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Abstract

The present study developed and evaluated an integrated disaster nursing education pro-
gram combining functional training and simulator-based learning to address limitations of
traditional, theory-driven approaches. Overall, 49 senior nursing students completed the
program using a four-stage repeated-measures design. The findings indicated a substantial
enhancement in disaster nursing knowledge over time. However, problem-solving ability,
learning self-efficacy, and motivation exhibited improvement only in post hoc comparisons.
This contradictory yet fundamental finding suggests that knowledge acquisition occurs
more directly, whereas problem-solving and motivational competencies require cumulative
practice, feedback, and contextual immersion. Educator reflections and student debrief-
ings further underscored the significance of teamwork, communication, and scenario
relevance in facilitating learning transfer. Despite its limitations, including a single-site,
female-dominated sample, reliance on self-reported measures, and a brief follow-up period,
this study makes a significant contribution to the field of disaster nursing education by
presenting a sustainable and adaptable model. Incorporation of multi-institutional and
longitudinal designs, as well as qualitative analyses of learning processes will be crucial in
future studies. This will ensure the study’s generalizability and long-term impact.

Keywords: disaster nursing education; functional exercise; simulation-based training;
emergency preparedness; sustainable education

1. Introduction
1.1. Global and National Context

The World Health Organization (WHO) emphasizes strengthening the preparedness
and response capacity of health workers through Emergency and Disaster Risk Manage-
ment for Health (EDRM). The United Nations’ (UN)-adopted Sendai Framework Priority 4
also emphasizes building national and community preparedness and response systems,
as well as developing human resource capacity, as core strategies [1,2]. Specifically, in the
healthcare sector, education and training on disaster response and crisis management, es-
tablishing emergency medical systems, strengthening the capabilities of medical personnel,
and stockpiling medicines and other supplies are necessary [3]. South Korea’s disaster
emergency medical response system was legally and institutionally established based on
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the Framework Act on the Management of Disasters and Safety as well as Emergency Med-
ical Service Act. The Ministry of Health and Welfare, along with the National Emergency
Medical Center, oversees national-level governance [4]. In the aftermath of the 2022 Itaewon
Crowd Crush incident in Seoul, the 2023 revised Disaster Emergency Medical Response
Manual underwent significant revisions. These revisions included the incorporation of en-
hanced on-site procedures and dispatch criteria to reinforce integrated cooperation among
the National Fire Agency, public health centers, Disaster Medical Assistance Team (DMAT),
and designated hospitals [5]. The key procedures involve (1) situational awareness and the
step-by-step issuance of alerts; (2) dispatching rapid response teams and DMAT; (3) sys-
tematic implementation of patient triage, treatment, and transportation after establishing
on-site emergency medical stations; and (4) real-time monitoring of hospital beds and
resources through the central situation room to coordinate distributed transportation [4].

Additionally, essential elements include stockpiling supplies, securing communication
systems, conducting training and education, and performing after-action reviews (AAR).
Flexible expansion of medical resources and cooperation between local and central authori-
ties are emphasized [4]. This serves as a crucial foundation for enhancing the sustainability
and resilience of emergency medical response during disasters, becoming the primary basis
for the education and training of relevant personnel [5]. Furthermore, recent discourse
emphasizes that sustainable disaster preparedness requires legal frameworks, continuous
education and training, and AARs to ensure that health systems can adapt to emerging
threats [6,7].

1.2. Literature Review

Beyond legal and institutional frameworks, recent studies emphasize the role of
simulation-based training in equipping healthcare professionals with the capabilities nec-
essary for disaster preparedness [8]. Particularly, international organizations, such as the
WHO and International Council of Nurses, emphasize simulation and functional training
as essential strategies for improving disaster preparedness education [9].

Simulation training can improve communication skills, self-efficacy, critical think-
ing tendencies, clinical performance, learning satisfaction, problem-solving abilities, and
teamwork [10-12]. A recent systematic review confirmed that simulation-based train-
ing contributes to the continuous competency development and disaster preparedness of
nursing students and healthcare professionals [9].

Compared with simple theory-based education or model utilization, the combination
of team-based functional exercises and simulators can simultaneously cultivate teamwork,
practical thinking, and problem-solving skills. This provides learners with a more real-
istic level of preparedness for real-world situations [13]. However, research integrating
simulator with team-based functional training remains scarce.

According to a Korean study, students who completed a training program combining
simulation scenarios and functional training actively performed their roles even in atypical
disaster situations [14]. Functional exercises specifically enhanced practical actions, col-
laboration, and communication skills, while repetitive training using simulators boosted
confidence and on-site responsiveness [15]. Therefore, simulation training includes func-
tional exercises, which are effective methods for clarifying roles as team members in real
situations and improving on-site response capabilities [16].

Despite these positive findings, previous studies rarely demonstrate the integrated
application of simulation and functional training within sustainable nursing curricula,
particularly in the context of disaster preparedness education. This highlights the gap
between theoretical potential and practical curriculum implementation. Consequently, fur-



Sustainability 2025, 17, 9165

30f13

ther empirical research is necessary to establish a sustainable, role-based, and longitudinal
disaster nursing education model that integrates these approaches [9].

1.3. Research Purpose and Study Objectives

This study systematically examined the educational effects of simulation-based disas-
ter nursing training by proposing a sustainable educational model to strengthen the disaster
response capacity among nursing students. Specifically, this study evaluated the impact of
combining functional exercises and simulators on four core outcome variables: Disaster
nursing knowledge, problem-solving ability, learning self-efficacy, and learning motivation.
Disaster nursing knowledge served as the foundation for clinical judgment and nursing
practice in disaster contexts [17], while problem-solving ability is a critical competency that
enables individuals to analyze diverse situations and make optimal decisions in rapidly
changing environments [18]. Learning self-efficacy reflects learners’ confidence in their
capacity to effectively manage disaster situations [19]. Learning motivation functions as a
key driver of engagement and active participation, which are essential for the sustainability
of educational outcomes [20].

Disaster nursing education faces several challenges, including a lack of field-based
practical training opportunities and difficulties in sustaining learning outcomes. To address
these issues, this study developed and evaluated an educational program integrating
functional training, simulating disaster field emergency medical stations, with simulator-
based disaster nursing education. This program enhanced nursing students’ prehospital
disaster response capabilities and presented a sustainable educational model for disaster
nursing education.

2. Materials and Methods
2.1. Study Design

This study employed a single-group, repeated-measures design. Data collection oc-
curred at four time points: Prel and Pre2 (two baseline measurements), Postl (immediately
after intervention), and Post2 (four weeks after intervention; Table 1).

Table 1. Study design: One-group time-series design (n = 49).

Time Point Activity/Context Assessment
T1 Before theoretical lectures on disaster nursing Pre-test 1
T2 After theoretical lectures on disaster nursing Pre-test 2
Intervention Functional Exercise + Simulator-based training —
T3 Immediately after intervention Post-test 1
T4 Four weeks after intervention Post-test 2

2.2. Setting and Participants

This study was conducted with fourth-year nursing students who had taken a disaster
nursing theory course at a university in Korea. The inclusion criteria were students who
fully understood the research purpose and procedures, provided written consent on the
consent form, and had previously completed the disaster nursing theory course. Students
who had received formal disaster-related education or participated in similar simulation
training within the past year were excluded. Those who could not participate in the entire
research process were also excluded. The sample size for this study was calculated using
the G*Power 3.1.9.7 program. With a significance level of 0.05, an effect size of 0.2, and
a power of 0.9, the required sample size for a single-group repeated measures analysis
of variance (ANOVA) was calculated to be 46 participants. However, considering a 10%
dropout rate, the target sample size was set at 51 participants. A preliminary survey was
conducted on five participants, representing 10% of the total sample of 50. Thus, a total of
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56 students participated in this study, including 5 in the preliminary survey and 51 in the
primary survey. Of these, 2 participants either withdrew from the simulation course or took
a leave of absence, resulting in 49 students who completed all stages and were included in
the final analysis.

2.3. Development of the Educational Program

The simulation-based disaster nursing education program was developed and imple-
mented in eight sequential steps (Figure 1). The conceptual framework of the program was
guided by the WHO’s EDRM and Sendai Framework Priority 4 (Strengthening Disaster
Preparedness for Effective Response).

Step Key Contents

Needs Assessment

\ 4

Expert Panel Review

\ 4

Scenario
& Learning Objective
Development

Functional Exercise (FX)
Design

Simulator Matching

Operation Manual
& Evaluation Tools

Pilot Testing
& Revision

\ 4

Program Implementation

Survey of nursing students and frontline nurses; review of prior studies to identify disaster
competency gaps and educational needs

Advisory panel (Nurses, Disaster nursing faculty, >10 years disaster responders)
validated scenario realism, safety, equipment list

Disaster type, triage categories (emergent, urgent, non-urgent, deceased), role assignments
(leader, triage, transport, etc.)

Team-based decision-making, communication, resource allocation, transport prioritization
tasks

Simulators for essential nursing skills (CPR) linked to patient cases

Role cards, checklists, video recording, debriefing guidelines standardized

Small-scale pilot, feedback from participants and observers used for refinement

Full-scale execution of the education program

Figure 1. Development procedure for the simulation-based disaster nursing education program.

e  Step 1: Needs Assessment

A needs assessment was conducted through surveys with nursing students and front-
line nurses, as well as a review of previous studies, to identify gaps in disaster competency,
self-efficacy, and priority learning areas. Additionally, the Disaster Emergency Medical
Response Manual published by the Ministry of Health and Welfare [3] was reviewed to
align the educational objectives with national disaster response standards [5].

e  Step 2: Expert Panel Advisory

An expert advisory panel was established, comprising nurses, disaster nursing faculty,
and practitioners with over 10 years of experience in disaster fieldwork [21]. The panel
evaluated the realism, safety, and appropriateness of the scenario content and equipment
list, and provided feedback for refinement.

e  Step 3: Scenario and Learning Objective Development

Two nursing faculty members drafted a preliminary simulation scenario using a
standardized template, which included pre-learning materials, performance instructions,
evaluation tools, and a debriefing guide. Content validity was evaluated following Lynn’s
procedure [22]. Each item was rated on a four-point scale (1 = very inappropriate to
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4 =very appropriate), with an item-level content validity index > 0.80 considered acceptable
and a scale-level content validity index > 0.90 indicating overall validity. Items below the
threshold were revised or removed based on expert feedback and re-evaluated using the
same procedure. The final validation involved two community health nursing faculty and
two field practitioners who had not participated in scenario development.

e  Step 4: Functional Exercise Design

The functional exercise was designed to enable participants to experience both
teamwork-based decision-making and nursing skill performance required in disaster re-
sponse. Based on the developed scenario, the functional exercise simulated the operation
of an on-site medical station in a public health center, including triage using the Simple
Triage and Rapid Treatment system (emergent, urgent, non-urgent, and deceased), first aid,
patient transport, monitoring of transport conditions, and reporting. To ensure practical
nursing application, simulators were used to provide cardiopulmonary resuscitation (CPR)
practice for “emergent” patients. Student roles and responsibilities were clearly defined;
the environment and equipment were arranged accordingly [23].

e  Step 5: Simulator Matching

Simulators were matched to critical patient cases within the scenario to facilitate the
integration of clinical nursing skills with disaster response tasks [11].

e  Step 6: Operation Manual and Evaluation Tools

The educational session was structured for feasibility and effectiveness, totaling
210 min. This included 60 min of theoretical instruction and orientation (objectives, role
assignments, safety guidelines, and confidentiality), 90 min of group discussion and prac-
tice (scenario analysis, decision-making, and communication training), 20 min of simu-
lation execution, and 40 min of debriefing using a “facts—feelings—analysis—application”
framework [12,18]. Standardized checklists, role cards, and debriefing guides supported
consistent delivery.

e Step 7: Pilot Testing and Revision

A pilot test involving five nursing students was conducted to confirm the feasibility,
clarity, and appropriateness of evaluation tools [12]. Feedback from participants and
observers was incorporated to refine the program.

e  Step 8: Program Implementation

The final program was conducted from October to December 2023 (see Supplementary
Materials for detailed tables and additional analyses). During the orientation phase, the
importance of confidentiality was emphasized in an effort to minimize information diffusion.

2.4. Outcome Measures

The survey consisted of 80 items in total, comprising four items on demographic
and academic variables, 10 items on disaster nursing knowledge, 30 items on problem-
solving ability, 10 items on learning self-efficacy, and 26 items on learning motivation.
The four items related to demographic and academic variables were only surveyed in the
initial questionnaire.

2.4.1. Demographic and Academic Variables

The subjects’ gender, age, grade point average (GPA), and satisfaction with their major
were measured. Academic performance was assessed using student GPAs on a 4.5-point
scale, which is the standard grading system in Korean universities. Major satisfaction
was measured using the instrument employed in Lee & Ha [14]. Major satisfaction was
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assessed using a single-item measure (“How satisfied are you with your major?”) rated on
a five-point Likert scale (1 = very dissatisfied to 5 = very satisfied). A higher score indicated
a greater level of satisfaction with the major.

2.4.2. Disaster Nursing Knowledge

Disaster nursing knowledge was measured using a tool based on Huh [24], which was
revised and supplemented by incorporating practical elements from the Disaster Emergency
Medical Response Manual [3]. The final instrument consisted of 10 multiple-choice items
designed to reflect both theoretical content and practical disaster response competencies.
Two nursing faculty members, with experience in disaster nursing education, evaluated
content validity by reviewing the items for clarity, relevance, and appropriateness for
undergraduate nursing students. Each correct response was scored as 1 point, with a total
possible score of 10. Higher scores indicated greater knowledge levels in disaster nursing.

2.4.3. Problem-Solving Ability

To measure nursing students’ problem-solving abilities in disaster situations, the
Adult Problem-Solving Ability Assessment tool developed by Lee et al. [25] was used. This
scale consists of 30 items on a Likert scale (5 points = strongly agree to 1 point = strongly
disagree) across five domains: Problem clarification (six items), solution exploration (six
items), decision-making (six items), solution implementation (six items), and evaluation
and reflection (six items). The score range was 30-150 points, with higher scores indicating
greater problem-solving ability. In Lee et al. [25], the tool’s reliability was indicated by a
Cronbach’s o of 0.93. The reliability in this study was Cronbach’s o = 0.98.

2.4.4. Learning Self-Efficacy

Learning self-efficacy refers to an individual’s belief in their ability to apply knowledge
acquired through new learning [26]. It was measured using a tool developed by Ayres [27]
and adapted by Park & Kweon [27]. The tool consists of a total of 10 items on a Likert scale
(ranging from 7 points = strongly agree to 1 point = strongly disagree), with a score range
of 7-70 points. Higher scores indicate greater learning self-efficacy. In Park & Kweon's
study, the tool’s reliability, as measured by Cronbach’s &, was 0.95 [27]. The reliability in
this study was Cronbach’s « = 0.98.

2.4.5. Learning Motivation

Learning Motivation refers to the tendency to develop interest in academic pursuits by
valuing learning, thereby inducing positive effects in academic performance. In this study,
the tool adapted by Hwang and Jang [28] from Keller’s Instructional Material Motivation
Survey was employed. The modified tool was used [29]. This scale consists of 26 items,
each measured on a five-point scale (ranging from 1 = “Not at all” to 5 = “Very much
so”). Higher scores indicate a stronger learning motivation. At development, the scale’s
reliability, as measured by Cronbach’s «, was 0.95; in studies using the revised scale, it was
0.85 [29]. The reliability in this study was Cronbach’s « = 0.93.

2.5. Data Collection

Data were collected at four time points using structured questionnaires and practical
assessment checklists. To establish a stable baseline and differentiate the effects of pre-
liminary disaster nursing lectures from those of the simulation training, two pre-training
assessments were conducted. The first pre-test (T1) was administered before the disaster
nursing lecture, while the second pre-test (T2) was administered immediately after the
lecture, but before the simulation training. Post-training assessments were conducted
immediately after the simulation (T3) and 4 weeks later (T4) to evaluate both the imme-
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diate impact and retention of the educational effects. The research purpose and survey
instructions were provided by uploading the research description and consent form to
a student-only social networking service group chat. After understanding the research
purpose, participants could sign the consent form to agree to participate and then take the
online survey.

2.6. Data Analysis

Descriptive statistics (frequencies, percentages, means, and standard deviations [SD])
were used to summarize participant characteristics. Repeated-measures ANOVA with
covariates was conducted to examine changes in disaster nursing knowledge, problem-
solving ability, learning self-efficacy, and learning motivation across four time points
(T1-T4) while controlling for general variables (age, sex, GPA, and major satisfaction).
The assumption of sphericity was tested using Mauchly’s test; when it was violated, the
Greenhouse-Geisser correction was applied to adjust the degrees of freedom for within-
subject effects. When significant main effects were detected, Bonferroni-adjusted post hoc
pairwise comparisons were performed to identify specific differences between time points.
Effect sizes were reported using partial n?, interpreted as small (0.01), medium (0.06), or
large (0.14). Statistical significance was set at p < 0.05.

2.7. Ethical Considerations

The study received approval from the Gangneung-Wonju National University Institu-
tional Review Board (GWNUIRB-2023-28, 20 September 2023). Written informed consent
was obtained from all participants; consent for publication of aggregated results was se-
cured. The recruitment, preliminary testing, and data collection procedures were conducted
in accordance with the approved Institutional Review Board protocol.

3. Results
3.1. Participant Characteristics

Table 2 presents the general characteristics of the participants. Of the 49 nursing
students, 83.7% were female and 16.3% were male. The mean age of the participants was
25.96 years (SD = 5.11). Their mean GPA was 3.59 (SD = 0.39). Furthermore, the mean score
for major satisfaction was 3.83 (SD = 0.85), indicating that participants generally reported
moderate to high levels of satisfaction with their major.

Table 2. General characteristics of the participants (n = 49).

Variable Category N (%) or M (£ SD)
Men 8 (16.3)
Gender Women 41 (83.7)
Age (years) 2596 £ 5.11
Academic grade (GPA) 3.59 + 0.39
Major satisfaction 3.83 £ 0.85

3.2. Evaluation of the Effectiveness of Simulation-Based Disaster Nursing Education with Functional
Exercises and Simulators

As demonstrated in Table 3, disaster nursing knowledge steadily increased across
the four time points, with the most significant improvement observed between T1 and T4
(p < 0.001). A decline in problem-solving ability was observed from T1 to T2 (p < 0.01);
however, this was followed by a substantial increase from T2 to T3 (p < 0.01) and T3 to T4
(p < 0.001), culminating in a pronounced overall enhancement from baseline to the final
measurement (p < 0.001). While learning self-efficacy and learning motivation did not
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demonstrate significant main effects across time, Bonferroni-adjusted paired comparisons
indicated that both outcomes improved significantly during the later phases of the program,
particularly between T3 and T4 (both p < 0.001).

Table 3. Changes in study variables reflecting the effectiveness of the disaster nursing education
program across four time points (T1-T4).

Variabl T1 T2 T3 T4 Pairwise . (Partial 1)
anable M + SD Comparisons + prartiain
Disaster nursin T1<T4™
&  584+170 6.84 & 1.70 6.98 &+ 1.42 8.63 &+ 1.27 T2 <T4* 822 0.001(0.157)
knowledge T3 < T4 +*
T1>T2%
_ : *.
Problem-solving 109 o5 | 1750 95354+ 1344 10933 + 1223 13257 + 14.87 T2<T3% 022 0.798 (0.005)
ab111ty T3 < T4 **;
T1 < T4 **
Tl ~ T2;
Learning T2 < T3 **;
self-efficacy 3.86+£11.23 5396+ 11.38 54.82+£11.37  64.04 £ 8.15 T3 < T4+, 0.68  0.417(0.015)
T1 < T4 *
T1 ~T2;
. *%.
Learning 7402 £15.08 741241506 7516+1512 9249 +17.52 T2 <137 057  0.454(0.013)
motivation T3 < T4 **;
T1 < T4 **

t Pairwise comparisons based on Bonferroni-adjusted post hoc tests. * p < 0.05, ** p < 0.01. Greenhouse-Geisser
corrections were applied when the assumption of sphericity was violated (Mauchly’s test, all p < 0.001).

3.2.1. Improvement in Disaster Nursing Knowledge

Disaster nursing knowledge showed an increase over time (F = 8.22, p = 0.001, partial
n? = 0.157). Pairwise comparisons revealed that knowledge improved from T1 to T4
(p <0.001), T2 to T4 (p < 0.01), and T3 to T4 (p < 0.001).

3.2.2. Enhancement of Problem-Solving Ability

Although repeated-measures ANOVA did not show a significant main effect (F = 0.22,
p = 0.798, partial n? = 0.005), Bonferroni-adjusted pairwise comparisons revealed significant
differences between several time points. Scores decreased from T1 to T2 (p < 0.01), then
increased from T2 to T3 (p < 0.01) and from T3 to T4 (p < 0.001). The overall increase from
T1 to T4 was also significant (p < 0.001).

3.2.3. Increase in Learning Self-Efficacy

Learning self-efficacy did not show a significant main effect across time (F = 0.68,
p = 0.417, partial n? = 0.015). However, Bonferroni-adjusted post hoc tests indicated
increases between T2 and T3 (p < 0.001), T3 and T4 (p < 0.001), and T1 and T4 (p < 0.001).

3.2.4. Strengthening of Learning Motivation

Repeated-measures ANOVA revealed no significant main effect for learning motiva-
tion (F = 0.57, p = 0.454, partial n? = 0.013). Nonetheless, post hoc comparisons showed
differences between T2 and T3 (p < 0.001), T3 and T4 (p < 0.001), and T1 and T4 (p < 0.001).

4. Discussion

Traditional disaster nursing education, which excludes theoretical lectures and skill
training in favor of simulations, does not sufficiently develop practical competencies. It
also has limitations in terms of maintaining long-term learning effects and enhancing
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responsiveness to atypical disaster situations. To address these issues, we developed and
evaluated an educational program integrating skill training and simulations based on
community disaster scenarios from multiple perspectives.

First, disaster nursing knowledge consistently increased over time, with the largest
improvement observed between T3 and T4. These results suggest a gradual and sustained
enhancement of disaster nursing knowledge, particularly following the simulation-based
learning phase. This aligns with prior findings indicating that simulation and repetitive
learning are advantageous for knowledge and skill transfer [11,12]. Therefore, the scenario
design, iterative execution, and structured feedback system of this program are considered
key mechanisms for enhancing knowledge.

Second, although no significant main effect for problem-solving ability was detected,
post hoc pairwise comparisons revealed significant differences across several time points.
A temporary decrease was observed between T1 and T2, followed by significant increases
from T2 to T3 and from T3 to T4. These findings suggest that, while the overall time
effect was not significant, problem-solving ability tended to improve during the functional
training and simulation phases. This indicates that the overall average difference across
time points was small, perhaps because sharp improvements occurred in specific stages
of training, particularly during transition from functional to simulator training. These
results suggest that learning improvement was not linear, but rather occurred intensely
during the later, practice-focused stages. Initial stress and cognitive burden have been
reported in prior studies when introducing simulation-based learning, indicating that
an adaptation period is required [30]. This suggests that learners may have experienced
difficulties in performance during the early stages of education due to high cognitive
load and situational uncertainty. Subsequent cumulative effects of repetitive functional
training, simulator performance, and structured debriefing-based reflection appear to have
restored and enhanced problem-solving abilities. This aligns with findings from other
simulation education studies indicating that repeated practice and debriefing contribute to
improvements in clinical reasoning and problem-solving processes [31]. The findings of
this study suggest that when designing simulation-based education, strategies are needed
to gradually adjust difficulty levels and strengthen initial emotional and cognitive support.

Both learning self-efficacy and learning motivation increased at T4 compared with
that of earlier time points. These results suggest a marked upward trend during the
simulation phase, implying that experiential learning may have positively influenced
students’ confidence and motivation. According to Bandura’s self-efficacy theory, the
accumulation of successful experiences, vicarious learning, and social persuasion are key
to enhancing self-efficacy, and simulation training can provide these elements [32]. The
findings of the current study suggest that through simulation and team collaboration
activities, learners gradually regained confidence, recognized the meaning of the learning
content, and experienced enhanced intrinsic motivation.

Finally, this study suggests that integrating functional training with simulation-
based learning may promote complementary improvements across knowledge, skills,
and metacognitive components, including learning self-efficacy and motivation. While
training at various scales (tabletop, functional, and full-scale) each have their strengths
and weaknesses, an integrated approach is advantageous for achieving learning objec-
tives [30]. Tabletop functional training, and hybrid simulation should be complementarily
integrated as the standard operational framework. Additionally, a modular design that
clearly separates the initial adaptation phase (cognitive load reduction) from the mid-
to-late reinforcement phase (repetition and feedback) is necessary when structuring the
curriculum [33]. An initial phase, centered on tabletop and role-playing exercises in a
safe environment, is recommended to build foundational decision-making skills. This
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can be followed by a later phase that reinforces actual skills and team training through a
stepwise approach [2]. Furthermore, we recommend that future disaster nursing curricula
explicitly incorporate psychological preparedness modules, such as stress management
and resilience building, alongside technical training [34]. Simulation-based effects require
regular retraining and follow-up evaluations to ensure retention. Previous studies, which
have observed retention after 1 month, similar to this study, have highlighted the necessity
of retraining [31]. Scenario design, debriefing techniques, and simulator operation capa-
bilities are key for training effectiveness, necessitating the internalization of competency
through a “train-the-trainer” program [35].

Additionally, while learning outcomes in this study were primarily assessed through
quantitative tools, such an approach did not fully reflect the learners’ immersive experiences
or process-oriented aspects of education. Educators’ observations and student debriefings
indicated that the building-collapse scenario used in this study closely mirrored real disaster
events in Korea, which contributed to heightened immersion [36]. Students reported that
performing casualty triage, allocating victims to medical facilities, and providing emergency
care within a limited timeframe underscored the critical importance of teamwork and
communication. In South Korea, recent large-scale disasters such as the Itaewon stampede
and building collapses have heightened societal awareness of disaster response, potentially
strengthening students’ training immersion and motivation. For instance, in this study, the
CPR procedure using simulators strongly resonated with scenes repeatedly reported in
the media, enhancing learner engagement and realism. Therefore, future disaster nursing
curricula should be developed by combining quantitative evaluation with qualitative
analysis of learning needs, antecedent effects, and the curriculum itself. This will provide
a foundation for a multidimensional understanding of how competencies are formed
and applied in practice [17]. Beyond methodological limitations, contextual factors and
learner-related characteristics are worthy of consideration in future research [36].

This study had several limitations. First, the participants were restricted to fourth-
year nursing students from a single university, and the majority were female, which may
limit result generalizability. However, this also reflects the demographic characteristics of
nursing students and structure of nursing curricula in Korea. Second, the relatively small
sample size (final n = 49) and inclusion of a single academic year reduced the statistical
power and limited the extent to which the findings can represent broader populations
of nursing students or nurses. Third, although the educational effects were assessed at
four time points, which allowed the examination of short- and medium-term effects, the
4-week follow-up period was too short to confirm the long-term sustainability of the
outcomes. While the repeated-measures design reduced the likelihood that the results
were due solely to increased familiarity with the concepts, residual practice or familiarity
effects could not be fully eliminated. Fourth, reliance on self-reported questionnaires and
checklist-based assessments may have introduced response bias, such as social desirability
bias, potentially leading to the overestimation of competencies compared with actual
performance. Finally, learning outcomes were assessed primarily through quantitative
tools, which did not fully capture learners’ immersive experiences or the processual aspects
of the educational intervention.

To address these limitations, future studies should (1) employ multi-institutional
and multi-cohort designs to enhance external validity across diverse educational and
cultural contexts; (2) conduct long-term follow-up studies to verify the sustainability and
transferability of disaster nursing competencies to clinical practice; (3) include comparison
groups to more clearly establish program effectiveness; and (4) complement quantitative
outcome measures with qualitative analyses of learners’ experiences, reflections, and
knowledge transfer through mixed-methods approaches. Such efforts would provide a
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more multidimensional understanding of how disaster nursing competencies are developed
and strengthened within sustainable curricula.

5. Conclusions

This study developed and evaluated an integrated disaster nursing education program
combining functional training and simulator-based learning to overcome the limitations
of traditional, theory-driven approaches. The findings showed a significant improvement
in disaster nursing knowledge, as well as post hoc improvements in problem-solving
ability, self-efficacy, and motivation. These results underscore the complementary value
of functional and simulation training. Reflective insights from educators and student de-
briefings further emphasized the importance of teamwork, communication, and contextual
immersion in facilitating learning transfer.

From an educational perspective, the study highlights the importance of a modular
program design with adaptation and reinforcement phases; use of contextually relevant
scenarios to enhance engagement; and consideration of financial, technological, cultural,
and gender-related factors for broader implementation.

Furthermore, the sustainability of this program lies in its community-based pre-
hospital rescue system, which is applicable to urban disaster situations, particularly large-
scale incidents such as building collapses. By integrating actual disaster response manuals
with immediately deployable field scenarios, this program bridges theory and practice,
simultaneously enhancing urban disaster response capabilities and community resilience.
This approach presents a scalable and sustainable educational framework enabling local
health systems to effectively respond to large-scale urban disasters.

Despite its limitations, including a single-institution, female-dominated sample, a
short follow-up period, and reliance on self-reported measures, this study provides an
original, sustainable model integrating simulator-based training with team-based functional
exercises. Future research should expand to multi-institutional and longitudinal designs
and adopt mixed-methods approaches to deepen the understanding of learning processes
and outcomes.
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