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Content Validation of a Questionnaire to Measure Digital
Competence of Nurses in Clinical Practice
Christoph Golz, PhD, Sabine Hahn, PhD, Sandra M.G. Zwakhalen, PhD
Clinical practice nurses need adequate digital competence
to use technologies appropriately at work. Questionnaires
measuring clinical practice nurses' digital competence lack
content validity because attitude is not included as a mea-
sure of digital competence. The aim of the current study
was to identify items for an item pool of a questionnaire to
measure clinical practice nurses' digital competence and
to evaluate the content validity. A normative Delphi study
was conducted, and the content validity index on item and
scale levels was calculated. In each round, 21 to 24 panel-
ists (medical informatics specialists, nurse informatics spe-
cialists, digital managers, and researchers) were asked to
rate the items on a 4-point Likert scale ranging from “not rel-
evant” to “very relevant.”Within three rounds, the panelists
reached high consensus and rated 26 items of the initial 37
itemsas relevant. The average content validity index of 0.95
(SD, 0.07) demonstrates that the item pool showed high
content validity. The final item pool included items to mea-
sure knowledge, skills, and attitude. The items included rep-
resent the international recommendations of core compe-
tences for clinical nursing. Future research should conduct
psychometric testing for construct validity and internal con-
sistency of the generated item pool.

KEY WORDS: Clinical practice nurse, Delphi study, Digital
competence

N urses globally are increasingly affected by digitalization,
such as the everyday use of EHRs, on each working
day.1–3 The digitalization of healthcare has brought nu-

merous possibilities for utilizing digital technologies at work in
nursing.4 These possibilities impact nursing interventions, such
as the use of telehealth to reduce emergency admission for
patients with chronic diseases.5 Furthermore, digital technol-
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ogies are used to enhance administrative processes such as
the implementation of EHRs.6

According to the technology acceptance model,7 the ex-
tent to which technologies are perceived as helpful and use-
ful is determined by “perceived ease of use” and “perceived
usefulness.” One determinant of “perceived ease of use” is
“computer self-efficacy,” which is the perceived degree to
which an individual thinks he/she has the ability to interact
with a specific technology.7 There are different terms used
for this ability, such as digital literacy, digital competence,
digital skills, and nursing informatics competency.8,9 In this
study, we use the term digital competence, because this term re-
flects the “need for a wider a more profound content of the
concept.”8 ,p.2

In general, competence for occupations goes beyond
knowledge and skills and comprises of cognitive competence
(knowledge), functional competence (skills), and social com-
petence (behavior, attitude).10 The combination of knowl-
edge, skills, and attitude also applies to digital competence. A
Delphi study commissioned by the European Commission's
Joint Research Centre with 95 international experts to debate
about the conceptualization of digital competence concluded
that digital competence constitutes of knowledge, skills, and at-
titudes (Figure 1).11

A review on health professionals' competence in digitali-
zation further underlined the need for inclusion of attitude
toward technology at work to the understanding of digital
competence besides knowledge and skills.12 For digital
competence among health professionals, attitude describes
the feelings toward technology or the way of behaving when
interacting with technology at work.12 Nonetheless, a defi-
nition for digital competence of nurses that comprises the
three aspects is missing as the most used definitions rely
on knowledge and skills if a definition was provided.13

Thus, we used the following generic definition, which re-
sulted from the above-described project of the European
Commission: “Digital competence is a combination of
knowledge, skills and attitudes with regards to the use of
technology to perform tasks, solve problems, communicate,
manage information, collaborate, as well as to create and
share content effectively, appropriately, securely, critically,
creatively, independently and ethically.”14

Insufficient digital competence of health professionals has
shown to be associated with a higher stress level induced by
CIN: Computers, Informatics, Nursing 1

https://helda.helsinki.fi/handle/10138/154423
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/


FIGURE 1. Framework of digital competence.
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technology at work,15 which in turn can lead to higher burn-
out symptoms or lower job satisfaction among health profes-
sionals.16 Thus, nurses need adequate digital competence to
use technologies appropriately and stay productive at work.1

This has been acknowledged internationally, and the
American Association of Colleges of Nursing described “in-
formatics and healthcare technologies” as part of the core
competencies for nursing education.17 These core compe-
tencies describe the ability to identify suitable technologies
and to use them accordingly. However, these competencies
differ across the specific nursing roles, such as nurse man-
agers, nurse informatics specialists, or nurses in clinical prac-
tice.4 Whereas nurse managers play a central role when it
comes to strategic decisions regarding implementation of
technology and allocation of financial resources, nurses in
clinical practice use technology to control patients' health
state, to secure patient-related information, and for interpro-
fessional communication. Nurses in clinical practice use dig-
ital technologies for care planning and clinical reasoning,
among other patient-related tasks.18

To improve the digital competence of nurses in clinical
practice at work, nurse managers and those responsible for
nurse training and further education need information about
the nursing staffs' current digital competence level. A recent
scoping review about the assessment of nursing digital com-
petence summarizes 14 questionnaires between 2009 and
2019. The majority of questionnaires have included more
than 50 items, and this hampers their usability due to time
requirements.4 This is especially important for nurses in clin-
ical practice as they have time constraints and often experi-
ence a heavy workload.19

Out of the 14 questionnaires, 10 questionnaires were
found to only focus on the topic knowledge and skills.4 The
missing inclusion of attitude in studies about the digital com-
petence of nurses is problematic insofar as a positive attitude
toward and good experience with technology are known to
be crucial aspects for successful implementation and usage
of technologies.12,20,21 For example, using the EHR means
that nurses should know what happens to the data entered
and what can be done with it (knowledge), and that they
can open and close the program, edit the content, and
2 CIN: Computers, Informatics, Nursing
communicate within the program (skills). Also, they are not re-
luctant to use the program for information exchange (attitude).

The remaining four identified questionnaires to measure
nurses' digital competence from the scoping review included
the topics knowledge, skills, and attitude.4 One of the four
questionnaires was specifically developed for entry-level
nursing students.22 The other three questionnaires are based
on the Self-Assessment of Nursing Informatics Competen-
cies Scale (SANICS). The Self-Assessment of Nursing Infor-
matics Competencies Scale is based on a specific curriculum
for wireless informatics for safe and evidence-based ad-
vanced practice nurse care and thus focuses additionally on
questions about the usage of wireless devices at work.9 The
focus may not be equally relevant for all nurses in clinical
practice because digital maturity in healthcare differs interna-
tionally, and thus wireless devices are not regularly imple-
mented.23,24 Furthermore, SANICSwas developed for nursing
students, and thus it also includes research and presentation
skills,9 which do not reflect the top 10 core competency areas
of clinical nursing from the Technology Informatics Guiding
Education Reform.18 The Technology Informatics Guiding
Education Reform is an international initiative from the
Healthcare Information and Management Systems Society
and aims to enable nurses and nursing students to successfully
engage with technology at work.18

Therefore, a new brief questionnaire to measure nurses'
digital competence in clinical practice is needed to overcome
these drawbacks.

The guidelines in scale development by DeVellis25 are of-
ten used in scale development. This includes the following
eight steps: (1) determine clearly what we want to measure,
(2) generate an item pool, (3) determine the format of mea-
surement, (4) have initial item pool reviewed by professionals
with knowledge in the field, (5) consider inclusion of valida-
tion items, (6) administer items to a development sample,
(7) evaluate the items, and (8) optimize scale length. The first
four steps lead to an initial item pool that is rated as relevant
by professionals with knowledge in the field, and this allows
one to comment on content validity.25 Therefore, the aim
of this study was to identify relevant items for an item pool
to measure clinical practice nurses' digital competence
Month 2023
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comprising the three dimensions knowledge, skills, and atti-
tude and to evaluate the items' content validity.

MATERIALS AND METHODS
A normative Delphi study26 was conducted to reach the content
validity and to cover the three dimensions knowledge, skills, and
attitude, derived from the initial item pool.27 The normative
Delphi technique is a structured and iterative process with a se-
ries of surveys (rounds) in which individuals with knowledge in
the respective field rate proposed theory-based items for their
thematic relevance in order to reach a consensus about the rele-
vant items that describe the theoretical construct.28

Preparatory Steps Before the Delphi Study
To prepare the Delphi study, the first three steps by
DeVellis25 were processed. For a description of the construct
“digital competence” as well as the identification of the initial
item pool, we conducted a literature search to identify rele-
vant literature that has not been included in two recently
published reviews.4,12 The focus was on the identification
of questionnaires for nursing digital competence4 and the
definition of health professionals' digital competence.12 We
based the keywords on both of the identified reviews: “skills,
competency, literacy, knowledge, attitude, expertise, ability,
know-how” AND “Healthcare Informatic Technology, com-
puter, Information Computer Technology, informatics, medi-
cal technology” AND “nurs*, health professional, health care.”
For the literature search, the databases Web of Science,
MEDLINE, CINAHL, PubMed, and Google Scholar were
used. Only articles in German and English were included. Ar-
ticles about scale development or articles discussing definitions
of digital competence for nurses or health professionals were in-
cluded. Articles that only cited a definition of digital compe-
tence in healthcare or only used a questionnaire to measure
nurses' digital competence were excluded after screening the re-
spective references. In this study, we used the following descrip-
tion of nurses' digital competence for the development of the
item pool: (1) A person must “have underlining knowledge,
functional skills, and appropriate social behavior (eg, attitude)
to be effective at work.”10 Thus, the digital competence of
nurses in clinical practice is comprised of knowledge, skills,
and attitude.12 (2) The research group developed 37 items
based on the findings from the literature search and organized
the items into the three categories (knowledge, skills, and atti-
tude) in MS Excel with nine items for knowledge, nine items
for skills, and 19 items for attitude. Whereas knowledge and
skills have the commonality tomeasure something factual, such
as knowledge of available information systems (knowledge)
or the ability to save a file (skills), attitude describes feeling,
beliefs, and behavioral intentions toward technology.29

Consequently, more items for attitude were included be-
cause “attitudes are multifaceted” and thus are challenging
Volume 00 | Number 00
to measure.30,p.79 In particular, because the attitude dimen-
sion should be added to the digital competence construct
and it can be broadly understood as to what it includes, a
larger selection of items was made available to panelists.

The items were formulated broadly and inclusive for any
kind of technology usage in order not to develop a questionnaire
that would be too time-consuming for a nurse in daily practice.
For example, instead of asking for specific skills and/or situations,
such as “restarting the computer,” the research group devel-
oped an item that subsumes this case and comparable cases
for error management with technology: “I know how to man-
age errors of digital technology.” Furthermore, the items were
positively phrased, because negatively phrased items were found
to be less reliable,31 as well as a combination of both negatively
and positively phrased items.32 (3) The scale to measure clinical
practice nurses' digital competence will use a 5-point Likert scale
as a measuring format because it is the most common item
format for measuring opinions, beliefs, and attitudes.25

Review of the Item Pool

Study Sample

Panelists were recruited by contacting relevant international as-
sociations by email. These included theCanadianNursing Infor-
matics Association, American Medical Informatics Association's
Nursing Informatics Working Group, and Schweizerische
Interessengruppe Pflegeinformatik. The associations were
asked to forward the invitation to their members for the par-
ticipation of their networks by snowball sampling. The email
included information about the study's aim and the invita-
tion to participate in all rounds. Furthermore, potential pan-
elists of the research group's network were contacted directly
and invited to participate with the same invitation email.
When a participant did not respond in one round, he/she
was still eligible to participate in the subsequent rounds, as
this was shown to lead to amore representative conclusion.33

Although participants in Delphi studies are often referred to as
experts, it is recommended to refrain from labeling the partici-
pants as experts because having knowledge in a specific field does
not imply having expertise.34 Thus, the inclusion criteria for the
panelists were as follows: a completed training program as amed-
ical or nurse informatics specialist, a digital manager working in a
health organization, or a researcher with expertise in the field (eg,
publications in the field). Thiswas to ensure that different perspec-
tives from research and practice were represented.34

Data Collection
We distributed the Delphi survey using the online survey
UmfrageOnline (enuvo GmbH, Schwyz, Switzerland). The
Delphi comprised as many rounds as needed to reduce the
variance of the opinions so that they became more homoge-
neous.27 In the rounds, the panelists were asked to rate each
CIN: Computers, Informatics, Nursing 3



FIGURE 2. Responding panelists per round.
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item on a 4-point Likert scale (1, not relevant; 2, somewhat
relevant; 3, quite relevant; 4, very relevant) as proposed by
Polit and Beck.27 The panelists could also add comments
as free text to suggest changes in the phrasing of the respec-
tive items or to suggest additional relevant topics as items for
the upcoming rounds. After each round, all panelists re-
ceived an online report on the results of the previous round
regarding the item's relevance and the research team's de-
cisions from the free-text data. The panelists could thus re-
produce the decisions to exclude an item or to add
new items.
Table 1. Sample Characteristics

Characteristics Mean (SD) n (%)

Age, y 45.5 (9.6)
Sex

Female 17 (63)
Country

Switzerland 13 (48.2)
Germany 6 (22.2)
Netherlands 3 (11.1)
United Kingdom 3 (11.1)
Data Analysis: Content Validity Index

To quantify the panelists' consensus that all relevant questions
would be asked to measure nurses' digital competence in clinical
practice, an analysis for the content validity was conducted with
the software R (RStudio, Boston, MA, USA).35 Content validity
describes the item sampling adequacy, which means that high
content validity exists if the item pool reflects the defined con-
struct.25 In the current study, this is clinical practice nurses' digital
competence. In each round, an item-level content validity index
(I-CVI) score was calculated that evaluated the relevance of each
item.27 The I-CVI is computed as the number of panelists giving
a rating of quite relevant or very relevant in the rounds divided by the
total number of panelists.27 A decision in favor of an item was
made with a threshold of the I-CVI greater than 0.80. This
means that the item would be excluded in the case of a
CVI below 0.8. In addition, the average scale-level content
validity index (S-CVI/Ave) was computed for the last round.
This is the average of all I-CVIs. For acceptable content va-
lidity, an S-CVI/Ave of 0.90 or higher is expected.27
Austria 1 (3.7)
Italy 1 (3.7)

Profession
Nurse informatics specialists 15 (55.6)
Digital managers 7 (25.9)
Researchers 3 (11.1)
Medical informatics specialists 2 (7.4)
Data Analysis: Open-Ended Responses

The open-ended responses proposing new items or topics
were clustered thematically and discussed in the research
group until a consensus was reached on how to rephrase
an item or if the suggestions resulted in an additional item.28
4 CIN: Computers, Informatics, Nursing
Ethical Considerations
This study is not covered by the SwissHumanResearchAct. Ac-
cordingly, there is no approval from the responsible authority.
Before the start of the study, the panelists received written infor-
mation about the contents, the aim of the study, and the volun-
tary nature of their participation. They gave their informed con-
sent by confirmation via the survey link. The data were
anonymized during the data preparation process, and it did
not allow tracing back to the panelists. The panelists had the op-
tion to stop their participation without giving a reason.

RESULTS
Overall, we conducted three rounds of this Delphi study be-
tween May 2020 and January 2021 in order to reach the re-
quirements for a content-valid item pool to measure nurses'
digital competence in clinical practice. Not all panelists par-
ticipated in all three rounds (Figure 2).

The characteristics of the participants are described in
Table 1. The mean (SD) age of the panelists in all rounds
was 45.5 (9.6) years, and the majority were male (n = 17,
Month 2023



FIGURE 3. Number of items in the Delphi study per round.
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59%). The majority of the panelists were from Switzerland
(n = 15, 51.7%), followed by Germany (n = 6, 20.7%),
Netherlands (n = 3, 10.3%), the United Kingdom (n = 3,
10.3%), Austria (n = 1, 3.4%), and Italy (n = 1, 3.4%). Re-
garding their profession, the majority of the panelists were
nurse informatics specialists (n = 16, 55.2%), followed by
digital managers (n = 8, 27.6%), researchers (n = 3,
10.3%), and medical informatics specialists (n = 2, 6.9%).

The numbers of items in the Delphi study per round are
summarized in Figure 3.

Round 1
The first round took place inMay to June 2020 with 24 pan-
elists, and three panelists did not respond (nonresponse,
12.5%). In the first round, the I-CVI of the 37 items (knowl-
Table 2. List of Excluded Items With the I-CVI Below 0.8 in

Items

Knowledge (n = 9)
I am confident in providing a definition of digital technology.
I am familiar with the digital technology activities in my country.
I am familiar with the digital technology activities in the world.
I am familiar with the current limitations of digital technologies.
I am aware that digital technologies can only assist me in the decision-m
It is clear to me why standardized comparable data are needed in the nu
I am aware that only a standardized nursing language offers the basis fo
I am familiar with the digital technology activities employed by my organiz
I am familiar with the latest possibilities offered by digital technology at m

Skills (n = 3)
I know how to manage errors of digital technology.
I can support my team in the application of digital technologies.
I feel confident in advising my patients on the use of digital technologies

Attitude (n = 5)
Innovation in digital technology should be a priority of the decision make
I would like to support the development of useful digital technology.
I would find new digital technologies easy for me.
Digital technologies promote the involvement of patients in documentatio
I use digital technology even if it is not mandatory.

Volume 00 | Number 00
edge, 9; skills, 9; attitude, 19) ranged between 0.33 and 1.00,
showing a high variance regarding the rated relevance across
the initial items. Overall, nine out of the 37 initial items
(knowledge, n = 4; skills, n = 2; attitude, n = 3) had an
I-CVI below 0.8 and were therefore excluded from the sec-
ond round (Table 2). The main comment of the panelists
on items with a I-CVI below 0.8 was that these items were
not relevant for nurses in clinical practice. For instance, the
item “I am familiar with the digital technology activities in
the world” was rated as not relevant because it was formu-
lated too broadly, and the familiarity with digital technology
at the workplace was seen as sufficient for nurses' clinical
work. The item “I know how to manage errors of digital
technology” was also rated as not relevant because the pan-
elists expected that nurses in clinical practice contact IT
All Three Rounds

I-CVI

0.44
0.67
0.33
0.71

aking process. 0.39
rsing profession. 0.72
r evidence-based nursing development. 0.11
ation. 0.71
y workplace. 0.71

0.59
0.75

to support their recovery. 0.65

rs. 0.57
0.71
0.57

n and treatment. 0.76
0.67

CIN: Computers, Informatics, Nursing 5



Table 3. Final List of Items With the I-CVI

Items I-CVI

Knowledge (n = 4)
In general, I would rate my knowledge of digital
technology as satisfactory.

1.00

I am familiar with digital technologies at my workplace. 0.95
I am familiar with the current laws and regulations
pertaining to the protection and exchange of medical
data (eg, data protection, informed consent, and
confidentiality) at my workplace.

0.86

Patients use digital technologies to manage their
symptoms themselves.

0.81

Skills (n = 8)
I feel confident in dealing with confidentiality issues
relating to digital technology at my workplace.

1.00

I feel confident about using digital technology to share
information.

1.00

I feel confident about using digital technology to obtain
data and information on clinical care.

1.00

I am able to reach conclusions based on information
acquired through digital technologies.

1.00

I feel confident about using digital technology to
communicate.

0.90

I feel confident about the secure management of
health data using digital technology.

0.90

I feel confident about using digital technology to find
relevant information.

0.86

I feel confident about using digital technology. 0.81
Attitude (n = 14)

Digital technologies will makemy day-to-day work easier. 1.00
I have an open attitude toward digital technology–
related innovations at my workplace.

1.00

Digital technology fits well with the way I like to work. 1.00
I enjoy using digital technology at my workplace. 1.00
I encourage others to use digital technology in their
professional practices.

1.00

I am willing to improve my ability to use digital
technology through further training.

1.00

I believe that digital technology provides numerous
benefits in terms of quality of care.

1.00

I believe that digital technology improves clinical care. 1.00
I believe that digital technology improves patient
outcomes.

1.00

I believe that digital technology is beneficial for my patients. 1.00
I believe that digital technology is beneficial for health
professionals.

1.00

I like to use digital technology at work. 0.90
I am keen to use new digital technologies in my future
professional practices.

0.86

I believe that digital technology is relevant for my future
profession.

0.81
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support if errors with digital technologies occur at the work-
place. The panelists provided eight additional items that were
rephrased to meet the items' structure, and these were added
in round 2. They included items such as “I am aware that pa-
tients themselves are increasingly using digital technologies to
manage their symptoms” or “I am able to reach conclusions
based upon information gathered on digital technologies.”

Round 2
Round two was conducted during August to September
2020 with 21 panelists. Overall, six panelists did not respond
in round 2 (nonresponse, 28.6%). In the second round, the
I-CVI of the 36 items (knowledge, n = 12; skills, n = 8; atti-
tude, n = 16) ranged between 0.11 and 1.00. In total, five
(knowledge, n = 3; skills, n = 1; attitude, n = 1) out of the
36 items had an I-CVI below 0.8 and were therefore ex-
cluded from the third round. All five excluded items were
added for round 2 based on the panelists' comments from
round 1. The panelists' comments on the items with I-CVI
below 0.8 were that they were too specific and more relevant
for nurse informatics specialists. “The awareness that stan-
dardized comparable data are needed in the nursing profes-
sion” is an example of an item with an I-CVI below 0.8. The
panelists' comments in round 2 resulted in the revision of five
items in the skills topic for uniformity of the wording as fol-
lows: “I feel confident about using digital technology to
[…].” Five further comments concerned the similarity of
three items focusing on “ethical,” “privacy,” and “confiden-
tiality.” The research group decided to reduce the three
items to one item in favor of the topic “confidentiality,” as
proposed by the panelists. It is argued that “confidentiality”
refers to the duty of anyone entrusted with health informa-
tion to keep that information private, which is understood
as ethical handling of electronical health information.

Round 3
Round 3 took place during December 2020 to January 2021
with 21 panelists. Overall, six panelists did not respond in
round 3 (nonresponse, 28.6%). Among those who responded
were two panelists, who did not participate in the second
round. The questionnaire for the third round was composed
of 29 items (knowledge, 6; skills, 8; attitude, 15). The I-CVI
ranged between 0.67 and 1.00, showing a lower variance
across the rated items than in the rounds before. Overall,
three out of the 29 items had an I-CVI below 0.8 and were
therefore excluded (Table 3). The S-CVI/Ave for the list
of the final 26 items (knowledge, 4; skills, 8; attitude, 14)
was 0.95 (SD, 0.07).

DISCUSSION
The current study focused on the identification of a content-valid
item pool as the basis for a future questionnaire measuring
6 CIN: Computers, Informatics, Nursing
the digital competence of nurses in clinical practice. It is
composed of the dimensions knowledge, skills, and attitude.
The Delphi study resulted in 26 items (knowledge, 4; skills, 8;
Month 2023
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attitude, 14) derived from a 37-item pool with an acceptable S-
CVI/Ave score above 0.9. We included proportionally more
items (n = 19) on the topic attitude than on the other topics
in order to have the expert panel evaluate their relevance, and
the expert panel rated 14 out of themas relevant. This underlines
the importance of attitude as one topic of digital competence.

The excluded items show the expert panels' consensus that
nurses in clinical practice are not expected to solve problemswith
digital technologies themselves but to have them solved by the IT
support. The panelists rated topics such as being familiarwith the
current limitations of digital technology or the ability to manage
errors of digital technology as not relevant for clinical practice
nurses. The low relevance for managing errors or solving prob-
lems with digital technology by nurses in clinical practice goes
in line with the international recommendations of core compe-
tences for clinical nursing.18,36

The expert panel also rated the relevance of the items
about the nurses' familiarity of available digital technologies
in the world or supporting the development of useful digital
technology as low. Hence, nurses working in clinical practice
are not expected to have a comprehensive overview of po-
tential available digital solutions or to support in the devel-
opment of digitalization processes at work according to the
panelists. This might be a problematic estimation across all
nursing generations, because generation Z nurses (eg, digital
natives), in particular, have a more comprehensive knowl-
edge about the possibilities of technology and expect active
usage of technology at work.37 Thus, they could contribute to
finding innovative solutions at work. However, with this focus,
technological innovation is limited to top-down, as nurses in clin-
ical practice are not expected to engage with it. For the item
pool, this could mean that future adaptions of it might be neces-
sary to meet the ongoing changing role of nurses in clinical prac-
tice influenced by disruptive change and new abilities of younger
generations within the field of technology usage at work.

The current 26 items, whichwere rated as relevant, present an
itempool and not a final version of the questionnaire to assess dig-
ital competence. The next steps in the guidelines describe the pro-
cess for conducting a factor analysis on this draft 26-itempool and
testing it for internal consistency. The findings of these tests could
result in item reduction andmay lead to a brief valid and reliable
questionnaire that can be used to assess digital competence.

Compared with other questionnaires measuring nurses'
digital competence, the items in this questionnaire have a
more general wording, which means that the items are not
formulated to match specific skills but rather to an overarch-
ing competency. Whereas SANICS asks specifically for the
ability to navigate the operating systemWindows, for exam-
ple,9 the present questionnaire broadly elaborates the ability
to use digital technology. On one hand, SANICS is thus lim-
ited to the evaluation of technologies using a specific operating
system. On the other hand, specific mentioning of an operating
Volume 00 | Number 00
system implies that nurses know the corresponding operating
system for each device they use. In the course of increasing
change with regard to software and hardware in healthcare,1,2

a more general formulation of the items seems more timeless.
Further comparison of the present questionnaire with other
available questionnaires measuring nurses' digital competence
should be conducted by evaluating concurrent and criterion va-
lidity in future research.

Strengths and Limitations
One strength of the study is the multistep Delphi method to
achieve satisfactory content validity by involving different profes-
sions with knowledge in the field. Within the multistep proce-
dure, the panelists can think about the topics' relevance for sev-
eral rounds and reassess their initial ratings.26 The controlled
feedback process between the research group and panelistsmade
both the researchers' and panelists' decisions traceable.26

There are also limitations to be considered. Delphi studies
are prone to bias such as investigator bias.38 We applied sev-
eral methods to reduce the bias. First, we used an acknowl-
edged and transparent analysis method by calculating the
CVI. Second, we discussed open-ended responses in the re-
search group in order not to overweight the opinion of a single
person. Furthermore, we cannot exclude potential sampling
bias of the panelists in this study because no evaluation of the
panelists' underlying understanding of digital competence pre-
ceded, and we conducted a convenience sampling. Nonethe-
less, the panelists rated items from knowledge and skills as not
relevant, indicating that all panelists found the items relevant,
which described the nurses' attitude toward technology at work.
Yet, it may be that other panelists would have rated differently.
Furthermore, the study only allows us to interpret the content
validity. For a questionnaire to be used in future research and
practice, further validation for construct validity, concurrent va-
lidity, criterion validity, and internal consistency is needed. In
addition, only four items from the item pool are meant to mea-
sure the dimension “knowledge,” which could be of concern
that the items might insufficiently cover the dimension. How-
ever, in the first round, we proposed nine items for the dimen-
sion knowledge and the panelists rated five below the thresh-
old and did propose additional items. A psychometric test of
the item pool will show to what extent the four items cover
the dimension and whether further items are needed.

CONCLUSIONS
This Delphi study led to a content-valid item pool as a basis for
the development of a brief questionnaire for clinical practice
nurses' digital competence. Further psychometric testing is
needed before it can be applied. The study contributes to the
discussion about the definition of nurses' digital competence
by indicating that the nurses' attitude is seen as relevant in the
context of digital competence.
CIN: Computers, Informatics, Nursing 7
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