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Abstract

Background: The rapid advancement of digital technologies, combined with the evolving complexity of health care environ-
ments, has introduced a new paradigm in nursing practice. Clinical nurses are now required not only to deliver safe and
effective patient care but also to demonstrate competencies in digital literacy and innovation. Among these emerging compe-
tencies, digital leadership has become a critical attribute—enabling nurses to lead digital transformation, ensure patient safety,
enhance care quality, and support system-level change within health care organizations. Despite its increasing relevance, there
is a notable absence of validated measurement tools tailored to assess digital leadership in clinical practice.

Objective: This study aimed to develop and psychometrically validate a Digital Leadership Scale for Clinical Nurses (DLS-
CN) to systematically evaluate the digital leadership capabilities of nurses working in clinical settings.

Methods: The scale development process followed a rigorous multistep procedure. Initial items were derived from previous
qualitative research involving a literature review and in-depth interviews, complemented by an additional literature review
conducted in this study. The content validity of 38 preliminary items was evaluated by 9 experts over 2 rounds. A pilot
test was conducted with 30 nurses, followed by cognitive interviews with 5 nurses to refine item clarity and relevance.
The final set of items was administered to 446 clinical nurses across various health care institutions. Data were randomly
split for exploratory factor analysis and confirmatory factor analysis. Additional analyses were conducted to evaluate item
discrimination, convergent validity, and internal consistency using IBM SPSS 25.0 and AMOS 23 0.

Results: The finalized DLS-CN consists of 29 items grouped under four domains: (1) ability to use digital technology, (2)
digital safety management, (3) digital collaboration mindset, and (4) organizational influence. These 4 factors explained 56.9%
of the total variance. The scale showed strong internal consistency (Cronbach 0=0.95). Convergent validity was demonstrated
through strong positive correlations with the Nursing Informatics Competency Scale (Pearson correlation coefficient r=0.82;
P<.001) and the Self-Leadership Scale (Pearson correlation coefficient r=0.83; P<.001).

Conclusions: The DLS-CN is a valid and reliable instrument for measuring digital leadership among clinical nurses. It offers
a practical tool for educators, administrators, and researchers to assess and enhance digital leadership capabilities —ultimately
supporting the digital transformation of health care systems.
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Introduction

The digital transformation era has accelerated the adoption
of digital technologies in the health care sector, particularly
after COVID-19, which catalyzed the integration of such
technologies into clinical practice [1-3]. Clinical nurses are
increasingly using digital tools to ensure safe care environ-
ments and to provide evidence-based nursing [4,5]. Com-
mon technologies used by nurses include wearable devices,
electronic health records, and Barcode Medication Adminis-
tration systems [6,7], all of which enhance patient safety
and efficiency. The adoption of these digital tools in clinical
settings has been shown to improve nursing efficiency and
patient outcomes [8].

As health care environments become increasingly
digitalized, nurses are expected not only to use digital
technologies in practice but also to adapt to and support
digital change in clinical settings. Nurses serve as coordi-
nators, ensuring effective communication among patients,
families, health care professionals, and nursing peers, which
is directly related to patient safety [4,9]. In this context,
digital leadership encompasses not only the technical ability
to understand and apply digital tools [10] but also the
capacity to introduce new communication systems and foster
collaboration among team members [11]. Therefore, to
successfully implement digitalization and health information
technologies within hospital organizations, leadership from
nurses who continuously enhance and manage their clinical
competencies is essential [12,13]. The level of leadership
demonstrated by nurses is closely linked to the quality of
nursing services [14].

Digital leadership combines traditional nursing competen-
cies with digital capabilities, thereby improving the quality
and efficiency of care delivery [8]. In rapidly evolving
health care environments, digital leadership is no longer
a personal attribute of individual nurses but a comprehen-
sive competency influencing teams and organizations [15].
Nurses must demonstrate adaptability to digital changes [2],
solve problems arising during digital transitions [11,16],
and support peer education and motivation [2,17]. Effective
digital leadership also includes ethical considerations, such as
the protection of patient information in the context of big data
usage [18]. Existing tools for measuring digital leadership
have primarily been developed for managers or employees
in general corporate settings, focusing on behaviors and
skills required in digital work environments, including vision
sharing and resource support. These tools aim to assess
general leadership attributes applicable in digital contexts [19,
20]. However, they are limited in that they do not reflect
the specific characteristics of nursing practice, which involves
unique therapeutic relationships between nurses and patients
[21], nor do they account for the evolving nature of contem-
porary clinical settings due to the introduction of new digital
technologies [3]. While digital leadership among nurses—
encompassing the ability to adapt to digital transformation
and effectively integrate digital technologies with health data
—is increasingly essential [2,22,23], there remains a lack of
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measurement tools that are specifically developed to reflect
the unique roles and characteristics of clinical nurses.

The purpose of this study is to develop and validate the
Digital Leadership Scale for Clinical Nurses (DLS-CN). This
scale is intended to accurately assess the level of digital
leadership among clinical nurses and provide a foundation
for evaluating and enhancing their leadership capabilities in
digital health care environments.

Methods

Study Design

This study is a quantitative methodological research
conducted to develop and evaluate a measurement tool
for assessing digital leadership among clinical nurses. The
development of the DLS-CN was carried out in 2 phases,
based on the tool development process proposed by DeVellis
and Thorpe [24]. In the first phase, preliminary items were
developed, followed by content validity testing, cognitive
interviews, and a pilot survey. In the second phase, the tool
was administered to clinical nurses to examine its reliability
and validity.

Scale Development Process
Phase 1: Preliminary ltem Development

Clarification of the Conceptual Definition

This study was based on the hybrid model of Schwartz-
Barcott and Kim [25], applying theoretical, fieldwork, and
final analytic phases. Based on a previous study analyzing
the concept of digital leadership [15], a literature review
was conducted, and concept attributes were integrated to
establish a conceptual framework and identify core attributes.
Through this process, 6 components of digital leadership
were identified: digital problem-solving ability, digital ethical
sensitivity, digital mindset, self-growth, digital collaboration,
and organizational influence.

Item Generation

A total of 104 initial items were generated across 6 compo-
nents of digital leadership for clinical nurses. Specifically,
21 items measured digital problem-solving ability, 19 items
measured digital ethical sensitivity, 16 items measured digital
mindset, 9 items measured self-growth, 17 items measured
digital collaboration, and 22 items measured organizational
influence.

Selection of Measurement Format

Since the items were designed to measure the level of
agreement with statements regarding digital leadership among
clinical nurses, the widely used Likert scale was deemed
appropriate [24]. Therefore, a S-point Likert scale was
selected.

Expert Content Validity Assessment

To evaluate the content validity of the preliminary items, an
expert panel of 9 members was formed: 2 clinical nurses
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with more than 5 years of experience; 2 nurse unit man-
agers; 2 nursing professors; and 1 expert each in digital
health care, leadership, and hospital management. After the
researchers explained the concept of digital leadership for
clinical nurses, the experts rated the appropriateness of the
item content and components using a 4-point Likert scale. For
item-level evaluation, the item-level content validity index
was considered acceptable if it was 0.78 or higher. To assess
overall content validity, the scale-level content validity index
was calculated by averaging, with 0.90 or higher judged
as acceptable [26]. Two rounds of expert validation were
conducted. As a result of the first round, 71 items were
selected. After the second round, the number was reduced to
46 items. During this process, sentence order and expressions
were revised for better clarity and specificity, especially when
abstract or ambiguous wording was identified.

Cognitive Interviews

Cognitive interviews were conducted with 5 clinical nurses
who met the inclusion criteria of the main study. Each
interview lasted 30 to 40 minutes and aimed to understand
how participants interpreted and responded to the prelimi-
nary items. During the interviews, participants were asked to
explain their thought processes while answering each item,
including how they understood the wording, whether any
terms were unclear, and whether the items were easy or
difficult to answer. The interview data were analyzed by
reviewing participants’ explanations and feedback on item
comprehension, wording, and response processes. Based on
these findings, items were revised to improve clarity and
reduce potential response errors. When similar or overlapping
content was identified, the researchers rechecked whether the
same concern was expressed by other interviewees before
making revisions. The revised items were then reviewed
again with the interviewees to confirm their appropriate-
ness. Some participants questioned the appropriateness of
the term “hospital information system,” but after review-
ing related tools, literature, and expert texts, the term was
retained to encompass systems such as electronic medical
records and order communication systems. Regarding terms
describing digital collaboration tools or systems, alternatives
like “intranet” and “groupware” were suggested; however,
“digital collaboration system” was found to be the most
understandable and suitable. In response to feedback, the
term “real-time” was added to better reflect the advantages
of system usage. While some general staff nurses noted
difficulty adopting new technologies and resources, replac-
ing terms like “utilize” or “apply” was found to weaken
alignment with intended attributes, so the original expressions
were maintained. After revising the items, the modified 46
items were confirmed for appropriateness through follow-up
review with the interviewees.

Pilot Study

To identify issues with the preliminary items, a pilot study
was conducted with 30 clinical nurses who met the same
criteria as those in the main study. This was conducted
via an online survey identical in format to the main study.
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Respondents rated item comprehensibility on a 5-point scale
(1=*very difficult” to 5="very easy”), yielding an overall
average of 4.14 (SD 0.24), indicating that the items were
well understood. The time required to complete the survey
ranged from 5 to 25 minutes, with an average of 11 (SD 1.84)
minutes. Open-ended questions confirmed that item length,
font size, and type were appropriate. Based on the pilot
results, items with duplicate meanings or unclear wording
were revised. Additionally, a new item was added to the
organizational influence component, “I can help organiza-
tional members experiencing difficulties in digitalized work
environments,” to complement the existing item, “I can ask
organizational members for help when I face difficulties.” All
items were revised through linguistic review to ensure correct
spacing, terminology, and order. Ultimately, the preliminary
item pool was finalized with 47 items across 6 components.

Phase 2: Instrument Evaluation — Reliability
and Validity Testing

Participants

Participants were 446 clinical nurses working at tertiary
or general hospitals in South Korea. Eligible participants
were nurses who were directly involved in patient care
and had at least 1 year of clinical experience. Nurses with
less than 1 year of experience were excluded because they
were considered to be in the novice stage of acquiring the
knowledge and skills necessary for nursing practice [27,28].
Nurses in administrative, educational, or nondirect care roles
were also excluded. A minimum sample size of 200 is
generally recommended for factor analysis, and for confirma-
tory factor analysis (CFA), a commonly used rule of thumb
is that the sample should be at least 10 times the number
of estimated parameters [29,30]. Therefore, the total sample
size of 446 was considered adequate. To examine the factor
structure and cross-validate the model, the total sample was
randomly divided into 2 equal groups, with 223 participants
assigned to exploratory factor analysis (EFA) and 223 to
CFA. This equal split was used to ensure independent and
sufficiently large samples for both analyses.

Instruments

To evaluate convergent validity, 2 instruments were selected:
the Nursing Informatics Competency Scale [31] and
the Self-Leadership Scale [32]. The Nursing Informatics
Competency Scale includes 20 items across 5 components:
“Basic information and communication technology use”
(3 items), “Utilization of nursing information” (5 items),
“Professional responsibility and ethics” (5 items), “Use
of information and communication technology in nursing”
(4 items), and “Attitudes toward nursing informatics” (3
items). Each item is rated on a 4-point Likert scale. The
reliability of the original scale was a Cronbach a of 0.91
[31], and in this study, internal consistency reliability was
assessed using Cronbach o based on the responses of
the study participants, with a Cronbach o coefficient of
0.91, indicating excellent internal consistency. The Self-Lead-
ership Scale consists of 16 items across 4 components:
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“Collaborative self-dialog strategies” (4 items), “Physical
vitality enhancement strategies” (4 items), “Goal-oriented
self-training strategies” (4 items), and “Self-respect pursuit
strategies” (4 items). This instrument uses a S-point Likert
scale. The original reliability was a Cronbach a of 0.86
[32], and in this study, the Cronbach a was also calculated
using the current dataset, yielding a coefficient of 0.91, which
indicated excellent internal consistency.

Data Collection

Data were collected from March 10, 2024, to March 30,
2024, through a self-administered online survey using a
nonprobability convenience sampling method. Participants
were able to complete the survey at their preferred time and
location without direct contact with the researchers. To recruit
nurses from diverse regions, recruitment notices containing
the contact information of the researchers and the survey link
(URL) or QR code were posted on online nursing community
boards and workplace forums, allowing eligible participants
to voluntarily access and complete the survey. All items were
set as mandatory, preventing participants from proceeding
without responding; consequently, no missing data were
observed in the submitted questionnaires. Data collection
continued until the predetermined sample size required for
item analysis was reached, after which the survey was closed
to prevent additional responses. Because the survey link was
distributed through open online communities and workplace
forums, the total number of individuals who viewed the
recruitment notice could not be determined, and thus the
response rate could not be calculated.

Data Analysis

Collected data were analyzed using IBM SPSS Statistics
version 25.0 and AMOS version 23.0. First, participants’
general characteristics were analyzed using frequencies,
percentages, means, and SDs. Second, for the item analy-
sis, means, SDs, skewness, kurtosis, inter-item correlations,
item-total correlations, and reliability (if an item was deleted)
were calculated. Third, to test the suitability of EFA, the
Kaiser-Meyer-Olkin (KMO) measure and the Bartlett test of
sphericity were used. Fourth, principal component analysis
with varimax rotation was performed to extract factors. Fifth,
CFA was conducted to evaluate model fit and test convergent

Table 1. General characteristics of participants for factor analysis (N=446).
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and discriminant validity. Sixth, convergent validity was also
examined using the Pearson correlation coefficient. Finally,
internal consistency reliability was tested using Cronbach o.

Ethical Considerations

This study was approved by the Institutional Review
Board of Daegu Catholic Medical Center (CR-23-148). The
online survey introduction clearly explained the study’s
purpose, informed consent, procedures, voluntary participa-
tion, confidentiality, potential benefits and risks, and stated
that the data would be used only for research purposes.
Participants received a small token of appreciation for their
involvement. The study was conducted in accordance with the
ethical principles of the Declaration of Helsinki.

Results

General Characteristics of Participants

A total of 446 clinical nurses participated in the survey
(Table 1). Among them, 223 participants were included in
the EFA, with an average age of 30.71 (SD 5.45) years.
Most participants were female (208, 93.3%). Regarding the
type of hospital where they worked, 137 participants (61.4%)
were employed at tertiary hospitals and 86 (38.6%) at general
hospitals. The most common region was Seoul, the capital,
with 106 participants (47.5%). The average length of clinical
experience was 70.41 (SD 46.68) months. In terms of work
departments, 137 participants (61.4%) worked in general
wards, 52 (23.3%) in special units (eg, intensive care units,
operating rooms, emergency rooms), 17 (7.6%) in outpatient
clinics, and 17 (7.6%) in other departments. For the CFA,
223 participants were included, with an average age of 31.07
(SD 4.81) years. The majority were female participants (200,
89.7%). A total of 131 participants (58.7%) worked in tertiary
hospitals and 92 (41.3%) in general hospitals. The highest
number of participants was also from Seoul (99, 44.4%).
The average length of clinical experience was 74.31 (SD
57) months. Regarding work departments, 147 participants
(65.9%) worked in general wards, 38 (17.0%) in special
units, 25 (11.2%) in outpatient clinics, and 13 (5.8%) in other
departments.

Characteristics and categories

EFA? (n=223) CFAY (n=223)

Age (y), mean (SD)
Sex, n (%)
Female
Male
Marital status, n (%)
Married
Unmarried
Educational level, n (%)
Associate’s degree

Bachelor’s degree

30.71 (5.45) 31.07 (4.81)
208 (93.3) 200 (89.7)
15 (6.7) 23(10.3)
161 (72.2) 163 (73.1)
62 (27.8) 60 (26.9)
209 (93.8) 206 (92.4)
13(5.8) 17 (7.6)
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Characteristics and categories

EFA? (n=223) CFAb (n=223)

Master’s degree
Hospital type, n (%)

Tertiary hospital

General hospital

Hospital location, n (%)

Capital
Metropolitan
Province
Clinical career (y), mean (SD)
Working unit, n (%)
General ward
Special department (ICUS, ORY, and ER®)
opD!
Other
Experience related to digital leadership education, n (%)
Yes

No
Necessity of digital leadership education, mean (SD)

1(04) 0(0.0)

137 (61.4) 131 (58.7)
86 (38.6) 92 (41.3)
106 (47.5) 99 (44.4)
78 (35.0) 82 (36.8)
39 (17.5) 42 (18.8)
5.87 (3.89) 6.19 (4.75)
137 (61.4) 147 (65.9)
52 (23.3) 38 (17.0)
17 (7.6) 25(11.2)
17 (7.6) 13 (5.8)
13(5.8) 7@3.1)
210 (94.2) 216 (96.9)
4.00 (0.89) 401 (0.82)

2EFA: exploratory factor analysis.
PCFA: confirmatory factor analysis.
°ICU: intensive care unit.

dOR: operating room.

®ER: emergency room.

fOPD: outpatient department.

Item Analysis

To examine the distribution of items in the 223 collected
responses for factor analysis, the mean, SD, skewness, and
kurtosis were calculated for each item. Since none of the
items had an absolute skewness value greater than 3.0 or an
absolute kurtosis value greater than 8.0, all items met the
assumption of normality [33]. Item-total correlation coeffi-
cients were reviewed, and items with coefficients below 0.30
or above 0.80 were removed, as these values suggest low

Table 2. Goodness-of-fit test for the measurement model (n=223).

contribution to the scale or item redundancy [34]. Seventeen
items were removed due to low internal consistency reliability
and weak correlation between item pairs. Based on corrected
item-total correlation and changes in reliability after item
deletion [33], the corrected item-total correlations ranged
from 043 to 0.72, and the reliability did not significantly
change upon item deletion (Table 2). As a result, 30 items
were retained for further analysis.

Goodness-of-fit P value Chi-square (df)  x'/df* CFIP RMSEA® SRMRY
Measurement model <.001 661.64 (371) 1.78 091 0.06 05
Criteria <05 e <3 >0.90 <0.06 <0.08

3v2/df: normed chi-square.

PCFI: comparative fit index.

“RMSEA: root mean square error of approximation.
dSRMR: standardized root mean squared residual.
®Not available.

Exploratory Factor Analysis

EFA using principal component analysis with varimax
rotation was conducted on the 30 items of the DLS-CN.
Prior to the factor analysis, data adequacy was assessed
using the KMO measure and the Bartlett test of sphericity.
The KMO value was 0.96, indicating excellent sampling
adequacy, and the Bartlett test of sphericity was statistically
significant [35], confirming the data’s suitability for factor
analysis. To determine the number of factors, eigenvalues
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greater than 1.0 and a cumulative variance explanation rate
exceeding 60% were used based on Kaiser rule. Scree plot
analysis and the interpretability of the factor structure were
also considered. Items were retained based on communalities
greater than 0.40, factor loadings above 0.40, and at least 3
items per factor [36]. One item with a factor loading below
040 was removed. The final analysis included 29 items,
with a KMO of 0.95 and a statistically significant Bartlett
test (x%g20=4799.3; P<.001), indicating the appropriateness
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of factor analysis. The EFA extracted 4 factors with eigen-
values greater than 1.0, explaining a cumulative variance of
56.9%. Communality values ranged from 0.52 to 0.64, and
all factor loadings exceeded 0.40, indicating good model
fit. The purpose of factor analysis is to understand the
pattern of data and clarify the interpretability of factors
[37]. The factor loadings and item contents were examined

Lee & Jung

to ensure conceptual coherence. Cross-loading items that
were theoretically essential were assigned to conceptually
valid factors. The inter-item correlation coefficients within
subfactors were as follows: factor 1: 0.43 to 0.64; factor 2:
0.35 to 0.57; factor 3: 0.35 to 0.51; and factor 4: 0.39 to
0.052, indicating that the model estimation was appropriate
(Table 3).

Table 3. Communality and pattern matrix of the final exploratory factor analysis (n=223)?.

Item number Communality Factor loading

F1b F2¢ F3d F4¢
1 0.58 0.63 0.29 0.30 0.12
46 0.64 0.63 0.05 0.25 042
39 0.60 0.62 0.17 0.30 0.31
8 0.61 0.61 0.44 0.16 0.12
9 0.54 0.60 032 0.21 0.17
2 0.62 0.60 0.34 0.35 0.18
40 0.63 0.59 0.14 0.24 045
45 0.52 0.52 0.33 0.25 0.25
4 0.57 0.49 043 0.33 0.21
22 0.66 0.24 0.68 0.20 0.31
14 0.60 0.29 0.68 0.21 0.13
16 0.60 0.31 0.66 0.13 0.24
26 0.58 0.16 0.65 0.29 022
30 0.52 0.10 0.55 0.33 0.31
36 0.52 0.30 048 0.45 0.06
31 0.62 0.03 0.29 0.62 0.39
33 0.53 0.31 0.20 0.61 0.17
37 0.53 0.40 0.11 0.58 0.14
34 0.54 0.29 022 0.58 0.27
20 0.54 0.32 0.34 0.56 0.05
21 0.56 0.20 0.28 0.54 0.39
25 0.54 0.35 0.25 0.49 0.33
19 0.58 0.15 0.27 0.27 0.64
12 0.56 0.26 0.29 0.15 0.63
41 0.59 0.27 0.06 042 0.58
18 0.57 022 0.46 0.18 0.53
27 0.53 0.20 0.44 0.18 0.52
42 0.52 0.44 0.12 0.28 0.48
38 0.54 0.44 0.36 0.00 047
Eigen value —f 13.16 1.26 1.10 101
Variance (%) — 1631 14.80 13.23 12.60
Cumulative variance (%) — 16.31 31.11 4434 56.94

8K aiser-Meyer-Olkin (KMO) value is 0.95, and the Bartlett test of sphericity was significant (y%406=3492.66; P<.001).

PF1: ability to use digital technology.
°F2: digital safety management.

dF3: digital collaboration mindset.
°F4: organizational influence.

fNot applicable.

Confirmatory Factor Analysis

CFA was conducted to verify whether the 4 factors and
29 items extracted during the EFA appropriately reflected
the constructs of digital leadership among clinical nurses.
The model’s goodness-of-fit was assessed to confirm the

https://nursing.jmir.org/2026/1/e82101

adequacy of the structure. To evaluate the model fit, the
chi-square statistic was examined. A model was considered
acceptable if the normed chi-square y?/df was less than 3, the
comparative fit index was above 0.90, the root mean square
error of approximation was below 0.06, and the standardized
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root mean squared residual was below 0.80 [38]. The results
of the CFA indicated that the chi-square value was statisti-
cally significant, and the normed chi-square y?/df was 1.8,
satisfying the criterion of being below 3. The comparative
fit index was 0.91, exceeding the threshold of 0.90. The root
mean square error of approximation was 0.06, which meets
the criterion for a good model fit. The standardized root mean
squared residual was 0.05, which is below the acceptable
cutoff of 0.08, indicating that the model had a generally good
fit (Table 2).

To verify the convergent validity of each factor, the
standardized factor loading was required to be 0.5 or higher,
the significance of the unstandardized regression coefficient
(critical ratio) was required to exceed 1.97 (P<.05), the
construct reliability had to be 0.7 or higher, and the aver-
age variance extracted (AVE) needed to be 0.5 or higher
[39]. The results of the convergent validity test showed
that the critical ratio values of the unstandardized regres-
sion coefficients ranged from 7.83 to 10.63, significantly
exceeding the threshold [30], confirming that the measured
items met the conditions necessary for validity testing. The
standardized factor loadings for all factors met the criterion
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of 0.5 or higher. The AVE values for each factor ranged
from 0.52 to 0.57, satisfying the minimum requirement
of 0.50. The construct reliability values ranged from 0.85
to 0.90, all exceeding the minimum requirement of 0.70.
Therefore, the DLS-CN demonstrated adequate convergent
validity in terms of item construction. Through this, it
was confirmed that 4 factors consistently measured the
construct of “Digital Leadership Scale for Clinical Nurses,”
and that the 29 items consistently represented the correspond-
ing factors. To assess discriminant validity, interconstruct
correlation matrices were examined (Table 4). Discriminant
validity was evaluated by checking whether the AVE of each
factor was greater than the squared correlation coefficients
between the factors [39]. In some cases, such as the abil-
ity to use digital technology—digital collaboration mindset,
ability to use digital technology—organizational influence,
digital safety management—digital collaboration mindset, and
digital collaboration mindset—organizational influence, the
squared correlations between factors exceeded the AVE of
the individual constructs, indicating that discriminant validity
was only partially satisfied.

Table 4. Correlations between variables and verification of construct validity (n=223).

Variables Squared correlation (P value) AVE® CRf
F1? F2P F3¢ F4d

F1 1 —& — — 0.57 091

F2 0.49 (<.001) 1 — — 0.54 0.85

F3 0.66 (<.001) 0.53 (<.001) 1 — 0.52 0.90

F4 0.71 (<.001) 0.51 (<.001) 0.68 (<.001) 1 0.52 0.90

4F1: ability to use digital technology.
b2 digital safety management.

F3: digital collaboration mindset.
dE4. organizational influence.
€AVE: average variance extracted.
fCR: construct reliability.

gNot applicable.

Convergent Validity Testing

To verify convergent validity, the correlations with the
Nursing Informatics Competency Measurement Tool [31] and
the Self-Leadership Scale [32] were examined. The correla-
tion with the Nursing Informatics Competency Scale was 0.82
(P<.001), and the correlation with the Self-Leadership Scale
was 0.83 (P<.001). Since the correlation coefficients were all
above 0.70, convergent validity was confirmed.

Reliability Testing

Reliability was tested using Cronbach o, with a criterion of
0.70 or higher [29,40]. Cronbach a for the 29 items measur-
ing DLS-CN was 0.95.

By subfactor, Cronbach a was as follows: factor 1 (ability
to use digital technology): 0.88; factor 2 (digital safety

https://nursing.jmir.org/2026/1/e82101

management): 0.78; factor 3 (digital collaboration mindset):
0.86; and factor 4 (organizational influence): 0.87.

Since Cronbach o for all subfactors and the overall tool
exceeded 0.70, reliability was confirmed.

Final Items

In this study, the final version of the DLS-CN consisted of 29
items across 4 factors (Table 5).

By subfactor, the items were as follows: 8 items for the
ability to use digital technology, 5 items for digital safety
management, 8 items for a digital collaboration mindset, and
8 items for organizational influence.
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Table 5. Final items of the convergence of Digital Leadership Scale for Clinical Nurses.

Item

Factors and items number
Ability to use digital technology

I can provide patient-centered care by using digital technology. 1

I can explore ways to improve digital systems and processes for patient care and treatment. 46

I can explain the importance of actively using digital technology. 39

I can actively use new information obtained through digital technology to solve patients’ health problems. 8

I can present new information obtained through digital technology to address issues in the nursing work environment. 9

I can systematically collect data on patients’ health status and nursing needs using digital technology. 2

I can argue for the necessity of applicable resources (human, systems, equipment, etc) in the digitalizing clinical environment. 45

I understand the principles of digital technology necessary for nursing tasks and can apply them to patients. 4
Digital safety management

I can learn methods for using and managing new digital technologies applicable to patient care. 22

I can maintain a secure environment for protecting patient privacy in the digitalizing clinical setting (eg, logging out of computers when 14

changing locations).

I perform nursing tasks in accordance with organizational guidelines and procedures for managing personal information in the digital 16

clinical environment.

1 believe self-development is important for improving digital knowledge and technical skills related to nursing tasks. 26

I can request help from organizational members when encountering difficulties in the digital clinical environment. 30

Digital collaboration mindset

I can assist organizational members who are struggling in the digital clinical environment. 31

I can logically express my opinions so that organizational members can understand them using digital collaboration systems (eg, EMR?, 33

PACSb, in-hospital messenger, etc).

I feel comfortable exchanging real-time opinions through digital collaboration systems (eg, EMR, PACS, in-hospital messenger, etc). 37
I can understand organizational members’ opinions easily when communicating via digital collaboration systems (eg, EMR, PACS, in- 34
hospital messenger, etc).

I am not afraid of adapting to digital changes in the clinical setting. 20
If I do not know how to use a new digital technology, I can resolve the issue by using available resources. 21
I can proactively use digital technology to learn the latest nursing knowledge and skills. 25

I can accurately hand over information and nursing processes related to patients using digital collaboration systems (eg, EMR, PACS,in- 36

hospital messenger, etc).

Organizational influence

I am interested in new digital changes that benefit patient care. 19
I reflect on my values and norms that may affect patient privacy in the digital clinical environment. 12
I can encourage organizational members who attempt change by learning new digital technologies. 41
I understand the importance of using new digital technologies for advancing the nursing field. 18
I feel a sense of accomplishment when I effectively perform nursing tasks using newly acquired digital technology. 27
I can help improve organizational members’ digital competencies for better work performance. 42
I strive to achieve organizational goals by introducing new digital technologies and resources. 38
I can present a vision (organizational future image) for performing nursing tasks using digital technology. 40

#EMR: electronic medical record.
PPCA: principal component analysis.

Discussion

Principal Findings

This study was conducted to develop a tool to measure digital
leadership among clinical nurses, based on the instrument
development steps proposed by DeVellis and Thorpe [24].
The research was carried out in 2 phases: the development
of preliminary items and the evaluation of the instrument’s
validity and reliability.

https://nursing.jmir.org/2026/1/e82101

During the item development phase, a conceptual
framework was established by integrating the components
of digital leadership identified in previous concept analy-
ses and literature reviews on digital leadership in clinical
nursing. Preliminary items were selected from the initial
items through a content validity assessment by experts,
followed by cognitive interviews and a pilot survey, which
were used to derive the final set of preliminary items.
Throughout this process, expert feedback and identified issues
were systematically reviewed and refined.
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In the instrument evaluation phase, data were collected
from 446 clinical nurses through an online survey. A random
sample of 223 responses was used for EFA, and another 223
responses were used for CFA. Construct validity was tested
through these analyses, and convergent validity was assessed
by examining the correlation with instruments measuring
nursing informatics competency and self-leadership. Internal
consistency reliability was confirmed with a Cronbach a of
0.95.

The final tool developed through this study consists of
29 items across 4 factors: 8 items for the ability to use
digital technology, 5 items for digital safety management,
8 items for a digital collaboration mindset, and 8 items for
organizational influence. The tool uses a 5-point Likert scale
for self-report surveys, with a total score range from 29 to
145 points. Higher scores indicate a higher level of digi-
tal leadership among clinical nurses. Overall, the developed
scale demonstrated strong reliability and validity for assessing
digital leadership in clinical nursing practice. However, the
tool did not fully satisfy the criteria for discriminant validity.
Even when variables are used as conceptually independent
constructs, correlations between related factors are common
in practice [29]. This is consistent with findings from a
study on the development of an integrated nursing leadership
scale for Korean nurses [41], which also reported overlaps
among constructs such as data management and communica-
tion technologies. In particular, relatively high correlations
were observed between the ability to use digital technology
and organizational influence, as well as between digital
collaboration mindset and organizational influence. These
results suggest that while the factors are conceptually distinct,
they may be closely related in actual clinical settings where
digital competencies are integrated with leadership behav-
iors. Although some aspects of discriminant validity were
supported, these findings indicate that the boundaries between
certain factors were not clearly distinguished. Despite these
limitations, this tool has the advantage of including items that
measure competencies needed to adapt to rapidly changing
digital health care environments, such as work performance,
learning, and adaptability [42]. Accordingly, future research
is needed to more clearly distinguish the unique conceptual
domains measured by each factor. Furthermore, the “digital
safety management” factor included fewer items compared
to other factors. Given the importance of patient safety
and information security in digital health care environments,
future research should consider expanding and refining items
in this domain to enhance the comprehensiveness of the scale.

Given that leadership competencies required in digitally
transforming health care environments are increasingly
complex and diverse [13], this DLS-CN reflects the unique
characteristics of Korean clinical settings and is the first
scale of its kind to undergo statistical validation. Neverthe-
less, because data collection was conducted via an online
survey using convenience sampling, caution is needed when

Lee & Jung

interpreting the results. Additionally, the scale was developed
for general clinical nurses and excluded nurses with less
than 1 year of experience, nurse managers not involved in
direct care, and those in administrative or educational roles,
thereby limiting its generalizability. Moreover, the study did
not include test-retest reliability, which represents another
limitation.

Based on these findings, several implications can be
drawn. In particular, the developed digital leadership scale
should be applied to nurses from diverse countries and
cultural backgrounds, as well as to nurses in various roles
and settings, such as hospitals, community health centers,
and educational institutions. Repeated studies are recommen-
ded to verify the reliability and validity of the instrument in
diverse environments.

Future research should use this tool to assess dig-
ital leadership levels and develop tailored educational
or intervention programs that enhance digital leadership
according to workplace and contextual characteristics.

In addition, as this scale may be applicable not only
to health care professionals but also to professionals in
management, public administration, and related fields, further
research should explore its broader applicability across
disciplines.

Conclusions

The DLS-CN, developed through this study, is a systematic
tool designed to measure and evaluate digital leadership
among nurses in clinical practice settings. The DLS-CN
consists of 4 core domains: ability to use digital technol-
ogy, digital safety management, digital collaboration mindset,
and organizational influence. It proposes a new standard for
nursing leadership in health care environments driven by
digital technologies.

In particular, the tool is useful for developing various
educational programs aimed at identifying emerging nurse
leaders and enhancing the digital leadership of clinical
nurses in hospital environments where frequent changes in
digital health care systems, technologies, and organizational
structures occur. Furthermore, the development of this tool
confirms that digital leadership extends beyond the mere
acquisition of digital skills, encompassing the competence of
clinical nurses to actively engage in and lead change. This is a
meaningful contribution to the study.

Since this tool was developed based on data collected from
clinical nurses in South Korea, and the items were created
accordingly, further validation studies are needed in diverse
health care settings and across cultural contexts. In the rapidly
evolving digital health care environment, this tool can serve
both as a foundational resource and a structured instrument
for strengthening clinical nurses’ digital leadership.
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