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Abstract

Background The rapid development of information and technology and the spread of COVID-19 have made
online learning and assessment more prevalent. In this context, the potential of multimedia-assisted items to pro-
vide an alternative method of learning and evaluation is significant. These items can better reflect authentic clinical
situations and enhance higher cognitive skills. This study aims to develop and validate multimedia-assisted items
that reflect clinical authenticity.

Methods A mixed-method design with qualitative and quantitative approaches was adopted. The study was con-
ducted in two phases: development and validation. Thirty-six multimedia-assisted items were developed using
videos, audio files, photos, and pictures. Preliminary testing ensured item comprehensibility and usability. In the vali-
dation phase, a mock test was administered to 136 nursing students, with 105 completing the survey. Quantitative
analysis included calculating item difficulty, discrimination, and reliability and examining evidence based on relation
with another variable through correlations with clinical reasoning scores and differences in test scores based on per-
ceived academic achievement. Qualitative analysis involved thematic analysis of interviews with 10 participants

to explore their experiences and validate the response process.

Results The average total score was 18.1 out of 36, with item difficulty averaging 0.51, item discrimination 0.31,

and reliability (Cronbach’s alpha) 0.64. While no significant correlation was found between mock test scores and clini-
cal reasoning scores, a significant difference was observed between high and low-perceived academic achievement
groups. Participants expressed that the multimedia-assisted items were more relevant to nursing practice than paper-
based items, integrating theoretical knowledge and clinical practicum experience, enhancing understanding,

and stimulating active participation in clinical practicum.

Conclusions Multimedia-assisted items have been verified as an effective strategy for education and for assessing
nursing students’'comprehensive competencies.

MAIs are adequate for evaluating nursing students’competencies in theory and practice, suggesting that MAIs can
enhance newly graduated nurses’competencies and improve online assessments in nursing education.
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Introduction

Nursing education aims to help students acquire the the-
oretical knowledge and competency needed for patient
care in various clinical situations. The rapid development
of information and technology and the spread of COVID-
19 have made online learning and assessment more
common, with learning methods such as e-learning, web-
based learning, blended learning, mobile learning, and
learning games being attempted [1-4]. Portfolios, video
clips, and digital devices are used in student evaluation
[5, 6]. However, text-based tests remain the predominant
assessment method in Korea, with limitations in assess-
ing the competencies required for new nurses. Using test
items with multimedia elements can be an alternative
evaluation method for evaluating clinical practice perfor-
mance competency in nursing students.

Background

Using digital devices in evaluation and learning ena-
bles the utilization of multimedia, such as videos, pic-
tures, and audio. It allows sharing of educational content
without regard to time and space through a university’s
learning management system [7]. Due to the COVID-19
pandemic, the demand for computer-based evaluations
has increased, and non-face-to-face learning has rapidly
expanded.

Many studies have been conducted on nursing edu-
cation since the COVID-19 pandemic. Most of these
studies have focused on the transition to, problems sur-
rounding, or necessity of online education [8, 9], as well
as the perceptions and experiences of educators and
learners in online education [10, 11]. However, only a few
studies have evaluated the effectiveness of digital devices
in educational evaluation. The evaluation process is criti-
cal as it enhances learning and determines a student’s
knowledge and skills, which affects the health and safety
of others. Since the Korean Nursing Licensing Exami-
nation is conducted as a paper—pencil test, it cannot
evaluate learners’ problem-solving or practical abilities
required for job performance [12]. The National Coun-
cil License Examination for Registered Nurses defines
“critical thinking” and “clinical judgment” as abilities that
new nurses should have. It thus evaluates practical skills
focusing on clinical judgments and decision-making abil-
ity [13].

Since there is a limited ability to evaluate the higher
level of cognitive skills required in nursing, such as
critical thinking, clinical judgment, clinical reason-
ing, and problem-solving ability, through paper—pencil
items, it is necessary to explore new ways to evaluate
performance competency in practice [14]. Authentic-
ity can play a vital role in fostering meaningful learning
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experiences, facilitating the integration of theory and
practicums, enhancing nurses’ understanding of patients,
and improving the effectiveness of education [15]. Expe-
riencing authenticity in nursing education is crucial for
meaningful learning, enhancing students’ confidence,
and developing their ability to make independent deci-
sions. It allows students to integrate theory and practi-
cums, understand patients holistically, and observe the
medical process, leading to improved nursing skills and
patient-centered care [15, 16]. To evaluate practical per-
formance competency, authentic scenarios can be pre-
sented through tools such as multimedia-assisted items
(MAISs) via actual data [14].

A computer-based test can compensate for the limi-
tations of a paper-based test regarding practical ability
evaluation [12]. In computer-based tests, it is possible to
present authentic data using various forms of multime-
dia, such as videos, photos, and audio sources, to display
realistic, practical situations. This clarifies the meaning
of the items and allows them to be developed to measure
problem-solving ability. Additionally, multimedia mate-
rials for education and evaluation effectively improve
knowledge and performance [17, 18]. MAIs are used in
some Korean healthcare professional licensing examina-
tions to measure learners’ understanding of clinical situ-
ations [19]. Online learning methods like virtual reality
and simulations can improve nursing students’ clinical
reasoning skills and promote active learning [20, 21].
Tests using multimedia items instead of paper—pencil
format are more suitable for evaluating critical think-
ing skills [22]. Therefore, to assess the clinical perfor-
mance of nurses, including their clinical reasoning and
decision-making ability, it is necessary to develop mul-
timedia items that reflect authentic clinical situations.
The aim of this study was to develop MAIs that reflect
authentic clinical nursing practices and verify their valid-
ity through item analysis, content validity, criterion valid-
ity, and response process validity. Through the study, we
expected to provide evaluation system to access perfor-
mance competency and clinical reasoning skill in practice
and confirm the effectiveness of its application.

Methods

Study design

This study used a mixed-method design with concur-
rent quantitative and qualitative approaches. There
were conducted in two phases: development of Mul-
timedia assisted items and validation of items (Fig. 1).
In development phase, it shows MAIs developing pro-
cess which reflect authentic clinical nursing practices.
In validation phase, to ensure the validity of the items,
quantitative data were used to provide evidence based
on the relation with other variables and item analysis,
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CVI Verified by seven experts
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Phase 1. Development of Multimedia assisted items
. Identify examination subjects
The care of cardiovascular and respiratory disorder
Literature review
. Develop six examination objects . S-CVI for practical competency assessment (0.90) and S-CVI for

multimedia item development (0.84)

Generate items and test the content

validity

Consult three clinical experts

5 professors and five clinical experts

. S-CVI for reflecting clinical practice (0.93) and S-CVI for

evaluating practical competency (0.91)

Usability test

10 participants

* Conducting a review for errors in comprehension, readability, and

usability, as well as evaluating the appropriateness of the test time

Phase 2. Validation of items

Mock Test and Survey

105 participants completed

36 items and Questionnaire

. Item analysis
- Item difficult .51
- Item discrimination .31(two items were removed due to negative
discrimination)
- Cronbach’s alpha .64
. Evidence based on the relation with other variables
- No significant correlation between mock test scores and nurse
clinical reasoning competency (r =.095, p =.336).

- Differed significantly based on perceived academic achievement
(t=2.880, p=.005).

Interview

10 participants

Experience of multimedia assisted

items

Response process to solve the items

. The MAIs were more relevant to nursing practice than paper-
based items, requiring the integration of theoretical knowledge and

practical experience.

Fig. 1 The phases of development and validation of multimedia assisted items
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and qualitative data were used to provided evidence-
based on the response process content validity.

Development of MAls

In the development phase, the examination subjects
were identified, and the examination objectives and
items were developed. Experts verified the content
validity of the developed objectives and items, and usa-
bility tests were conducted.

In the first stage of item development, exam contents
were identified. The contents were selected based on
the learning objectives of adult health nursing. Care
for patients with cardiovascular and respiratory dis-
orders was chosen as the examination subject as it
is a frequent topic in the Korean Nursing Licensing
Examination. The selected subjects included patients
with respiratory symptoms (cough/sputum/dyspnea),
central venous catheters, chest pain, congestive heart
failure, or arrhythmia, and those who had undergone
pulmonary lobectomy.

Next, to ensure relevance to actual clinical practice,
the description of examination objectives was linked
with the activity statement connecting the duties of
newly graduated nurses in Korea as developed by Kim
et al. [23]. A total of six examination objectives were
produced, each of which included the topic, evalua-
tion goals, and specific outcomes. The outcomes were
derived from the activity statement, including patient
assessment, differentiation between normal and abnor-
mal conditions, interpretation, intervention selection,
and education. Seven experts then evaluated the exami-
nation objectives using the content validity index (CVI)
to verify the appropriateness of assessing clinical prac-
tical competency and its suitability for development as
multimedia-assisted items.

Draft items were developed using a plan that included
examination objectives, relevant activity statements,
item types, and case scenarios and were selected through
expert consultation. In total, 36 items were developed
using video, audio, photo, and illustration. An example
of the developed item is presented in Fig. 2. Five nurs-
ing professors and five clinical nurses evaluated the
CVI score of the designed items to determine whether
the items could reflect clinical reality and assess clini-
cal practice competency. In this case, the CVI score was
0.91. Before the mock test, a usability test was conducted
to confirm the understanding of the sentences and the
appropriateness of the test time. The usability test results
revealed no errors in the MAIs and verified their com-
prehension and readability. The average time it took the
ten preliminary test participants to complete the test was
26.2+10.9 min.
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Validation of items

The validation phase included a mock test, a survey,
and focus group interview. For validation item analysis
was used included calculating difficulty, discrimina-
tion, and reliability. For validation of evidence based
on the relation with other variables, a survey was con-
ducted which included items on participants’ sociode-
mographic characteristics, participants’ perceptions of
MAIs and their perceived academic achievement and
the Nurses Clinical Reasoning Scale. For the qualita-
tive study to verify the validation of the response pro-
cess, focus group interviews were performed a total
of two 50-min per each focus group, which focused
on exploring participants’ experience of solving pro-
cess about MAIs. Through data analysis was complete,
all researchers reviewed and discussed qualitative and
quantitative components.

Study participants and setting
In total, 136 participants were recruited by convenience
sampling for the mock test. The participants included
third—and fourth-year nursing students who had com-
pleted a cardiovascular and respiratory systems course.
Students who had not completed any of the subjects
above were excluded. Data were collected from six
nursing colleges in five cities in November 2021.
Undergraduate nursing students were invited to use the
URL to access and complete the mock test and survey.
The MAIs were accessible online and had to be fully com-
pleted. The test time was set to 30 min, which had been
determined through the preliminary test, and it was auto-
matically terminated when 30 min had passed. Among
the 136 students, 31 did not complete the questionnaire
and were excluded from the final analysis. A final group
of 105 participants were enrolled. Ten participants who
completed the mock test and survey were recruited for
focus group interviews to collect qualitative data. (Fig. 3).

Measurement

For evidence based on relation with other variables, a
Korean version of the Nurses Clinical Reasoning Scale
(NCRS) was used. The NCRS was first developed by
Liou et al. [24], and the Korean version was translated,
validated, and established as reliable by Joung and
Han [25]. This assesses clinical reasoning competency
through patient data assessments, nursing problem
identification, goal-setting, and evaluating problem-
solving skills. The Korean version is widely used to
assess nurses’ clinical reasoning and provide educa-
tional evaluations for nursing students [26, 27]. This
scale included 15 items consisting of one factor each.
Cronbach’s alpha was 0.90 in this study.
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The result of assessing the chest bottle of the patient at 4 o'clock is as follows. What is the
amount of drainage between 2 and 4 o'clock?

Fig. 2 An example of the developed item

The survey was conducted using a questionnaire on
the participants’ perceptions of MAIs and their per-
ceived academic achievement after the mock test. Their
perceived academic achievement was reported through
a Likert-type scale (0-10; O=not at all achieved,
10 =perfectly achieved).

To assess evidence based on the validity of the response
process, we conducted semi-structured focus goup inter-
views to explore participants’ experiences with MAIs.
The interview questions were: “How was your experience
taking the mock test using MAIs?” “How do the MAIs
compare to traditional paper-based questions?” “Do you
think that the MAIs are effective in enhancing clinical
practice competency?” and “What were your thought
processes when solving the problems?” The interviews

were digitally recorded with the consent of participants,
and the audio data were transcribed by the researcher.

Ethical considerations.

This study was approved by the Institutional Review
Board (IRB) of Ewha Womans University (IRB No. ewha-
202109-0014-01). The need of written informed con-
sent was exempted by IRB of Ewha Womans University.
All methods were conducted in accordance with rele-
vant guidelines, ensuring that participation was entirely
voluntary. An online informed consent of the study,
including its purpose, methods, and procedure, and any
potential risks or benefits associated with participation
was posted on an online survey. The participants were
also informed that they could withdraw from the study
at any time and that the data of withdrawn participants
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Enrollement (n=136)

The inclusion crteria

- completed adult health nursing course

- nursing college students in 3rd or 4th year grade

Mock test (n=136)
- total 36 MAIs

- perceptin of MAIs
- perceived academic achievement

- clinical reasoning competency

Survey (n=105)

Interview (n=10)

Fig. 3 Flow diagram of the data collection

would not be included in the final analysis, and that they
could appeal to the Institutional Review Board (IRB) of
Ewha Womans University for further explanation of the
study if they wished. Only those participants who agreed
to participate were allowed to complete the study.

Data analysis

The test items were analyzed using quantitative and
qualitative data. For the quantitative data analysis, item
analysis was conducted, including calculations of item
difficulty, discrimination, and validity evidence based
on the relation with other variables. The qualitative data
analysis involved interviewing participants about their

experiences solving multimedia-assisted items (MAls) to
gather evidence based on the response process.

The evaluation of test items is based on test scores,
assessing factors such as item difficulty and discrimina-
tory power, which calculate item discrimination accord-
ing to the difference in the correct answer rate between
high and low performers. In this study, we evaluated the
appropriateness of the test by calculating the difficulty,
discriminatory power, and reliability of the test items
using item analysis based on classical test theory (CTT),
a method commonly used for test evaluation, such as
the Korea Health Personnel Licensing Examination in
Korea [19].
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The quantitative data were statistically analyzed using
IBM SPSS Statistics version 28.0 (IBM Inc, Armonk, NY,
USA) for participants’ general characteristics and mock
test scores in frequency, percentage, mean, and stand-
ard deviation. Microsoft Office 365 Excel 16.0 (Micro-
soft Inc., Redmond, WA, USA) was used to analyze
item difficulty, based on the proportion of participants
who answered the item correctly, and item discrimina-
tion, calculated by comparing item scores between the
higher 27% and lower 27% of participants. The statisti-
cal significance of correlations between test scores and
NCRS scores and the mean difference of test result scores
according to the level of perceived academic achievement
in theoretical subjects were analyzed with t-tests.

For the qualitative data analysis, we used the induc-
tive content analysis method suggested by Elo and Kyn-
gds [28]. In preparation for qualitative data, we selected
the unit of analysis, immersed themselves in the data;
the interview content was selected the unit. During the
organizing phase, we conducted open coding, catego-
rization, and abstraction. Repeated reading of the data
allowed us to assign codes to meaningful units, and then
grouping similar codes into subcategories and higher-
order categories. To enhance the trustworthiness and
reliability of our analysis, researchers coded the data,
discussed together it, and if there were any discrepan-
cies, the collaborative process of refining the interpre-
tation of the coding and classification was repeated and
agreed upon. This iterative process continued until con-
sensus was reached on the coding and categorization.
To ensure data saturation and comprehensiveness of the
study results, the analysis process continued until no new
categories or topics emerged. The entire analysis process
was shared in a document.

Results

General characteristics of the participants

The study included 105 participants with a perceived aca-
demic achievement level of 6.3 + 1.4.

Survey results of participants’ experiences taking the
MAIs.

The survey results indicate that 91 participants (86.7%)
considered MAIs effective in evaluating competency, and
78 (72.4%) expressed that the MAIs were more complex
than paper—pencil items.

Item analysis
The average score achieved in the mock test was
18.1+4.35 out of 36; the lowest score was 10, and the
highest score was 27. The median score was 18.0, and the
mode was 19.0.

The average item difficulty was 0.51, and the average
item discrimination calculated by the difference in the
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correct answer rate between high and lower performers
was 0.31, except for two items that indicated harmful dis-
crimination (Fig. 4).

Cronbach’s alpha for the final 36-item test was 0.59.
Cronbach’s alpha for 34 items, excluding two items with
inadequate discrimination, was 0.64.

Evidence based on the relation with other variables

The NCRS score was 54.74+6.68. A correlation analy-
sis between the mock test and NCRS scores revealed no
statistical significance (r=0.095, p=0.336). However,
the difference in the mock test’s total score between the
respective upper and lower groups of perceived academic
achievement in theoretical subjects was statistically sig-
nificant (t=2.880, p=0.005), as the upper group had
higher scores (Table 1).

Evidence-based on the response process

Focus group interviews were conducted with ten par-
ticipants to obtain evidence based on the response pro-
cess. Six themes were identified: “M Al is difficult to solve
with memorized knowledge,” “MAI helps to understand
the situation better than when it was expressed in text,
“MALI solves problems by integrating the content learned
from practicum and theory” “MAI reduces the gap
between theory and clinical practice,” “The use of vari-
ous multimedia materials stimulates active participation
in clinical practice;” and “MAI can be helpful for future
performance in clinical practice by presenting questions
that reflect actual clinical situations”

Theme 1: “MAl is difficult to solve with memorized
knowledge”

The participants encountered items reflecting a clinical
situation for the first time, and they felt that combining
the theoretical content they had learned with the content
presented through multimedia was difficult. Additionally,
they were not accustomed to integrating the content of
practical experience with the learned theory for solving
the MAIs.

Previously, I had hardly heard the actual sound, and
I had solved the question by memorizing the descrip-
tion of the characteristics of each auscultation
sound. It wasn’t easy to interpret breathing sounds.
(P05)

I was a little embarrassed because questions I could
only experience in practice were presented as ques-
tions. I learned breathing sounds, such as wheezing,
but I could not remember them well, and it was new
when I heard them. (P04)
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Fig. 4 Distribution of items difficulty and discrimination

Table 1 The difference in the total score of the mock test
between the upper and lower groups in the perceived academic
achievement (N=105)

PAA n (%) M+SD t p
Upper 50% group 79(75.2) 17.8+45 2.880 005
Lower than 50% group 26 (24.7) 150+3.9

PAA Perceived Academic Achievement

Theme 2: “MAIls help to understand the situation better

than when it was expressed in text”

The participants expressed that the MAIs enabled an
intuitive understanding of what they had learned from
texts and that pictures or videos helped enhance their
ability to interpret situations.

We learned that the apical pulse assessment loca-
tion is on the left side of the chest at the 5th inter-
costal space at the midclavicular line. Since the
MAI shows the location visually, it is easier to
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remember and identify the area for measuring the
apical pulse. (P03)

It was difficult to analyze the cardiac rhythm of the
patient monitoring screen during the practicum.
I thought my interpreting skills would improve if
exposed to many MAIs before the practicum. (P04)

Theme 3: “MAIs solve problems by integrating the content
learned from practice and theory”

The participants solved the problems by integrating
knowledge with clinical practice or recalling their clinical
practicum experiences. They considered the items easy
in the cases they experienced in clinical practice. The
participants expressed that the MAI was effective, as it
connected knowledge with clinical practice experiences,
enabling them to apply knowledge to practice and help-
ing them remember what they had learned.

I had experience observing a patient with a chest
tube drainage system during my clinical practicum.
I remembered from my clinical practice experience
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that my clinical instructor said it was important to
check the color and amount of drainage and iden-
tify if there were any changes (e.g., serosanguineous,
bright red, serous, creamy). (P02)

Theme 4: “MAIls reduce the gap between theory and clinical
practice”

The MAIs included knowledge related to clinical prac-
tice. In existing tests, such as the paper—pencil test, no
questions focused on observations or learning content
experienced in clinical situations; thus, the learners did
not focus on learning these aspects of the field and con-
sidered clinical and theoretical learning as separate expe-
riences. However, MAls narrow the gap between clinical
practice and theory and require a learning method differ-
ent from that used for existing tests.

I have been studying based on the theoretical con-
tent of the exams. The MAIs were difficult because
they evaluated items related to clinical practice. I
could recognize the gap between theoretical learning
and clinical practice. (P02)

Theme 5: “Using various multimedia content stimulates
active participation in the clinical practicum”

The participants said they were motivated to expand
their view on clinical situations and actively search for
related data in the multimedia item-solving process. They
thought that learning using various multimedia materi-
als rather than memorizing knowledge from the textbook
was necessary to determine the correct answers to MAls.
Thus, MAIs also induce active observation and partici-
pation in the clinical practicum and stimulate additional
learning.

I think the experience of taking an exam with MAIs
would be helpful for future practice; there will be a
lot more to learn and a wider view of the field. (P01)
When MAIs are implemented, I will likely study
various devices and media, such as looking for video
clips or photos and learning to memorize knowledge
and solve previous items. Moreover, I think I will
participate more actively in the practice. (P05)

Theme 6: “MAIs can help new nurses improve their practice
performance”

The participants thought that the MAIs reflected actual
clinical situations and that they could confirm and pre-
pare for them realistically, which would help their future
clinical practice or work performance.

Instead of learning through texts, I think learning
what to do through multimedia is the most impor-
tant thing when I become a new nurse. (P02)
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If these items are applied in an evaluation, students
will likely become accustomed to them more easily
and apply the skills when they perform in clinical
practice. (P04)

As the interviews indicated, the participants integrated
and applied their theory and practice experience in the
MAI problem-solving process. The participants antici-
pated that MAIs could positively affect theory learning
and clinical practicum. Furthermore, the authentic clini-
cal situation reflected in MAIs reduced the gap between
theory and practicum and helped improve practice per-
formance. Moreover, compared with existing paper—pen-
cil items, participants recognized that different learning
strategies were required to solve MAIs.

The participants’ responses to the problem-solving
process were as follows: the MAIs more accurately
reflected their performance in nursing practice than pre-
viously existing items. The MAIs reflected real-world
clinical situations; thus, solving MAIs requires inferring
the clinical situation by integrating theoretical knowledge
and experience in practice. The process of solving MAIs
will ultimately be helpful in real-world practice. The evi-
dence-based response process of the MAIs reflects the
practical aspects of nursing and can improve the clinical
performance of nursing students.

Discussion

The practice-based MAls were developed to reflect clini-
cal practice in nursing education evaluation, and we
confirm the possibility of measuring prospective nurses’
practice performance competency through multime-
dia items. Additionally, MAIs that reflect clinical prac-
tice can reduce the gap between theory and practice by
improving learning and evaluation. The final score of
the participants was lower than the cutoff score for the
Korean Nursing Licensing Examination. In their inter-
views, the participants also expressed that the mock
test was not easy; 72.4% of participants indicated that
the MAIs were more complex than paper—pencil items.
Cronbach’s alpha is also a way to ensure comprehensive
validity. Cronbach’s alpha is one of method of ensuring
comprehensive validity, and can be used as an adjunct
to the validation. Also, Cronbach’s alpha indicates good
internal consistency of the knowledge assessment items.
The results of this study show that Cronbach’s alpha was
low (0.64) but it may be seemed influenced by measuring
knowledge in two areas: the cardiovascular system and
the respiratory system.

Variations in difficulty and discrimination abil-
ity according to item type may differ depending on
item characteristics and quality [14, 29-31]. This was
because unfamiliar item types were presented, wherein
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learning content had to be applied in an integrated way
by combining the content learned through theory and
practicum. Additionally, the ability to interpret and
use information in clinical practice instead of simply
memorizing or understanding theory was needed. This
finding was partially consistent with the results of a
previous study, which reported that the difficulty level
of MAIs was high due to unfamiliarity with the multi-
media format [32]. However, because the participants
had different academic and learning achievement levels,
determining the difference in difficulty according to the
item types was challenging. Therefore, it is necessary to
evaluate the difference in the degree of discrimination
and difficulty between the MAIs and the paper—pencil
items. Most participants indicated that they perceived
the MAIs to measure competency more effectively than
existing paper—pencil items but that the MAIs were
more difficult to answer correctly. The difficulty level
of this test is lower than the cutoff score of the Korean
nursing licensure examination; however, some Korean
nursing licensure examinations that introduce multi-
media items do not use these items in all the questions.
Therefore, MAIs could be used as part of summative or
formative assessments to promote practical and theo-
retical learning.

Simulation-based clinical education can help students
develop problem-solving and effective nontechnical skills
and practice uncommon emergencies by allowing them
to practice clinical and decision-making skills through
various realistic experiences while protecting patient
safety. In addition, regardless of fidelity, simulation has
strong educational effects [33]. MAIs are a valuable com-
plement to simulation-based assessments. While simula-
tions offer realistic scenarios, multimedia items enhance
the experience by providing more immersive content,
such as photos, videos, images, and audio. This approach
enables a more comprehensive evaluation of students’
clinical competencies, including the integration of nurs-
ing knowledge and problem-solving skills. Therefore,
MAIs increase student engagement and understanding,
leading to better learning outcomes. Combining MAIs
with simulations gives students more realistic and com-
prehensive learning experiences, ultimately improving
their clinical skills [34]. Compared with simulations,
MAIs are more straightforward and cost-effective and
effectively assess problem-solving skills in real-life situ-
ations. Multimedia items, especially videos, provide
realistic representations of clinical conditions, allowing
assessment of skills beyond what can be measured by
paper-and-pencil tests and enhancing question compre-
hension. Compared with paper—pencil items, integrating
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video, voice, and text in electronic media facilitates con-
tent delivery and question comprehension.

Evidence-based on the response process verifies
whether the construct was accurately measured through
participant responses [35]. The content analysis of the
interviews suggested that MAIs can positively impact
nursing students’ clinical performance abilities. We con-
firmed the participants’ thought processes in the prob-
lem-solving process. It determined why they found the
questions difficult, the perceived advantages of MALIs,
and the expected effects of the questions. MAIs require
critical thinking ability and clinical reasoning in problem-
solving and help interpret observations [32]. This study
demonstrated that MAIs necessitate crucial thinking and
clinical reasoning in problem-solving, facilitate interpret-
ing observational results, and benefit nursing students’
clinical practice. Thus, it can be inferred that MAIs are
an effective method for acquiring practical and theoreti-
cal knowledge.

The experience of addressing MAIs demonstrates the
potential for improving how we learn from assessments
in terms of driving active engagement and learning in
clinical practicum. Learning clinical reasoning is essential
for enhancing knowledge in clinical practicum in nursing
education [36]. Tests with M Als require complex reason-
ing or critical thinking skills in problem-solving, and they
provide opportunities to bridge observation and inter-
pretation [22]. Furthermore, they integrate knowledge
and practice through clinical reasoning. This integra-
tion allows nursing students to assess patient situations
accurately and determine the best course of action, thus
bridging academic learning and clinical practice [37, 38].
MAISs scores were not correlated significantly with clini-
cal reasoning score, but interviews regarding the process
of solving the MAI revealed that the participants had the
opportunity to reflect on their clinical practicum and
integrate their in-class learning and practicum experi-
ence. It can be expected that this cognitive process in the
MAI-solving process can potentially improve clinical rea-
soning skills among nursing students. Therefore, further
research on this topic is necessary.

According to Hao’s [39] study, which explored the
effects of MAIs on students, most participants had posi-
tive attitudes toward multimedia test items but thought
the items were more complex. Some participants com-
plained that they needed to make an effort to link test
items with a picture/video clip when they looked at the
multimedia elements. Despite these barriers, the advan-
tages of multimedia items were confirmed through inter-
views. The students tried to link their knowledge from
the textbook and the multimedia content to see if they
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could recall something through the multimedia; they also
thought that MAIs were effective in evaluating practice
ability and helped with their learning through practice.
This study revealed no statistically significant correla-
tion between clinical reasoning competency and mock
test scores. However, the high academic self-efficacy
group had higher mock test scores. Previous research
has shown a positive association between clinical reason-
ing and problem-solving abilities [2, 40], and academic
self-efficacy has been linked to clinical reasoning skills
in nursing students [41]. Furthermore, previous studies
have linked self-efficacy to academic achievement [42,
43]. Therefore, it is possible that students with higher
perceived academic success had higher scores because
of their relatively higher self-efficacy and clinical reason-
ing ability. Further investigations into the relationships
among self-efficacy, clinical reasoning ability, and aca-
demic success are necessary.

The interview and questionnaire results revealed that
the MAIs were not to be solved through memorization
but through interpretation and judgment. Nursing prac-
tice evaluation should evaluate higher levels of cogni-
tive processes; thus, it is helpful to identify whether the
item can be used to assess the intended level of mental
functioning by testing response process validity when
developing an item. After the developed questions were
applied, data were collected retrospectively to explore the
reaction process for the mock test. However, there was a
limitation; the response process of each question could
not be confirmed or compared with objective academic
achievement.

The participants’ responses were analyzed retrospec-
tively to determine the impact of the developed multi-
media questions on improving students’ clinical practice
skills and their perceptions and experiences with the
MAIs. Focus group interviews were used to identify the
potential for future use of MAIs by exploring perspec-
tives on the experience of MAIs and the response pro-
cess. Focus group interviews can introduce some bias
due to interactions between participants. To minimize
this bias, we allowed participants to express their views
freely and use open-ended questions. Additionally, due to
the COVID-19 pandemic, this simulation “involved par-
ticipants independently accessing websites in a private
setting using their own devices. Therefore, the possibil-
ity of recall bias cannot be excluded entirely as the stu-
dent’s academic achievement was self-reported, and the
responses were retrospective.

MAIs in mobile-based tests comprehensively evalu-
ate work-related competencies, making learning
more engaging and immersive. Integrating MAIs with
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simulations enhances the assessment of clinical com-
petencies, improving students’ nursing knowledge and
problem-solving skills.

These findings are consistent with Jang and Suh’s [34]
previous research, which showed that MAIs effectively
reflect both practicums and theory. They assess authentic
situations in the field while providing an immersive learn-
ing experience. MAIs can be used to evaluate authen-
tic situations in the field while providing an immersive
learning experience. This makes them advantageous
in assessing clinical competencies, which can improve
nursing students’ knowledge and problem-solving skills.
The items developed can serve as valuable educational
tools, supporting clinical practice and simulation-based
learning.

In addition, the MAIs developed can be effectively used
in existing formative assessment courses. The introduc-
tion of computer-based examinations that can utilize
MAIs in nursing licensure examinations in Korea will
underscore the importance of clinical practice assess-
ment in nursing education. In this context, the findings
of this study provide valuable evidence for preparing stu-
dents for the anticipated changes in nursing education.

We have several limitations, including the idea that
MAIs may not be directly comparable to traditional test-
ing, which presents a challenge in confirming the valid-
ity of MAIs. As convenience sampling was used to select
the target nursing students in this study, it is possible
that a biased sample was recruited. The representative-
ness of the study participants may have been limited. It is,
therefore, essential to consider the generalisability of the
findings. We developed a multimedia-based assessment
item and explored its appropriateness for assessing the
integration of knowledge and clinical skills. However, its
limitations include the application of the item to a single
group and the focus on participants’ perceptions, which
do not provide definitive evidence of the effectiveness
of the multimedia item. Future research should include
experimental studies with a control group to confirm the
efficacy of multimedia-based assessment items. There is
a need for further research to address these limitations.

The significance of this study is that it developed
assessment objectives derived from nursing activities
and then created MAIs based on them, which could be
used as a teaching and assessment strategy to assess the
comprehensive skills of nursing students in both theory
and practicum. The results can be used to suggest a pro-
cess for developing practice-based multimedia items that
nurse educators can use. Furthermore, it can be used as a
basis for concurrent education and improve newly gradu-
ated nurses’ clinical performance.
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Conclusions

We developed MAIs based on assessment objectives
derived from nursing activities and content validity were
verified. Practice-based MAIs have been verified as an
effective strategy for education and evaluation in assess-
ing nursing students’ comprehensive competencies in both
theory and practicum. Moreover, this revealed the potential
for MAIs to bridge the gap between theory and practicum
by implementing evaluation techniques that test the under-
standing required in real clinical scenarios. The results
can be used to suggest development processes of practice-
based MAIs that nursing educators can utilize when creat-
ing multimedia assessments. Furthermore, it can be used
as a basis for practice-based education to enhance the prac-
tical competencies of newly graduated nurses.

Abbreviations

IRB Institutional Review Board
COVID-19  Coronavirus Disease 2019

[@Y] Content validity index

NCRS The Nurse Clinical Reasoning Scale
MAI Multimedia assisted item

S-CVI Scale content validity index

Acknowledgements
Not applicable.

Authors’ contributions

l.Lee: Conceptualization, Methodology, Validation, Investigation, Formal
analysis, Data Curation, Writing—Original Draft; S. Shin: Conceptualization,
Methodology, Validation, Writing—Review & Editing, Supervision.

Authors’ information

IL, RN, PhD, Assistant Professor, Department of Nursing, Dongnam Health Uni-
versity, Suwon, Republic of Korea. SS, RN, PhD, Professor, College of Nursing,
Ewha Womans University, Seoul, Republic of Korea.

Funding
No external funding was received for this study.

Data availability
The datasets used and/or analyzed during the current study are available from
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate

This study was approved by the Institutional Review Board (IRB) of Ewha
university (IRB No. ewha-202109-0014-01). The written informed consent was
exempted by the confirmation of IRB. All participants expressed their consent
to participate in the study by clicking on a statement agreeing to participate
during online survey. The research was conducted in accordance with the
principles of the Declaration of Helsinki.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details

'Department of Nursing, Dongnam Health University, 50 Cheoncheon-Ro
74Beon-Gil, Jangan-Gu, Suwon, Gyeonggi 16328, Republic of Korea. *College
of Nursing, Ewha Womans University, 52 Ewhayeodae-Gil, Seodaemun-Gu,
Seoul 03760, Republic of Korea.

Page 12 of 13

Received: 23 August 2024 Accepted: 31 January 2025
Published online: 03 March 2025

References

1. Kang HS, Kim YY, Lee HS. Predictive factors influencing clinical compe-
tence in nursing students. J Korea Acad Ind Coop Soc. 2018;19:389-98.
https://doi.org/10.5762/KAIS.2018.19.3.389.

2. Kang JS, Kim JA, Jeong ES. Effects of board game learning in nursing
education. Korean Assoc Learner-Centered Curric Instr. 2018;18:45-64.
https://doi.org/10.22251/jlcci.2018.18.21.45.

3. Kim S.The effect of blended learning approach on academic achieve-
ment and self-directed learning skills of nursing undergraduate students.
J Korea Contents Assoc. 2017;17:330-8. https://doi.org/10.5392/JKCA.
2017.17.12.330.

4. McEnroe-Petitte D, Farris C. Using gaming as an active teaching strategy
in nursing education. Teach Learn Nurs. 2020;15:61-5. https://doi.org/10.
1016/j.teln.2019.09.002.

5. Hickey K, Rossetti J, Oldenburg N, Abendroth M, Uhlken C, Musker K, et al.
Moving nursing program portfolio assessment from midterm to end of
program: Lessons Learned. Nurse Educ. 2017;42:172-5. https://doi.org/10.
1097/NNE.0000000000000343.

6. SeongTJ, Lee B, Ahn S, Gwak YR. Effects of computerized formative
assessment with the cognitive diagnosis model on achievement and
affective attitude for math. Korean Soc Edu Evaluation. 2019;32:1-25.
https://doi.org/10.31158/JEEV.2019.32.1.1.

7. Yoo H.Beyond COVID-19 and the Fourth Industrial Revolution: The Chal-
lenges of University Education Innovation. Future Horizon. 2020;47:6-13.

8. PalmerTJ, Chisholm LJ, Rolf CG, Morris CR. Deliberate practice and self-
recorded demonstration of skill proficiency: One baccalaureate nursing
school’s response to the COVID-19 Pandemic. Nurse Educ Pract. 2021;53:
103071. https://doi.org/10.1016/j.nepr.2021.103071.

9. Seah B, Ang ENK, Liaw SY, Lau ST, Wang W. Curriculum changes for
pre-registration nursing education in times of COVID-19: For the better
or worse? Nurse Educ Today. 2021;98: 104743. https://doi.org/10.1016/j.
nedt.2020.104743.

10. Abd El-Moneam Ahmed S, El-Sayed Ibrahim R, Mohammed Ahmed
Mohammed E. A comparative study between distance and traditional
learning among university nursing students during COVID-19 pandemic.
Egypt J Health Care. 2021;12:813-30. https://doi.org/10.21608/ejhc.2021.
191876.

11. Abdullah Sharadgah T, Abdulatif Sadi R. Preparedness of institutions
of higher education for assessment in virtual learning environments
during the COVID-19 lockdown: Evidence of bona fide challenges and
pragmatic solutions. J Inf Technol Educ Res. 2020;19:755-74. https://doi.
0rg/10.28945/4615.

12. Yoou S, Won J, Lee K, Han D, Sung H, Lee H, et al. Study on validity of
the National Examination based on smart device based test (SBT) by 7
types of healthcare occupation. Korean J. Emerg Med Serv. 2018;22:7-34.
https://doi.org/10.14408/KJEMS.2018.22.3.007.

13. National Council of State Boards of Nursing. NCSBN Next Generation
NCLEX Project [Website]; 2021. https://www.ncsbn.org/next-generation-
nclex.htm. Accessed Jul 19, 2021.

14. Park IS, Suh YO, Park HS, Kang SY, Kim KS, Kim GH, et al. ltem develop-
ment process and analysis of 50 case-based items for implementation
on the Korean Nursing Licensing Examination. J Educ Eval Health Prof.
2017;14:20. https://doi.org/10.3352/jeehp.2017.14.20.

15. Manninen K, Scheja M, Welin Henriksson EW, Silén C. Self-centeredness or
patient-centeredness—final year nursing students’ experiences of learning
at a clinical education ward. J Nurs Educ Pract. 2013;3:187-98. https://doi.
0rg/10.5430/jnep.v3n12p187.

16. Manninen K, Welin Henriksson E, Scheja M, Silén C. Authenticity in learn-
ing — Nursing students’ experiences at a clinical education ward. Health
Educ. 2013;113:132-43. https://doi.org/10.1108/09654281311298812.

17. Byun GR, Park JE, Hong HS. The effects of video programs of cardio-
pulmonary cerebral resuscitation education. J Korean Biol Nurs Sci.
2015;17:19-27. https://doi.org/10.7586/jkbns.2015.17.1.19.

18. Wang TH, Kao CH, Dai YL. Developing a web-based multimedia assess-
ment system for facilitating science laboratory instruction. J Comput
Assist Learn. 2019;35:529-39. https://doi.org/10.1111/jcal.12357.


https://doi.org/10.5762/KAIS.2018.19.3.389
https://doi.org/10.22251/jlcci.2018.18.21.45
https://doi.org/10.5392/JKCA.2017.17.12.330
https://doi.org/10.5392/JKCA.2017.17.12.330
https://doi.org/10.1016/j.teln.2019.09.002
https://doi.org/10.1016/j.teln.2019.09.002
https://doi.org/10.1097/NNE.0000000000000343
https://doi.org/10.1097/NNE.0000000000000343
https://doi.org/10.31158/JEEV.2019.32.1.1
https://doi.org/10.1016/j.nepr.2021.103071
https://doi.org/10.1016/j.nedt.2020.104743
https://doi.org/10.1016/j.nedt.2020.104743
https://doi.org/10.21608/ejhc.2021.191876
https://doi.org/10.21608/ejhc.2021.191876
https://doi.org/10.28945/4615
https://doi.org/10.28945/4615
https://doi.org/10.14408/KJEMS.2018.22.3.007
https://www.ncsbn.org/next-generation-nclex.htm
https://www.ncsbn.org/next-generation-nclex.htm
https://doi.org/10.3352/jeehp.2017.14.20
https://doi.org/10.5430/jnep.v3n12p187
https://doi.org/10.5430/jnep.v3n12p187
https://doi.org/10.1108/09654281311298812
https://doi.org/10.7586/jkbns.2015.17.1.19
https://doi.org/10.1111/jcal.12357

Lee and Shin BMC Nursing (2025) 24:241

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34

35.

36.

37.

38.

39.

Korea Health Personnel Licensing Examination Institute. Examination
guide [Website]; 2019. https.//www.kuksiwon.or.kr/notice/brd/m_51/
view.do?seq=2692&itm_seq_1=1&etc1=. Accessed Dec 05, 2022.
Konrad S, Fitzgerald A, Deckers C. Nursing fundamentals — Supporting
clinical competency online during the COVID-19 pandemic. Teach Learn
Nurs. 2021;16:53-6. https://doi.org/10.1016/j.teln.2020.07.005.

Morin KH. Nursing education after COVID-19: Same or different? J Clin
Nurs. 2020;29:3117-9. https://doi.org/10.1111/jocn.15322.

Raza SN, Sardar T, Hussain S, Khan MA, Rehman HU. Multimedia assess-
ment of realistic knowledge and skills (MARKS). Pak Armed Forces Med J.
2020;70:1224-7.

Kim YK, Kim KH, Kim SH, Kim YH, Shin SJ, Lee KM, et al. Study on the
Improvement of Item Development Criteria and Procedures for Job-
Based Nurse National Examination. Korea Health Personnel Licensing
Examination Institute; 2018. Report No.: RE02-1814-05.

Liou SR, Liu HC, Tsai HM, Tsai YH, Lin YC, Chang CH, et al. The devel-
opment and psychometric testing of a theory-based instrument to
evaluate nurses’ perception of clinical reasoning competence. J Adv Nurs.
2016;72:707-17. https://doi.org/10.1111/jan.12831.

Joung J, Han JW. Validity and reliability of a Korean version of nurse
clinical reasoning competence scale. J Korea Acad Ind Coop Soc.
2017;18:304-10. https://doi.org/10.5762/KAIS.2017.18.4.304.

Hahn S, ChunY. Convergence factors influencing clinical reasoning com-
petency of nursing students. J Korea Conv Soci. 2020;11:181-6. https://
doi.org/10.15207/JKCS.2020.11.10.181.

Kang H, Kang HY. The effects of simulation-based education on the
clinical reasoning competence, clinical competence, and educational
satisfaction. J Korea Acad Ind Coop Soc. 2020;21:107-14. https://doi.org/
10.5762/KAIS.2020.21.8.107.

Elo S, Kyngés H. The qualitative content analysis process. J Adv Nurs.
2008,62:107-15. https://doi.org/10.1111/}.1365-2648.2007.04569.x.
Karay Y, Schauber SK, Stosch C, Schiittpelz-Brauns K. Computer versus
paper—Does it make any difference in test performance? Teach Learn
Med. 2015;27:57-62. https://doi.org/10.1080/10401334.2014.979175.
Shen L, Li F, Wattleworth R, Filipetto F. The promise and challenge of
including multimedia items in medical licensure examinations: Some
insights from an empirical trial. Acad Med. 2010;85:556-9. https://doi.org/
10.1097/ACM.0b013e3181ed3c80.

Wendt A, Harmes JC. Developing and evaluating innovative items for the
NCLEX: Part 2, item characteristics and cognitive processing. Nurse Educ.
2009;34:109-13:Art. 2. https://doi.org/10.1097/NNE.Ob013e31819fcae8.
Yim MK, Suh MH, Huh S. Development of computer-based testing in

the Korea Health personnel licensing examination. Seoul: Korea Health
Personnel Licensing Examination Institute; 2014. https://rnd.kuksiwon.
orkr/last/selectFileDown.do?attach_id=2016082400003. Cited 2023
December, 05

Kim J, Park JH, Shin S. Effectiveness of simulation-based nursing educa-
tion depending on fidelity: A meta-analysis. BMC Med Educ. 2016;16:152.
https://doi.org/10.1186/512909-016-0672-7.

Jang S, Suh EE. Development and application of a mobile-based multi-
media nursing competency evaluation system for nursing students: A
mixed-method randomized controlled study. Nurse Educ Pract. 202264
103458. https://doi.org/10.1016/j.nepr.2022.103458.

Hughes D. Psychometric validity: Establishing the accuracy and appro-
priateness of psychometric measures. In: Irwing P, Booth T, Hughes DJ,
editors. The Wiley Handbook of Psychometric Testing: A Multidisciplinary
Approach to Survey, Scale and Test Development. Hoboken, New Jersey:
John Wiley & Sons Ltd,; 2018. p. 751-79.

Kavanagh JM, Szweda C. A crisis in competency: The strategic and ethical
imperative to assessing new graduate nurses’clinical reasoning. Nurs
Educ Perspect. 2017;38:57-62. https://doi.org/10.1097/01.NEP00000
00000000112.

Benner P. Educating nurses: a call for radical transformation—how far
have we come? J Nurs Educ. 2012;51(4):183-4. https://doi.org/10.3928/
01484834-20120402-01.

Pérez-Perdomo A, Zabalegui A. Teaching strategies for developing clinical
reasoning skills in nursing students: A systematic review of randomised
controlled trials. Healthcare (Basel). 2023;12:90. https://doi.org/10.3390/
healthcare12010090.

Hao Y. Does multimedia help students answer test items? Comput Hum
Behav. 2010,26:1149-57. https://doi.org/10.1016/j.chb.2010.03.021.

Page 13 of 13

40. Wolf LA. Research as problem solving: Theoretical frameworks as tools. J
Emerg Nurs. 2015;41:83-5. https://doi.org/10.1016/jjen.2014.09.011.

41. Hong S, Lee J, Jang Y, Lee Y. A cross-sectional study: What contributes to
nursing students’clinical reasoning competence? Int J Environ Res Public
Health. 2021;18:6833. https://doi.org/10.3390/ijerph18136833.

42. Kim J, Kim HO, Lee M. Academic achievement of nursing college students
according to academic self-efficacy: The mediating effect of major satis-
faction. Child Health Nurs Res. 2019;25:205-13. https://doi.org/10.4094/
chnr.2019.25.2.205.

43. Sim MJ, Oh HS. Influence of self efficacy, learning motivation, and self-
directed learning on problem-solving ability in nursing students. J Korea
Contents Assoc. 2012;12:328-37. https://doi.org/10.5392/JKCA.2012.12.
06.328.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


https://www.kuksiwon.or.kr/notice/brd/m_51/view.do?seq=2692&itm_seq_1=1&etc1
https://www.kuksiwon.or.kr/notice/brd/m_51/view.do?seq=2692&itm_seq_1=1&etc1
https://doi.org/10.1016/j.teln.2020.07.005
https://doi.org/10.1111/jocn.15322
https://doi.org/10.1111/jan.12831
https://doi.org/10.5762/KAIS.2017.18.4.304
https://doi.org/10.15207/JKCS.2020.11.10.181
https://doi.org/10.15207/JKCS.2020.11.10.181
https://doi.org/10.5762/KAIS.2020.21.8.107
https://doi.org/10.5762/KAIS.2020.21.8.107
https://doi.org/10.1111/j.1365-2648.2007.04569.x
https://doi.org/10.1080/10401334.2014.979175
https://doi.org/10.1097/ACM.0b013e3181ed3c80
https://doi.org/10.1097/ACM.0b013e3181ed3c80
https://doi.org/10.1097/NNE.0b013e31819fcae8
https://rnd.kuksiwon.or.kr/last/selectFileDown.do?attach_id=2016082400003
https://rnd.kuksiwon.or.kr/last/selectFileDown.do?attach_id=2016082400003
https://doi.org/10.1186/s12909-016-0672-7
https://doi.org/10.1016/j.nepr.2022.103458
https://doi.org/10.1097/01.NEP.0000000000000112
https://doi.org/10.1097/01.NEP.0000000000000112
https://doi.org/10.3928/01484834-20120402-01
https://doi.org/10.3928/01484834-20120402-01
https://doi.org/10.3390/healthcare12010090
https://doi.org/10.3390/healthcare12010090
https://doi.org/10.1016/j.chb.2010.03.021
https://doi.org/10.1016/j.jen.2014.09.011
https://doi.org/10.3390/ijerph18136833
https://doi.org/10.4094/chnr.2019.25.2.205
https://doi.org/10.4094/chnr.2019.25.2.205
https://doi.org/10.5392/JKCA.2012.12.06.328
https://doi.org/10.5392/JKCA.2012.12.06.328

	Development and validation of practice-based multimedia assisted item: a mixed-method study
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Introduction
	Background
	Methods
	Study design
	Development of MAIs
	Validation of items
	Study participants and setting
	Measurement
	Data analysis

	Results
	General characteristics of the participants
	Item analysis
	Evidence based on the relation with other variables
	Evidence-based on the response process
	Theme 1: “MAI is difficult to solve with memorized knowledge”
	Theme 2: “MAIs help to understand the situation better than when it was expressed in text”
	Theme 3: “MAIs solve problems by integrating the content learned from practice and theory”
	Theme 4: “MAIs reduce the gap between theory and clinical practice”
	Theme 5: “Using various multimedia content stimulates active participation in the clinical practicum”
	Theme 6: “MAIs can help new nurses improve their practice performance”


	Discussion
	Conclusions
	Acknowledgements
	References


