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A B S T R A C T

Background: In the management of individuals with venous leg ulcers, education serves as a pivotal tool for
acquiring knowledge, fostering appropriate attitudes, and promoting best practices. Consequently, assessing
knowledge, skills, attitudes, confidence, and commitment becomes essential, necessitating the development of
suitable evaluation instruments. Pre- and post-test assessments align with Level 2 of Kirkpatrick's model.
Moreover, nurse educators should integrate assessment into the teaching-learning sequences.
Aim: To psychometrically validate an instrument designed to assess undergraduate nursing students' knowledge
of the aetiology, prevention, and treatment of venous leg ulcers.
Design: A multi-phase study was designed to develop the tool and subsequently validate its psychometric
properties.
Setting(s): The study was conducted at three sites within the University of the Basque Country and one site within
the University of Alicante.
Participants: A total of 516 students from all four years of the nursing degree program participated.
Methods: The construct definition and instrument development were previously published. This article presents
the psychometric evaluation, which involved classical item analysis, analysis of psychometric properties ac-
cording to the Rasch model, differential item functioning analysis, construct validity analysis through hypothesis
testing in known groups, and reliability analysis via internal consistency.
Results: The results validated the Knowledge on Venous Leg Ulcer Questionnaire, reducing it from 72 initial items
to 36 definitive items. It was found to be a valid and reliable instrument, capable of detecting statistically sig-
nificant differences between known groups. Knowledge scores on a 0–100 scale were found to be 33.1 (SD =

19.5) for the first-second year groups, and 48.3 (SD = 17.5) for the third-fourth year groups, demonstrating a
progressive and logical increase in knowledge each year.
Conclusions: The Knowledge on Venous Leg Ulcer Questionnaire appears to be a valid and reliable instrument for
measuring nursing students' knowledge of venous leg ulcers. However, further research in different contexts is
required to confirm these results.

1. Introduction

Recent studies confirm that venous leg ulcers (VLU) have a combined

prevalence of 0.32 % and a combined incidence of 0.17 % (Probst et al.,
2023). According to Guest et al. (2020), the number of individuals
suffering from this condition in the United Kingdom (UK) increased by
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101 % between 2012/2013 and 2017/2018, rising from 27,800 to
56,000 patients. This condition significantly impacts the quality of life
for both sufferers and those around them, particularly in terms of
emotional well-being and body image. Improved wound healing is
associated with enhanced scores on the EuroQol 5-Dimensional 5-Level
(Chan et al., 2023; Folguera-Álvarez et al., 2022; González de la Torre
et al., 2017; Miertová et al., 2016). Additionally, Phillips et al. (2020)
identified nurse visits as the primary cost factor in VLU care. However,
the implementation of nurse-led models can facilitate early diagnosis
and treatment, thereby reducing healing times and costs (Bourke and
Scott, 2021).

Despite therapeutics and other technical aspects, education is a
fundamental tool for mitigating the impact of VLU in patient care. The
Registered Nurses Association of Ontario's (Registred Nurses Assosiation
of Ontario, 2004) best practice guideline on the assessment and man-
agement of VLUs recommends that all healthcare professionals receive
training to competently perform VLU assessment and management.

In European universities, the teaching-learning processes underwent
significant methodological reform with the introduction of the univer-
sity system into the European Higher Education Area (EHEA) (Bologna
Declaration, 1999). A key measure adopted was the shift towards
competency-based learning and lifelong learning methodologies. These
are defined as a set of knowledge, skills, abilities, and behaviours
necessary for effective job performance (BOE-A-2003-10715 Ley 16/
2003, n.d.). Additionally, the World Health Organization, in its publi-
cation “Nurse Educator Core Competencies,” outlines competencies for
nursing educators. These include implementing innovative strategies
that facilitate active learning, theoretical and clinical reasoning, and
integrating evidence-based teaching and learning processes in safe en-
vironments (WHO, 2016).

Therefore, incorporating new technologies and methodologies into
everyday teaching should be associated with design-based research
(DBR), which involves the design, implementation, and evaluation of
Teaching-Learning Sequences (Guisasola et al., 2020). Every research
process requires an analysis phase, and DBR methodology emphasizes
the need for multiple and convergent assessment tools that explicitly
evaluate various aspects of teaching-learning sequences (Nieveen,
2010). This underscores the need to validate a knowledge assessment
tool, in the absence of an adequate one, and incorporate it with other
tools to evaluate skills and attitudes comprehensively within the area of
VLU teaching and care.

Furthermore, according to Kirkpatrick's model (Kirkpatrick and
Kaiser, 2016), which provides a framework for evaluating training and
capacity-building programs, level 2 involves assessing acquired knowl-
edge. This necessitates the design of appropriate tools, such as pre- and
post-tests, for this level.

This need is further reinforced when considering the three phases of
assessment programs and activities (planning, assessment, and demon-
stration of value). The first phase, planning, includes designing knowl-
edge assessment tools. Investigating how nursing students learn can
reveal whether the acquired knowledge is declarative, information
stored in memory (Ausubel, 2002) or argumentative, involving reasoned
and evidence-based assertions (Cohen et al., 2017; Toulmin, 2007;
Toulmin et al., 1984).

In the realm of nursing, the pace of advances in evidence-based
practices often outstrips the progression of university training pro-
grams. To address this disparity and ensure that training remains rele-
vant, it is imperative to employ measurement tools that align with the
latest evidence and are tailored to assess nursing competencies effec-
tively. By doing so, we can close the training cycle and enhance the
preparedness of nursing professionals.

Looking for the evidence of validated tools to measure VLU knowl-
edge, Durán-Sáenz et al. (2022) concluded in their review that no ideal
tool exists for quantifying declarative knowledge for VLU. Two studies
utilized validated questionnaires to assess theoretical declarative
knowledge. Van Hecke et al. (2011) developed and psychometrically

validated an instrument that yielded acceptable test results for regis-
tered nurses but only regarding lifestyles associated to VLU. Subse-
quently, Ylönen et al. (2017, 2019) employed an instrument they termed
the Perceived Knowledge, Attitudes, and Theoretical Knowledge
(PKAK), which was based on translations of the tools used by Graham
et al. (2001) and Van Hecke et al. (2011), also targeting postgraduate
nurses. However, none of these instruments were considered suitable for
measuring VLU knowledge among undergraduate nursing students.

2. Aim

The aim of the study was to psychometrically validate an instrument
designed to assess the knowledge of undergraduate nursing students
regarding VLU aetiology, prevention, and treatment.

3. Methods

3.1. Design

The study follows a structured multi-phase approach to instrument
development and psychometric validation as outlined by Mishel (1989)
and subsequently replicated by Beeckman et al. (2010) and Van Hecke
et al. (2011). The stages are detailed below:

1. defining the construct of the instrument.
2. instrument development.
3. psychometric evaluation.

Fig. 1 Provides an overview of the development and validation
process.

The method for each of the above-mentioned phases is presented
below.

3.1.1. Phase 1: defining the construct of the instrument
This phase was published in a previous article (Durán-Sáenz et al.,

2023). Nevertheless, in the results section, a summary is presented to
provide the reader with a clearer understanding of the entire process.
This summary aims to encapsulate the key findings and essential steps
undertaken during the previous research, ensuring that the reader can
grasp the core aspects of the study without delving into the detailed
methodology. By highlighting the main outcomes and significant ob-
servations, the summary serves as a concise reference point for com-
prehending the overall implications and conclusions drawn from the
research.

3.1.2. Phase 2: instrument development
The second phase consisted of evaluating the Levels of Agreement

(LA) for the first version of the questionnaire. This part was also pub-
lished in a previous article (Durán-Sáenz et al., 2023). As in phase 1 a
summary is also provided in the results section.

3.1.3. Phase 3: psychometric evaluation
A convenience sample of 1972 nursing students was selected from

the four-year groups of the nursing programs at two participating uni-
versities. While a consensus on the sample size is not necessary for
psychometric validation of an instrument, classical methodological
recommendations for questionnaire validation suggest selecting be-
tween 5 and 10 participants per item. In this case, with 72 items in the
instrument, the recommended sample size ranges from 360 to 720
participants (Roco Videla et al., 2021).

The study was conducted across three campuses of the University of
the Basque Country (Álava, Bizkaia, and Gipuzkoa) and one campus of
the University of Alicante between November and December 2022.
Participants were invited via a Google Forms® link, following recom-
mendations from the CHERRIES® initiative, which provides guidelines
for comprehensive descriptions of web-based surveys (Eysenbach,
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2004). Participants received detailed information about the study,
including its purpose and procedures, and confidentiality was ensured
through coding and anonymity protocols. Completing and submitting
the survey was taken as consent to participate. The estimated time to
complete the survey was 30 min. Feedback, including the final score,
was provided at the end of the test. A version of the instrument used is
available as supplementary material (Supplementary Material 1).

3.1.3.1. Descriptive analysis of the sample. The analysis aimed to char-
acterize the studied sample. Categorical and ordinal variables were re-
ported as frequencies and percentages, while continuous variables were
described using mean, median, and standard deviation. These analyses
were performed using Jamovi software (The jamovi project, 2023).

3.1.3.2. Procedure for construct validity and reliability. The collected
data were tabulated, coded, and organized in a purpose-built database
prior to analysis. The validation process of the questionnaire utilized
classical item analysis and methods based on Item Response Theory,
specifically Rasch analysis (Rasch, 1960).
3.1.3.2.1. Classical item analysis. In the item analysis, responses

were converted into dichotomous outcomes, namely correct or incor-
rect. Correct answers were coded as 1, while incorrect or blank answers
were coded as 0, yielding the total score for the questionnaire. These
scores were normalized to a 0–1 scale by dividing the number of correct
answers by the total number of possible answers, then multiplying by
100 to obtain a percentage score, as follows:

Fig. 1. Summary of the process and methods used.
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Total score = (number of correct answers/total number of questions)
x 100.

From these scores, indices of difficulty, discrimination, and unfa-
miliarity were estimated. For the unfamiliarity index, the items were
left in their original format to calculate the percentage of “don't know/
no answer” responses for each item.

The difficulty index indicates the percentage of participants who
correctly answer each question (Mehrens and Lehmann, 1984). When an
item is answered very frequently or infrequently (above 90 % or below
10 %), it provides little discriminatory power between individuals and
yields minimal information (Argimon Pallás and Jiménez Villa, 2019).
The difficulty index is interpreted as follows: very easy (>90 % correct),
easy (75–90 %), somewhat easy (50–75 %), somewhat difficult (26–50
%), difficult (10–25 %), and very difficult (<10 %).

Item discrimination measures the extent to which an item differ-
entiates between participants who achieve varying scores on the test. It
is evaluated by the polyserial correlation between the latent item score
and the total test score. High discrimination indicates that the item
effectively differentiates between participants with similar, but not
identical, scores. Conversely, low discrimination suggests that the item
only distinguishes between participants with significantly different
scores. Ideally, discrimination values should range between 0.3 and 0.7
(Meyer, 2014).
3.1.3.2.2. Analysis of psychometric properties according to the Rasch

model. Rasch analysis (Rasch, 1960) stands out as a powerful and
refined statistical tool within the field of nursing research for the eval-
uation and enhancement of measurement instruments, particularly
concerning surveys and competency assessments. Unlike other statistical
models that may rely on less stringent assumptions about the data, the
Rasch model excels in converting qualitative responses (e.g., correct/
incorrect, agree/disagree) into quantitative measures along a contin-
uum of ability or attitude. Lower values on this continuum represent
frequently occurring or easily observable characteristics, while higher
values indicate characteristics that are rarely observed or more difficult
to achieve (Meyer, 2014).

Fundamentally, the Rasch model is a mathematical construct with a
logistic probability function, assuming that the probability of a correct
response to an item (or the selection of a particular response on a scale)
depends solely on the difference between the individual's level of ability
and the item's difficulty (Rasch, 1960). This unique feature allows the
Rasch model to provide measurements independent of both persons and
items, a property known as measurement invariance (Lord, 1980). In
other words, the model can measure both people and items on a single
dimension and estimate the relationship between respondent ability and
item difficulty (Belvedere and De Morton, 2010). This ensures that the
measurements do not depend on the specific set of items presented or the
respondent population in the sample (Alfaro and Rojas, 2013; Belvedere
and De Morton, 2010; Boone, 2016; Prieto and Delgado, 2003).

Another crucial component is the hierarchy or calibration of items
(Prieto et al., 2003), a process that estimates the difficulty of each item
within a dataset. Items and individuals are ordered along the same
continuum, where more likely items are positioned at the lower end. The
hierarchy of items along the continuum determines their placement
concerning the distribution of individuals. Calibration is essential to
ensure that items are adequately comparable and to facilitate the con-
struction of fair and equitable tests.

Additionally, the Rasch model relies on two key assumptions (Lina-
cre, 2023; Kline, 2005): the unidimensionality of the instrument and
the local independence of items. Unidimensionality implies that the
instrument measures a single dimension of ability or attitude. Local in-
dependence means that individuals' responses to each item are inde-
pendent of each other once their ability in the evaluated dimension has
been accounted for. In other words, local independence means that the
probability of an individual correctly responding to a particular item is

not influenced by their responses to other items, once their level of
ability in the evaluated dimension is considered.

Rasch analysis does not require data to fit a specific distribution,
making it particularly versatile and robust for different types of assess-
ments (Matas-Terrón, 2010). This characteristic underscores the
importance of the Rasch model in creating reliable and valid measure-
ment instruments, facilitating its application across a wide range of
contexts.

Regarding the analysis, the Joint Maximum Likelihood Method of
Estimation (JMLE) was used to estimate the parameters (Meyer, 2014).
Model fit was assessed using outfit: unweighted mean square of
normalized residuals (UMS) and infit: weighted mean square of
normalized residuals (WMS). Fit index values between 0.8 and 1.2
indicate a good fit, while values between 0.5 and 1.5 indicate an
acceptable fit (Yen, 1984).

An item map and a scatter plot between direct scores and the esti-
mated value of the latent variable (theta) were also created. The local
independence assumption between the items was tested using the Yen
Q3 test (Argimon Pallás and Jiménez Villa, 2019), which evaluates the
matrix of correlations of the residues. Although reference values be-
tween 0.2 and 0.3 are generally used in the literature to estimate local
independence, there is no uniform criterion as this value depends on the
sample size, the number of items, and the number of response categories
(Christensen et al., 2017).

Differential item functioning analysis (DIF) can identify items
which have different responses in different groups. This is a statistical
characteristic of an item which shows the extent to which the itemmight
be measuring different abilities for members of separate subgroups. For
this technique, two groups (called the focus group and the reference
group) are compared without any special criteria, where clear group
identification is paramount. The DIF analysis was performed by
comparing the focus group (1st and 2nd year students) with the refer-
ence group (3rd and 4th year students). The effect size was calculated
using the common Odds Ratio (OR) and its 95 % confidence interval. An
item was considered not to have differential functioning when the
common OR had values between 0.65 and 1.53. Items with an effect size
<0.53 or> 1.89 were considered to have a large DIF, and those between
0.53 and 0.65 or 1.53 and 1.89 were considered to have a low DIF
(Meyer, 2014; Zwick and Ercikan, 1989). In this sense, results are nor-
mally presented with the letters A, B and C and with + or - signs. The
letter A indicates no DIF, the letter B a moderate DIF and C a high DIF.
On the other hand, the + or - signs are applied to the letters B or C
depending on whether the result favours the focus group or the reference
group (Meyer, 2014).

Rasch and DIF analysis were performed using JMETRIK software
(jMetrik, 2018).
3.1.3.2.3. Analysis of construct validity by means of hypothesis-testing

in known groups. To further analyse the construct validity established
through Rasch analysis, a known-groups analysis was performed. This
involved comparing two groups with theoretically different levels of
experience (Polit and Hungler, 2000). The groups compared were
nursing students from all four-year cohorts, analysed both individually
and in two broader categories: 1st and 2nd-year students versus 3rd and
4th-year students.

This analysis was carried out with Jamovi (The jamovi project,
2023).
3.1.3.2.4. Rasch and internal consistency reliability analysis. The in-

ternal consistency reliability analysis was conducted using the Kuder-
Richardson 21 (KR21) index (Bachman, 1995; Kuder and Richardson,
1937; Meyer, 2014), which is suitable for binary data and assumes all
items are equally difficult. For comparative purposes and due to its
widespread use, the alpha coefficient was also calculated, along with its
95 % confidence interval.

Additionally, the Rasch analysis provides its own model reliability
estimates. Scale quality statistics, including reliability and separation,
can be computed for both items and persons. Person reliability is like the
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reliability coefficient in classical test theory, with values over 0.8 being
desirable. Person separation is akin to reliability, representing the extent
to which a measurement can consistently reproduce and rank scores.
Separation values over 2 are desirable (Meyer, 2014).

This analysis was performed using JMetrik software (jMetrik, 2018).
3.1.3.2.5. Ethical considerations. This study adhered to The Code of

Ethics of the World Medical Association for experiments involving
humans (Declaration of Helsinki) and research on health databases
(Declaration of Taipei). The procedure was approved by the Ethics
Committee for Research Involving Human Subjects of the University of
the Basque Country (CEISH-UPV/EHU) under the reference
M10_2021_312.

In October 2021, during the development of an educational inter-
vention with nursing students, the researchers informed participants
that the data collected between November and December 2022 would be
anonymous and used exclusively for research purposes. Participants
were provided with an informed consent form before completing the
questionnaire. The collected data were securely stored in a digital file,
accessible only to the research team. The entire research protocol was
registered with the Open Science Framework OSF (2024) under the
identifier DOI 10.17605/OSF.IO/3C86R in January 2023.

4. Results

4.1. Descriptive analysis of the sample

A total of 516 students took part from all four year-groups in the
nursing degree courses. The general description of their characteristics is
presented in Table 1.

4.2. Phase 1. Defining the construct of the instrument

To define the construct of the instrument, a comprehensive manual
search of publications related to VLU was conducted, along with a
thorough search of major databases. The gathered information was
reviewed, analysed, and summarized into a single document, organized
into seven themes. This process resulted in the creation of the first
version of the questionnaire. For more information, read Durán-Sáenz
et al. (2023).

4.3. Phase 2. Instrument development

The initial version of the questionnaire comprised seventy-seven
statements (with possible true, false, don't know answers) across seven
domains. These statements underwent a double round of an e-Delphi
method to evaluate their relevance and clarity (Durán-Sáenz et al.,
2023). A Likert-type scale was utilized for expert assessment.

Additionally, each statement was paired with an open-ended question to
solicit expert feedback on its appropriateness, accuracy, and relevance.

The research team analysed the experts' feedback, making modifi-
cations to various items based on their responses. The revised ques-
tionnaire was then re-sent to the same experts for further evaluation of
the proposed changes, again using the Likert scale from the initial round.
Levels of Agreement (LA), assumed to be equivalent to the Content
Validity Index (CVI) in this study, were calculated. The CVI was deter-
mined by dividing the number of experts who responded “Completely
agree” and “Agree” by the total number of experts who assessed the
items. The CVI score ranges from − 1 to 1, with a score closer to 1
indicating better content validity; a CVI ≥ 0.49 is considered adequate
for 15 experts (Lawshe, 1975). Items with a CVI below 0.7 were
reconsidered and reassessed for appropriateness. Communication and
data collection were facilitated via email and Google Forms®.

Following the first round of consultation, 48 items were retained
based on expert feedback, 25 items were revised, and 4 items were
removed. In the second round, 61 items were retained, 11 items were
adjusted, and 1 item was deleted. Ultimately, a 72-item instrument was
developed. To ensure a balance of true and false answers, some items
were intentionally written to elicit a “False” response. This process
resulted in a second version of the questionnaire with a total CVI of 0.89.

4.4. Phase 3: psychometric evaluation

4.4.1. Psychometric evaluation of the 72-item questionnaire
The psychometric evaluation commenced with the 72-item version

of the questionnaire. The initial step involved analysing item difficulty,
discrimination, and unfamiliarity indices.

The unfamiliarity index results are presented in Table 2, which also
summarizes the findings for each stage of the evaluation. Based on the
difficulty and discrimination indices, 10 items were eliminated,
reducing the questionnaire to 62 items. Specifically, items with a diffi-
culty index score below 0.10 (items 21 and 46) and those with a score
above 0.90 (items 10 and 24) were removed. Additionally, items with a
discrimination index score below 0.30 (items 6, 16, 17, 21, 27, 46, 48,
and 51) were eliminated. There were no items with a discrimination
index score over 0.70, further justifying the removal of items 21 and 46.

Subsequently, the Rasch model was employed to analyse the psy-
chometric properties of the remaining 62 items. The results indicated
outfit (UMS) and infit (WMS) values within acceptable ranges, between
0.85 and 1.22, and 0.75 and 1.46, respectively. No items were elimi-
nated following this analysis. A Differential Item Functioning (DIF)
analysis was then performed, leading to the deletion of 22 additional
items (items 1, 4, 8, 13, 18, 19, 22, 25, 26, 33, 35, 37, 38, 39, 50, 52, 54,
55, 56, 63, 65, and 68) as detailed in Table 2 and Supplementary Ma-
terial 2.

4.4.2. Evaluation of the 40-item version
The psychometric evaluation proceeded with a 40-item version of

the questionnaire. Difficulty and discrimination analyses led to the
elimination of three more items, resulting in a 37-item questionnaire. All
remaining items had difficulty index scores within acceptable ranges.
However, items 2 (discrimination score 0.29), 62 (discrimination score
0.71), and 70 (discrimination score 0.72) were removed. The Rasch
analysis was repeated for these items, with outfit (UMS) and infit (WMS)
values remaining within acceptable ranges, between 0.86 and 1.12, and
0.76 and 1.15, respectively. No items were eliminated after this analysis.
A subsequent DIF analysis recommended the deletion of one additional
item (item 53), as detailed in Table 2.

4.4.3. Final analysis of the 36-item version
The final 36-item version underwent further analysis, with all results

falling within normal values (Table 2 and Supplementary Material 3).
This version demonstrated excellent fit and psychometric properties.
The complete instrument is available in Supplementary Materials 4 and

Table 1
Characteristics of the sample.

Student nurses (n = 516) % (n)

Gender (% female) 83.1 % (429)
Study centre
University of Alicante 18 % (93)
University of the Basque Country
Gipuzkoa campus

14.9 % (77)

University of the Basque Country
Bizkaia campus

27.7 % (143)

University of the Basque Country
Álava campus

39.3 % (203)

Course year-group
1st year 23.4 % (121)
2nd year 14.5 % (75)
3rd year 47.7 % (246)
4th year 14.3 % (74)
Age (n ¼ 511, Missing data 5) Mean 22; Median 20,

SD 5.78, min 17, max 51
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Table 2
Results of the psychometric assessment using the classical method and Rasch.

KVLUQ

item Difficulty   Discrimin. Ignorance % Ou�it Infit DIF Difficulty   Discrimin. Ou�it Infit DIF Difficulty   Discrimin. Ou�it Infit DIF

1 0.68 0.52 23.3 1.06 1.05 B-
2 0.60 0.30 23.6 1.36 1.22 A 0.60 0.29
3 0.51 0.45 31.6 1.04 1.08 A 0.51 0.45 1.05 1.09 A 0.51 0.44 1.05 1.09 A

4 0.71 0.55 21.1 1.01 1.03 B- 
5 0.67 0.51 22.9 1.07 1.05 A 0.67 0.53 1.07 1.04 A 0.67 0.52 1.08 1.04 A

6 0.37 0.29 16.3

7 0.70 0.58 25.6 1.02 1.00 A 0.70 0.57 1.02 1.01 A 0.70 0.57 1.02 1.01 A

8 0.15 0.45 67.1 0.98 0.95 B+ 
9 0.55 0.49 39.5 1.06 1.06 A 0.55 0.46 1.13 1.09 A 0.55 0.45 1.14 1.1 A

10 0.94 0.61 4.7

11 0.74 0.52 18.8 1.09 1.07 A 0.74 0.50 1.12 1.08 A 0.74 0.49 1.13 1.09 A

12 0.64 0.60 33.3 0.9 0.96 A 0.64 0.60 0.93 0.96 A 0.64 0.60 0.93 0.96 A

13 0.88 0.47 7.6 1.46 1.14 B-
14 0.29 0.44 42.4 1.06 1.00 A 0.29 0.44 1.09 1.01 A 0.29 0.45 1.09 1.01 A

15 0.21 0.40 42.8 1.1 1.00 A 0.21 0.39 1.14 1.00 A 0.21 0.40 1.14 1.00 A

16 0.48 0.17 22.3

17 0.12 0.20 31.6

18 0.51 0.54 26.9 0.98 0.99 B-
19 0.39 0.51 52.9 0.95 0.99 B-
20 0.64 0.44 25.2 1.16 1.13 A 0.64 0.44 1.18 1.12 A 0.64 0.44 1.19 1.13 A

21 0.09 0.28 49.6

22 0.43 0.46 53.7 1.13 1.05 B-
23 0.26 0.49 59.5 0.89 0.98 A 0.26 0.45 0.97 1.01 A 0.26 0.45 1.00 1.02 A

24 0.91 0.55 5.6

25 0.84 0.57 12.8 1.03 1.06 B-
26 0.41 0.48 38.2 1.04 1.01 B-
27 0.15 0.29 41.7

28 0.66 0.51 21.5 1.08 1.05 A 0.66 0.50 1.07 1.05 A 0.66 0.50 1.09 1.05 A

29 0.84 0.62 13.8 0.89 1.00 A 0.84 0.65 0.83 0.98 A 0.84 0.64 0.83 0.99 A

30 0.17 0.42 59.1 1.00 1.00 A 0.17 0.41 0.97 0.99 A 0.17 0.43 0.96 0.99 A

31 0.34 0.51 57.9 0.93 0.98 A 0.34 0.47 0.97 1.01 A 0.34 0.47 0.98 1.02 A

32 0.18 0.45 29.8 0.9 0.97 A 0.18 0.40 0.95 0.98 A 0.18 0.42 0.94 0.98 A

33 0.57 0.53 35.3 1.08 1.01 B-
34 0.26 0.52 63.6 0.94 0.96 A 0.26 0.47 1.08 0.97 A 0.26 0.49 1.08 0.98 A

35 0.18 0.44 56.4 0.93 0.97 B+ 
36 0.24 0.51 69.4 0.82 0.97 A 0.24 0.48 0.88 0.99 A 0.24 0.48 0.9 0.99 A

37 0.16 0.35 39.5 1.01 1.05 B+ 
38 0.35 0.36 53.1 1.09 1.12 B+ 
39 0.31 0.43 55.6 0.98 1.03 B+ 
40 0.60 0.64 34.1 0.84 0.91 A 0.60 0.64 0.87 0.92 A 0.60 0.63 0.88 0.92 A

41 0.17 0.38 38.4 0.96 1.02 A 0.17 0.36 1.13 1.04 A 0.17 0.36 1.12 1.04 A

42 0.56 0.57 32.8 0.91 0.95 A 0.56 0.58 0.94 0.97 A 0.56 0.57 0.94 0.97 A

43 0.37 0.43 50.8 0.98 1.05 A 0.37 0.41 1.06 1.09 A 0.37 0.39 1.08 1.1 A

44 0.67 0.65 27.7 0.84 0.91 A 0.67 0.66 0.83 0.92 A 0.67 0.64 0.84 0.92 A

45 0.61 0.55 25.2 0.93 0.99 A 0.61 0.56 0.94 0.99 A 0.61 0.55 0.95 0.99 A

46 0.09 0.26 31.0

47 0.27 0.43 27.9 0.99 1.02 A 0.27 0.43 1.00 1.01 A 0.27 0.44 1.00 1.02 A

48 0.20 0.27 28.3

49 0.48 0.65 45.3 0.81 0.87 A 0.48 0.65 0.82 0.88 A 0.48 0.65 0.83 0.88 A

50 0.36 0.49 54.3 0.94 1.01 B-
51 0.12 0.27 27.3

52 0.27 0.45 41.3 0.96 1.00 B+ 
53 0.48 0.45 43.6 1.13 1.06 A 0.48 0.42 1.15 1.11 B+ 
54 0.32 0.48 58.7 0.94 1.00 B+ 
55 0.21 0.32 36.6 1.33 1.05 B+ 
56 0.45 0.53 42.2 1.11 0.97 B+ 
57 0.12 0.42 39.3 0.92 0.96 A 0.12 0.38 0.92 0.95 A 0.12 0.41 0.92 0.95 A

58 0.32 0.64 56.2 0.75 0.86 A 0.32 0.64 0.76 0.86 A 0.32 0.64 0.76 0.86 A

59 0.38 0.63 55.2 0.79 0.88 A 0.38 0.61 0.81 0.9 A 0.38 0.61 0.82 0.91 A

60 0.11 0.36 29.1 1.07 0.97 A 0.11 0.34 1.15 0.97 A 0.11 0.34 1.17 0.97 A

61 0.48 0.60 37.8 0.87 0.92 A 0.48 0.60 0.9 0.95 A 0.48 0.57 0.91 0.95 A

62 0.60 0.70 32.2 0.77 0.85 A 0.60           0.71
63 0.51 0.50 39.3 1.04 1.02 B+ 
64 0.18 0.40 72.3 0.97 1.00 A 0.18 0.36 1.04 1.04 A 0.18 0.36 1.05 1.04 A

65 0.14 0.41 35.7 0.92 0.96 B+ 
66 0.22 0.52 48.1 0.79 0.93 A 0.22 0.53 0.78 0.92 A 0.22 0.54 0.78 0.92 A

67 0.37 0.62 53.5 0.8 0.89 A 0.37 0.62 0.8 0.89 A 0.37 0.62 0.81 0.89 A

68 0.55 0.57 31.0 0.95 0.97 B-
69 0.63 0.58 22.9 0.92 0.97 A 0.63 0.58 0.94 0.99 A 0.63 0.57 0.94 0.99 A

70 0.72 0.68 22.1 0.79 0.91 A 0.72 0.72
71 0.63 0.61 24.4 0.9 0.95 A 0.63 0.61 0.95 0.95 A 0.63 0.59 0.96 0.96 A

72 0.28 0.51 35.5 0.8 0.95 A 0.28 0.52 0.91 0.95 A 0.28 0.52 0.9 0.95 A

72 Items 62 Items 40 Items 37 Items 36 Items
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Dropped
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5. Fig. 2 (Wright map or item-person plot) illustrates the distribution of
respondents and items on the same scale (theta). The person density
indicates the distribution of scores obtained by participants (expressed
in logit units), with values above 0 indicating high knowledge and
values below 0 indicating low knowledge. The horizontal axis shows the
item numbers (1 to 36), while the vertical axis represents item difficulty,
with higher values indicating more difficult items. Fig. 2 also displays
the Item Characteristic Curve (ICC), which follows an S-shaped or sig-
moid trajectory, suggesting that the questionnaire aligns with the
measurement model. Local item independence was confirmed using
Yen's Q3 statistic (Supplementary Material 6).

4.4.4. Construct validity through hypothesis testing in known groups
Construct validity was further evaluated through hypothesis testing

in known groups. The Kolmogorov-Smirnov test confirmed that the
knowledge variable data followed a normal distribution (p-value: NS).
An analysis of variance (ANOVA) test revealed statistically significant
differences among the four nursing year groups (p-value ≤0.01).
Knowledge scores were as follows: first-year (mean = 30.6, SD = 20.6),
second-year (mean = 37.3, SD = 16.9), third-year (mean = 47.3, SD =

17.57), and fourth-year students (mean = 51.6, SD = 16.2). Post-hoc
tests using the Games-Howell test (as equal variances are not
assumed) indicated significant differences between first-year versus
third and fourth-year students (p-value <0.01) and second-year versus
third and fourth-year students (p-value <0.01), with no significant dif-
ferences between third and fourth-year or first and second-year students
(Fig. 3).

Further analysis regrouped first and second-year students against
third and fourth-year students. The t-student test showed statistical
significance (p-value≤0.01), with knowledge scores of 33.1 (SD= 19.5)
for the first-second group and 48.3 (SD = 17.5) for the third-fourth
group.

4.4.5. Reliability analysis
Reliability analysis using internal consistency and Rasch for the 36-

item version indicated a KR21 coefficient of 0.84 and an alpha coeffi-
cient of 0.88 (95 % CI: 0.86–0.89), demonstrating good reliability. The
Rasch analysis yielded a separation index of 10.40 for items and 2.56 for
persons, with reliability scores of 0.99 for items and 0.86 for persons.

5. Discussion

This study was conducted as part of a comprehensive effort to
develop and validate a questionnaire designed to evaluate the knowl-
edge of nursing students regarding the care of individuals with VLU. This
assessment is critical for evaluating the competency scope following the
implementation of specific teaching-learning sequences (Guisasola
et al., 2020). The analysis of psychometric properties, employing clas-
sical item analysis, the Rasch model, and Differential Item Functioning,
facilitated the adjustment of items considered for inclusion in the final
version of the questionnaire.

The findings indicated that the Knowledge on Venous Leg Ulcer
Questionnaire (KVLUQ) is a reliable instrument with robust psycho-
metric properties according to the Rasch model when administered to
nursing students. The Wright map analysis revealed a deviation towards
the first quartile, with 46 (8.9 %) extreme elements scoring below − 2.5
in theta value. This deviation could influence the questionnaire's

Fig. 2. Wright map or item-person plot and item characteristic curve (ICC).

Fig. 3. Knowledge differences between students regarding study year (One
Factor ANOVA).
Note: Y axis represents the score's scale. The dots on the graph are the mean
score for students at each study year. The lines up and down from the dots are
the 95 % confidence intervals of the score. Horizontal lines with arrows explain
the statistical significance between study years.
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validation, as these individuals may possess different characteristics
compared to the rest of the sample. However, it was decided to retain
these extreme values in the analysis. An alternative approach could have
been to exclude these extreme values and reassess the properties, but
since all participants were students, they were retained.

Regarding the items, the difficulty range was well-adjusted and
distributed, with no correlation between the questions, allowing for
differentiation between students with varying levels of knowledge. High
reliability results were also obtained from the internal consistency and
Rasch model analyses.

Despite the Rasch model being an established method since 1960
(Rasch, 1960), it is infrequently used in nursing research. The scoping
review by Stolt et al. (2022) advocates for its application in the nursing
discipline. Furthermore, the literature review reveals a scarcity of pub-
lications using the Rasch model in nursing, particularly concerning VLU
knowledge (Stolt et al., 2022). One notable study on the psychometric
evaluation of an instrument related to VLU knowledge was conducted in
Belgium (Van Hecke et al., 2011). This study found the difficulty index
for knowledge questions ranged from 0.12 to 0.78. Items with a
discrimination index below 0.2 were eliminated, while those with values
between 0.21 and 0.55 were retained. In our study, reference values for
the discrimination index ranged from 0.3 to 0.7.

The instrument developed in our study demonstrated its capability to
differentiate between known groups. Results indicated a clear distinc-
tion between first- and second-year students, who had minimal training,
and third- and fourth-year students, who had received training on the
evaluated topic. A linear progression in knowledge acquisition was
observed across year groups, consistent with findings in studies on other
types of skin lesions (Pérez-López et al., 2021; Simonetti et al., 2015;
Usher et al., 2018). The overall knowledge level for grouped courses
was, on average, below 50 % of the questions, although third- and
fourth-year students scored significantly higher. This low level of
knowledge might be attributed to the limited coverage of these topics in
nursing curricula (Romero-Collado et al., 2015; Tobajas-Señor et al.,
2017).

5.1. Limitations

A test-retest reliability analysis of the questionnaire was not con-
ducted, though it is planned for the final version in a future student
sample. This future study will analyse temporal reliability-stability (in a
test with two close-time measurements without intervention) and
sensitivity to change (in a pre-post-test study following an educational
intervention).

Given that the sample was convenience-based and participation was
voluntary, there is a potential for selection bias, as students with higher
knowledge or motivation may be more inclined to participate. Addi-
tionally, there was a disproportionate participation by year group, with
a greater representation of third-year students, potentially influencing
group comparisons. Although the participation of students from
different universities facilitated a broad questionnaire analysis, it
complicated comparisons due to potential differences in education
despite a shared curriculum.

6. Conclusions

In conclusion, through a rigorous process, we developed the 36-item
KVLUQ, a valid and reliable instrument for measuring nursing students'
knowledge of venous leg ulcers. Nonetheless, further research involving
different contexts (more universities or students with enhanced educa-
tion on the topic) is necessary to confirm our findings.
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Pérez, M., 2023. Content, implementation strategies and knowledge assessment tool
on venous leg ulcers: an e-Delphi study. Nurse Educ. Pract. 68 (January), 103602
https://doi.org/10.1016/j.nepr.2023.103602.

Eysenbach, G., 2004. Improving the quality of web surveys: the checklist for reporting
results of internet E-surveys (CHERRIES). J. Med. Internet Res. 6 (3) https://doi.org/
10.2196/jmir.6.3.e34. JMIR Publications Inc.
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Correlation between health-related quality of life and venous leg ulcer’s severity and
characteristics: a cross-sectional study. Int. Wound J. 14 (2), 360–368. https://doi.
org/10.1111/IWJ.12610.

Graham, I.D., Harrison, M.B., Moffat, C., Franks, P., 2001. Leg ulcer care: nursing
attitudes and knowledge. Can. Nurse 97 (3), 19–24.

Guest, J.F., Fuller, G.W., Vowden, P., 2020. Cohort study evaluating the burden of
wounds to the UK’s National Health Service in 2017/2018: update from 2012/2013.
BMJ Open 10 (12), 1–15. https://doi.org/10.1136/bmjopen-2020-045253.

Guisasola, J., Ametller, J., Zuza, K., 2020. Investigación basada en el diseño de
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