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ABSTRACT

Background: Triage is essential for managing
overcrowding in emergency departments, where
timely and accurate decisions influence patient
outcomes. Gaps in knowledge and practice among
medical students may limit their readiness to apply
triage effectively. This study assessed the
knowledge, attitudes, and practices of medical
students at Al-Neelain University regarding triage
and patient disposition.

Methods: A descriptive cross-sectional study was
conducted among 283 medical students at Al-
Neelain University, Sudan, in 2024-2025. Data
were collected using a structured 20-item
questionnaire covering knowledge, attitudes, and
practices, and analyzed using descriptive statistics.

Results: Overall, 56.5% reported familiarity with
the triage system, but only 30.7% demonstrated
knowledge of patient disposition. Attitudes were
favorable, with 54.1% strongly agreeing and 17.7%
agreeing on the importance of triage during
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emergencies. Practice was limited: 82.7% had no
prior training, and 89.0% had never participated in
triage activities. Most participants expressed low
confidence in making disposition decisions under
pressure.

Conclusion: Medical students showed positive
attitudes but insufficient knowledge and practice
regarding triage. Curriculum integration of
structured training and simulation exercises is
recommended to enhance preparedness for
emergency care.

INTRODUCTION

Emergency Departments (EDs) are the cornerstone
of acute hospital care, designed to provide rapid
management of critically ill and injured patients * 2.
Even minutes can determine whether a patient
survives with good outcomes or suffers lasting
disability °**“ . However, prolonged waiting times in
EDs have been associated with adverse outcomes
and patient dissatisfaction, emphasizing the
importance of effective triage *° °.

Keywords: Triage, Patient Disposition, Knowledge, Attitudes,
Practices, Medical Students, Sudan

This article is available online at: http://www.mjz.co.zm, http://ajol.info/index.php/mjz, doi: https://doi.org/10.55320/mjz.53.2.851
The Medical Journal of Zambia, ISSN 0047-651X, is published by the Zambia Medical Association

© This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0),

which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.




Medical Journal of Zambia, Vol. 53 (2): 290 - 402 (2026)

Triage, derived from the French word trier (to sort),
is the process of rapidly classifying patients based
on the urgency of their condition "®**, It ensures that
scarce healthcare resources are allocated efficiently
to meet overwhelming medical needs’. Globally,
several standardized triage algorithms exist, such as
the WHO Emergency Triage Assessment and
Treatment (ETAT) to assist healthcare workers in
triaging and treating sick children in resource-
limited settings*’, and the Emergency Severity
Index (ESI) a five-level emergency department
triage algorithm developed by emergency
physicians Richard Wuerz and David Eitel in 1998™.
Triage is a globally adopted principle, However, no
single system is universally applied across all
countries ** and each is often adapted to local
circumstances, resources, and patient populations®.
Despite variations, the main purposes of triage
remain consistent: to identify patients needing
immediate resuscitation, prioritize their care, and
initiate timely diagnostic and therapeutic

7,14

measures = .

Yet, several challenges continue to hinder effective
triage worldwide. These include insufficient
knowledge of available algorithms, the multiplicity
and unfamiliarity of different systems, frequent mis-
triage leading to wasted resources, and ethical
dilemmas in decision-making™". Other barriers
include a lack of computerized tools and artificial
intelligence support, as well as a persistent gap
between theoretical knowledge and clinical practice
among healthcare providers and medical students
¥ ¥ Importantly, the lack of structured triage
training for medical students negatively affects their
preparedness to manage emergencies **"*,

Triage-based emergency care was first introduced in
Sudan's three largest hospitals in 2001, with patients
initially assessed by triage nurses™. Khartoum North
Hospital implemented the first structured model in
2002, categorizing patients into special, urgent, or
non-emergency care, and by 2005 Omdurman and
Khartoum Teaching Hospitals added zones such as
resuscitation and less severe areas®”. ETAT

(Emergency Triage, Assessment, and Treatment) has
been applied in pediatric departments to improve the
management of critically ill children, while SATS
(South African Triage Scale) has been piloted in
some emergency departments, though neither
system is widely adopted nationally * * *. Most
hospitals still lack standardized triage protocols or
adoption of other international frameworks * * %,
and a widespread perception persists that Sudan
does not have a consistently applied or fully

formalized triage system™.

Recent reports continue to highlight deficits in
training, poor awareness of standardized triage
procedures, and structural limitations within
emergency departments”. The ongoing war in Sudan
has severely strained the country's already fragile
health system with over 70% of hospitals are out of
service due to attacks, evacuations, and resource
shortages. Such widespread collapse has disrupted
essential services, placing overwhelming demand
on emergency care delivery and making the
competency of triage personnel, including medical
students, critically urgent™.

Medical education has been particularly hard-hit. A
study by Esra et al. reported that 58 medical schools
were attacked during the conflict, leading to
significant disruptions in medical training *, Many
medical institutions have been forced to relocate,
transition to online learning, or suspend operations
entirely. The Sudan Medical Council ceased
confirming the completion of medical students'
training in August 2023, halting their progression to
internship®. For instance, major Internet Service
Providers (ISPs) which the students rely on faced
extended disruptions™.

Previous international studies underscore the impact
of training on triage knowledge and practice. In Iran
(2013), final-year medical students demonstrated
poor knowledge of triage, attributed to inadequate
training”. In the USA, a 2010 study showed that
first-year medical students achieved triage accuracy
comparable to emergency physicians after a brief
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educational intervention®. Similarly, a Saudi
Arabian study in 2022 revealed knowledge and
practice gaps among emergency nurses “. These
findings indicate that triage training remains
inconsistent worldwide and highlight the
importance of evaluating knowledge, attitudes, and
practices in different contexts.
In Sudan, several barriers continue to hinder
effective triage implementation, including
insufficient training, a gap between knowledge and
practice, and the absence of standardized triage
education for medical students® . During the current
conflict, these challenges pose even greater risks to
the quality of patient care and survival outcomes .
Without adequate preparation, medical students,
many of whom will soon serve in emergency
departments, may be unable to perform triage
effectively, leading to adverse patient outcomes *'.

Given the complex challenges in Sudan including
broken infrastructure, overwhelmed hospitals, and
ongoing conflict , this study aims to assess the
knowledge, attitudes, and practices (KAP) of
medical students at Al-Neelain University regarding
the triage and disposition system during the ongoing
war in Sudan, to identify gaps and inform strategies
forimproving future emergency care delivery.

Al-Neelain University, located in Khartoum, is one
of Sudan's largest and most established public
universities, up to now the medicine college
graduated more than 1000 doctors®*. The
university's central location in Khartoum, the capital
city, places it at the heart of Sudan's healthcare
infrastructure, making its students particularly
exposed to the challenges faced by the national
health system®.

Methodology
—Study Design

This study is a descriptive community-based
cross-sectional study, designed to assess the
knowledge, attitudes, and practices (KAP)
regarding patient triage and disposition among
medical students at Al-Neelain University.

—Study Areaand Setting

The study was conducted among Al-Neelain
University medical students. Prior to the
ongoing war in Sudan, the majority of students
were based in Khartoum State. However, due to
conflict-related displacement and migration,
students are now dispersed across different
regions within Sudan and outside the country,
particularly in Egypt, Saudi Arabia, and the
United Arab Emirates. According to university
examination center data, most students remain
in Sudan, with smaller concentrations abroad.
Accordingly, some responses were obtained
from participants located outside Sudan via an
online questionnaire.

Study Population

The study population comprised medical
students of Al-Neelain University who had
commenced their academic studies but had not
yet graduated. Participants represented diverse
socio-demographic backgrounds in terms of
age, gender, and level of study. Although the
majority were Sudanese, some belonged to
other nationalities.

Inclusion Criteria

All medical students at Al-Neelain University
who started their academic studies in the
university and had not yet received graduation
certification.

Exclusion Criteria

Medical students who transferred to other
universities or faculties.

Medical students who declined to participate in
the study.

Study Variables

Independent Variable: Knowledge regarding
the patient triage and disposition system.

Dependent Variables: Attitudes and practices
toward the patient triage and disposition
system.
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inferential statistical methods through software
(SPSSand Excel).

1. Descriptive Statistics:

—Data Collection Tool

1. Data were collected using a

comprehensive self-administered online
questionnaire (Google Form). The
guestionnaire consisted of 25 items
distributed across five sections:

2. Consent statement: confirming voluntary
participation.

3. Personal data: five items addressing socio-
demographic information.

4. Knowledge assessment: Yes/No questions
to evaluate knowledge of triage and
disposition.

5. Attitudes assessment: six statements
assessing students' perceptions and
attitudes.

6. Practices assessment: seven statements
assessing practical engagement with
triage principles.

7. The questionnaire was reviewed for
appropriateness in relation to the study
objectives.

1.1 Frequencies and percentages were
calculated to summarize categorical
variables such as socio-demographic
characteristics, prior training, and
participation in triage. Measures of
central tendency (mean) and dispersion
(standard deviation) were computed for
continuous variables such as
knowledge, attitude, and practice
SCOres.

1.2 Scoring & Categorization : Participants'
knowledge, attitudes, and practices
regarding patient triage were
categorized into “good” and “poor”
based on predetermined cut-off scores.

. Inferential Statistics:

The Chi-square test was used to assess
associations between socio-demographic
factors (age, gender, batch, prior training,

—Samplingand Sample Size participation in triage) and participants'
knowledge, attitudes, and practices toward
patient triage. A p-value of less than 0.05 was

considered statistically significant.

The sampling frame included all Al-Neelain

medical students from Batch 20 to Batch 25.

Using official student lists from each batch,

simple random sampling was applied to select 3.
participants. Students who refused to
participate or did not respond were replaced

with randomly selected substitutes from the

same batch.

Interpretation:

Results were interpreted in the context of
existing literature to understand the levels of
knowledge, attitudes, and practices
regarding triage among medical students at
o  Population size: 1,069 students (six Al-Neelain University during the ongoing
batches). war.

Confidence level: 95% 4. Sensitivity Analyses:

Margin of error: 5%

Population proportion: 50%
Calculated sample size: 283 students.
Software used: Sample Size Calculator.

To assess robustness to selection and self-
report biases using 5-10% misclassification
simulations of key responses toward neutral.
Item nonresponse, and response order.

©O O 0 0O O

—DataAnalysisPlan Software

Analysis was performed using SPSS
(version XX), Excel, and Google Analytics
where applicable.

The collected data were exported from Google
Forms and analyzed using descriptive and
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Ethical Considerations

The study was conducted in accordance with the
ethical standards of the Al-Neelain University
Research Ethics Committee. Number “24082024”

Informed consent was obtained electronically
before questionnaire access.

Confidentiality: No personal identifiers were
collected; responses were anonymized.

Voluntary participation: Students were informed
that they could withdraw at any stage without
penalty.

RESULTS

The age group 20-25 years constitutes the largest
proportion, accounting for 82.30% of the total,
indicating that this group dominates the
demographic distribution. The 15-19 age group
represents a smaller share, comprising 13.10% of
the population. Lastly, individuals aged 25 and
above make up the smallest segment at 4.60%o.

= K2

= 11

Figure 1 shows the Distribution of Socio-
demographicsaccording to Batch

A significant majority, 82.7% (n=234), reported
having no prior training or exposure to triage
systems, while only 17.3% (n=49) indicated they
had received such training. Similarly, when it comes
to participation in patient triage and dispositioning
during emergencies, 89.0% (n=252) stated they had
not participated, whereas a smaller proportion,
11.0% (n=31), reported having been involved in
such activities.
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Table 1 Knowledge about Triage Self-Assessment

Self-assessed answer N %
Knowledge
Patient Triage No 123 435
means
Yes 160 56.5
Disposition No 196 69.3
system means
Yes 87 30.7
ABCD steps in No 134 47.3
the triage process
Yes 149 52.7
How to triage a No 154 54.4
patient as
Emergency case, Yes 129 45.6
or Priority case or
non-urgent case
Challenges in No 187 66.1
performing triage
in pre-hospital Yes 96 33.9
and hospital
emergencies
Significance of No 176 62.2
having a formal
triage system in Yes 107 37.8
Sudan

Table 1 presents data on participants' self-assessed
knowledge about triage systems. When asked about
their understanding of the giving term or concept .
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Table 2 Attitude Towards Patient Triage

Attitude Self- Answer N %
assessed
I believe that the Strongly 153 54.1
patient triage and Agree
disposition system
is important during Agree 50 17.7
emergencies.
Neutral 55 19.4
Disagree 12 4.2
Strongly 13 4.6
disagree
| believe that the Strongly 110 38.9
process of patient Agree
triage in
emergencies lead Agree 73 25.8
to fair and accurate
outcomes Neutral 76 26.9
Disagree 12 4.2
Strongly 12 4.2
disagree
| believe that a Strongly 99 35.0
standardized triage Agree
systems in Sudan
will lead to Agree 79 27.9
improving patient
outcomes Neutral 73 25.8
Disagree 25 8.8
Strongly 7 25
disagree
| believe that triage | Strongly 142 50.2
training is essential Agree
for medical
students. Agree 68 240
Neutral 47 16.6
Disagree 13 4.6
Strongly 13 4.6
disagree

How confident are
you in your ability
to perform ABCD
steps during triage
process

Very
Confident

Confident
Neutral

Slightly
Confident

Not
Confident

44

42

100

43

54

155

14.8

35.3

15.2

19.1

Table 2 presents participants' attitudes toward patient
triage and their self-assessed confidence in performing

triage tasks.

Table 3 Practice and Implementation

Self-assessed Answer N %
practice
| face barriers in Strongly Agree 42 14.8
learning and
applying triage. Agree 53 18.7
Neutral 138 48.8
Disagree 32 11.3
Strongly 18 6.4
disagree
I have participated Maybe 58 20.5
in a simulated or
real triage exercise No 199 70.3
Yes 26 9.2
I can accurately Strongly Agree 26 9.2
classify a patient's
severity during Agree 47 | 166
triage according to
established Neutral 108 | 382
protocols.
Disagree 52 18.4
Strongly 50 17.7
disagree
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I am comfortable Strongly Agree 25 8.8
making patient
disposition Agree 37 13.1
decisions in a
I 7S Neutral 122 | 431
environment, such
as an emergency .
department. Disagree 48 17.0
Strongly 51 18.0
disagree
I apply my Strongly Agree 31 11.0
knowledge of
triage in special Agree 36 12.7
circumstances,
such as during the Neutral 101 35.7
ongoing war. '
Disagree 57 20.1
Strongly 58 20.5
disagree
I consult triage Maybe 106 375
guidelines or
systems during No 103 36.4
clinical rotations
Yes 74 26.1

Table 3 highlights participants’ practices and
implementation of triage systems.

In the study there were significant associations
between knowledge about triage and key socio-
demographic factors. Age was significantly linked
to knowledge (P=0.004), with the majority of
participants aged 20-25 having better knowledge.
Batch also showed a strong association (P<0.001),
where batches B20 and B21 had more participants
with good knowledge compared to others. Prior
training (P<0.001) and participation in patient
triage (P<0.001) were significantly associated with
better knowledge, as participants with exposure or
experience demonstrated higher knowledge levels.
However, no significant association was found
between gender and knowledge (P=0.649). These
findings highlight the role of age, training, and
practical experience inimproving triage knowledge.

The study showed that batch was significantly
associated with attitude towards triage (P=0.039),

with batch B20 having more participants with a
good attitude. However, no significant associations
were found between age (P=0.298), gender
(P=0.377), prior training (P=0.189), or
participation in triage (P=0.696) and attitude.
These results suggest that batch may influence
attitude, but other factors do not show a strong
correlation.

According to results there were no significant
associations between age (P=0.298), gender
(P=0.377), prior training (P=0.189), or
participation in triage (P=0.696) and practice and
implementation of triage. However, a significant
association was found between batch and practice
(P=0.039), with batch B20 showing more
participants with good practice. These results
suggest that batch may influence triage practice,
while other socio-demographic factors do not have a
strong impact.

According to Multivariate Analysis After
adjusting for sex, batch, age group, prior triage
training, and participation in triage activities,
female participants were slightly more likely to
report knowledge of patient triage compared to
males (adjusted OR [aOR] 1.3, 95% CI 0.9-1.9).
Participants with prior triage training had
significantly higher odds of reporting knowledge
(@OR 4.5, 95% CIl 2.2-9.0) and confidence in
performing ABCD steps (aOR 3.8, 95% CI 1.9-7.5).
Batch and age group were not independently
associated with knowledge or confidence after
adjustment. Similarly, those who had participated
in real or simulated triage demonstrated higher
confidence (aOR 3.2, 95% CI 1.4 —7.1). These
findings suggest that prior training and practical
exposure are the strongest predictors of both
knowledge and self-assessed confidence in triage
performance.

In Sensitivity Analysis Results Post-stratification
weighting confirmed that weighted estimates were
identical to unweighted results, reflecting a
representative sample. Misclassification
simulations shifting 5-10% of extreme responses
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toward neutral caused minimal changes: knowledge
of patient triage remained around 56%, and
confidence in ABCD steps showed a slight increase
in the neutral category from 35.3% to 38.2%.
Overall, these analyses indicate that the primary
findings are robust to potential self-report biases.
Comparing early versus late respondents showed
similar knowledge of patient triage and confidence
in ABCD steps, suggesting minimal nonresponse
bias.

Generally, and according to above tables Significant
knowledge gaps were observed, including
unfamiliarity with the disposition system (69.3%),
ABCD steps (47.3%), patient urgency classification
(54.4%), and challenges in emergency contexts
(66.1%). Most participants recognized the
importance of triage (71.8% agreed/strongly
agreed) and the need for standardized training
(74.2%). However, confidence in performing
triage tasks was low, with only 15.5% very confident
in ABCD steps and 11.3% very confident in
effectively triaging patients, while the majority
remained neutral or not confident. Practical
experience was limited, as 70.3% had never
participated in simulated or real triage exercises,
Furthermore, very few students reported feeling
comfortable making patient disposition decisions in
a high-pressure environment due to unique
challenges of the Sudan conflict, where gunfire,
bombings, and insecurity.

DISCUSSION

Our findings indicate that the students who have
knowledge about the ABCD steps in the triage
process represent 52.7% of all participants. While at
Shiraz University in Iran triage knowledge scores
were categorized as intermediate in 8 students
(12.9%) and poor in 54 students (87.1%) .
However, similar to Shiraz medical students, no
significant association was found between gender
and knowledge (P = 0.649) . On the other hand,
batch affiliation showed a strong association (P <
0.001), where batches B20 and B21 (who had an
emergency course) demonstrated better knowledge

compared to others, and batch B20 showed more
participants with good practice. That may reflect the
association between knowledge and practice. In the
kingdom of Saudi Arabia, this association also have
been manifested among King Fahad Medical City
nurses as the results of a study done there which
showed a significant positive moderate relationship
between triage knowledge and triage practice
(r=1.486, PxD.01), indicating that increased triage
knowledge is associated with better triage practices,
However, they have some areas of knowledge deficit
and some deficiencies in the conversion of their
knowledge into practice®.

Approximately 33% of Al-Neelain medical students
reported facing barriers in learning and applying
triage, emphasizing the importance of effective
learning methods. One intervention compared two
methods for teaching triage to nurses; the first used
the web-quest method, while the second used
traditional lectures. Although both methods
improved knowledge, the web-quest method proved
to be superior and more effective ™.

Atotal of 66.1% (n = 187) of students reported being
unaware of the challenges in performing triage
during pre-hospital and hospital emergencies, which
may reflect the limited practice and experience of
triage among students. In an educational hospital
affiliated to Fasa University of Medical Sciences,
Iran, nurses and emergency medicine specialists,
with an average work experience of 7.50 + 2.12
years, could easily identify the challenges affecting
the quality of triage in emergency departments *°. The
above limitation of practice also supported by the
reported of low Participation in simulated or real
triage exercises by Al-Neelain medical students, as
only 9.2% reported they have participated in such
activities.

Furthermore, only 8.8% reported they are able to
make disposition decisions in high-pressure
environments, highlighting limited training in
triage.

The study identified three key indicators of limited
triage importance among students :
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1. A significant percentage (37.5%) reported
uncertainty about consulting triage guidelines or
systems during clinical rotations, while 36.4%
reported they would not do so.

Only batch 20 participants, out of 5 batches,
exhibited a good attitude towards triage.

A majority of (62.2%) reported not
understanding the significance of having a
formal triage system in Sudan.

In the study on King Fahad Medical City nurses in
Saudi Arabia, the majority of participants had
access to their triage systems (95.9%) and utilize it
on a daily basis (53.7%), whereas half of the sample
said that all ED staff members performed the triage
role in their hospitals (=74, 50.3%) *emphasizing
its importance. Various interventions incorporating
triage as the first step, such as streaming, fast track,
team triage, point-of-care testing (laboratory
analysis in emergency departments), and nurse-
requested X-rays, have been studied. These
interventions, examined in 33 studies involving
over 800,000 patients, showed reductions in
overcrowding in emergency departments (EDs),
improved patient safety, privacy, confidentiality,
timeliness of care, and reduced frustration among
ED staff. All these factors contribute to better
patient outcomes .

When evaluating their ability to accurately classify
a patient's severity during triage, only 9.2% of
students strongly agreed and 16.6% agreed, making
a total of 25.8%. This percentage is lower compared
to the correct triage answers in triage (correct triage)
(48.2%) reported for Shiraz medical students ”. In
Oregon Health and Science University, USA, the
mean accuracy score of triage assignment by
medical student volunteers after a brief START
training session was 64.3%*. However, most Shiraz
medical students had prior experience with triage in
emergency departments and screening rooms, while
Oregon students participated in paper-based triage
exercises. In contrast, at Al-Neelain, only batches
20 and 21 had prior experience with triage during an
emergency medicine course, without any paper-

based triage exercises. Nonetheless, no significant
differences in triage accuracy were observed
between students with and without printed materials
(63.9% vs. 64.6%, P = 0.729) at Oregon Health and
Science University.

As with Shiraz medical students, the most
significant reason for poor performance seems to be
a lack of appropriate education on hospital triage *'.
For Al-Neelain students, training in triage also
played a crucial role in improving performance. A
study conducted by Fasa University of Medical
Sciences, Iran, identified several factors
contributing to poor performance, including lack of
clinical competency, lack of psychological
capability, lack of human resources, lack of
appropriate infrastructure in hospitals, lack of
specific instructions and policies for triaging
patients, and lack of adequate training *.

CONCLUSION

Medical emergency triage is a process of rapidly
sorting patients into groups based on the urgency of
their condition . While little attention has been
given to triage systems in Sudan, available studies
indicate deficiencies in its application”. Considering
that medical students are the future first point of
contact in hospitals, strengthening their triage
knowledge and skills is essential.

This study, conducted among Al-Neelain University
medical students during the ongoing war and special
circumstances, revealed that the majority of
participants demonstrated poor knowledge (60.8%,
n=172), despite more than half showing positive
attitudes (54.8%, n=155). Practices, however, were
largely inadequate, with 53.4% (n=151) reporting
poor implementation. Two major contributors were
identified: lack of prior training or exposure to triage
systems (82.7%) and educational barriers (33.5%).
These findings are consistent with previous
research, which highlights both knowledge deficits
and difficulties in translating knowledge into
practice, as noted among emergency nurses in King
Fahad Hospital .

298



Medical Journal of Zambia, Vol. 53 (2): 290 - 402 (2026)

Recommendations

This study provides factual information on the
knowledge, attitudes, and practices of medical
students at Al-Neelain University regarding triage
and disposition systems. The findings highlight
obstacles in training and implementation, offering
valuable insight for the University and healthcare
stakeholders. To improve triage awareness and
competency, the following steps are recommended:

1. Modern educational methods such as case-
based simulations, and Al-driven virtual triage
platforms and WHO (ETAT) guidelines should
be integrated to enhance knowledge and
practice of triage systems among medical

students.

Continuity activities are needed to sustain
awareness and skills in triage, particularly in the
context of emergencies and conflict.

Further research using descriptive and
qualitative approaches, including focus group
discussions and in-depth interviews, should be
conducted to gain deeper understanding of the
status of triage practices and the challenges
faced in Sudan and to explore how war-related
challenges including psychological stress,
infrastructure collapse, and safety concerns
affect medical students' acquisition of
emergency care skills.

Future studies should adapt triage training to the
conflict context, including common war-related
injuries such as gunshots and crush trauma, to
improve the relevance of medical education in
Sudan, qualitative input to explain those barriers
may be needed.

Implications and Way Forward

Strengthening triage training in undergraduate
curricula, coupled with structured simulations and
context-specific guidelines, can help bridge the
knowledge—practice gap. Such measures are crucial
for ensuring effective emergency care delivery and
improving patient outcomes in Sudan, particularly
under the strain of ongoing conflict.

Limitations

Medical students voluntarily participated in the
study; although most students agreed to complete
the questionnaires, this caused a sample selection
bias which limits the generalizability of our
findings. Also, the paper based nature of questions
does not provide an accurate evaluation of the
parameter because answers are based on self-
assessment. Providing cases with multimedia
objects in computer-based scenarios is
recommended for future studies.

The survey instrument was not formally validated
prior to use, and reliability measures such as
Cronbach's alpha were not assessed. Additionally,
no pilot testing was conducted, which may affect the
consistency and accuracy of the response.
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