plot is presented in Figure
3. The error was concentrated around 0.0735, with a small
fluctuation and an average error of 7.371%. Our resultsindicate
a good generalization ability of the model, suggesting its
reliability in classification tasks.

Figure 3. The generalization error rate of the random forest algorithm was estimated by conducting 100 randomized trials.
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Comparison of the Sensitivity and Specificity of RF
Models

Theareaunder thereceiver operating characteristic curve (AUC)
of the RF model based on the training and test setswas 93.15%
(Figure4). The RF agorithm outputs voting results (Osand 1),
whereas the receiver operating characteristic curve requires
voting probability data. Converting probabilitiesto voting results

https://apinj.jmir.org/2024/1/e48378
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can lead to error because of extreme probabilities, such as
0.01515526 and 0.98484474. Therefore, we cal culated the AUC
to assess model performance and the classification prediction
rate to indicate the accuracy of the model. Herein, the RF
algorithm achieved an accuracy rate of 92.67%, with some
degree of error. These results suggest that the model exhibited
good predictive power and accurately classified new data
samples.
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Figure 4. Receiver operating characteristic (ROC) curve of chronic kidney disease prediction by the random forest algorithm. AUC: area under the

receiver operating characteristic curve.
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Confusion Matrix

Four possible predicted results were as follows: true positives,
false positives, true negatives, and false negatives. Table 5

Table 5. Confusion matrix of the random forest algorithm model.

shows the confusion matrix of the RF model. The precision,
recall, and F;-score were 0.951, 0.984, and 0.967, respectively.

Predicted values (=1) Predicted values (=0)

Actual values (=1)
Actual values (=0)

True positive: 12,505 False negative: 209

False positive: 640 True negative: 195

Discussion

Principal Findings

A risk assessment model for CKD was developed in this study
using dichotomous L R and RF models. Our resultsindicate that
gender, older age, BMI beyond the normal range, abnormal
index eGFR, retirement status, and urban employee medical
insurance were significantly associated with a higher risk of
CKD. By leveraging the RF model, the most important factors
for CKD development were older age, abnormal urinary test
results (eg, Alb, UACR, and index PRO indicators), and high
BMI.

In China, the number of studies on the assessment of risk factors
for CKD and the investigation of methods for risk predictionis
increasing and L R analysisiscommonly being performed. Feng
et a [24] used an adjusted LR model to investigate CKD
prevalence and related risk factors in 38 megacities across
China. Liu et a [25] and Yang et a [26] performed
cross-sectiona studies to analyze risk factors for diabetic
nephropathy in Shanghai, whereas a community-based,
7-year-long cohort study from Tianjin used LR to examine the
association between the high triglyceride waist phenotype and
risk of CKD development [27]. Yan et a [28] performed LR

https://apinj.jmir.org/2024/1/e48378

analysis to assess the correlation between residual cholesterol
levels and CKD, and identify other significant risk factors
affecting middle-aged and older individuals residing within a
city. Gradual advancements in machine learning models have
prompted further scrutiny of the divergent performance and
inherent limitations of the conventional LR approach. To
distinguish this study from previous studies that followed the
LR approach for exploratory purposes, we used the RF algorithm
to rank risk factorsthat were subjected to single-factor analysis
according to their relevance and consequently evaluated
comparative predictive precision by performing LR analysis
using training samples. Our results reveal that both the RF and
LR models achieved an overall accuracy rate exceeding 90%
inthe prediction test set. Conversely, the dichotomous L R model
exhibited amarginally superior predictive performance than the
RF model. Nevertheless, one should pay attention to the
tendency of LR to result in excessive ORs when imbalanced
dataare used. Although LR exhibitsexcellent predictive abilities
and desirabl e attributes such as high accuracy and stability, and
ease of operation with a minimal possibility of overlearning
during classification prediction, RF hasthe ahility to assessthe
importance of variables when classifying data into suitable
categories while compensating for errorsin imbalanced sets of
categorical data.
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Our resultsindicate that age was the primary significant factor
in the RF model, and LR analysis confirmed that higher age
was significantly associated with CKD. Compared to
participants aged <64 years, those aged 65-75 years and older
were at asignificantly higher risk of CKD, whichisinlinewith
previous results [29,30]. The risk of CKD increases with age;
thus, early screening and risk prediction for CKD are crucia
for middle-aged and older people.

A cross-sectional study published in The Lancet [31], using a
nationally representative sample of Chinese adultsa soidentified
independent factors associated with kidney damage, which
included age and gender. Age and gender areindependent CKD
risk factors [32]. Many studies worldwide have shown that
women are at a higher risk of CKD [33,34], and similar
observations have been reported in China [24,30]. This
correlation may be attributed to differences in the prevalence
of primary diseases and the availability of medical resources
across genders [35]. However, our results show that femalesin
the survey population were at a lower risk of CKD than were
males, which is inconsistent with the majority of previous
results. Our data include information regarding the registered
population in adistrict of Shanghai. The exclusion of samples
with incomplete information and regional differences, as well
as the presence of unregistered patients, may have led to bias,
ultimately yielding inconsistent results.

Next, this study shows that people with a higher-than-normal
BMI wereat ahigher risk of CKD, similar to atime-series study
that investigated risk factors regarding CKD burden in China
from 1991 to 2011 and identified the correlation between high
BMI and CKD [36]. Obesity isanimportant risk factor for CKD
worldwide [24,25,37-39]. Potential obesity-associated factors
that may lead to or aggravate CKD include hemodynamic
disorder and renal tissue hypoxia[40,41]. However, weight loss
through diet and regular exercise can reverse kidney damage;
hence, maintaining a healthy lifestyle and controlling body
weight could prevent or decel erate CKD progression to acertain
extent [42]. Additionally, this study shows that CKD risk was
higher in people who had urban employee medical insurance.
These people were employed and had rel atively better economic
conditions; however, health risk factors such aswork stress and
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unhealthy lifestyles probably contribute to an increased CKD
risk [43].

Moreover, peoplewith abnormal urinetest results (Alb, UACR,
and PRO indicators) were at a higher CKD risk, which is
consistent with previous results reported worldwide [ 36,44,45].
Similarly, a Chinese study using 4 machine learning models,
comprising 19,270 adult samples, showed that UACR, Alb, age,
and gender were important CKD risk factors [44]. Urine tests
can serve as an early warning system for CKD detection.
Similarly, our risk prediction model could guide
decision-making regarding early CKD screening.

Limitations

Herein, we effectively assessed the risk of CKD by combining
internal datafor model construction and testing. However, this
study has some limitations. First, the generalization ability of
the model remains unknown because the study did not include
external datafor external validation. Second, owing to the bias
in data collection, our results were inconsistent with those of
the previous studies. Finally, more prospective studies are
required to verify the predictive power and practical utility of
our model. Thus, health care professionals should routinely
evaluate the level of agreement within and between models
before reaching any clinical decision on the basis of the present
limitations and previous findings [46].

Conclusions

In conclusion, the RF model has significant predictive value
for assessing risk factors associated with CKD and is capable
of correcting errors in imbalanced categorical data sets. It can
be used to screen individual swith risk factors, whichis of great
significance for early intervention and prevention of CKD.

For the prevention and treatment of CKD, early intervention
can involve a low-protein diet, regular physical examination,
actively promoting urine examination, and screening of high-risk
groups to achieve early detection, early treatment, early
diagnosis, and early intervention of CKD, and to reduce the
social and personal losses caused by diseases and improve
people's quality of life.
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Importance ranking of each indicator in the random forest algorithm.
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Abstract

Background: During the COVID-19 pandemic, many community-based organizations serving Asian Americans pivoted to
provide web-based care and social services. Asian American community leadersin the United States Pacific Northwest, including
Asian Health & Service Center expressed that there are older immigrant adults who experienced backlash from discrimination,
fear, and anxiety owing in part to anti-Asian hate and isolation, including from infection precautions. Pivoting supported staying
safe from COVID-19 transmission and anti-Asian hate crimes.

Objective: This study aims to examine the readiness of diverse groups of older Asian American immigrant adults (Chinese,
Koreans, and Vietnamese) to use a web-based senior center, including technology access and telehealth use, and to identify the
psychosocial health impacts that a web-based senior center could be positioned to meet.

Methods: A community-based participatory research approach was used to conduct a cross-sectional survey study in an
Asian-based health and service center in 2022. We selected surveys from the National Institutes of Health—supported PhenX
Toolkit. Analyses were performed using R software.

Results: There was an 88.2% (216/245) response rate. Overall, 39.8% (86/216) of participants were Chinese, 25% (54/216)
were Korean, and 24.5% (53/216) were Vietnamese. There were significant group differences in mobile data plans (P=.0005).
Most had an unlimited mobile data plan (38/86, 44% Chinese; 39/54, 72% Koreans, 25/53, 47% Viethamese). Significant group
differences existed regarding whether they started using a new electronic device to communicate with friends or family after the
COVID-19 outbreak (P=.0005); most were Korean participants (31/54, 57%). For written text and audio or video apps, most
Chinese participants used WeChat (65/85, 76%; 57/84, 68%, respectively), most Koreans used KakaoTalk (49/54, 91%; 49/54,
91%, respectively), and most Vietnamese used Facebook Messenger for written text (32/50, 64%) and Apple Face Time (33/50,
66%) or Facebook Messenger (31/50, 62%) for audio or video. Significant group differences existed regarding whether to try
telehealth (P=.0005); most Vietnamese expressed that they would never consider it (41/53, 77%). Significant group differences

existed regarding how well they were able to concentrate (x22: 44.7, P<.0001); Chinese participants reported a greater inability
(median 5, IQR 4-6). With regard to difficulties in life experiences (x22:51; P<.0001), the median was 6 (IQR 5-7) for the
Vietnamese group. Significant group differences existed in having had afamily/household member’s salary, hours, and contracts
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reduced (P=.0005) and having had afamily/household member or friend fallen physically ill (P=.0005)—most Vietnamese (15/53,
28%) and Korean participants (10/53, 19%).

Conclusions:  To build an efficacious, web-based senior center with web-based care and socia service options, more older
adults need access to the internet and educati on about using technol ogy-enabled communication devices. Addressing the unique
psychosocial impacts of the COVID-19 pandemic on each group could improve health equity. The strength of the participating

older adults was observed and honored.

(Asian Pac |9l NursJ 2024;8:e49493) doi:10.2196/49493

KEYWORDS

Asian American; Chinese; Korean; Vietnamese; community-based participatory research; CBPR; COVID-19; health equity;
immigrants; older adults; psychosocial; technology access; tel ehealth use; web-based senior center; mobile phone

Introduction

Background

During the COVID-19 pandemic, many community-based
organizations (CBOs), such as culturally based health and social
service centers quickly pivoted to provide web-based services
to maintain contact with clients. Although the pivot to
web-based contact helped to maintain care and social services,
guestions remain about how to best provide web-based care and
socia services and whether older adults can access care and
services in a meaningful way. The sustainability of web-based
careand social servicesisimportant because of reports by older
adultsthat they continueto experience anti-Asian hate[1,2] and
isolation [1]. During the COVID-19 pandemic, many Asian
Americansavoid leaving their hometo go to public places such
asgrocery stores, church, and school, and many have not talked
with a health care provider or mental health professional about
their feelings of isolation [3]. Providing web-based services can
address both safety and isolation concerns;, however, it is
important for CBOs serving older Asian Americans to
understand how they engage with technol ogy and which devices
and platforms they commonly use. Our community and
academic partnership studied these issues at the request of a
CBO serving Asian Americans in the Pacific Northwest.
Findingsreflect adrive toward health equity and responsiveness
to community-identified priorities for sustaining and growing
web-based social and health services after the COVID-19
pandemic. We intentionally disaggregated group data into
granular, within group—specific data to address concerns
expressed in the extant literature [2,4,5] and by CBOs that
aggregated Asian American data are not always helpful at an
actionable community level for countering systemic issues and
for advancing health equity ideals.

Many Asian American CBOs serving older adults reported
escalated racial discrimination during the COVID-19 pandemic,
such as hate crimes or microaggressions [6]. Asian Americans
experienced aggravated physical and mental health problems
or violence [4]. Many were afraid to seek care because of
anti-Asian xenophobia [5]. Older Asian American immigrants
continue to be particularly vulnerable when they leave home
owing to hate crimes against Asian individuas, with great
adverse effects experienced by older adults who are
undocumented, facing poverty, and having limited English
proficiency [5]. Between March 2020 and April 2023, Stop
AAPI Hatereceived 17,804 reports of hate incidents, including

https:/apinj.jmir.org/2024/1/e49493

verbal harassment, shunning, physical assault, civil rights
violations, harassment via the web, and more [1]. Asian
Americans experienced psychological distress, stress, and
depression during the COVID-19 pandemic. Southeast Asian
individuals experienced more psychological distressthan White
(not Hispanic) individuals[7]. Chinese and Viethamese reported
that racial and ethnic discrimination and violence against their
population led to feelings of stress and depression, and some
reported being treated unfairly because of their race and ethnicity
[3]. Furthermore, Koreans with preexisting chronic diseases
were heavily affected, thus experiencing worse health outcomes
[8]. Despite these known discriminations amid the COVID-19
pandemic, studying mental health among Asian Americans,
particularly among Asian subgroups, was not prioritized in the
United States[7]. Web-based care can be a necessary response
to address continuity in delivering care and social services for
constituents at risk for infection and criminal victimization.

Web-based care was a part of the pivot during the COVID-19
pandemic; however, this was isolating to many older Asian
American immigrants [6]. Older adult users in the genera
population increasingly integrate technology and mobile devices
into their daily lives[9], but thisis not necessarily truefor older
Asian Americans. A study including older White Canadians
showed that they were primarily concerned with avoiding the
virus and with health care efficiencies [1] that web-based
services can address, whereas older Korean immigrants were
primarily worried about autonomy, technology dependence,
and the burden of learning a new technology for engaging in
socia and health services [10]. Such worries, along with more
broadly reported concerns by older adults about needing to be
technology savvy and wanting in-person physical health exams
[11] are not easily mitigated with web-based services. Despite
these findings, in a national study of 40 CBOs serving Asian
Americans, researchers found that technology was a connector
for organizations [6]. Thus, understanding how to integrate
technology in a meaningful way is important for successfully
sustaining web-based contact with clients. Many resilient
organizations have reflected on their commitment to serve
communitieswith pride by adapting and preparing to face future
crises[6].

Community Context

Asian American community leaders at the Asian Health &
Service Center (AHSC) in Oregon in the United States Pacific
Northwest expressed concerns that there are older Asian
Americanimmigrant adultswho experienced backlash regarding
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discrimination, fear, and anxiety in part from anti-Asian hate
and isolation, including from social distancing for infection
protection since the COVID-19 outbreak. AHSC isaculturally
diverse, nonprofit CBO and atrusted source for health care and
socia services [12]. Most clients are older Chinese, Korean,
and Vietnamese immigrants [1]. The chief executive director
reported that they required afast pivot to use more technology
owing to concerns expressed by older Asian American
immigrant adults. This pivot included training staff to deliver
health care and social services remotely (ie, distance).
COVID-19 Asian response teams were created that consisted
of community health workers (CHWSs) and behavioral health
counselors. Health care and socia services were delivered via
audio and video calls while attempting to maintain the AHSC
holistic health care and social services model of socid
engagement, public health information, and support for health
needs. There is a crucial need to engage to inform rebuilding
asaweb-based senior center after COVID-19 with aweb-based
care and socia services option. AHSC community leaders
identified priorities based on expressed concerns, and this
included engaging culturally diverse, older Asian American
immigrant adult clients by centering their voice, learning about
their technology access and telehealth use to extend reach in
client support and mental health counseling, and uplifting a
dedicated community workforce of culturaly diverse and
multilingual CHWSs for web-based outreach and care of older
Asian American immigrant adults to advance health equity.
AHSC community leadersraised that conducting asurvey study
can be a step in centering the voice and engaging the
participation of older Asian American immigrant adults by
clarifying what is meant by web-based care.

Community Engagement to Advance Health Equity

Community engagement is essential to advance health equity.
Academic and community researchers should comprehensively
embed methods of community-based participatory research
(CBPR) that is action oriented into the design of research studies
[13]. There is a need to fully engage communities in
community-involved care settings to ensure sustainability in
the context of direct application to real-world care delivery [ 13].
Community engagement in scientific design and proceduresis
important for collaborative research decision-making based on
a shared working understanding [1]. Community engagement
through CBPR and citizen science, where participatory action
drives research direction for sustainability in population health
science, is important [1,14]. Authentic intentionality for an
inclusive collaboration partnership needs to include
conceptualization, design, implementation, and dissemination.
The Community Connected Health initiative set forth by the
White House Office of Science and Technology Policy
underscored the need to work with communities. Emphasisis
placed on CBOsto prioritize their technological needsand goals
while integrating strengths and keeping the end users in mind
while designing and have support for a representative and
diverse health technology workforce [15]. Furthermore, a need
exists for thoughtful approaches to equity and inclusion in
collecting and using data and for organizations to be involved
in community-based health care delivery through actionable
data [15]. We built upon a long-standing, cross-sector, and
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trusted community-academic partnership between AHSC and
apublic Washington State University (WSU) College of Nursing
since 2015. As a community and academic partnership, we
conducted previous CBPR studies regarding capacity building
on health-assi stive smart home monitoring technol ogy adoption
and perceptions about smart home adoption by older Asian
American immigrant adults, including Chinese, Koreans, and
Vietnamese. Details were reported elsewhere [16,17].

This CBPR Study

CBO leaders organically drove the purpose, aims, and design
for this study in partnership with a nursing science research
team. The aims they identified for this CBPR cross-sectional
survey study were to explore two domains: (1) examine the
readiness of diverse groups of Asian Americanimmigrant older
adults (Chinese, Koreans, and Vietnamese) to use aweb-based
senior center, including technology access and telehealth, and
(2) identify the psychosocial health impacts of older Asian
American immigrants among Chinese, Korean, and Viethamese
groups that a web-based senior center could be positioned to
meet. As a step to understand the potential sustainability of
web-based social and health services, we investigated the
behaviors and attitudestoward theinternet; accessto theinternet
and associated devices; experiences and attitudes toward
telehealth; and psychosocia impacts, including needs and effects
of the COVID-19 outbreak on diverse Asian American
immigrant groups of older adults (Chinese, Koreans, and
Vietnamese) in the United States Pacific Northwest. Findings
may inform future studies in maintaining and growing
web-based senior centers with a web-based care option for a
culturally diverse, nonprofit, Asian-based health and social
service center.

Methods

CBPR Cross-Sectional Survey Study Design

We used a CBPR approach to design, implement, and interpret
this cross-sectional survey study and used the principles of
mutual trust, rapport, respect, learning, and mentoring [18].
CBPR included equitable involvement of diverse partners
throughout the research and dissemination process [18]. Our
cross-sector partnership was culturally diverse, multilingual,
and multidisciplinary. WSU College of Nursing academic nurse
researchers included the principa investigator (Pl) with a
Vietnamese and Guamanian Micronesian Islander background,
specialty in CBPR with immigrants and marginalized
communities, and health equity in health-assistive technology
adoption; co-Pl with aWhite and Native American background
and smart home health-assistive monitoring and informatics
specialty; and a stati stician with a White background and history
in data analysis and management and smart home
health-ass stive monitoring. AHSC community partnersincluded
the chief executive director with a Chinese background and
experience in social work and immigrant community health; 3
program managers in community health including the senior
program manager with a Korean background and specialty in
aging and disability, community program manager with a
Chinese background and public health management and policy
specialty, and community health project manager with aChinese
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background and public health specialty; and 4 CHWSs with a
Chinese, Korean, or Vietnamese background and specialtiesin
psychology, communi cation disorders, and sciences; education;
fine arts; or health promotion and health behavior.

We wused surveys from the Nationa Institutes of
Health—supported PhenX Toolkit that included the COVID-19
Technology Accessibility Survey (for technology access),
Technology Telehedth Use, and Psychosocial Impact of
COVID-19 Survey [19]. In addition, the PI, co-Pl, and AHSC
chief executive director codeveloped the items about written
and audio or video communication apps, internet service
provider, mobile phone use, mobile data plan, and accessto the
internet viaamobile phone (ie, technology access). The PI and
co-Pl consulted with a biostatistician and discussed with the
nurse researcher statistician regarding the selection of itemsand
technical functionality. The chief executive director and 3
program managers at AHSC reviewed and pretested the survey
(MultimediaAppendices 1 and 2) for face validity and technical
functionality. AHSC community partners discussed among
themsel ves about meaningful interpretation and discussed with
academic nurse researchers on a regular basis throughout the
research process. AHSC community partners spoke English and
Chinese Cantonese, Chinese Mandarin, Korean, or Vietnamese
and assisted the academic nurse researchers with outreach,
recruitment, and interpretation. This aligns with the AHSC
holistic health care and social services model, which provides
cultural and linguistic interpretation in the context of a
real-world health and social service setting [12]. The study was
conducted at the AHSC in the United States Pacific Northwest
between March 2022 and April 2022.

Ethical Consider ations

This study underwent alimited review and received acertificate
of exemption from full board review by the WSU Human
Research Protection Program (18816). Each participant received
a shopping gift card worth US $10 (eg, grocery) upon
completion that honored and thanked them.

M easurements

As of October 29, 2020, at the beginning of the CBPR design,
the Pl reviewed 94 COVID-19 survey protocol s that were made
publicly available for use, the PhenX Toolkit by the
trans—National Institutes of Health working group, that consisted
of the National Institute on Aging and the Office of Behavioral
and Social Sciences Research [20]. Owing to the urgency of
need for COV 1D-19-specific survey measurements at the time,
these items did not undergo the same level of standardization,
harmonization, or psychometric testing as per the PhenX
consensus process [20]. Our academic and community
partnership discussed, selected, consulted, and pretested the
survey as described previously in the CBPR Cross-Sectional
Survey Study Design section. Therefore, each item incorporated
in the survey was treated as its own variable, rather than
contributing to the measurement scales. The survey consisted
of thefollowing: sociodemaographic and background itemsfrom
our previous CBPR [17]; technology access items from the
National Ingtitute on Aging Alzheimer's Disease Research
Centers and Levey [21] and from the items codevel oped by the
Pl, co-Pl, and AHSC chief executive director; telehealth use
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items from the Institute on Aging at the University of Florida
[22]; and psychosocia health impact items from the National
Ingtitute of Mental Health Intramural Research Program [23].
Of the technology access items, we incorporated our
codeveloped items as described previously. We used the secure
and password-protected WSU Qualtrics web-based platform,
formatted the survey, and entered the participant responses.

Participants, Recruitment, and Data Collection

Overall, 7 trained program managers and CHWs at AHSC
reached out to clients from the AHSC registry and used a script
to provide oral information about the study primarily via
telephone, with some in-person communication. The script
contained information similar to the consent form that included
the study purpose, investigators, eligibility, voluntary
participation, procedures, shopping gift card for completion,
and contact information. If an individual expressed interest, an
AHSC community partner referred them to the web-based
Qualtrics site that has the combined consent form, eligibility,
and survey. Through the consent form, individuals were
informed about the study purpose and investigators. Only a
unique study number will be used to follow up for providing a
shopping gift card, and it will be accessible to
community-academic research partnership. Responses will be
entered into the secure Qualtrics web-based platform and
retained for 3 years. The survey takes approximately 30 minutes.
The participantswere also informed about the potential for risks,
such as emotional discomfort, feeling of embarrassment, or loss
of privacy if the participant chooses to have interpretation
assistance. Individuals were asked to participate in the study if
they were eligible and complete the survey. Participants could
choose either Chinese Cantonese, Chinese Mandarin, Korean,
or Vietnamese interpretation assistance from an AHSC
community partner as they completed the survey. This
convenient and purposive sample included a total of 216
individuals who identified as an Asian American immigrant
and were aged =60 years.

Data Analysis

All statistical analyses were performed using R (version 4.2.0)
[24] and RStudio (version 2022.7.1) [25], with the tidyverse
(version 1.3.1) [26], arsenal (version 3.6.3) [27], labelled
(version 2.9.1) [28], and psych (version 2.2.5) [29] packages.
We analyzed the data of older Asian American immigrants as
awhole and as disaggregated data that are stratified by race and
ethnicity. Of the 216 older Asian American immigrant adults,
a subtotal was 193 (89.4%) across Chinese, Korean, and
Vietnamese groups. There was low participation of Taiwanese
and multiracial individuals, and a participant reported as being
Asian and having a different ethnicity than listed previously;
therefore, we described meaningful interpretation of group-wide
comparisons across and among Chinese, Korean, and
Vietnamese groups alongside the total group of older Asian
Americanimmigrant adults. For the purpose of this paper about
learnings from a real-world CBPR survey study, we decided
not to combine groups with low participation into less
meaningful aggregated data. This also protects the privacy of
these individual analyses. Frequencies and percentages were
reported for categorical variables, ordinal variables, and
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variables with select-all response categories (ie, >1 response).
Means (SDs) were reported for continuous variables, and
medians (IQRs) were reported for continuous and ordinal
variables. We used Bonferroni correction to maintain a
cross-study, family-wise error rate of 0.05; thus, 0=.0008 was
the cutoff for statistical significance among Chinese, Korean,
and Vietnamese groups. Therefore, all P values were reported
to 4 decimals to be specific and align with a meaningful data
analysis, and we reported data at a granular level to align with
disaggregated data science. For mutually exclusive categorical
variables, Fishers exact tests were performed to examine for
any group differences and the variables under consideration

(P=.0008). We al so reported x? (df) and P valuesfor continuous
and ordinal variables from Kruskal-Wallis rank sum tests.

We maintained a health equity lens as a community-academic
partnership. The Pl and statistician discussed the data and data
analysisoutputsfirst, and then with the co-PI, and thisinformed
a culturally responsive discussion with AHSC community
partners with regard to the observed response patterns. The
dtatistician maintained field note recordsthat captured reflexivity
where we discussed potential bias as a community-academic
partnership. Analytics and outputs reflected the insights gained
from these discussions, contributing to the reflexive nature of
the study. These records were reviewed by the Pl and discussed
within the community-academic partnership. Such discussions
and record keeping promoted communication transparency as
away to address potential bias. We achieved meaningful data
interpretation by being responsive to community partners.

Results

Overview

In total, AHSC community partners reached out to 245 older
Asian immigrant adult clients, of whom 25 (10.2%) declined
to participatein the study. Reasonsfor not participating included
the survey length and not having experience with telehealth.
Thelength of timeto complete the survey was 60 minutes. After
the statistician performed initial screening for duplicate or
erroneous entries, then we discussed as acommunity-academic
partnership and 88.2% (216/245) of the survey responses were
retained for data analysis—response rate: 216/245, 88.2% and
completion rate; 216/216, 100% (ie, started and completed the
survey). The completeness rate (ie, no missing responses and
completed answering the survey items) was approximately
93.9% (203/216). Absolute and total numbers are shownin all
tables.

Sociodemogr aphics and Background of Participants

Intotal, therewere 216 older Asian American immigrant adults.
Overall, 39.8% (86/216) identified as Chinese, 25% (54/216)
as Korean, 24.5% (53/216) as Vietnamese, 6.9% (15/216) as
Taiwanese, and 3.2% (7/216) as multiracial, and 0.5% (1/216)
reported as having a different Asian ethnicity than listed
previously. There were 89.4% (193/216) participants across
older Chinese, Korean, and Vietnamese immigrant adults. Most
Chinese (34/86, 40%) and Korean (28/54, 52%) participants
had postsecondary education, and most Vietnamese participants
(27/53, 51%) graduated from high school. Of the Chinese,
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Korean, and Viethamese participants, 60.6% (117/193) reported
<US $15,000 as total household income before taxes, of which
59% (51/86) is Chinese, 56% (30/54) is Korean, and 68%
(36/53) isVietnamese. Overall, 97.9% (189/193) of participants
have a regular place of care for nonemergency health care
services. Furthermore, 95% (82/86) of the Chinese participants
and al Korean (54/54, 100%) and Vietnamese (53/53, 100%)
participants reported having aregular place of care.

Multimedia Appendix 3 summarizes the sociodemographics
and background characteristics of older Asian American
immigrant adults and Chinese, Korean, and Viethamese groups.

Behaviors, Attitudes, and Accessto the Internet and
Internet-Enabled Devices

Table 1 summarizes the behaviors, attitudes, and access to the
internet and internet-enabled devices of older Asian American
immigrant adults and Chinese, Korean, and Viethamese groups.
Overall, 13% (7/53) of Vietnamese and 2% (2/86) of Chinese
participants reported not having amobile phone at al. In total,
most participants (208/216, 96.3% older Asian American
immigrants; 185/193, 95.9% across Chinese, Koreans, and
Vietnamese) reported that they have or have access to a
smartphone or tablet; 97% (83/86) of Chinese participants,
100% (54/54) of Korean participants, and 91% (48/53) of
Vietnamese parti cipants reported access. Lessthan half (97/216,
44.9% older Asian American immigrants; 85/193, 44% across
Chinese, Koreans, and Vietnamese) of the participants have or
have access to a PC (either desktop or laptop); 37% (32/86) of
Chinese participants, 57% (31/54) of Korean participants, and
42% (22/53) of Vietnamese participants reported access. In
total, most participants (160/215, 74.4% older Asian American
immigrants; 144/192, 75% across Chinese, Koreans, and
Vietnamese) have a nationa internet service provider; 71%
(60/85) of Chinese participants, 82% (44/54) of Korean
participants, and 76% (40/53) of Vietnamese participants have
anational internet service provider. Some participants (22/215,
10.2% older Asian American immigrants; 20/192, 10.4% across
Chinese, Koreans, and Vietnamese) have no internet service
provider; 11% (9/85) of Chinese participants, 7% (4/54) of
Korean participants, and 13% (7/53) of Vietnamese participants
have no internet service provider. Most participants have an
unlimited mobile data plan (116/216, 53.7% older Asian
Americanimmigrants; 102/193, 52.8% across Chinese, Koreans,
and Vietnamese); 44% (38/86) of Chinese participants, 72%
(39/54) of Korean participants, and 47% (25/53) of Vietnamese
participants have an unlimited mobile data plan. However, there
wasadtatistically significant difference among Chinese, Korean,
and Vietnamese groups (P=.0005), with Korean participants
reporting having unlimited data at a much higher rate (39/54,
72%) than Chinese participants (38/86, 44%) or Vietnamese
participants (25/53, 47%). There were aso significant
differences among groups (P=.0005) about having started using
anew electronic device to communicate with friends and family
after the COVID-19 outbresk with most being Korean
participants (31/54, 57%) followed by Chinese participants
(15/86, 17%) and a Vietnamese (1/53, 2%) participant. There
were no significant differences among groups with regard to

technology savvy responses (x2,=3.2; P=.202). Overall, very
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few participants (9/216, 4.2% older Asian American immigrants,  67/193, 34.7% across Chinese, Koreans, and Vietnamese; 26/86,
7/193, 3.6% across Chinese, Koreans, and Viethamese) 30% Chinese; 17/54, 32% Koreans, 24/53, 45% Vietnamese)
perceived themselves to be very technology savvy. Most or not at al (93/216, 43.1% older Asian American immigrants;
participants perceived themselvesto be only alittletechnology  82/193, 42.5% across Chinese, Koreans, and Vietnamese; 41/86,
savwwy (76/216, 35.2% older Asian American immigrants, 48% Chinese; 25/54, 46% Koreans; 16/53, 30% Viethamese).
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Table 1. Behaviors, attitudes, and access to the internet and internet-enabled devices of older Asian American immigrant adults and Chinese, Korean,
and Vietnamese groups.

Variables Total older Subtotal across  Chineseimmi-  Koreanimmi-  Viethameseim- P value Chi-
AsianAmerican older Chinese,  granis(n=86)° grants (n=54)° Migrants square
immigrants Korean, and Viet- (n=53)° (df)d
(n=216)a namese immi-

grants (n=193)b

Does not have amobile 10 (4.6) 9(4.7) 2(2 0(0) 7(13) 0038 N/AS

phone, n (%)

Hasasmartphoneor tablet 208 (96.3) 185 (95.9) 83(97) 54 (100) 48 (91) 0488 N/A

or isableto accessone, n

(%)

HasaPC (desktop or lap- 97 (44.9) 85 (44) 32(37) 31(57) 22 (42) 05658 N/A

top) or is able to access

one, n (%)

Has accessto other inter- 15 (6.9) 13(6.7) 8(9) 3(6) 2(4) 42138 N/A

net-enabled device (eg,
smartwatch, smart home
device, or television), n

(%)

Who isyour internet provider? (multiple responses)?, n (%) 1794° N/A
National internet ser- 160 (74.4) 144 (74.6) 60 (71) 44 (82) 40 (76)
vice provider
Regiond or local inter- 13 (6) 12 (6.2) 6(7) 5(9) 1(2
net service provider
Mobile phone 7(3.3) 6(3.1) 5(6) 1(2 0(0)
National internet ser- 2 (0.9) 1(0.5) 1(1) 0(0) 0(0)
vice provider and mo-
bile phone
Regional or local inter- ¢ (052 0(0) 0(0) 0(0) 0(0)

net service provider
and mobile phone

Specified aninternet 2 (0.9) 1(0.5) 0(0) 0(0) 1(2
provider different
from abovementioned

ones
Not sure 8(3.7) 8(4.2) 4(5) 0(0) 4(8)
None 22 (10.2) 20 (10.4) 9(11) 4(7) 7(13)
M obile data plan type, n (%) 00058 N/A
Capped or limited 10 (4.6) 9(4.7) 6 (7) 12 2(4)
plan
Capped or limited 39(18.1) 36 (18.7) 14 (16) 6(11) 16 (30)
plan amount unsure
Not applicable (ie, no 10 (4.6) 9(4.7) 2(2) 0(0) 7(13)
mobile phone)
None 4(19) 4(2.1) 3(4) 0(0) 1(2)
Unlimited 116 (53.7) 102 (52.8) 38 (44) 39(72) 25 (47)
Unsureabout plan 37 (17.1) 33(17.1) 23(27) 8(15) 2(4)
type
Do you consider your self to be technology savvy? 202¢ 32(2
Score, median (IQR) 2 (1-2) 2(1-2) 2(1-2) 2(1-2) 2(1-2)
Not at all, n (%) 93 (43.1) 82 (42.5) 41 (48) 25 (46) 16 (30)
A little, n (%) 76 (35.2) 67 (34.7) 26 (30) 17 (32) 24 (45)
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Variables Total older Subtotal across  Chineseimmi- Koreanimmi-  Vietnameseim- P vaue Chi-
AsianAmerican older Chi nese, grants (n=86)°  grants (n=54)° migrants square
immigrants Korean, and Viet- (n=53)° (df)?
(n=216)2 namese immi-

grants (n=193)b

Somewhat so,n (%)  38(17.6) 37(19.2) 16 (19) 12 (22) 9(17)

Very muchso,n (%) 9(4.2) 7(3.6) 3(4) 0(0) 4(8)
Overall, how confident do you feel using computers, smartphones, or other electronic devicesto do thethings  4004d 1.7(2
you need to do online?

Score, median (IQR) 2 (1-3) 2(1-3) 2(1-3) 2(1-2.8) 2(1-3)

Not at al confident, n 89 (41.2) 80 (41.5) 34 (40) 26 (48) 20 (38)

(%)

Only alittle confident, 66 (30.6) 57 (29.5) 27 (31) 14 (26) 16 (30)

n (%)

Somewhat confident, 50 (23.1) 47 (24.4) 21 (24) 14 (26) 12 (23)

n (%)

Very confident, n (%) 11 (5.1) 9(4.7) 4(5) 0(0) 5(9)
Haveyou startedusinga 52 (24.1) 47 (24.4) 15 (17) 31(57) 1(2) 00058 N/A

new electronic device to
communicate with friends
and family after the
COVID-19 outbreak?
(ves), n (%)

Before the COVID-19 outbreak, would you say technology has had a mostly positive effect on our society or a = gp21d 76(2)
mostly negative effect on our societyh?

Score, median (IQR) 3 (2-3) 3(2-3) 2(2-3) 25(2-3) 3(2-3)

1=mostly negative, n 7 (3.3) 6(3.1) 2(2) 4(7) 0(0)

(%)

2=equal positiveand 98 (45.6) 88 (45.8) 47 (55) 23 (43) 18 (34)

negative effects, n (%)

3=mostly positive, n 110 (51.2) 98 (51) 36 (42) 27 (50) 35 (66)

(%)
After the COVID-19 outbreak, would you say technology has had a mostly positive effect on our society or a 0.2518¢ 28(2)
mostly negative effect on our society?

Score, median (IQR) 3 (2-3) 3(2-3) 3(2-3) 3(2-3) 3(2-3)

1=mostly negative, n 6 (2.8) 5(2.6) 0(0) 5(9) 0(0)

(%)

2=equal positiveand 78 (36.1) 69 (35.8) 33(39) 19 (35) 17 (32)

negative effects, n (%)

3=mostly positive,n 132 (61.1) 119 (61.7) 53 (62) 30 (56) 36 (68)

(%)

8Responses from participants who identified as Chinese, Korean, Vietnamese, Taiwanese, and multiracial and a participant who specified Asian race
and ethnicity different from those listed previously.

bResponses from participants who identified as Chinese, Korean, and Vietnamese.
®Responses from participants who identified as Chinese, Korean, or Vietnamese.
9K ruskal-Wallis rank sum test.

CFisher exact test.

N/A: not applicable.

90verall, 1 missing response from the Chinese group; total sample size=215; subtotal sample size=192; Chinese sample size=85; Korean sample size=54;
Vietnamese sample size=53.

Motal sample size=215; subtotal sample size=192; Chinese sample size=85; Korean sample size=54; Vietnamese sample size=53.
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Apps Used for Written and Audio or Video
Communication

Table 2 shows the apps used for written and audio or video
communication by older Asian Americanimmigrant adultsand
Chinese, Korean, and Vietnamese groups. Approximately half
of the participants (103/212, 48.6% older Asian American
immigrants; 91/189, 48.1% across Chinese, Koreans, and
Vietnamese) used email for written communication, with email
use at 44% (37/85) for Chinese participants, 57% (31/54) for
Korean participants, and 46% (23/50) for Viethamese
participants. Most participants used mobile phone texting for
written communication (131/212, 61.8% ol der Asian American
immigrants; 118/189, 62.4% across Chinese, Koreans, and
Viethamese; 42/85, 49% Chinese; 44/54, 82% Koreans,; 32/50,
64% Vietnamese). Thefollowing resultswere regarding written
communication apps and audio or video communication apps.
Chinese participants used WeChat the most for written
communication (65/85, 77%) and audio or video communication

https:/apinj.jmir.org/2024/1/e49493
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(57/84, 68%) among the apps. Korean participants were the
only participants who reported having used KakaoTalk with
most use for written communi cation (49/54, 91%) and audio or
video communication (49/54, 91%). Vietnamese participants
mostly reported the use of Facebook Messenger (32/50, 64%)
for written communication and Apple Face Time (33/50, 66%)
or Facebook Messenger (31/50, 62%) for audio or video
communication. Some participants did not use any of thewritten
communication apps (20/212, 9.4% older Asian American
immigrants; 17/189, 8.9% across Chinese, Koreans, and
Vietnamese); 18% (9/50) of Vietnamese participants, 7% (6/85)
of Chinese participants, and 4% (2/54) of Korean participants
did not use written communication apps. Some participantsdid
not use any of the audio or video communication apps (22/211,
10.4% older Asian American immigrants; 20/188, 10.6% across
Chinesg, Koreans, and Vietnamese); 20% (10/50) of Viethamese
participants, 11% (9/84) of Chinese participants, and 2% (1/54)
of Korean participants did not use audio or video communication
apps.
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Table2. Appsused for written and audio or video communication by older Asian American immigrant adults and by Chinese, Korean, and Vietnamese
groups.

Variables

Total older Asian
American immi-
grants, n (%)2

Vietnamese immi-
grants, n (%)°©

Korean immi-
grants, n (%)°

Subtotal across Chinese immi-
older Chinese, Ko-  grants, n (9%)°
rean, and Viet-
namese immi-

grants, n (%)b

What communication apps are you using for written communication?? (multiple responses)

Email 103 (48.6) 91 (48.1) 37 (44) 31(57) 23 (46)
Mobile phone texting 131 (61.8) 118 (62.4) 42 (49) 44.(82) 32 (64)
Facebook Messenger 49 (23.1) 44 (23.3) 7(8) 5(9) 32 (64)
WhatsApp 11(5.2) 9(4.8) 9(11) 0(0) 0(0)
WeChat 74 (34.9) 66 (34.9) 65 (77) 1(2) 0(0)
KakaoTalk 49 (23.1) 49 (25.9) 0(0) 49 (91) 0(0)
Line 24 (11.3) 10 (5.3) 10 (12) 0(0) 0(0)
Specified awritten communication app differ- 29 (13.7) 27 (14.3) 6(7) 4(7) 17 (34)
ent from abovementioned ones (ie, Twitter,

Google Chat, Skype, LinkedIn, Telegram,
Zalo, Viber, Instagram, and TikTok)
None 20 (9.4) 17 (8.9) 6(7) 2(4) 9(18)

What communication apps are you using for audio/video communication?® (multiple responses)

Apple FaceTime 83(39.3) 73 (38.8) 21 (25) 19(35) 33 (66)
Video Android 20 (9.5) 19 (10.1) 6 (7) 13 (24) 0(0)
Facebook Messenger 39(18.5) 38(20.2) 3(4) 4(7) 31 (62)
Zoom 31 (14.7) 29 (15.4) 13 (16) 16 (30) 0(0)
WeChat 65 (30.8) 58 (30.9) 57 (68) 1(2) 0(0)
KakaoTalk 49 (23.2) 49 (26.1) 0(0) 49 (91) 0(0)
Line 20 (9.5) 7(3.7) 7(8) 0(0) 0(0)
Specified an audio/video communicationapp 24 (11.4) 21(11.2) 8(10) 24 11 (22)
different from abovementioned ones (ie,

Skype, WhatsApp, Telegram, Zalo, Viber,

Tango, and FCC HD)

None 22 (10.4) 20 (10.6) 9(11) 1(2) 10 (20)

3Responses from participants who identified as Chinese, Korean, Vietnamese, Taiwanese, and multiracial and a participant who specified Asian race
and ethnicity different from those listed previously.

bResponses from participants who identified as Chinese, Korean, and Vietnamese.
®Responses from participants who identified as Chinese, Korean, or Vietnamese.

doverall, 4 miss ng responses, of which 1 (25%) was from the Chinese group and 3 (75%) were from the Vietnamese group; total sample size=212;
subtotal sample size=189; Chinese sample size=85; Korean sample size=54; Vietnamese sample size=50.

€Overall, 5 missing responses, of which 2 (40%) were from the Chinese group and 3 (60%) were from the Vietnamese group; total sample size=211;
subtotal sample size=185; Chinese sample size=84; Korean sample size=54; Vietnamese sample size=50.

Experience With and Attitudes Toward Telehealth

Table 3 summarizesthe experiences and attitudes of older Asian
American immigrant adults and Chinese, Korean, and
Vietnamese groups toward telehealth. Overall, approximately
one-fourth of the older Asian American immigrant adults
(48/215, 22.3%; across Chinese, Korean, and Vietnamese
groups: 42/192, 21.9%) aready had a telehealth appointment,
with Korean participants at 28% (15/54), Chinese participants
at 25% (21/85), and Vietnamese participants at 11% (6/53).
Therewere significant differences among the groups (P=.0005)

https:/apinj.jmir.org/2024/1/e49493

that expressed they would never consider trying a telehealth
appointment. Just less than half of the older Asian American
immigrant adults (95/215, 44.2%; 87/192, 45.3% across Chinese,
Koreans, and Vietnamese groups; 22/85, 26% Chinese; 24/54,
44% Koreans; 41/53, 77% Vietnamese) reported that they would
never consider trying a telehealth appointment. Participants
were able to choose >1 response regarding specific concerns
about telehealth services. More than half of the participants
worried about the quality of health care (121/212, 57.1% older
Asian American immigrants; 110/190, 57.9% across Chinese,
Koreans, and Vietnamese; 34/83, 41% Chinese; 30/54, 56%
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Koreans, 46/53, 87% Vietnamese), less than half of the
participants were not convinced that atelehealth diagnosis can
ever be truly accurate (93/212, 43.9% older Asian American
immigrants; 81/190, 42.6% across Chinese, Koreans, and
Vietnamese; 27/83, 33% Chinese; 23/54, 43% Koreans, 31/53,
59% Vietnamese), and approximately one-third of the
participants have never used telehealth services before and do
not know how to start (68/212, 32.1% older Asian American
immigrants; 61/190, 32.1% across Chinese, Koreans, and
Vietnamese; 13/83, 16% Chinese; 20/54, 37% Koreans, 28/53,
53% Viethamese). There were significant differences in
perspectives regarding the main advantages of telehealth services
among Chinese, Korean, and Viethamese groups (P=.0005).
Approximately half of thetotal older Asian American immigrant
adults (102/214, 47.7%) reported no need for transportation as
the man advantage of telehedth services, whereas
approximately all Vietnamese participants (47/53, 89%) selected
this reason as the main advantage, as compared with half of
Korean participants (28/54, 52%), and less than one-fourth of
Chinese participants (20/85, 24%). In total, lessthan half of the
participants (95/215, 44.2% older Asian Americanimmigrants,

https:/apinj.jmir.org/2024/1/e49493
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81/192, 42.2% across Chinese, Koreans, and Vietnamese; 24/85,
28% Chinese; 22/54, 41% Koreans; 35/53, 66% Vietnamese)
reported that a telehealth visit will never match an in-person
visit. Furthermore, 39% (33/85) of Chinese participants reported
that although tel ehealth does not compare with in-person visits,
it Isagood option for initial consultation or basic care; followed
by 28% (15/54) Korean participantsand 17% (9/53) Vietnamese
participants. There were significant differences in having the
COVID-19 outbreak change the perspectives about telehealth
use among groups (x22:20.6; P<.0001), and the median was 2
(IQR 2-3) for the Chinese group, 1 (IQR 1-3) for the Korean
group, and 2 (IQR 1-2) for the Vietnamese group. Most Korean
participants (33/54, 61%) reported to be less likely to use
telehealth, approximately half of Chinese participants reported
having the same opinion as before the COVID-19 outbreak
(47/85, 55%), more than haf of Vietnamese participants
reported having the same opinion as before the COVID-19
outbreak (29/52, 56%), and more than one-fourth of Chinese
participants (25/85, 29%) reported to be more likely to use
telehealth in the future.
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Table 3. Experience and attitudes of older Asian American immigrant adults and Chinese, Korean, and Vietnamese groups toward telehealth.

Total older Asian Subtotal across Chineseimmi- Koreanimmi-  Vietnameseimmi- Pvalue  Chi-

Americanimmi-  older Chinese, Ko-  grante® grants® grants® square
grants® rean, and Viet- (dn
namese immi-
grantsID

Have you considered trying a telehealth appointment? 00058 N/Af
Samplesize, n 215 192 85 54 53
No, and | would never 95 (44.2) 87 (45.3) 22 (26) 24 (44) 41 (77)
consider atelehealth
appointment, n (%)
No, but | would consid- 37 (17.2) 31(16.1) 20 (24) 7(13) 4(8)
er atelehealth appoint,
n (%)
Yes, | have considered 35 (16.3) 32(16.7) 22 (26) 8 (15) 2(4)
it, but | have not yet
had an appointment, n
(%)
Yes, and | have already 48 (22.3) 42 (21.9) 21 (25) 15 (28) 6(11)
had atelehealth appoint-
ment, n (%)

Does anything in particular concern you about telehealth services?9 (multiple responses) N/A N/A
Samplesize, n 212 190 83 54 53
| worry about thequali- 121 (57.1) 110 (57.9) 34 (41) 30 (56) 46 (87)
ty of health care, n (%)
| amnot convinceda 93 (43.9) 81 (42.6) 27 (32.5) 23 (43) 31 (59)
telehealth diagnosis can
ever betruly accurate,
n (%)
| do not want my ap- 12 (5.7) 10(5.3) 8 (10) 1(2 1(2
pointment to be record-
ed, n (%)
| worry about thepriva- 21 (9.9) 19 (10) 15 (18) 1(2 3(6)
cy of my personal
health information, n
(%)
| donot haveanelec- 26 (12.3) 25(13.2) 5(6) 12 (22) 8 (15)
tronic device to access
telehedlth services, n
(%)
| have never used tele- 68 (32.1) 61 (32.1) 13 (16) 20 (37) 28 (53)
health services before
and do not know how
to start, n (%)
A medical interpreteris 19 (9) 14 (7.4) 12 (15) 0(0) 2(4)
not available for me, n
(%)
Specified reason isdif- 27 (12.7) 25(13.2) 16 (19) 9(17) 0(0)
ferent from abovemen-
tioned ones, n (%)

What do you view asthe main advantage to telehealth services? .0005¢ N/A
Sample size, n 215 192 85 54 53
Quicker accessto care, 52 (24.3) 46 (23.9) 32 (38) 9(17) 5(9)
n (%)
Greater accesstocare 14 (6.5) 13(6.8) 13(15) 0(0) 0(0)
in remote areas, n (%)
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Total older Asian  Subtotal across Chineseimmi- Koreanimmi-  Vietnameseimmi- Pvalue  Chi-
Americanimmi- older Chi nese, Ko- grants® grants® grants® square
grants? rean, and Viet- (df)
namese immi-
grantsIO
No need for transporta- 102 (47.7) 95 (49.5) 20 (24) 28 (52) 47 (89)
tion, n (%)
The ability to takeless 32 (14.9) 28 (14.6) 10 (12) 17 (32) 1(2
time out of my day, n
(%)
Avoid overcrowding of 14 (6.5) 10(5.2) 10(12) 0(0) 0(0)
waiting rooms, n (%)
Which of the following might deter you from making a future telehealth appointment‘?h (multiple responses) N/A N/A
Samplesize, n 210 188 81 54 53
| just prefer to meet 158 (75.2) 139 (73.9) 43 (53) 44 (82) 52 (98)
with someone in per-
son, n (%)
Greater accesstocare 18 (8.6) 18(9.6) 9(11) 9(17) 0(0)
in remote areas, n (%)
| do not wanttomess 49 (23.3) 47 (25) 18(22) 7(13) 22 (42)
with technology, n (%)
| am not convinced that 58 (27.6) 54 (28.7) 17 (22) 4(7) 33(62)
someone could give
good health care by
telehealth, n (%)
| do not think my inter- 19 (9) 19 (10.2) 7(9) 7(13) 5(9)
net connection is good
enough, n (%)
Do you feel that people get compar able health care through telehealth asthey do for in-person visits? 0015¢ N/A
Sample size, n 215 192 85 54 53
No, telehealth carewill 95 (44.2) 81(42.2) 24 (28) 22 (41) 35 (66)
never match the quality
of an in-person visit, n
(%)
No, but telehealthisa 60 (27.9) 57 (29.7) 33(39) 15 (28) 9(17)
good option for initial
consultation or basis
care, n (%)
Yes| think thecareis 41 (19.1) 37(19.3) 16 (19) 14 (26) 7(13)
comparable, n (%)
| am not sure, n (%) 19 (8.8) 17 (8.9) 12 (14) 3(6) 2(4)
Hasthe COVID-19 outbreak changed your view of telehealth? <0001 206(2
Samplesize, n 214 191 85 54 52
Score, median (IQR)  2(1-2) 2(1-2) 2(2-3) 1(1-3) 2(1-2)
1=1 amlesslikely to 72 (33.6) 67 (35.1) 13 (15) 33(61) 21 (40)
use telehealth, n (%)
2=| have the same 91 (42.5) 81 (42.4) 47 (55) 5(9) 29 (56)
opinion compared to
before the COVID-19
outbreak, n (%)
3=l ammorelikelyto 51 (23.8) 43(22.2) 25 (29) 16 (30) 2(4)
use telehealth, n (%)
Would you wear a smartwatch to help your doctor track your symptoms between appointments? 01284 8.7(2
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Total older Asian  Subtotal across Chineseimmi- Koreanimmi-  Vietnameseimmi- Pvalue  Chi-
Americanimmi- older Chi nese, Ko- grants® grants® grants® square
grants? rean, and Viet- (df)
namese immi-
grantsIO
Samplesize, n 215 192 85 54 53
Score, median (IQR) 2(1-4) 2(1-3.2) 1(1-4) 3(1-4) 2(1-2)
1=not likely, n (%) 103 (47.9) 92 (47.9) 45 (53) 23 (43) 24 (45)
2=somewhat likely,n 31 (14.4) 31(16.1) 6(7) 2(4) 23 (43)
(%)
3=likely, n (%) 26 (12.1) 21(10.9) 12 (14) 3(6) 6(11)
4=very likely, n (%) 55 (25.6) 48 (25) 22 (26) 26 (48) 0(0)

3Responses from participants who identified as Chinese, Korean, Vietnamese, Taiwanese, and multiracial and a participant who specified Asian race

and ethnicity different from those listed previously.

bResponses from participants who identified as Chinese, Korean, and Vietnamese.
“Responses from participants who identified as Chinese, Korean, or Vietnamese.

dK ruskal-Wallis rank sum test.
CFisher exact test.
N/A: not applicable.

90verall, 4 missing responses, of which 3 (75%) were from the Chinese group and 1 (25%) was from Asian race and ethnicity was different from those

listed previously.

hoverall , 6 missing responses, of which 5 (83%) were from the Chinese group and 1 (17%) was from Asian race and ethnicity was different from those

listed previously.

Psychosocial Needs and Effects of the COVID-19
Pandemic

Multimedia Appendix 4 summarizes the psychosocial needs of
and effects of the COVID-19 pandemic on older Asian American
immigrant adults and Chinese, Korean, and Viethamese groups.
There were significant differencesamong Chinese, Korean, and
Vietnamese groups, pertaining to overall psychosocial health,
social distancing, worries, and functioning. For overal
psychosocial health with regard to how well they have been
able to concentrate or focus during the COVID-19 outbreak
(1=not at all to 10=extremely well; x%,=44.7; P<.0001), the
median was 8 (IQR 8-9) for the Korean group, 6 (IQR 1-8) for
the Vietnamese group, and 5 (IQR 4-6) for the Chinese group.
With regard to how much they have been able to maintain social
distance (1=not at all to 10=at all times; x°,=33.6; P<.0001),
the median was 10 (IQR 9-10) for the Korean group, 9 (IQR
9-10) for the Vietnamese group, and 8 (IQR 6-10) for the
Chinese group. With regard to how stressful it has been to
maintain social distancing owing to the COVID-19 outbreak
(1=not at all stressful to 10=extremely stressful; x2,=16.1;
P=.0003), themedianwas 7 (IQR 5-9) for the Vietnamese group,
5 (IQR 2-9.8) for the Korean group, and 5 (IQR 1-7) for the
Chinese group. For the following worry-related items (1=not
at al worried to 10=extremely worried), such as how worried

they have been about SARS-CoV-2 (x%,=37.9; P<.0001), that

they will be infected with SARS-CoV-2 (x%=75.5; P<.0001),
that a family member will be infected with SARS-CoV-2
(x?,=55.3; P<.0001), and that people around them will be

infected with SARS-CoV-2 (x%,=70.1; P<.0001), the median
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was 8 (IQR 7-9), 9 (IQR 9-9), 9 (IQR 9-9), and 9 (IQR 9-9),
respectively, for the Vietnamese group; 7 (IQR 4-8), 7 (IQR
4-8), 7 (IQR 5-8), and 7 (IQR 5-8), respectively, for the Chinese
group; and 5 (IQR 1-8), 2 (IQR 1-5), 4.5 (IQR 1-7.8), and 2
(IQR 1-6), respectively, for the Korean group. With regard to
how worried they have been about not being able to afford or
access food during the COVID-19 pandemic (x%,=62.6;
P<.0001), how worried they were about access to important
resources, such as transportation or housing owing to the
COVID-19 outbreak (x%=45.4; P<.0001), and how the
COVID-19 crisis in their area created financial problems for
participants or their family (x22:17.7; P=.0001), the median
was 7 (IQR 5-8), 6 (IQR 1-8), and 2 (IQR 1-8), respectively,
for the Viethamese group; 3 (IQR 1-5), 3 (IQR 1-5), and 3 (IQR
1-5), respectively, for the Chinese group; and 1 (IQR 1-2), 1
(IQR 1-1), and 1 (IQR 1-1), respectively, for the Korean group.
With regards to functioning, participants have experienced
difficulties in life owing to the COVID-19 outbreak
(1=experienced no difficulties to 10=experienced extreme
difficulties; x22=51; P<.0001) and the distress they have had
owing to the COVID-19 outbresk (1=not at all distressed to
10=extremely distressed; x%=22.1; P<.0001), the median was
6 (IQR 5-7) and 7 (IQR 5-7), respectively, for the Vietnamese
group; 5 (IQR 2-6) and 5 (IQR 2-6), respectively, for the
Chinese group; and 1 (IQR 1-3) and 4.5 (IQR 1-6.8),
respectively, for the Korean group.

Most participants reported that 2 people lived in their house
including themselves (112/215, 52.1% older Asian American
immigrants;, 99/192, 51.6% across Chinese, Koreans, and
Vietnamese; 51/85, 60% Chinese; 27/54, 50% Koreans; 21/53,
40% Vietnamese). There were significant differences with
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regard to having had afamily/household member’s salary, hours,
or contracts significantly reduced (P=.0005) and having had a
family/household member or friend falen physicaly ill
(P=.0005) owing to the COVID-19 outbreak. Most Vietnamese
participants (15/53, 28%) had a family/household member’s
salary, hours, or contracts significantly reduced, followed by
Korean (8/53, 15%) and Chinese (2/81, 2%) participants. Most
Korean participants (10/53, 19%) reported having had a
family/household member or friend fallen physicaly ill,
followed by Chinese (7/81, 9%) and Viethamese (0/53, 0%)
participants. Therewere significant differences among Chinese,
Korean, and Vietnamese groupsin how relationshi ps have been
between members of family/household during the COVID-19
outbreak (1=extremely negative to 10=extremely positive;
X%=33.2; P<.0001), and the median was 9 (7.2-10) for the
Korean group, 9 (IQR 7.8-9.2) for the Vietnamese group, and
6 (IQR 5-8) for the Chinese group. There were significant
differences among Chinese, Korean, and Vietnamese groups
regarding what the exercise activity level has been (x22:20.2;
P<.0001) and how much they have engaged in hobbies
(x%,=26.6; P<.0001) since the COVD-19 outbreak—the median
was 5 (IQR 4-5) and 6 (IQR 5-7), respectively, for the
Vietnamese group; 5 (IQR 3-5) and 5 (IQR 5-5), respectively,
for the Korean group; and 4 (IQR 3-5) and 5 (IQR 5-5),
respectively, for the Chinese group.

Discussion

Principal Findings

In a group of 216 older Asian American immigrant adult
participants, we found significant differences in technology
access, telehealth use, and psychosocial health impacts among
the Chinese, Korean, and Vietnamese groups. In our CBPR
cross-sectional survey study, we examined the readiness for a
web-based senior center among older Asian Americanimmigrant
adults and specifically among Chinese, Korean, and Viethamese
groups. We also identified the psychosocial needs and effects
of the COV1D-19 pandemic that aweb-based senior center could
be positioned to meet.

Socioeconomic status is an important context when planning a
web-based senior center because financial resources are often
limited. It is important to avoid adding financial burden while
trying to be intentional in providing web-based care and social
services via maobile apps. In our study, most Chinese (38/86,
44%), Korean (39/54, 72%), and Vietnamese (25/53, 47%) older
participants had an unlimited mobile data plan, followed by a
small group that had alimited mobile data plan. Of those using
limited plans, many (39/216, 18.1%) were unsure about their
datalimits. More than half of older Asian American immigrant
adult participants (123/216, 56.9%), including older Chinese,
Korean, and Vietnamese participants, reported <US $15,000 as
total household income before taxes. According to an AHSC
leader, staff has assisted many older Asian American immigrant
clients and applied for an affordable internet plan during the
COVID-19 pandemic.

Overall, morethan half of the older Asian American immigrant
adult participants (131/212, 61.8%), including older Chinese,
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Korean, and Vietnamese participants, reported using mobile
phone texting for written communication, followed by
approximately half of the participants (103/212, 48.6%) using
email for written communication in our study. Both maobile
phonetexting and email can present challengesfor older adults.
Challenging intrinsic factors can affect the adoption of a
web-based senior center. For example, having less dexterity,
experiencing tremorsor physical changesresulting from arthritis
or stroke, not having confidencein using new appsor platforms,
and not being interested in learning new ways to access social
and health services are known barriers to using technology for
health purposes [30-32]. Extrinsic barriers include limited to
no accessto digital communication devices for all older adults,
not having trust in technology, belief that mobile phones are
for communication rather than accessing health and socia
services, and cultural beliefs that technologies detract from
family time [31] or may dismantle cultural expectations for
children and grandchildren to care for their older family
members as they age [17].

There is agamut of available information and communication
technology devices and apps, including written and audio or
video. We found that only 2% (1/53) of the Viethamese older
participants started using a new electronic device to
communicate with friends and family after the COVID-19
outbreak, followed by more than half of Korean older
participants (31/54, 57%) and less than one-fifth of Chinese
older participants (15/86, 17%). This may be owing to not
knowing what is available, not knowing how to use the device,
or the degree of comfort with use. Our findings differ from those
of a study that focused on South Koreans, where researchers
identified themes that included a reluctance to learn about and
use new technology and ambivalence regarding using
technology-enabled services for connection with family or
acquaintances [10]. In our study, for written and audio or video
communication apps, most older Chinese participants (65/85,
T7%; 57/84, 68%, respectively) used WeChat, most Korean
participants (49/54, 91%; 49/54, 91%, respectively) used
KakaoTalk (thisapp was exclusively used by the Korean group),
and most Viethamese participants used Facebook Messenger
for written communication (32/50, 64%) and Apple Face Time
or Facebook Messenger for audio or video communication
(33/50, 66%; 31/50, 62%, respectively). Our results suggest
that there are differences among groups that must be considered
by CBOs offering web-based care and social services. Different
communitiestend to use specific communication platformsand
have preferences regarding the types of services that are
acceptable when using web-based platforms. It isimportant to
note that, early in the COVID-19 pandemic, there was no
existing cross-cultural communication system that was free,
quickly available, and easy for symptom monitoring of large,
diverse populations [33]. For example, in China, WeChat is
mostly well known and is among the frequently used,
web-based, health service social media platforms [34]. Our
community-academic partnership kept in mind that individual
COVID-19 prevention and control apps, such as WeChat in
China, were developed by adding to existing social apps with
regard to the management of the COVID-19 outbreak [35].
KakaoTalk isamobileinstant messenger based in South Korea
(ie, host country) and is the most popular and cross-platform

Asian Pac Il Nurs J 2024 | vol. 8 | e49493 | p.89
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

ASIAN/PACIFIC ISLAND NURSING JOURNAL

social mediaservicein South Korea[36]. In our study, findings
imply that cultural and country-based web-based communication
platforms, such as WeChat and Kakao Talk, are important
sustainable connections with diverse Asian immigrant groups
[34-36] for sustainable accessibility [37]. Our study results
suggest that culturally based CBOs serving diverse communities
need to navigate community contexts, capacity, and operations
and determine the capacity for providing sustainable cultural,
linguistic, and health care services via web-based care. CBOs
and researchers need to consider how to best use these platforms,
given that personal health information may be a part of certain
communications. Authenticity and intentionality will be needed
regarding which web-based services are best suited for these
various platforms.

Web-based care is different from in-person care. In our study,
few older Asian American participants, including Chinese,
Korean, and Vietnamese participants perceived themselves to
be very technology savvy. Furthermore, most Vietnamese ol der
participants (41/53, 77%) expressed that they would never
consider trying atelehealth appointment. A few older Chinese
and Korean participants expressed the same view. Thus, CBOs
and researchers need to consider intentionally using multiple
communication platforms; ones that each community group is
already familiar with. This will likely improve sustainability
because it will relieve community members from having to
learn something new to access health and social services.

We made additional important contributions to the literature
about what to consider regarding sustaining accessibility in
telehealth. We found that more than half of older Asian
American immigrant adults (121/212, 57.1%) worry about the
quality of health care with web-based care and social services.
Less than half (93/212, 43.9%) were not convinced that a
diagnosis made via telehealth would result in an accurate
diagnosis. For example, most Viethamese among Asian
American immigrants (28/53, 53%) had never used telehealth
services and do not know how to start. These findings align
with what CBOs have reported—that is, most older Asian
American clients struggled to use web-based platforms and
web-based programs and had limited technological literacy
despite having compatible computers and platforms [6]. Of
importance, according to older Chinese, Korean, and Viethamese
immigrants, the main advantage of telehealth was not needing
transportation services. Implications from our study suggest
that there is a need to further enhance older Asian American
immigrant clients' readiness for aweb-based senior center, and
one way is to engage and collaborate with more clients in
subsequent intervention design and training in technology and
telehealth delivery. According to AHSC community partners,
regarding their work with older Asian American immigrant
adult clients, they expressed the importance to build trust over
time. For example, there are clients who were more willing to
share concerns after their staff built personal connections.

Regarding overall psychosocial health in our study, older
Chinese immigrants had a reduced ability to concentrate or
focus during the COVID-19 outbreak. Furthermore, older
Chinese, Koreans, and Vietnamese engaged lessin exerciseand
hobbies. According to aprogram manager at AHSC, many older
Chinese clientsenjoyed being at the center in person for physical
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activity (eg, Tai Chi and light aerobics) and hobbies (eg, singing,
dancing, and socia groups) before the outbreak. A few older
Chinese participants expressed that they did not have a place
togotofor physical activity or engaging in hobbies. Some chose
to stay at home and away from crowds owing to infection
precautions, and in particular, Chinese older adults wanted to
avoid anti-Asian hate. AHSC community leaders examined
anti-Asian hate more specifically in another initiative apart from
what our community-academic partnership’s CBPR research
cross-sectional survey study aimed in this study. Our partnership
remains cognizant that among the anti-Asian hate incidentswas
the use of the terms, Chinavirus or Wuhan virus, which relates
aviruswith arace, ethnicity, or city instead of to the biological
SARS-CoV-2 or COVID-19, and this does not align with the
World Health Organization [37]. Researchers discovered
profound discrimination and violence among Asian American
populations; for example, Chinese and Viethamese commonly
experienced being yelled at and being given dirty looks for
carrying the virus [3]. Our findings suggest that there may be
a need for increased caregiving efforts; a need for caregiver
support; and a need for increasing services for social, health,
and financial stressors; however, the extent is different among
groups. For example, most Vietnamese immigrants, followed
by Chinese and Korean immigrants, experienced stress owing
to maintaining social distancing, worry about SARS-CoV-2,
and worry about infecting themselves and people. In another
example, most Viethamese immigrants, followed by Chinese
and Korean immigrants, worry about not being able to afford
or access food and important resources, such as transportation
or housing; fed that the crisis created financial problems for
them or their family; experienced difficultiesin life and distress;
and had afamily/household member’s salary, hours, or contracts
significantly reduced. These results align with the findings by
Quach et a [3] and Tiwari and Zhang [7]. CBOs should include
psychosocial servicesin the web-based portfolio. Psychosocial
services will likely need to be administered on different
platformsto different community groups. Psychosocial services
will need to betailored to the specific needs of each community
group because they would be different across groups.

To meet these needs and to support safety while offering the
broadest possible access to care, CBOs may wish to consider
rebuilding after the pandemic by adding web-based health and
social services for older adults. To reduce barriers for clients,
consideration should be given to the needs of specific cultural
groups and the technology platforms already in use by each
group. A CBO web-based senior center should be designed for
use across multiple free platforms such as Facebook, WeChat,
KakaoTalk, or any other platform used by a specific group that
aCBO serves. Animportant component of intentional planning
and design includes conducting a survey to discover which
socia media platforms the CBOs clienteleis familiar with and
which ones they trust. Delivering services across multiple
platforms may add burden to CBOs, but it will improve access
and acceptance of web-based programming, thus providing the
opportunity to extend reach and support more older adults and
their families.
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Limitations and Future Studies

Although thetiming of the survey limitsthisstudy in part owing
to recall consideration, thisisan important step. We conducted
the survey in the second year of the COVID-19 pandemic, in
2022 [38]. Community-academic partners originaly planned
to implement the study starting in July of 2021, but thiswas not
possible owing to concurrent Asian American immigrant
community needs driven by the COVID-19 pandemic. We
honored the need to pivot, so that AHSC could focus on
addressing staffing, vaccinations, and other needs in response
to the virus and the increasing anti-Asian hate. AHSC
community leaders expressed that the ability to recall
psychosocial impacts based on ratings from 1 to 10 may have
influenced the ability for some older adult participants to
differentiate between 2 numbers that are next to one another
(eg, 5 vs 6). Often, in health technology studies focused on
individuals of Asian descent, the research data of subgroups
within thelarge Asian popul ation are aggregated. We examined
our study data as a large group of older Asian American
immigrant adults and among Chinese, Korean, and Vietnamese
participants. However, further studies are needed to examine at
alarge scaleand longitudinally and to examine additional Asian
subgroups, for example, Taiwanese and multiracial groups, as
they may have different needs. Theresponserate and compl etion
rate were high in our study, even though a small portion of
clients declined to participate. Reasons for rejection included
survey length and not having experience with technology or
telehealth, and, according to AHSC leaders, some may have
declined because of not having a need to use a technology to
access hedlth care or having had a bad experience with
technology. Although the instruments that we adapted from the
PhenX Toolkit [19] have not been formally tested and validated,
we pretested them with community partners for face validity
and technical functionality before use in this study. We
recommend further studies for additional psychometric testing
and continuing engagement of older Asian Americanimmigrants
in co-designing for adoption research and building upon aCBPR
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Abstract

Background: Interoception encompasses the conscious awareness of homeostasis in the body. Given that fetal movement
awareness is a component of interoception in pregnant women, the timing of initial detection of fetal movement may indicate
individual differencesin interoceptive sensitivity.

Objective: The aim of this study is to determine whether the association between the gestational week of initial movement
awareness and interoception can be a convenient evaluation index for interoception in pregnant women.

Methods: A cross-sectional study was conducted among 32 pregnant women aged 20 years or older at 22-29 weeks of gestation
with stable hemodynamicsin the Obstetric Outpatient Department. | nteroception was assessed using the heartbeat-counting task,
with gestational weeks at the first awareness of fetal movement recorded viaa questionnaire. Spearman rank correl ation was used
to compare the gestational weeks at the first awareness of fetal movement and heartbeat-counting task scores.

Results: A significant negative correlation was found between the gestational weeks at the first fetal movement awareness and
heartbeat-counting task performance among all participants (r=—0.43, P=.01) and among primiparous women (r=—0.53, P=.03)
but not among multiparous women.

Conclusions: Individual differencesin interoception appear to correlate with the differences observed in the timing of the first
awareness of fetal movement.

(Asian Pac sl NursJ 2024;8:€57128) doi:10.2196/57128

KEYWORDS

fetal movement; gestational weeks; gestation; gestational; heartbeat counting task; interoception; pregnancy; pregnant; maternal;
fetus; fetal; association; associations; correlation; correlations; obstetric; obstetrics; interoceptive; perception; perceptions;
awareness; sense; sensing; senses; internal stimulus; internal stimuli

thisawarenesstendsto occur at approximately 16 weeks or after
20 weeks of gestation. Fetal movements begin in the eighth
week of pregnancy, initially subtle and imperceptibleto pregnant
women. In the absence of maternal or fetal complications,

Introduction

A pregnant woman typically first senses fetal movement at
approximately 18-20 weeks of gestation in primipara and

approximately 16-18 weeks in multipara. However, there is
variability in the gestational week when this awareness occurs,
with some experiencing it earlier or later [1,2]. The factors
contributing to these variations remain unknown. I nterestingly,

https://apinj.jmir.org/2024/1/e57128

differences in fetal development up to 20 weeks of gestation
are minimal [3]. Therefore, fetal development is unlikely to
influence a pregnant woman's initial awareness of fetal
movement.
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Recently, interoception has attracted attention in the fields of
psychosomatic medicine and psychology [4]. The term
“interoception” was first coined by the British physiologist
Sherrington [5] in 1906. It refersto awarenessrelated to changes
inside the body, such as the movement of the heart and internal
organs, signifying acrucial aspect of overall bodily homeostasis
[6]. However, the measurement of interoception is complicated
by the need to use questionnaires or a heartbeat-counting task.

Considering that the awareness of fetal movement is considered
acomponent of interoception in pregnant women, variationsin
the gestational weeks at which initial detection occurs may
indicate individual interoceptive disparities. These deviations
may lead to mental and physical illnesses, such as mood and
metabolic disorders [7]. During pregnancy, mood disorders
related to anxiety and depression often devel op. However, there
is no easy way to detect mental problems in pregnant women

[8].

Therefore, establishing the correlation between the gestational
week of first fetal movement awareness and interoception could
serve as an evaluation index for interoception in pregnant
women and may predict mental problems. However, to our
knowledge, no previous study has examined the association
between interoception and the gestational week at the first fetal
movement awareness in pregnant women. Thus, in this study,
we aimed to clarify this noteworthy association.

Methods

Study Design

A cross-sectional study was conducted among the recruited 32
pregnant women aged 20 years or older at 22-29 weeks of
gestation with stable hemodynamicsin the Obstetric Outpatient
Department of Kyushu University Hospital. The study was
conducted between July and September 2019. Mothers with
obvious fetal morphological abnormalities or maternal
complications were excluded from recruitment.

Procedure

The data sampling was conducted in a quiet outpatient private
room to avoid outside noise, as described in the previous study
[9]. First, a wearable heart rate sensor (WHS-1, Union Tool
Co.) was attached to the left precordial area, and the participants
were alowed to sit and rest for 5 minutes. Then, the
heartbeat-counting task was conducted.

Clinical Characteristics

The pregnant women'’s health status and personal information
(including age, gestational period in weeks, educationa
background, past and current medical history, obstetric history,
height, weight, drinking status, smoking status, fertility treatment
status, employment status, and financia status) were obtained
from the medica records and questionnaires. BMI was
calculated using the above data.

M easurement of Interoception

There are different methods for measuring interoception. Inthe
heartbeat-tracking task [10], the participant is asked to press a
button on the experimental device synchronous with their

https://apinj.jmir.org/2024/1/e57128
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heartbeat. In the heartbeat discrimination task [11], the
participant is asked to discriminate a sound that matches the
heartbeat from a sound that deviates from the heartbeat. In the
heartbeat-counting task [10], the number of heartbeats felt by
the participant is compared with the actual number of heartbeats
measured using an electrocardiogram (ECG) within a certain
period. In this study, we used the heartbeat-counting task
developed by Schandry [12] to measure interoception, which
can be performed in an outpatient setting.

For the measurement procedure, the participants were asked to
sit on achair in the laboratory and were instructed not to touch
their bodies to avoid obtaining cues by touching their pulse
points. In this state, the participants were asked to count the
number of times they felt a heartbeat at 3 intervals of 25, 35,
and 45 seconds and to complete a preprepared form after each
interval. The absolute value of the difference between the
participants’ reported heartbeats and the actual ECG-measured
heartbeats during each interval was calculated. This absolute
difference was divided by the actua number of heartbeats
separately for each of the 3 intervals to obtain the ratio of
deviation in heartbeats. This value was subtracted from 1, and
the mean of al 3 intervalswas calculated. This value was used
as the heartbeat-counting task score. The heartbeat-counting
task scoreranged from O to 1. The closer the scorewasto 1, the
more accurately the participant felt her heartbeat [4,12].

Statistical Analysis

Descriptive statistics were calculated, and the Mann-Whitney
U and Kruskal-Wallis tests were used to compare the data
between the groups. Spearman rank correlation was used to
compare the gestational weeks at the first awareness of fetal
movement and the heartbeat-counting task scores. All analyses
were performed using SPSS (version 27; IBM Corp). The
significance level was set at 5% or P<.05.

The sample size calculation was performed using G* Power
3.1.9.7 [13]. Assuming a 2-tailed test for the population
correlation coefficient with an expected correlation coefficient
of 0.5, a significance level of 5%, and a power of 80%, the
required sample size was cal culated to be 26 cases.

Ethical Considerations

The Ethics Committee of Kyushu University Hospital (No.
22071-00) approved this study, and all participants provided
written informed consent. All the research procedures were
conducted following the tenets of the Declaration of Helsinki.

Information on the participants and the data used in this study
were collected from a previous report [9], which showed an
association between interoception and anxiety. Additionally,
data regarding the gestational week at the first awareness of
fetal movements in pregnant women were added. Permission
was obtained from the authors of the previous study.

Results

Among the 32 participants, the mean gestational week at the
first fetal movement awareness was 18.3 (SD 2.6). Table 1
compares the gestational weeks at the first fetal movement
awareness based on the participants' characteristics. Therewere
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no significant differences in the gestational weeks of the first
fetal movement based on participant characteristics (all P>.05).

A significant negative correlation (r=—0.43, P=.01) was found
between the gestational weeks at the first fetal movement
awareness and heartbeat-counting task performance among all
the participants (Figure 1A).

Furusho et al

In primiparous women, a significant negative correlation
(r=—0.53, P=.03) was found between the gestational weeks at
initial fetal movement awareness and the heartbeat-counting
task performance (Figure 1B). However, for multiparous
women, there was no significant association between the
gestational weeks at initial fetal movement awareness and
heartbeat-counting task performance (r=—0.35, P=.18; Figure
1C).

Table 1. Participant characteristics and gestational weeks at the first awareness of fetal movement (N=32).

Characteristics Participant, n (%) GWs? at the first awareness of FM b, mean (SD) P value

Mother’s age (years) .39
<35 21 (65.6) 185 (2.8)
235 11 (34.4) 17.8(2.2)

Parity .32
Primipara 16 (50) 18.4 (2.4)
Multipara 16 (50) 18.1(2.8)

BMI 44°
<185 4(12.5) 175 (3.0)
185-25 24 (75) 18.1 (2.4)
225 4(12.5) 20.3(2.6)

Fertility treatment during this pregnancy .55
No 24 (75) 18.1(2.8)
Yes 8(25) 18.9 (1.7)

Employment status 74
Working 18 (56.3) 18.2(2.9)
Not working 14 (43.8) 18.4(2.2)

Smoking 14
Previously smoked 3(9) 20.0 (0.0)
No smoking 29 (91) 18.1(2.6)

3GW: gestational week.
bEM: fetal movement.
K ruskal-Wallis test.

Figurel. Correlation between the gestational weeksat thefirst fetal movement awareness and heartbeat-counting task performance: (A) al participants,

(B) primiparous women, and (C) multiparous women.
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Discussion

Principal Findings

We found a significant association between the gestational week
at initial fetal movement awareness and performance on the
heartbeat-counting task. In terms of parity, the association
between the gestational week at the first awareness of fetal
movement and heartbeat-counting task performance was found
in primiparouswomen but not in multiparous women. Although
the reasons for the individual differences in fetal movement
awareness remain unclear, our results indicate a link between
these differences and individual variationsin interoception.

The average number of weeks at which fetal movement was
first detected in the participants of this study was 18.3 weeks.
Williams Obstetrics estimated it to be around 18-20 weeks for
primiparous women and around 16-18 weeks for multiparous
women [1]. Other studies reported that most pregnant women
experience the onset of fetal movement at 16-20 weeks
[2,14,15]. Therefore, we posit that the number of weeksat which
fetal movementsarefirst noticed in the participants of this study
is approximately the same as the average number of weeks.

Primiparous women have difficulty distinguishing fetal
movements from stomach and bowel movements, as fetal
movements represent an unfamiliar sensation to them [14,15].
Regarding awareness of fetal movements, Tuffnell et a [16]
stated that awareness of fetal movementsis caused by pressure
on the pregnant woman's body wall structure. Interoceptive
sensations are sensations related to the internal environment of

Furusho et al

the body and its changes, such as the heartbeat, and internal
organs, such as the stomach and intestines. Pressure on body
wall structures is also a part of interoceptive sensation.
Furthermore, the accuracy of interoceptive sensation isavalue
that objectively measures how accurately a person can grasp
the internal situation through the senses [17]. Therefore, it is
thought that the more accurately a person can detect fetal
movements, the more accurate is their interoceptive sense.

Few studies have explored interoception in pregnant women,
highlighting the need for further investigation in this area
Furthermore, as it has been reported that deviations in
interoception may lead to mental and physical illnesses, such
as mood and metabolic disorders[6], it is necessary to examine
whether the gestational week at initial fetal movement awareness
correlates with maternal mental characteristics and challenges
during the peri- and postnatal periods.

Limitations

The generalizability of this study’s findings may be limited
when restricted to primiparous or multiparous women because
of the small sample size. Moreover, the method used, which
relied on pregnant women recaling and describing the
gestational week of their first fetal movement experience,
introduces the possibility of recal bias, which cannot be
excluded.

Conclusions

Individual differencesin interoception arerelated to individual
differencesin the first awareness of fetal movement and can be
acrucial evaluation index for interoception in pregnant women.
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Abstract

Background: Cultivating a positive research culture is considered the key to facilitating the utilization of research findings. In
the realm of clinical nursing research, nurses conducting research may find the utilization of findings challenging due to the lack
of apositive research culture.

Objective: Thisstudy aimsto identify and describe the sociocultural context of nursing research in aclinical setting at a Korean
tertiary hospital.

Methods: Weincluded participant observation and ethnographic interviewswith 6 registered nursesworking in amedical-surgical
unit in aKorean tertiary hospital who had experience conducting nursing research in clinical settingsin this qualitative ethnographic
study. The study was conducted from April 2022 to May 2022. Data analysis was conducted using Spradley’s ethnographic
approach, which includes domain analysis, taxonomic analysis, componential analysis, and theme analysis, and occurred
concurrently with data collection.

Results:  The overarching theme identified for nursing research culture in clinical practice was the development of a driving
force for growth within the clinical environment. This theme encompasses (1) balancing positive and negative influences in the
research process, (2) fostering transformational change for both nurses and patients, and (3) promoting complementary
communication among nurses.

Conclusions:  Clinical research plays a vital role in nursing practice that requires a balance of supportive elements, such as
patient-driven research questions and hospital research support, with practical challenges such as shift work and high work
intensity. This study found that a positive clinical nursing research culture can serve as aunifying bridge, connecting researchers,
patients, who serve as both the origin and ultimate beneficiaries of research, and hospitals that facilitate research endeavors.
Future research should explore whether the themes derived from this study fully reflect a clinical nursing research culture
comprising patients, nurses, and the hospital environment and determine what requirements are needed to establish such anursing
research culture.

(Asian Pac I sl NursJ 2024;8:€50703) doi:10.2196/50703
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clinical nursing research; ethnography; evidence-based nursing; nursing research; qualitative research
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Introduction

Overview

Nurses are increasingly expected to understand and actively
participate in research endeavors and to use emerging research
evidence asafoundation for their professional practice[1]. This
expectation is highlighted by the International Code of Ethics
for Nurses, a widely esteemed code of ethics in the nursing
profession that explicitly stipulates that nurses should engage
in research as an integral aspect of their profession, cultivate
research-driven  professional acumen, and implement
evidence-based findings into their practice [2]. Similarly, the
Korean Code of Ethicsfor Nursesunderscoresthe responsibility
of professional nurses to contribute to the development of
nursing standards and the advancement of nursing research [3].

Nursing research is defined as a systematic inquiry designed to
develop evidence-based information about issues important to
the nursing profession, including nursing practice, education,
administration, and informatics [1]. Clinical nursing research
is a subset of nursing research that focuses specifically on
nursing practice to promote and support patients health,
well-being, and quality of life [1,4]. Because nurses constitute
the largest group of frontline providers of health care, clinical
nursing research has increasingly gained recognition as a vital
path to implementing practical, efficient, and economically
viable dtrategies that reduce hospital errors, minimize
unnecessary expenditures, and enhance patient outcomes [5].

Research utilization, also referred to as knowledge trand ation,
isapivotal component of the clinical nursing research process;
it involves the generation, distribution, and integration of
research findingsinto clinical practice [4]. Research utilization
entails not only the implementation of evidence into practice
but also the continuous monitoring and evaluation of changes
inpractice[6]. Given their role asfrontline caregiversin clinical
settings, nursesare crucially responsible for trandating research
findings into clinica nursing practice [7]. Nurses must be
motivated and prepared to synthesize the results of existing
studies, apply them to clinical practice, and formulate research
questions directly within the clinical setting to generate new
evidence, yet nurses may remain unengaged in research activities
due to a lack of capacity or support to implement research
findingsinto their daily clinical practice[4,8].

The effective utilization of research findings relies on three
essential factors: (1) fostering a positive research culture, (2)
garnering interest from individuals capable of applying these
findings in practice, and (3) securing comprehensive support
from governmental bodies, managers, and peers[9]. Thisstudy
posits that fostering a positive research culture inherently
encompasses the other 2 factors because a thriving research
culture naturally generates interest and encourages support to
translate research findings into practice. We posit, therefore,
that a positive research culture is foundationa to enhancing
individual research interests and garnering organizational
support.

Cultivating a positive research culture is essentia because
research utilization can prove chalenging for clinical nurses

https://apinj.jmir.org/2024/1/e50703
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due to a lack of time, knowledge, research supervision, and
support [8]. This study seeks to explore the culture of clinical
nursing research in Korea to provide substantive insights for
cultivating a positive research culture.

Background

Defining culture posesaformidable challenge duetoitsinherent
complexity; however, adopting a cultural perspective enables
an understanding of why certain phenomena may occur in
specific ways [10]. Conseguently, to understand the essence of
any phenomenon, it is necessary to explore the specific culture
towhichit belongs. A comprehensive understanding of clinical
nursing research requires a deep familiarity with the culture of
nursing research within specific clinical settings.

In the United Kingdom, because nursing functions within the
National Health Serviceframework, government-led health care
changes have sel dom been research-based, and few studieshave
investigated the nature of clinical nursing research culture [9].
The United Kingdom has two distinct nursing subcultures. one
for nurses and another for researchers, each characterized by
differing values and language use [9]. Despite efforts to bridge
these cultural differences, an explicit definition of a nursing
research culture in clinical practice in the United Kingdom
remains elusive [9]. The United Kingdom has encountered
challenges in fostering a nursing research culture due to such
factors as a shortage of adequately qualified research-active
personnel, underdevelopment of research culture in many
departments, limited dedicated research funding, and recurring
competing demands on nurse academics [11].

A recent study in Denmark explored nurse researchers
experiencesin clinical rolesand their perceptions of the nursing
research culture in clinical practice [12]. In their case study of
nurse researchers’ experiences of the presence of a nursing
research culture in clinica practice, Berthelsen and
Halge-Hazelton [12] described nursing research culture as
“caught between a rock and a hard place,” reflecting the dual
pressures arising from alimited academic tradition among nurses
and a lack of recognition from physicians. In Australia, the
authors of a survey of interdisciplinary researchers concluded
that an enabling research culture should comprise research
productivity, positive collegial relationships, inclusivity,
noncompetitiveness, and effective research processes and
training [13], but notably, all participants in this study were
researchersrather than clinical nurses. Given that clinical nurses
are increasingly tasked with involvement in clinical nursing
research[14,15], relying solely on nursing researchersto depict
the entirety of the clinical nursing research culture presents
inherent limitations.

In South Korea, nursing research has been active sincethe 1980s
[16], with clinical nursing research primarily conducted at the
tertiary hospital level [14,17-19]. Studies conducted in Korea
have explored facilitators and barriers to nursing research in
clinical practice, including clinical nurses knowledge and skills,
acknowledgment of the importance of nursing research,
organizational support, resource and facility constraints, time
limitations, lack of leadership interest, challengesin statistical
analysis, and the generalization of research results [14,20-22].
Although these studies have identified factors influencing the
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research performance of clinical nurses, the specific nature of
the clinical nursing research culture in Korea remains largely
unexplored.

To gain a nuanced understanding of the sociocultural context
surrounding nursing research in clinical settings, it is essential
to explore the culture of the nursing research environment from
both observer (etic) and insider (emic) perspectives. Our
theoretical framework emphasizes the central role of research
utilization in clinical nursing research and has guided each step
of our inquiry. In alignment with this framework, our research
guestions were designed to explore the interplay between the
prevailing research culture and the practical utilization of
research findings within clinical settings. The selection of
participants, the structure of theinterviews, and thefocal points
of our observationswere carefully aligned with our framework’s
emphasis on discerning the sociocultural nuances inherent to
nursing research.

Purpose

Thisstudy aimsto identify and describe the sociocultural context
of clinical nursing research within a Korean tertiary hospital.
The guiding research questions are the following: (1) what is
the sociocultural context of clinical nursing research in aKorean
tertiary hospital, and how doesit impact clinical nurses’ research
activities? (2) How do clinical nurses perceive the research
environment’s culture, and what shared values and beliefs do
they hold regarding nursing research in this context? (3) What
are the facilitating and hindering factors impacting clinical

Figurel. Anoverview of research methods.
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nurses’ research activities? Through participant observation and
ethnographic interviews, we sought to uncover shared values
and beliefs inherent in the visible phenomenon of the research
environment culture of clinical nurses.

Methods

Overview

Ethnography facilitates the understanding of cultura
phenomena, enabling in-depth comprehension of the subject
culturefrom the vantage point of its native participants [23,24].
Therefore, Spradley’s [23,24] ethnographic method is aptly
suited for this study as it focuses on conducting in-depth
interviews with clinical nurses and gaining understanding of
the context from both internal and external perspectives.

Our analytical approach, deeply rooted in the emphasized
theoretical framework, enabled us to interpret our findings in
the broader context of research utilization in clinical nursing.
This harmonious amalgamation of theory and method allowed
usto unearth insights deeply rooted in the lived experiences of
clinical nurses, illuminating the multifaceted nature of research
engagement in clinical practice. By detailing the application
and influence of our theoretical framework explicitly at each
research stage, we aimed to provide a clearer and more
comprehensive picture of how theoretical underpinnings shaped
this study, addressing any potential concernsregarding therole
and application of the theoretical framework in our research.
An overview of the method is presented in Figure 1.

Nursing research culture in clinical practice

Location of
social Situation

+ Conducting nursing research in

a Korean tertiary hospital using Zoom

Participant
observation

* Regular research team meetings

Ethnographic
interview

* One-on-one web-based
interviews using Zoom

+ Research team communication
using KaKaoTalk

Domain Taxonomic
analysis analysis
6 37
areas sub-categories

Design

Initially, social situations were identified based on Spradley’s
[23] participant observation, analyzing places, actors, and
activities. Participant observation and ethnographic interviews
explored and described the research environment and culture

https://apinj.jmir.org/2024/1/e50703

Componential Theme
analysis analysis
12 3 themes
categories 6 subthemes

of clinical nurses. This study adhered to and was reported
according to the Standard for Reporting Qualitative Research
(SROR) [25]. The result of SRQR is presented in Multimedia
Appendix 1.
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Setting

In a tertiary hospital in South Korea, nurses submit clinical
questions annually, and those whose questions are deemed
valuable are given opportunities for advancement in clinical
nursing research. In aparticipating medical-surgical unit of this
hospital, clinical nursing research isunderway that exploresthe
following clinical question: “Is high-dose bowel preparation
necessary before colonoscopy?’ The research study compares
bowel cleanliness, patient compliance, and side effects arising
from different bowel preparations for patients undergoing
colonoscopy.

Participant observation occurred both within the hospital’ sactual
clinica environment and in cyberspace. Spradley’s [23]
definition of participant observation entails observing people's
activities, the physical attributes of the social context, and
experiencing the scene as a participant. This term was chosen
as 1 author actively participated in the entire research process,
while the remaining 4 authors observed solely in cyberspace,
utilizing the mobile messenger app Kakao Talk (Kakao Games)
and the video communication platform Zoom (Zoom Video
Communications). Consequently, the use of theterm adequately
aligned with Spradley’s approach.

Participants

The selection of research participants and social situations
followed the ethnographic research methodology [23,24] to
accurately describe clinical nurses' research environment and
culture. Participants were purposefully selected based on factors
that potentially influence research cultures, including position,
research experience, education, and clinical experience. To
attain a representation that resonates with the research culture
of clinical nurses, recruitment focused on nurses with research
experience, particularly those who had completed nursing
research-related courses at a university hospital. Furthermore,
as the research meetings were primarily conducted through
Kakao Talk and Zoom, the inclusion criterion was the ability
to use cell phones and computers.

Ethnography acknowledgesthat the required number of research
participants varies depending on the cultural context [23].

https://apinj.jmir.org/2024/1/e50703
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Drawing from previous qualitative research [22] that focused
on similar research topics and participants, ablend of purposive
and snowball sampling strategies was used to recruit nurses
engaged in nursing research in ahospital. The sample comprised
5 staff nurses and 1 nurse unit manager affiliated with the
medical-surgical unit of a Korean tertiary hospital. One
participant (who is a member of the hospital nursing research
team and a contributing author to this ethnographic study) was
actively involved in both participant observation and the
ethnographic interview; this dual role alowed for close and
continuous observation of the progress of unit-based nursing
research from an actual internal perspective, enriching the study
with insight from active engagement in research subjects.

Data Collection

Data collection for this study was executed from April to May
2022, involving severa methods, namely participant observation
and ethnographic interviews. These diverse methodologies
enabled researchers to garner rich data, obtain a deeper
understanding of the cultural context, and address the study’s
queries effectively.

Participant Observation

Participant observation encompassed interactions both within
the actual clinical environment of the hospital and in web-based
spaces during video research conferences. One of the authors,
who was al so a participant in the research, conducted in-depth
observations, involving monitoring of the research process in
the clinical setting and active involvement as a member of the
hospital’s nursing research team. The remaining 4 authors
observed remotely through video meetings on Kakao Talk and
Zoom to oversee the research process.

Thefocus of both forms of participant observation was on noting
participants’  activities and cultura and environmental
characteristics, as well as identifying various aspects such as
space, actors, activities, objects, behaviors, events, time,
purpose, and emotions. The relationships between research
participants, as identified through participant observation, are
illustrated in Figure 2.
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Figure 2. Interaction of the research participants.
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Ethnographic I nterviews

Ethnographic interviews were conducted as one-on-one
web-based sessions through Zoom in adherence to COVID-19
regulations. These interviews were facilitated by a single,
experienced qualitative research interviewer who was not a part
of the hospital nursing team. The interviews involved amix of
open-ended and semistructured questions, commencing with
the following initial question designed to engage participants
with the research topic: “What is the topic of your current
hospital research?’ Subsequent questionswereaimed at eliciting
in-depth, voluntary explanations from participants.

The structure and content of the interview questions and
guidelines were informed by previous research on clinica
nursing research in Korea [14,21,22,26] and were aligned with
Spradley’s [24] ethnographic interview approach. Following
the outlined interview guide (Multimedia Appendix 2), the
interviews were conducted individually and typically lasted
between 35 and 50 minutes, with the average duration being 40
minutes.

Data Analysis

Inthisstudy, 5 authors acted independently asdata coders, each
coding the collected data. Discrepancies in the coding results
were discussed in research meetings and subjected to a
consensus process until an agreement was reached. Word
(Microsoft Corp) and Excel (Microsoft Corp) were used for
data analysis. Initial transcripts of reported activities were
compiled in Word, and meaningful datarelated to thetopic were
identified and listed in Excel, with each sentence recorded in a
separate row. Subsequently, related sentences were grouped to
derive themes.

Data analysis was conducted iteratively alongside data
collection, using Spradley’s [24] 4-step method consisting of
domain analysis, taxonomic analysis, componential analysis,
and theme analysis. In the domain analysis, we reviewed
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ethnographic interviews and transcripts of reported activities
to identify meaningful domainsrelated to the culture of clinical
nursing research. These domainswere categorized into Six areas
of clinical nursing research culture: (1) clinical application of
nursing research, (2) research role assignment, (3) shift work,
(4) hospital research resources, (5) interaction between
researchers, and (6) purpose of nursing research.

Taxonomic analysisled to the construction of meaningful terms
within the identified domains, resulting in 37 subcategories.
Componential analysisdistinguished the characteristics of terms
used by participants in each classification, leading to the
derivation of 12 categories. All authors revised and integrated
these categorizations through meticulous review. Subsequent
to the categorization and integration, we performed a theme
analysisand sel ected thefinal meaningful datato provideinsight
into the culture of clinical nursing research. Contents with
similar meanings were classified and categorized, revealing 6
subthemes related to the culture of the nursing research
environment among clinical nurses. These subthemeswerethen
synthesized into 3 overarching themes that offered a
comprehensive and integrated understanding of the culture of
nursing research in the clinical setting.

Rigor

The rigor of this study was bolstered by using a variety of
strategies recommended by Lincoln and Guba [27]. To ensure
the accuracy of the interview content and methodology, the
trained interviewer engaged in discussions with the other
authors. All authors maintained transparency through critical
reflection on their own beliefs, documented self-critical memos,
and participation in deliberative discussions. Dependability was
assured by integrating data collection and analysis in a
simultaneous, cyclic approach. Additionally, anursing professor
well-versed in qudlitative research continuously reviewed the
processes of data collection and analysisto maintain theintegrity
of the study. Lastly, to assess their transferability, the findings
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were presented to other clinica nurses to gauge their
applicability in varied settings.

Ethical Consider ations

Thisstudy received approval from theinstitutional review board
of Ewha Womans University (202204-0002-01) and adhered
to ethical guidelines. Potential participants were adequately
informed about the study’s purpose, methods, and incentives,
and voluntary participation was emphasized. Sufficient time
was provided for potential participants to consider their
involvement. I nterested participants provided written informed
consent and were assured of their right to withdraw from the
study at any time. Participants were informed that the collected
data would be used only for research purposes and that they
could discontinue participation at any time during the study.
Access to the collected data was restricted to the authors of the
study. To maintain confidentiality, any identifying information

Table 1. Demographic characteristics of the participants.
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and files that could link data to individual participants were
securely discarded upon the completion of the study.

Results

Participant Characteristics

This study included 6 participants, all female, comprising 5
staff nurses and 1 unit manager from award. The participants
were aged between 26 and 53 years and had clinical experience
ranging from 2 to 30 years. The number of research experiences
among the participants varied from 1 to 7 instances. Additional
details on the participants' characteristicsare provided in Table
1.

The findings of the study are subsequently presented,
supplemented by excerpts from the observations and interviews
conducted with the participants.

Number Position Number of researchex- Education Age (years) Clinical experience
periences (years)
1 Staff nurse 6 Doctoral student 34 6
2 Staff nurse 2 Master’s student 30 4
3 Staff nurse 2 BSN? 26 2
4 Staff nurse 1 BSN? 28 3
5 Staff nurse 1 BSN? 27 3
6 Unit manager 7 MSNP 53 30
3BSN: Bachelor of Sciencein Nursing.
PMSN: Master of Sciencein Nursing.
maintaining focus is difficult. [Participant 2,

Balancing Positive and Negative I nfluencesin the
Resear ch Process

Shift Work and High Workload Negatively | mpacting
Research Progress

Nurses working in shifts and experiencing high workloads
expressed feeling too exhausted to balance their work and
research responsihilities. Most participants viewed research as
aseparate entity from their clinical rolesand expressed that they
found the research process arduous and challenging to juggle
alongside their work duties. Nurses' varying schedulesresulting
from shift work made finding a suitable meeting time
challenging. Participantsin this study used web-based meetings
as a solution that allowed maximal participation, and they
provided recordings for those who could not attend due to
scheduling conflicts. Nonetheless, some participants found it
difficult to discuss and share progress updates due to shifting
work schedules and reported feeling too drained to attend
research-related training sessions given their substantial
workload. Consequently, the demands of high workloads and
shift work often resulted in deprioritization and postponement
of research activities.

The process of moving forward seems very arduous.
Balancing work and research is challenging, and
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observation)

Due to shift work, only a few nurses discuss and are
informed about the progress of the research. This
sometimes|eaves others struggling to under stand and
keep up with the research's progress, which can be
embarrassing. [Participant 3, interview]

Sometimes, | feel so tired and overwhelmed by the
high workload that | cannot afford to participate in
research-related training. [Participant 4, interview]

Positive Utilization of Hospital’s Research Support
Resources

The research support resources provided by the hospital
positively impacted the progress of the research. Nurses shared
that they were able to submit clinical questions about which
they were curious through a hospital program, leading to the
formation of aresearch team and theinitiation of research. The
hospital provided various research support resources, such as
research-related education and academic services, support for
educational expenses, and dedicated human resources to assist
with research. During meetings, participants referenced books
provided by the hospital that contained essential information
for advancing research. The accessibility of these resources
cultivated a supportive environment that enabled participants
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to conduct more efficient and effective research, which could
be trandlated into positive outcomes.

Every year, our hospital holds an event encouraging
nursesto formul ate research questions stemming from
their clinical curiosities. | found myself jotting down
sporadic thoughts, and these activities naturally
evolved into nursing research. [Participant 4,
interview]

The Nursing Education Department collaborateswith
our research team leader, offering support including
statistical consulting. [Participant 2, interview]

Detailed information useful for assessing the “ Risk
of Bias’ of the selected literature can be found on
page 62 of the book provided by the hospital.
[Participant 1, observation]

Fostering Transfor mational Change for Both Nur ses
and Patients

Selection of Research Topics Derived From Clinical
Settings

Participants acknowledged the need for change to enhance the
working environment for nurses and create a safer hospital
environment for patients. They engaged with questionsemerging
from their daily practices and evolved these inquiries into
research topics. They perceived that addressing these topics
could trigger significant changesthat would benefit both nurses
and patients. This approach seemed to deepen their
understanding of the prevalent issues and elevate the relevance
of the research to clinical practice.

This research topic came about because nurses
noticed issues while doing their jobs. They were
thinking about other possible solutions since patients
were having a hard time taking a lot of laxatives,
causing them discomfort and making nursing tasks
take longer. [Participant 6, interview]

The issue we chose as our research topic was
something | often pondered over during work. It was
a mutual concern among all nurses and patients in
our unit, and it's intriguing to see it evolve into a
research question. [Participant 4, interview]

| firmly believe the clinical setting is the optimal
environment for nursing research. Numerous topics
are inherently connected to nursing practices and
patient care, highlighting the immense value of
conducting research in such settings. Given the
chance, | aspire to continue pursuing research in
clinical environments. [Participant 1, interview]

Meaningful Outcomes Obtained Through the Research
Progress

All participants regarded the knowledge obtained through
research asacommon, meaningful outcome, signifying that the
acquisition of new knowledge was a significant and shared
benefit experienced by the entire group. In addition to the shared
benefit of knowledge, participants anticipated obtai ning various
individual benefits from their research process, including the
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development of leadership and followership skills, expertisein
their field, tangible rewards, increased satisfaction, improved
confidence, reinforced trust within the team, and a sense of
group unity. The participants expressed that they enjoyed the
research process and that the array of rewards it offered led to
positive experiences for all involved.

Even if the results of our research don’t align with
our hopes, | think our nurses have already grown
personally during the process and can act as positive
influences for our younger colleagues. [Participant
6, interview]

| studied article search and analysis techniques in
nursing school, but doing research in a clinical
environment has all owed meto realize theimportance
of these skills firsthand, enhancing my learning
confidence. I'm also thinking about attending
graduate school, and | feel that my current research
experience will be beneficial then. [Participant 5,
interview]

If our research is published in a scholarly journal, it
would be a personal achievement, so I’m even more
motivated to work harder. [Participant 2, interview]

Promoting Complementary Communication Among
Nurses

Varied Research Participation Based on Research
Competency

The level of involvement of nurses in the research varied,
influenced by their previous research and postgraduate course
experiences. This involvement was also correlated with the
relationships among participants, as depicted in Figure 2. In
essence, team members who were actively engaged in the
research demonstrated more active rel ationshipswithin the team,
while those who were less active exhibited more passive
relationships. Participants with research experience actively
shared their opinions; however, asthe research progressed, they
felt the burden of the uneven distribution of tasks. Conversely,
those without previous research experience performed only the
roles assigned to them by their more experienced peersand felt
apol ogetic toward other participants.

Having engaged in similar research during my
master’s program, | find the current research less
challenging. However, colleagues lacking research
experience may find it somewhat hard to keep pace
with the progress of the research. [Participant 2,
interview]

As the research becomes more complex, the teamis
finding it difficult, increasing my workload. | feel that
if | don't keep at it, the research might halt, so I'm
pushing through. Honestly, it's somewhat
overwhelming. [Participant 1, interview]

My team leader assigns tasks to members. Since |
lacked knowledge about research, my participation
has been more passive. So, these days, when | observe
some team members struggling with the research, |
fedl a profound sense of guilt. It's challenging for me
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to decide what to do initially. [Participant 5,
interview]

Differencesin Researcher Roles Depending on Research
Participation

Participants' roles in the research process were diversified,
reflecting individual research capabilities and experience, which
correlated with the level of their involvement in research. Those
actively involved, particularly individual swith previousresearch
experience or amaster’'s degree, autonomously delineated their
roles, aligning them with the team members strengths and
competencies. Thisstrategy fostered a cooperative environment
and optimized the unique skills of each member. Conversely,
participants engaged more passively, typically those lacking
research or a relevant educational background, conformed to
theleaders' opinions, and concentrated solely on assigned tasks,
expressing that they found this approach to beless burdensome.
To mitigate the disparities in research capabilities and
experiences, participants maintained consistent meetings and
endorsed reciprocal, complementary = communication.
Participants expressed that this emphasis on open dialogue and
collaboration imbued them with a sense of preparedness to
tackle challenges arising during the research process.

| believethat fostering learning and robust teamwork
can simplify the research process. | often contemplate
the optimal distribution of types and volumes of work,
respecting individual researchers’ competencies and
workload. [Participant 1, interview]

Figure 3. Essential themes of nursing research culture in clinical practice.
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| appreciate our task assignment approach. Given
our shared workspace, we understand each other’s
strengths, which, coupled with my professional and
research commitments, makes focusing on my
strengths less burdensome. [Participant 3, interview]

Maintaining regular communication is pivotal. The
nature of our shift work complicates assembling
everyone for research meetings, but | am confident
that persistent communication can deepen our
understanding of individual roles in research and
enable us to offset each other’s limitations.
[Participant 5, interview]

Discussion

Overview

The findings of this qualitative study offer insights into the
culture of nursing research in clinical settings, showcasing its
potential to empower nurses to bring about positive
transformations in patient care and their professional practice
while bolstering collaborative efforts. The 3 identified themes
are balancing positive and negative influences in the research
process, fostering transformational change for both nurses and
patients, and promoting complementary communication among
nurses with different research competencies and roles. Figure
3 provides a visual representation of these themes. These
findings underscore the crucial ability of nursing research to
enhance nurses working environments, foster a safer
atmosphere for patients, and facilitate overall progress and
development in the clinical context.
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Principal Findings and Comparison With Previous
Work

Thefirst emergent theme was the bal ance between positive and
negative influences in the research process. The clinical
environment may serve as both a facilitator and a barrier for
nurses conducting research. The availability of diverseresearch
support resources plays a crucial role as a facilitator in
enhancing clinical nurses' research progress. A variety of
research support resources can have apositiveimpact on clinical
nursing research, including both material resources (eg,
research-related education, academic services, and educational
expense support) and human resources (eg, designated
departments and personnel to assist with research progress)
[28]. In Korea, clinical nurses have exhibited low research
competency, a factor significantly correlated with the amount
of organizational support [28]. Previous studies have indicated
that organizational support and a strong belief in the value of
clinical research enable research activity by fostering a culture
that encourages the crucia exploration and application of
research evidence in everyday practice [29]. Cultivating an
organizational culture supportive of research at theinstitutional
level is, therefore, essential to facilitating theclinical utilization
of research findings.

Moreover, research participation by clinical nurseswas observed
toinvolve navigating between work and research commitments.
Shift work creates challenges for scheduling regular research
meetings on fixed dates and coordinating timeswhen all research
team members can gather. For example, a study in 2017 to
describe the infrastructure supporting research in Magnet
hospitals found that nearly half (44%) of the 249 hospitals
responding required clinical nursesto conduct research activities
during their regular clinical hours, and 40% reported nurses
conducting research in their persona time; consequently,
research activities often take abackseat to patient care priorities,
making it challenging to allocate time for nurses away from
direct patient care[30]. To encourage research by clinical nurses,
dedicated time for research activities should be provided, and
enhancements to the nursing working environment are
imperative. Hospitals should acknowledge and account for the
timeinvested in clinical nursing research within regular working
hours.

The second theme underscored the transformative potential of
clinical nursing research for both nurses and patients. Such
research serves asacatalyst, allowing nursesto realize personal
goas, such as enhancing their research capacity, while
simultaneously fostering improved and safer environments for
patients and health care providers. Consequently, deriving
research questions from the clinical field and applying the
research resultsto actual clinical practiceisat the core of clinica
nursing research [4].

In this study, participating nurses formulated research questions
from their experiences caring for patients who had difficulty
taking high-dose bowel cleansing solutions. Because clinical
nursing research directly affects nurses’ work, specifically
patient care, all our participants empathized deeply with the
need for this research, and the practical applicability of the
research results encouraged their active participation. The
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predominant themes identified in a previous study conducted
with 64 perioperative nursesin ahospital in Korea(ie, learning
how to solve problems in practice, facilitating team activities
through motivation, barriersto large participation, and rewarded
efforts and inflated expectations) [31] were congruent with the
insights gained in this study, suggesting that to bolster clinical
nursing research, it is essential to create opportunities for
field-based question formulation and foster a belief in the
capability to induce change. However, the urgency to partake
in clinical nursing research should not overshadow the
importance of undertaking thorough literature reviews on
existing research findings related to clinical issues. Clinical
nursing research should be pursued only when thereis a paucity
of evidence, and it must always adhere to ethical standards.
Motivating nursesto engagein research, allowing for continual
identification of pertinent research questions, and promoting
thorough reviews of relevant existing literature can yield benefits
for both nurses and patients and pave the way for research in
previously unexplored aress.

The final theme revolves around complementary
communication, accommodating the diverse competencies of
nurses. The research team in this study encompassed nurses
with varied research-related experiences. Differencesin research
competency among team members, attributableto varying levels
of research experience, led them to adopt distinct approaches
to research. Participants with extensive research experience had
abetter understanding of the research progress, which allowed
them to take charge compared with those with less experience.
Conversely, those with limited research exposure struggled with
the unfamiliar content discussed in meetings and were uncertain
about participation modalities. These findings are consistent
with aprevious study indicating that individual slacking research
experience or knowledge exhibit reluctance toward research
participation [31]; therefore, research competency, inclusive of
experience and knowledge, emerges as a pivotal facilitator in
research implementation.

Despite the associated challenges, participants maintained
complementary communication through regular web-based
meetings to fulfill their research objectives. Successful
complementary communication is straightforward, reciprocally
advantageous, and reinforces continuous interaction and
relationship development [32]. Given the evident benefits of
such communication, we posit that fostering it within teams can
significantly enhance nursing research in clinical settings. The
diversity in research competency and roles among nurses
highlighted in this study accentuates the necessity of nurturing
complementary communication within research teams, thus
ensuring equitable and balanced interactions and contributions
among team members. In the research team examined in this
study, the team leader allocated tasks, and nurses with less
research experience assumed a more passive stance, fulfilling
only the minimal tasks assigned. Communication was then
leveraged to mitigate any arising discrepancies. We therefore
suggest that championing complementary communication to
address variances among research nurses while leveraging the
individual strengths of nurses not only sustains clinical nursing
research but also cultivates a positive research culturein clinical
nursing.
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Limitations

This ethnographic study explored the nursing research culture
in clinical nursing practice by examining the experiences of 6
nursesworking at atertiary hospital in Korea. The small sample
size and the single-site setting may affect the transferability of
the study’s findings, as they may not represent the broader
population of clinical nurses. To mitigate this possibility, we
amassed data until saturation was reached, with no additional
information emerging. To bolster the study’s rigor, we shared
the findings with nurses from various units and hospitals to
assess transferability.

Due to the COVID-19 pandemic, participant meetings were
held through Zoom, with scenes recorded for repeated review
during analysis. This format hampered direct observation,
however, limiting field notes to within-frame elements and
omitting potentialy significant out-of-frame expressions and
movements. The shift to web-based methods challenges the
traditional notion of “ placeness of ethnography” [33], and some
might argue that without physical immersion in the research
area, there is no true fieldwork. However, digital platforms are
enabling research in spaces where people are active, allowing
a re-evaluation of the necessity of physical presence in
traditional ethnographic fieldwork [34]. The paradigm that field
research mandates physical colocation with participants[35] is
undergoing reconsideration, especially given the COVID-19
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pandemic, as technological advances redefine the concept of
the research field [36].

Conclusions

Clinical nursing research is pivotal in fostering nurse
development and refining nursing practices by juxtaposing
challenges such as intensive shifts and heightened workloads
with facilitators such as patient-centric research questions and
institutional research support. The clinical environment may
serve dua roles as a facilitator by providing the requisite
infrastructurefor research and asabarrier when intensive shifts
persist and research time is not allocated. Institutionalizing
infrastructure for nursing research and earmarking timefor such
activities is crucial in clinical settings to facilitate continual
knowledge circulation, thereby allowing nursesto generate and
apply well-substantiated knowledge effectively. Adequate
clinica nursing research enhances both professional
development and patient care; therefore, nursing education
programs should emphasize the importance of pinpointing apt
research topics, reviewing existing research, and executing
clinical nursing research. Subsequent research should probe
whether the themes uncovered in this study accurately represent
the nursing research culture in clinical settings and should
identify the prerequisitesfor establishing an exemplary nursing
research culture.
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