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ABSTRACT

Background The digital transformation of healthcare is reshaping care delivery among healthcare professionals, requiring
nurses to develop digital competencies. These competencies are essential but often underdeveloped due to limited training and
resources. Global initiatives emphasize integrating these competencies into nursing education, necessitating valid instruments
to assess them.

Objective This systematic review aims to identify instruments measuring digital competence in nursing and to assess their
measurement properties.

Methods This review was registered in PROSPERO (identifier: CRD42024522349) and conducted according to PRISMA
guidelines. A systematic search was performed in CINAHL, PubMed/MEDLINE, and Scopus on instruments assessing
digital competencies in nursing and reporting measurement properties. Measurement properties and their methodological
quality were assessed using the COSMIN criteria, and the overall quality of the evidence was graded using a modified GRADE
approach.

Results A total of 27 instruments were identified, relating to three interconnected constructs: nursing informatics, digital
health, and information and communication technology. Based on their measurement properties, the instruments were
categorized into three groups (A, B, C) following the COSMIN methodology to support recommendations for use. Six
instruments were classified under category A (recommended for use): the DigiHealthCom and DigiCominf instruments, the
Turkish version of TANIC, the short version of ITASH, the Digital Competence Questionnaire, and the 30-item Arabic version of
SANICS. Twenty instruments were categorized under category B (potentially recommendable, but further validation is needed).
One instrument was placed in category C (not recommended for use).

Conclusion As digital competence becomes an increasing priority in education and public health, valid and reliable instruments
are essential for assessing and monitoring these competencies. Such instruments support the identification of training needs,
the evaluation of educational outcomes, and the integration of digital skills into nursing curricula and clinical practice, ultimately
strengthening the digital readiness of the nursing workforce.
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Introduction

The digitalization process happening in the healthcare sector
is affecting the care that healthcare professionals deliver
to patients and how they communicate in the healthcare system
to provide continuity of care.! This process requires healthcare
providers to acquire new knowledge and skills to deliver care
using digital health technologies.? Healthcare professionals, such
as nurses at various levels, must be able to gather, analyze, use,
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and disseminate data and information about patient care. This
ability is essential for nurses to effectively fulfill their healthcare
roles.?

Information and communication technology (ICT) is a broad
field encompassing all technologies used to manage and commu-
nicate information across various sectors, including healthcare,
education, and business. Within this context, digital health and
nursing informatics (NI) emerge as specialized subsets of ICT, with
digital health focusing on the application of ICTs in healthcare, and
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NI concentrating on their use within nursing practice and science.
Digital health encompasses the technical, methodological, social,
and personal competencies required to engage effectively within
the digital healthcare environment.* Nl is an evolving field that can
help to streamline and optimize the integration of information
technology and processes into healthcare practices.>® NI is a
specialty that integrates nursing, information, and computer
sciences to improve people’s health.”®

Since its early conceptualization by Graves and Corcoran'® and
further developments by Ball,"" Hannah et al,’? Saba,'® the
Technology Informatics Guiding Education Reform (TIGER) Initia-
tive,'*"> and many others, NI has evolved from data processing
into an integrated yet distinct discipline within the broader field of
digital health. It builds on the data-information-knowledge-
wisdom framework, extending general digital health and ICT
competencies to include topics such as nursing reasoning along
the nursing process, ethical data use, and patient-centered deci-
sion-making. Within this framework, nurses move beyond func-
tional IT literacy toward transforming data into knowledge to
support safe and evidence-based nursing care.

NI competencies are the knowledge, skills, and attitudes nurses
need to develop, implement, and manage ICTs like electronic
health records and telehealth, providing patient-centered digital
care and interaction.'®=2" While general digital health and ICT
competencies are relevant for all healthcare professionals, NI
competencies are specific to the nursing role, integrating nursing
science with informatics knowledge to support patient-centered
care, clinical decision-making, and safe and effective use of digital
tools within nursing practice. Recent global policies, including the
WHO Global Strategy on Digital Health 2020 to 202522 and the EU
Digital Skills and Jobs Initiative,>> emphasize the importance of a
digitally competent health workforce, further highlighting the
critical role of NI in achieving these goals.??>

These competencies are necessary to accomplish job respon-
sibilities in the current healthcare arena.'® Unfortunately, chal-
lenges exist in these competencies, such as a lack of training,
limited access to educational resources, and low confidence
among nurses in using digital tools effectively.?*> For example,
le Roux et al*® found that the majority of professional nurses rated
their NI competencies as limited.

Worldwide guidelines and initiatives promote the development
of curricula aimed at improving digital competencies, recognizing
these as core competencies?’-*® in nursing education. Nursing
education highlights the importance of these competencies as
fundamental skills, with ongoing efforts to enhance them through
targeted educational initiatives.?”-?° To support these initiatives,
valid and reliable assessment instruments to measure these
competencies are needed.

These instruments can support the evaluation of training
effectiveness and help identify areas for improvement to guide
future educational strategies. However, despite decades of con-
ceptual and curricular development, the empirical evidence on the
validity and reliability of available instruments remains frag-
mented. While some literature reviews exist'®>* a comprehensive
systematic review is still lacking, highlighting the need for a
structured synthesis of the available evidence. Li et al*' conducted
a systematic review of instruments for NI competencies, but it did
not address the broader constructs of ICT and digital health. A
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recent scoping review highlighted how digital health competence
is assessed in healthcare professionals, including nurses.* In our
review, we include NI alongside the related constructs of ICT and
digital health, as instruments have been developed to assess
competencies across all three areas. Considering all three con-
structs provides insight into how conceptually similar competen-
cies have been defined and measured under different labels across
the literature.

Objective

The aim of our systematic review was to identify instruments
related to NI and its broader concepts, such as ICT and digital
health, used to assess digital competences among nursing stake-
holders, and to evaluate their measurement properties. Research
questions were: (1) What instruments grounded in NI, ICT, or
digital health have been used to assess digital competence among
nursing stakeholders? (2) Which instruments can be recom-
mended for use based on the quality of the available evidence
regarding their measurement properties?

Methods
This study has been registered in the International Prospective
Register of Systematic Reviews (PROSPERO; identifier:

CRD42024522349) and was reported according to the Preferred
Reporting Items for Systematic Reviews and Meta-analyses
(PRISMA) guidelines.>2 A systematic review was conducted using
the following databases: CINAHL, PubMed/MEDLINE, and Scopus.
We used search terms (Table 1), and we considered the peer
review of all the search strategies used in the databases. The
research question was structured using the PIO format>3: P: nurses
(e.g., nurses, nursing students, and nurse leaders); I: instruments
related to NI and its broader concepts; O: measurement proper-
ties (e.g., validity and reliability). The final database search was
conducted in March 2025.

Inclusion criteria were: (1) focus on instruments measuring
digital competencies in nursing (i.e., digital, NI, or ICT competen-
cies); (2) evaluation of the instrument’s measurement properties
(e.g., validity, reliability, internal consistency, and responsiveness);
(3) original articles or dissertations; (4) no publication date limits;
(5) English language.

Exclusion criteria were: (1) instruments not applicable to nurses
(e.g., developed only for physicians); (2) protocols or literature
reviews; (3) conference abstracts, book chapters, and gray litera-
ture. To enhance comprehensiveness, backward citation tracking
was performed to identify other versions of included instruments.
Additionally, reference lists of relevant reviews were screened, and
experts in nursing and health informatics were consulted to
identify instruments possibly missed in database searches.

Screening Procedure

Two researchers with expertise in nursing informatics, instrument
measurement properties, and systematic review methodology
independently screened the articles to ensure reliability; disagree-
ments were resolved through a third reviewer. Prior to screening, a
pilot test on 30 articles was conducted to calibrate the review
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Table 1 Search strategies used in the three bibliographic databases

PubMed Medline

(“Surveys and Questionnaires”[MeSH Terms] OR “scale*”[All Fields] OR “instrument*”[All Fields] OR “tool*”[All Fields] OR “survey”[All Fields]) AND (“Nursing
Informatics”[MeSH Terms] OR “nursing informatic*”[All Fields] OR “Information Technology”[MeSH Terms]) AND (“Reproducibility of Results”[MeSH Terms] OR
“Dimensional Measurement Accuracy”[MeSH Terms] OR “Sensitivity and Specificity”[MeSH Terms] OR “validity”[All Fields] OR “reliability”[All Fields] OR
“psychometric”[All Fields] OR “valid”[All Fields] OR “reliable”[All Fields] OR “sensibility”[All Fields] OR “accuracy”[All Fields] OR “responsiveness”[All Fields] OR
“predictive value*”[All Fields] OR “specificity”[All Fields] OR “simplicity”[All Fields] OR “applicability”[All Fields] OR “interpretability”[All Fields] OR “Observer
Variation”[MeSH Terms] OR “measurement error*”[All Fields] OR “hypothesis test*”[All Fields] OR “hypotheses test*”[All Fields])

CINAHL

((MH “Surveys”) OR (MH “Structured Questionnaires”) OR (AB “Surveys and Questionnaires”) OR (Tl “Surveys and Questionnaires”) OR (AB “scale”) OR (TI
“scale”) OR (AB “scales”) OR (TI “scales”) OR (AB “instrument”) OR (TI “instrument”) OR (AB “instruments”) OR (Tl “instruments”) OR (AB “tool”) OR (Tl “tool”) OR
(AB “tools”) OR (TI “tools”) OR (AB “survey”) OR (TI “survey”)) AND ((MH “Nursing Informatics”) OR (MH “Informatics Nurses”) OR (AB “Nursing Informatics”) OR
(TI”"Nursing Informatics”) OR (AB “nursing informatic”) OR (TI “nursing informatic”) OR (AB”Information Technology”) OR (TI”Information Technology”)) AND
((MH “Reproducibility of Results”) OR (AB “Reproducibility of Results”) OR (TI “Reproducibility of Results”) OR (AB “Dimensional Measurement Accuracy”) OR (Tl
“Dimensional Measurement Accuracy”) OR (MH “Sensitivity and Specificity”) OR (AB “Sensitivity and Specificity”) OR (TI “Sensitivity and Specificity”) OR (MH
“Validity”) OR (AB “validity”) OR (Tl “validity”) OR (MH “Reliability”) OR (AB “reliability”) OR (Tl “reliability”) OR (AB “psychometric”) OR (Tl “psychometric”) OR
(AB “valid”) OR (TI “valid”) OR (AB “reliable”) OR (Tl “reliable”) OR (AB “sensibility”) OR (Tl “sensibility”) OR (AB “accuracy”) OR (TI “accuracy”) OR (AB
“responsiveness”) OR (TI “responsiveness”) OR (AB “predictive value”) OR (TI “predictive value”) OR (AB “predictive values”) OR (TI “predictive values”) OR (AB
“specificity”) OR (Tl “specificity”) OR (AB “simplicity”) OR (Tl “simplicity”) OR (AB “applicability”) OR (TI “applicability”) OR (AB “interpretability”) OR (TI
“interpretability”) OR (AB “Observer Variation”) OR (TI “Observer Variation”) OR (MH “Measurement Error”) OR (AB”measurement error”) OR (TI”measurement
error”) OR (AB”"measurement errors”) OR (TI”measurement errors”) OR (AB”hypothesis test”) OR (Tl “hypothesis test”) OR (AB”hypothesis tests”) OR (Tl
“hypothesis tests”) OR (AB “hypotheses test”) OR (TI “hypotheses test”) OR (AB “hypotheses tests”) OR (Tl “hypotheses tests”))

Scopus

INDEXTERMS (“surveys and questionnaires”) OR TITLE-ABS (“scale”) OR TITLE-ABS (“instrument”)) AND (INDEXTERMS (“nursing informatics”) OR INDEXTERMS
“information technology”)) AND (INDEXTERMS (“reproducibility of results”) OR INDEXTERMS (“dimensional measurement accuracy”) OR INDEXTERMS
“sensitivity and specificity”) OR TITLE-ABS (“validity”) OR TITLE-ABS (“reliability”) OR TITLE-ABS (“psychometric”) OR TITLE-ABS (“sensibility”) OR TITLE-ABS
“accuracy”) OR TITLE-ABS (“responsiveness”) OR TITLE-ABS (“predictive value”) OR TITLE-ABS (“simplicity”) OR TITLE-ABS (“applicability”) OR TITLE-ABS

(
(
(
(
(“interpretability”) OR INDEXTERMS (“observer variation”) OR TITLE-ABS (“measurement error”) OR TITLE-ABS (“hypothesis test”))

form, achieving full agreement. Screening was performed using
the Rayyan web application.3*

Data Extraction and Assessment of Methodological
Quality
Data extraction was performed independently by two researchers
following the Consensus-based Standards for the Selection of
Health Measurement Instruments (COSMIN) methodology frame-
work.>> The COSMIN checklist provides structured criteria to
ensure the quality and transparency of measurement evaluations,
both for Patient-Reported Outcome Measures and other measure-
ment tools.3® Using the COSMIN checklist, each measurement
property was assessed through predefined standards that allowed
judgments on the risk of bias as “very good,” “adequate,”
“doubtful,” or “inadequate.” Then, the results of the measure-
ment analyses were rated according to COSMIN guidelines as:
sufficient (+): the property was supported by convincing results;
insufficient (—): the property was not supported; indeterminate
(?): insufficient or unclear information was reported; inconsistent
(= ): conflicting results across studies. Finally, the overall quality of
the evidence for each measurement property was assessed using
the modified GRADE approach, which considers the methodolog-
ical quality, consistency of results, precision, and directness of
evidence. The strength of the evidence was graded as “high,”
“moderate,” “low,” or “very low.”3637

Two independent evaluators used the COSMIN checklist to
assess the measurement properties of the identified instruments
and to formulate recommendations regarding their use.>> All
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studies were independently assessed by two researchers, and
any discrepancies were discussed until full consensus (100%) was
achieved. Within this framework, the following information was
extracted: authors, year of publication, instrument name, theo-
retical framework of the instrument, target population, sample
size, instrument characteristics, and measurement properties.

Results

The literature search produced a total of 1,404 records (875 in
Scopus, 347 in CINAHL, and 182 in PubMed). After removing
duplicates, 1,255 records were screened by title and abstract, of
which 36 were deemed eligible for full-text review. Following full-
text assessment, 27 articles were included in the review, and an
additional 5 articles were identified through reference screening
and/or expert input. In total, 32 articles were included in the
review (Fig. 1).

Twenty-seven instruments were identified. Only four instru-
ments were reported in more than one article, although their
different measurement properties were assessed in only one
sample. Only the Self-Assessment of Nursing Informatics Compe-
tencies Scale (SANICS 30-item) had the same measurement
properties assessed in more than one sample.*®*° Most of
them (n=12) were developed in English. The instruments identi-
fied were related to three different but related constructs: NI,
digital health, and ICT. In the following section, the instruments
are presented according to these three constructs. Finally, all the
instruments were self-assessment instruments, except for the
Digital Competence Test,*! which was performance-based.

© 2026. The Author(s). 3
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Fig. 1 PRISMA 2020 study flow diagram.

Nursing Informatics Instruments

Eighteen instruments were identified as measuring NI competen-
cies. Most instruments assessed these competencies in nurses
(n=11), followed by nursing students (n=35), nurse leaders
(n=1), and informatics nurse specialists (n=1). Most of the
instruments were tested in samples from the United States
(n=7), Canada (n=3), and South Korea (n=3). A detailed
summary of the instruments’ characteristics and their measure-
ment properties is presented in Tables 2 and 3, respectively (see
also Supplementary File, available in the online version only, for
measurement values).
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Nursing Informatics Instruments for Nurses

Instrument development studies were reported for only five
instruments, 274> and all were rated as being of “doubtful”
quality. Nine out of 11 instruments had studies reporting
on their content validity, which showed “moderate” quality of
evidence, except for one instrument,”® which was rated as
indeterminate because no results were reported on item rele-
vance, comprehensiveness, or comprehensibility.

Seven instruments reported on their structural validity. Four of
these43,47,48_51

16,42-49

were rated as sufficient, with a “moderate” quality
of evidence, except for one,** which had a very low quality of
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evidence due to an inadequate sample size for confirmatory factor
analysis. The remaining three instruments*?#+4° were rated as
insufficient because of inadequate sample sizes or unmet confir-
matory factor analysis criteria, although the quality of evidence
varied across studies.

Almost all instruments, except one, evaluated their internal
consistency. For most of them,42-4446:49:50.52 this measurement
property was rated as indeterminate, primarily due to insufficient
or missing structural validity data, while for three instru-
ments*”*8>1 it was rated as sufficient with a “high” quality of
evidence.

Construct validity was reported for three instruments,
all receiving a sufficient rating with a “high” or “moderate” level of
evidence. Reliability was assessed in two instruments, inter-rater
and test-retest, respectively, and, for both, the level of evidence
was “very low” due to a single study with a small sample size***4”
and the statistical test used.** Finally, criterion validity was
reported as insufficient for one instrument.**

Overall, the measurement properties of most instruments
revealed limited evidence. Most instruments showed moderate
evidence for content validity, while results for structural validity
and internal consistency were mixed, often affected by inade-
quate sample sizes. Construct validity was supported for a few
instruments with moderate to strong evidence, whereas reliability
and criterion validity showed very low or insufficient evidence.
Notably, two instruments*’**® demonstrated sufficient measure-
ment properties across key domains.

43,44,48

Nursing Informatics Instruments for Nursing Students

A development study was reported for only one instrument>* and
was evaluated as being of “doubtful” quality of evidence. Two
instruments reported on their content validity, which was rated as
sufficient for one® and indeterminate®® for the other due to
missing information on item relevance, comprehensiveness, and
comprehensibility.

Structural validity was evaluated for all instruments. This
property was rated as sufficient in two instruments®->> and
indeterminate in two others®*>® due to missing model fit indices>®
and the presence of only two items per dimension,>® with a
“moderate” level of evidence. For one instrument®®~%® structural
validity was assessed in three different samples and rated as
inconsistent because of differing item dimensions across studies
and the absence of confirmatory factor analysis.

Internal consistency was reported for all instruments. Two
instruments®>°> demonstrated sufficient internal consistency
with a “high” quality of evidence, while three other instru-
ments>840-543¢ one of which was tested in three different
samples showed indeterminate results.

Construct validity was reported for two instruments
was rated as sufficient, although with a “low” level of evidence due
to the doubtful methodological quality of the studies, mainly
related to suboptimal statistical methods. Finally, responsiveness
was evaluated for one instrument and rated as sufficient in three

38-40

39,54 and

»

different samples®®=4° but the level of evidence was “low
because of doubtful or inadequate methodological quality across
these studies.

Overall, the instruments in this group showed limited and
partly inconsistent evidence regarding their measurement prop-
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erties. Development and content validity were rarely and incon-
sistently reported, while structural validity and internal
consistency showed mixed results. Construct validity and respon-
siveness were evaluated in a few studies and supported by low to
moderate quality of evidence.

Nursing Informatics Instruments for Nurse Leaders

This group comprised one instrument. Its measurement proper-
ties were assessed in two studies.>”>® The development study was
rated as of “doubtful” methodological quality, and the evidence
for its content validity was of “moderate” quality.>” Structural
validity was indeterminate due to incomplete information re-
quired for a sufficient rating, and two dimensions included only
two items each.®® Consequently, internal consistency was also
indeterminate, as criteria for at least low evidence for sufficient
structural validity were unmet. Overall, evidence for this instru-
ment’s measurement properties was limited, with indeterminate
structural validity and internal consistency.

Nursing Informatics Instruments for Informatics Nurse
Specialists

Only one instrument was included in this group. Evidence for
content validity was of “moderate” quality, while internal consis-
tency was indeterminate due to missing structural validity data.>®
Overall, evidence for this instrument’s measurement properties
was limited.

Digital Health Competence Instruments

Six instruments were identified as measuring digital health com-
petencies. Two instruments assessed these competencies only in
nurses, while the other four instruments assessed them in health-
care professionals, including nurses. Most of the instruments were
tested in samples from Europe (n=3), and one instrument was
tested in an international sample of nurses. See Tables 2 and 3 for
a detailed summary of the instruments’ characteristics and their
measurement properties (additional information on measure-
ment values is available in Supplementary File, available in the
online version only).

Five out of six instruments reported a development study that
was rated as of “doubtful” quality for most of them*'®*®" and
“inadequate” for one,®” due to an unclear construct description.
Four®9-2 of these five instruments also reported a content validity
study supported by “moderate” evidence. Four instruments
evaluated their structural validity, with “moderate”®®®* and
“high”®* quality of evidence. Internal consistency was assessed
for all instruments; for four®®34 of them the quality of evidence
was “high,” while for two it was indeterminate due to
unknown structural validity.

Construct validity was also demonstrated as sufficient for two
instruments, although the level of evidence was “high” for one®
and “low”*' for the other, due to a “doubtful” study (poor
description of subgroup characteristics). Finally, test-retest reli-
ability was assessed in one instrument®? with very “low” evidence,
due to an inadequate sample size.

Overall, the instruments showed mainly moderate to high
evidence for content, structural validity, and internal consistency,
while development studies, construct validity, and test-retest

41,62
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reliability were supported by weaker or insufficient evidence.
Notably, three instruments®®-®"%3 demonstrated sufficient mea-
surement properties across content validity, structural validity,
and internal consistency.

Attitudes Toward Information and Communication
Technology Instruments

Three instruments were identified as measuring attitudes toward
information and communication technology. All instruments
assessed these competencies in nursing students across three
different countries. Tables 2 and 3 provide a detailed overview of
the instruments’ characteristics and measurement properties (for
further details on measurement values, please refer to Supple-
mentary File, available in the online version only).

A content validity study was reported for one instrument®
with “moderate” quality of evidence, while for another instru-
ment®® it was mentioned, but since the study did not ask
professionals about the relevance, comprehensiveness, or com-
prehensibility of the survey items, it was not regarded as a content
validity study according to the COSMIN checklist. Structural
validity and internal consistency of all three instruments were
rated as sufficient, with “moderate”®%%7 or “high”®® quality of
evidence for structural validity, and “high”®>%® or “very low”®’
evidence for internal consistency. For one instrument,® construct
validity was also demonstrated as sufficient with “high” quality of
evidence.

Overall, the instruments in this group showed sufficient mea-
surement properties, with moderate to strong evidence for
structural validity and internal consistency. However, evidence
for content validity was available for only one instrument.®®

Discussion

Numerous studies on NI, digital health, and ICT competencies
have been conducted in diverse contexts, highlighting varying
competence requirements depending on factors such as nursing
role, position, and experience (e.g., nurse, nursing student, nurse
leader). These studies have also contributed to the development
of various competence measurement instruments. Additionally,
several instruments have been created in different countries,
reflecting the variability of competencies across healthcare and
educational settings.

Regarding their measurement properties, we categorized the
instruments according to the COSMIN methodology?® to formu-
late recommendations for their use. The 27 identified instruments
were categorized into three groups: (A) instruments with evidence
of sufficient content validity (at any level) and at least low-quality
evidence of sufficient internal consistency; (B) instruments not
falling under categories (A) or (C); (C) instruments with high-
quality evidence of an insufficient measurement property. Six
instruments fell into category (A) the DigiHealthCom and Dig-
iCominf instruments,®® the Turkish version of the TIGER-based
Assessment of Nursing Informatics Competencies (T-TANIC),*’
the shortened version of the Information Technology Attitude
Scales for Health (ITASH-sv),®® the Digital Competence Question-
naire (DCQ),%"®* and the Arabic Self-Assessment Nursing Infor-
matics Competency Scale (A-SANICS 30-item version).*® The

D’Agostino F et al. 2026; 1-18. doi: 10.1055/a-2780-7093

8 Applied Clinical Informatics

Turkish Self-Assessment of Nursing Informatics Competency
Scale-18 (T-SANICS 18-item version)*® was placed in category
(C). The remaining 20 instruments were categorized under (B).

Category A Instruments

The six instruments in category A can be recommended for use,
and the results obtained from these instruments can be consid-
ered reliable. Three of these instruments, the DigiHealthCom,
DigiComiInf,*® and DCQ,®"®* measure digital health competen-
cies. The T-TANIC*” and A-SANICS*® assess NI competencies, while
the ITASH-sv®° evaluates attitudes toward ICT. The DCQ is a short
questionnaire (12 items) with good feasibility, as it is brief.
Furthermore, it was tested in an international sample of nurses,
enhancing its generalizability. However, additional measurement
evaluations are needed to strengthen its validity and reliability,
including confirmatory factor analysis, test-retest reliability, con-
struct validity, and responsiveness. The DigiHealthCom and Dig-
iComInf instruments have the advantage of being applicable to
various healthcare professionals and exploring factors influencing
digital health competence. Nonetheless, both instruments have
been validated only in Finland, and, as with the DCQ, further
measurement testing is required. The T-TANIC and A-SANICS are
translated and adapted versions of the original instruments,
tested in samples of nurses in Turkey and Jordan, respectively.
The T-TANIC was also assessed for inter-rater reliability; however,
further studies with larger sample sizes are needed to strengthen
the level of evidence for this property. One possible limitation of
the T-TANIC s its feasibility, as it is a lengthy instrument consisting
of 85 items. The A-SANICS demonstrated “high” quality of
evidence for its construct validity, including convergent and
discriminant validity. The ITASH-sv was tested in a sample of
nursing students in South Korea and also showed “high” quality of
evidence for construct validity, both convergent and discriminant.
Overall, although all the instruments are recommended for use,
they should be tested in longitudinal studies with probability
samples to assess their responsiveness, for example, in the context
of educational programs aimed at improving these competencies.

Category B Instruments
Instruments categorized as B have the potential to be recom-
mended for use, but further research is needed to evaluate their
measurement quality. For example, the SANICS 30-item38-40 is
the only instrument with multiple studies assessing its measure-
ment properties; however, none of these studies reported content
validity, and the other measurement properties were either
insufficient or of “low” quality of evidence. Interestingly, although
the original SANICS 30-item did not demonstrate adequate
measurement properties, the A-SANICS*® was classified as a
category A instrument. This discrepancy may be explained by
the fact that the latter was tested in a sample of nurses rather than
nursing students. Some other instruments in this category,
despite showing adequate measurement properties in some
aspects, either lacked information on content or structural validity
or reported structural validity as insufficient or indeterminate.
To improve the instruments under this category, future re-
search should assess content validity, confirm structural validity
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through confirmatory factor analysis, and evaluate reliability (e.g.,
internal consistency, test-retest). Responsiveness should be test-
ed in longitudinal studies. Validation in diverse and larger samples
is also recommended.

Category C Instruments

The T-SANICS 18-item*° was placed under this category and is not
recommended for use. Its structural validity received a “high”
quality of evidence for an insufficient rating: some fit indices were
below the acceptable threshold; moreover, one dimension
includes only two items, one of which has a factor loading below
0.70, and several items in other dimensions show factor loadings
well below 0.30. To improve this instrument, revisions should
address its weak structural validity by refining low-loading items,
expanding underdeveloped dimensions, and then reassessing its
factor structure through robust measurement testing.

Overall Discussion

To better contextualize our findings, we compared them with
those of a recent systematic review by Li et al.>" The literature
review conducted by Li et al*' focused exclusively on instruments
related to NI, while our review adopted a broader perspective,
encompassing instruments addressing the wider concepts of ICT
and digitalization in nursing. Therefore, comparisons can only be
made between these specific instruments. All Nl-related instru-
ments included in their review were also assessed in ours, whereas
some other instruments in Chinese were excluded from our review
due to our inclusion criteria.

Although both reviews classified most NI instruments in
category B, notable discrepancies were found in the evaluation
of four tools. Specifically, Li et al*' rated the Nursing Informatics
Competencies Questionnaire (NICQ),*? the Korean Nursing Infor-
matics Competence Assessment Scale (K-NICAS),** and the Kore-
an Self-Assessment of Nursing Informatics Competencies Scale (K-
SANICS)** as category C (not recommended for use), whereas we
classified them as category B. These differences stem from
divergent applications of the COSMIN methodology.

In the case of the NICQ, both reviews agreed on a rating of
“inadequate” for structural validity. According to COSMIN guide-
lines, this should result in a “very low” overall quality of evidence.
Nevertheless, Li et al®' rated it as “high,” a conclusion not
methodologically justifiable, as even a single study with serious
risk of bias requires downgrading by up to three levels.3®

Regarding the K-NICAS, we rated the methodological quality as
“adequate,” whereas Li et al®' rated it “very good.” This disagree-
ment arose from differing interpretations of sample size: our
review judged the sample inadequate, as it did not meet COSMIN’s
recommendation of seven respondents per item.3®

Similarly, in the case of the K-SANICS, both reviews rated the
structural validity as “adequate.” Nevertheless, Li et al*" did not
downgrade the quality of evidence from “high” to “moderate,”
despite the fact that “there was only one study of adequate
quality,”*® which would warrant such a downgrade.

Finally, the T-TANIC*” was rated as category B in the Chinese
review and as category A in ours. This difference stems from
diverging evaluations of content validity. Although both reviews
rated the methodological quality as “doubtful,” we considered the
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results “sufficient,” while Li et al*' rated them as “inconsistent.”
COSMIN acknowledges the subjectivity involved in evaluating
content validity, especially when the evidence is incomplete or
mixed, but also emphasizes its central role in instrument quality.>’

Overall, our review identified common weaknesses in the
development and content validation processes of many instru-
ments. These include limited use of qualitative methods, over-
reliance on translations, and frequent use of only quantitative
indicators like the content validity index. Such limitations under-
score the need for closer adherence to the COSMIN checklist and
the involvement of measurement experts. Finally, we note that
only one objective instrument (performance-based test) was
identified, reinforcing the need to develop tools that go beyond
self-reporting and allow for a more comprehensive and unbiased
assessment of digital competencies. This limitation was also
highlighted by Mainz et al.* Therefore, there is a need for updated,
theory-based, and performance-oriented instruments that move
beyond technical skills, knowledge, and self-assessment
approaches.* Such instruments would better capture the multidi-
mensional nature of digital competence in nursing practice.
Moreover, the publication period of the included instruments
should be considered, as some were developed several years ago
and may not fully reflect the digital skills required in contemporary
healthcare practice.

Limitations

This review is limited to English-language publications, possibly
excluding relevant studies in other languages. However, its
strengths include multiple search strategies, such as citation
tracking and expert consultation, enhancing comprehensiveness.
Another possible limitation of this review is that three of the
included instruments were unnamed; although this does not
affect their measurement properties, the absence of specific
names may limit other researchers’ ability to fully identify and
evaluate them. In addition, several instruments were developed
outside of Canada and the United States, which may affect their
cross-cultural applicability and limit the generalizability of the
findings to North American contexts.

Conclusion

This review highlights that, despite growing attention to digital
transformation in healthcare, evidence on the psychometric
quality of instruments assessing nurses’ digital competencies
remains limited. Improving nurses’ digital competencies is crucial
for effective collaboration and care coordination, especially in
resource-limited settings.®* Increasing focus on these competen-
cies supports public health and nursing education goals.®® Valid,
reliable instruments are essential for assessing and monitoring
these competencies through education and training.'® Nurse
educators are key in integrating digital skills into curricula aligned
with core competencies.

The findings emphasize the use of valid instruments to guide
education and workforce development in nursing digital compe-
tencies. Measuring nurses’ digital competencies with robust
instruments, including not only self-report measures but also
performance-based tests, helps identify training needs, guide
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support, and promote the integration of informatics into clinical
practice.

Clinical Relevance Statement

As healthcare increasingly embraces digital transformation, it is
essential to ensure that nurses possess the necessary digital
competencies to deliver safe and effective care. This review
addresses the critical need for valid and reliable tools to assess
these competencies, aiding in the enhancement of clinical prac-
tice. By identifying and evaluating available assessment instru-
ments, the findings guide the selection of context-appropriate
tools and emphasize the importance of integrating digital com-
petence evaluations into both nursing education and everyday
clinical workflows.

Multiple-Choice Questions

1. What method was used to assess the measurement properties
of instruments assessing digital competence in this review?

a. Delphi method

b. PRISMA guidelines
c. COSMIN criteria
d. SWOT analysis

Correct Answer: The correct answer is option c. The COSMIN
methodology is specifically designed to evaluate the methodolo-
gical quality of studies on measurement properties, such as validity,
reliability, and responsiveness. In systematic reviews focusing on
the evaluation of instruments, COSMIN provides a structured and
rigorous framework for assessing psychometric quality.

2. Of all the instruments included in this review, which were the
ones recommended for use?

a. All instruments assessing nursing informatics and ICT.
b. The six instruments categorized under group A.

c. Only the instrument categorized under group C.

d. All instruments categorized under group B.

Correct Answer: The correct answer is option b. Because,
following the COSMIN methodology, instruments were
grouped based on the quality of their measurement properties.
Only the instruments placed in category A met sufficient
criteria to be recommended for use without reservation.
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