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Background: Effective disaster training is essential for developing competencies in rapid decision-making, teamwork, and protocol-
based actions. However, conventional approaches, such as lectures and limited simulations, often face challenges, including low
engagement and difficulty replicating complex disaster scenarios. These limitations have driven the adoption of innovative strategies,
such as gamification and virtual reality (VR), to enhance disaster education.

Purpose: This scoping review aimed to synthesise and critically evaluate evidence on the effectiveness of gamification and VR-based
interventions in improving disaster preparedness learning outcomes among university students and health workers.

Methods: This scoping review followed the Arksey and O’Malley framework. Studies were searched in EBSCOhost, PubMed, Scopus,
SAGE Journal, and Taylor & Francis using relevant keywords. Included studies were original research in English that evaluated
gamification or VR in disaster training contexts. The data were analysed using descriptive, qualitative, and narrative synthesis.
Results: A total of 24 studies were included, with diverse designs. Across the included studies, interventions were divided into two
categories: gamification and virtual reality-based interventions. In addition, learning outcomes were consistently reported across three
domains: cognitive outcomes (e.g. disaster preparedness knowledge, triage knowledge, crisis management competence), psychomotor
outcomes (e.g. triage skills, triage accuracy, intervention correctness, decision speed), and affective outcomes (e.g. self-efficacy,
satisfaction, motivation, preparedness attitudes).

Conclusion: Gamification and VR interventions improve disaster preparedness learning outcomes among students and health workers
across cognitive, psychomotor, and affective domains. These approaches offer flexible and engaging alternatives to conventional
training and may support scalable disaster education programs. Future studies should use more rigorous comparative designs,
standardized outcome measures, and long-term follow-up to assess skill retention and transfer to real-world settings.

Keywords: disaster preparedness, gamification, good health and well-being, health workers, university students, virtual reality

Introduction
Natural disasters and emergencies can occur anytime, anywhere, requiring high levels of preparedness from all levels of
society, especially students and health workers, who are often at the forefront of disaster response.' Effective disaster
training is essential to ensure that individuals involved in disaster management possess the skills for rapid decision-
making, team coordination, and the implementation of safety protocols.> Good training also helps improve response
efficiency and minimise the risks and impacts posed by disasters.

Disaster preparedness is a crucial element in reducing the impact of disasters on communities. With the increasing
frequency of disasters due to climate change, disaster education is becoming increasingly important to improve public

awareness and response to emergency situations.”>* However, traditional training methods such as field simulations and
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evacuation drills are often expensive, difficult to replicate, and lack flexibility.” A previous study reported that obstacles
to conventional learning include low participant involvement, limitations in replicating realistic disaster scenarios, and
high operational costs.®” Therefore, innovative approaches such as gamification and virtual reality (VR) technology have
emerged as potential solutions to improve the effectiveness of disaster preparedness training.

Literature Review

Gamification and VR are complementary innovative approaches in education with distinct focuses. Gamification refers to
the use of game design elements such as points, levels, and feedback in non-game contexts to enhance learner motivation,
supported by Self-Determination Theory.8 In contrast, VR provides immersive, computer-generated environments that
enable interaction with realistic scenarios without real-world risk, making it particularly effective for developing practical
skills and decision-making.” Thus, while gamification focuses on enhancing how learning is experienced, VR emphasises
where learning takes place, and their integration offers strong potential to improve overall learning effectiveness.

Gamification and VR have been increasingly used in professional education and training and have been shown to
improve learning outcomes, including in emergency and disaster contexts.”'*"'? Various forms of gamification, such as
board games, scenario-based simulations, and VR-based games, have been applied to train students, health workers, and
disaster response personnel.'”!® Learning outcomes in disaster education include improvements in theoretical knowl-
edge, practical skills, and psychological preparedness, which are essential components of disaster readiness.'®
Gamification, defined as the application of game elements in non-game contexts, has been shown to enhance participant
engagement, comprehension and retention of learning materials.'> Meanwhile, VR enables participants to experience
immersive and realistic simulation environments.'®

Empirical evidence supporting the use of gamification and VR in emergency and disaster contexts has grown rapidly
over the past decade.'®'”"'? Cavalcanti et al*® demonstrated that gamified VR environments can increase user engage-
ment, support experiential learning, and allow participants to explore the consequences of their actions in a safe yet
immersive setting, thereby improving understanding and decision-making in high-risk situations.”® Similarly, other
studies have shown that gamification elements, such as challenges, rewards, and interactive scenarios, can enhance
motivation and knowledge retention, while VR-based simulations provide realistic environments that strengthen practical
skills and behavioural responses.>'*** A study among nursing students showed that participants who used VR had better
knowledge retention than those who only took web-based modules.!” Furthermore, immersive and simulation-based
learning approaches have been found to improve not only cognitive outcomes but also users’ confidence and prepared-
ness in handling emergencies.

Despite this expanding evidence base, several important gaps remain. Previous studies have largely examined
gamification and VR separately, with limited comparative analysis across cognitive, psychomotor, and affective
domains.'® In addition, previous reviews focus on describing intervention features and outcomes without adequately
addressing the underlying theoretical mechanisms, such as immersion, presence, and motivation.”® There is no existing
review that systematically integrates and compares gamification and VR within a unified framework across cognitive,
psychomotor, and affective learning domains, particularly in disaster preparedness training for both students and health
workers. Therefore, this scoping review aims to systematically map and synthesise the available evidence on gamification
and VR-based interventions in enhancing disaster preparedness training among university students and health workers,

while providing a more integrated understanding of their roles in improving learning outcomes.

Materials and Methods

Study Design

This study uses a scoping review design, guided by the Arksey and O’Malley framework,>* to map the scientific evidence
broadly related to a particular topic and to identify research characteristics, intervention types, and remaining gaps in the
evidence. The scoping review was chosen because the topic of using gamification and VR in disaster preparedness has

a variety of interventions, simulation contexts, and diverse learning outcomes.
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Eligibility Criteria
The Preferred Reporting Items for Systematic Reviews and Meta-Analyses Extension (PRISMA) framework was used in
this literature review to assess the efficacy of gamification and virtual reality in disaster training (see Figure 1).%°
Research questions and eligibility criteria for research articles using the PICO approach (Population, Intervention,
Comparison, Outcome).

P (Population): University students and Health workers

I (Intervention): Gamification and Virtual Reality

C (Comparison): Usual methods or traditional methods

O (Outcome): Learning outcome (cognitive, psychomotor, and affective aspects).

In this review, articles not published in English and classified as secondary research were excluded. Only original
research articles were included. Full-text availability was required for data extraction and analysis. To minimise potential
bias related to access limitations, multiple retrieval strategies were undertaken, including searching across different
databases, screening reference lists of relevant studies, and accessing institutional resources. Despite these efforts, some
articles could not be retrieved and were therefore excluded. This limitation is acknowledged and may have affected the
completeness of the evidence synthesis. Additionally, no restriction was placed on the year of publication to ensure
comprehensive coverage of the development of gamification and virtual reality in disaster training, allowing identifica-
tion of trends and comparison of interventions over time.

Search Strategy

Systematically, literature searches are conducted across five main databases: EBSCOhost, PubMed, Scopus, SAGE
Journal, and Taylor & Francis. The keywords used were “(University students OR Student OR Health workers OR
Healthcare professionals) AND (Gamification OR Serious games OR Game-based learning AND Virtual reality OR VR
simulation OR Immersive learning OR Augmented reality) AND. (Disaster Preparedness OR Disaster Training OR

[ Identification of studies via datak and regist J [ Identification of studies via other methods ]
c Records identified (n=2.021):
o PubMed (n = 847) Record‘s removed before
k| EBSCOhost (n = 326) screening: Records identified from:
o h ecords identified from:
% Scopus (n = 219) —> DuEhcate records removed Hand Searching (n = 2)
: Taylor and Francis (n=38)
] (n =555)
Sage Journal (n = 74)
I

Records screened (n =1.983) —»| Records excluded (n = 1.941)

Reports sought for retrieval Report: ht for retrieval Reports not retrieved
o (n 542) 9 —»| Reports not retrieved (n = 13) (nefc;)s sougnt for retrieva ———»| (n=0)
5
s
@
: ! I
S
(7]

— T Reports excluded
ReEorts assessed for eligibility »| Reports excluded (n = 7): ReEorts assessed for eligibility N 50)
(n=29) ) ) (n=2) > (
e Study design not appropriate
(n=2)
e Outcome not relevant to
review objective (n = 5)
A4

= Studies included in review
g (n=24)
3 Reports of included studies
= Databases (n = 22) and Hand
= Searching (n = 2)

Figure | PRISMA Flow Diagram adapted from Page M), McKenzie JE, Bossuyt PMet al The PRISMA 2020 statement: an updated guideline for reporting systematic reviews.

BMJ. 2021;372:n71. Creative Commons.?®
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Emergency preparedness OR Learning outcome)”. Each keyword is verified using MeSH (Medical Subject Headings).
Synonyms are applied to ensure all relevant articles are captured. In addition, the author uses Boolean operators such as
“AND” and “OR” to filter or expand search results based on various word variations.

In addition to database searching, hand searching was also performed to identify potentially eligible studies that may
not have been captured through the electronic search strategy. This process included screening the reference lists of
included articles and relevant review papers to locate additional studies that matched the eligibility criteria.

Study Selection

The study selection process followed the Preferred Reporting Items for Systematic Reviews and Meta-Analyses
Extension for Scoping Reviews (PRISMA-ScR) guidelines. All identified records were exported and managed using
Mendeley Reference Manager, and duplicate records were removed prior to screening. Title and abstract screening were
conducted independently by two reviewers (F.S. and EE) based on predefined inclusion and exclusion criteria to identify
potentially relevant studies. Articles that met the initial screening criteria were subsequently retrieved for full-text
assessment. Full-text screening was also performed independently by the same reviewers to confirm final eligibility.
To ensure consistency and minimize selection bias, any discrepancies between reviewers at each stage of the selection
process were discussed and resolved through consensus, including consultation with the third and fourth authors via
online meetings when necessary. The overall study selection process is presented in the PRISMA flow diagram
(Figure 1).

Data Extraction and Analysis

Data were extracted independently by two authors (E.E and F.S) using a standardized extraction table In this review, the
extraction table was designed to systematically capture key information from each included study and ensure consistency
across the dataset. Extracted variables included study characteristics such as author(s) and year of publication, study
design, country, participant characteristics, intervention type, and key findings.

Following extraction, the results were organized and summarized descriptively in tabular form to provide an overview
of the evidence base. The analytical process began by identifying patterns across the included studies and comparing
findings by intervention category and reported learning outcomes. Subsequently, all authors collaboratively interpreted
the extracted evidence and conducted a narrative analysis to synthesize key themes related to intervention characteristics
and outcome domains. Finally, the included studies and extracted entries were rechecked to minimise extraction errors
and to ensure the accuracy and completeness of the review findings.

Results

Study Selection

The literature search identified a total of 2,021 records across databases, including PubMed (n = 847), EBSCOhost (n =
326), Scopus (n = 219), Taylor & Francis (n = 555), and SAGE Journals (n = 74) (see Figure 1). After removing 38
duplicate records, 1,983 records remained and were screened based on titles and abstracts. During the screening stage,
1,941 records were excluded for failing to meet eligibility criteria, leaving 42 reports for full-text retrieval.

Of the 42 reports sought, 13 full-text articles could not be retrieved, leaving 29 reports to be assessed for eligibility.
Following full-text assessment, 7 reports were excluded, including 2 studies with an inappropriate study design and 5
studies with outcomes not relevant to the review objective. As a result, 22 studies were included from the database
search. In addition, 2 records were identified through hand searching. Both reports were successfully retrieved and
assessed for eligibility, and no studies were excluded at this stage. Therefore, a total of 24 studies were included in the
final review, comprising 22 identified through database searches and 2 through hand searching.

Characteristics of Studies
A total of 24 studies were identified in this review with diverse research designs (see Tables 1 and 2). The majority of studies
used a quasi-experimental design (n = 10),°> followed by a pre-experimental one-group pre—post design (n = 5) and
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Table | Summary of Studies

Characteristics n Ref
Study Design
Quasi-Experimental 10 [26-35]
Pre-experimental/One Group pre-post 5 [41-45]
RCT 5 [36-40]
Other 4 [46—49]
Country
United States 5 [33,34,38,44,48]
China 3 [35,36,40]
Iran 3 [31,32,46]
Indonesia 2 [29,30]
South Korea 2 [41,42]
Spain 2 [45,49]
Italy | [37]
Australia [ [39]
Jordan | [26]
Turkey | [27]
Taiwan | [28]
Malaysia I [47]
Thailand | [43]
Continents
Asia 15 [26-32,35,36,40-43,46,47]
America 5 [33,34,38,44,48]
Europe 3 [37,45,49]
Australia | [39]
Participants
Student 17 | [27,29-31,33,34,36—40,43—48]
Health Workers 6 [26,28,32,35,41,42]
Student and Health Worker | [49]
Sample size
Smallest | [38]
Largest I [34]
Types of Intervention
Gamification 14 [27,29-32,36,40-42,44-48]
Virtual reality 10 [26,28,33—-35,37-39,43,49]
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Table 2 Characteristics of the Study

Authors/Year/Country Design Participant Intervention Key Findings
Category Elements
Alsager and Hussein (2025)% Quasi- 90 emergency | Immersive ® Theoretical test (the researcher presented the | Improvement in disaster core competencies (critical thinking skills, specific

Jordan experimental nurses Virtual Reality disaster response protocols, triage systems, and diagnostics, general diagnostics, technical skills, and communication) and self-
(VR) simulation roles within a disaster response team) efficacy
® Practice/simulation training
® Case debriefing
Calik et al (2022)% Quasi- 62 senior Serious games Critical thinking theory, practice, feedback, mobile- Significant improvement in COVID-19 knowledge and safe behavior skills; students
Turkey experimental nursing compatible serious game, real hospital environment, perceived the game as an effective teaching strategy
students PPE procedures

Chang et al (2022)*®

Quasi-

67 emergency

360° virtual

® Basic knowledge learning about chemical disasters

VR training can improve nurses’ preparedness and self-efficacy in responding to

Case scenario

Taiwan experimental nurses reality chemical | ® Group collaboration chemical disasters
disaster training | ® Role playing (incident commander, triage staff
using START, decontamination area personnel)
® Recall program
Chew et al (2023)" Compared Phase I: All Clinical skills ® Collaborations/Social interactions engagement The SMARTriage board game method was still less effective at increasing student
Malaysia with the participants training ® Challenge interaction and engagement than the conventional tabletop method
experimental Phase 2: 113 Tabletop ® Fellowship
study final year exercise ® Skill engagement
medical Gaming ® Physical board game (SMARTriage)
students sessions
“SMARTFriage”
board game

Chumvanichaya et al, (2025)** | Pre and post- 83 paramedic Lecture ® Concept learning VR simulation improves memory comprehension, application, and analysis, and is
Thailand randomized students VR orientation ® [nteractive exercise also more engaging, relevant and satisfying method.
study and simulation ® Skill engagement

(individual) ® Hardware and software use

Scenario-based ® Triage skills

simulation ® |mmersive 3D VR mass-casualty environment;

Evaluation application of SIEVE, SORT, and START triage

algorithms
Delgado et al, (2022)45 Pre and post- 135 medical Theoretical ® Concept lecture The table-top method can improve decision-making skills and role development in
Spain experimental students knowledge test | ® Role practice dealing with MCI.
study Lecture ® Case development

Tabletop/ ® Decision making

Clinical practice | ® Multidisciplinary team coordination skills

Debriefing
Ma et al (2021)% RCT 104 Game-based ® Cooperation Theme game-based teaching significantly improved overall disaster nursing
China sophomore disaster nursing | ® Gut scenes/stories competence and all domains (cognition, skills, affective response)

nursing education ®  Competition
students ® Resource management
® Question/answer time pressure
® Feedback

|e 39 nemedlewy



61:9207 24edyjea Adeurdidsipnnyy jo jeuanof

:sdyzy

Gao et al (2021)* Pre and post- 108 senior Serious games ® Decision making The knowledge levels of all of the students were significantly enhanced
China experimental undergraduate ® Situation judgement
study students ® Hazards, resistance, and profit assessment
® Consistency
® Strategy development
rice et al omparative students mmersive asic skill from triage is as efficient as clinical simulation for training on the execution of basic triage
P t al (2018)* Comparat 67 student: | ® Basic skill from triag VR fficient as clinical lation for training on th tion of basic triag
Spain study and health Virtual Reality ® Case development (START model)
professionals Simulation ® Decision making
VR device
Fathoni et al (2019)% Quasi- 36 nursing TDE ® Role-play TDE significantly increased students’ disaster response knowledge; the
Indonesia experimental students ® Group discussion improvement was greater than that of the standard simulation
® Problem-solving
® Victim management decision-making
Ingrassia et al (2014)%7 RCT 56 medical Virtual reality ® Triage accuracy Virtual reality simulation can improve mass-casualty triage skills.
Italy students simulation ® [ntervention correctness
Real situation ® Decision-making speed
simulation
usna et al uasi- nursin ableto ollaboration ad a positive effect in enhancing the knowledge and attitude of nursin,
H t al (2020)*° Q 80 g Tabletop ® Collaborat TTE had a positive effect hancing the knowledge and attitude of g
Indonesia experimental students Exercise ® Division of roles, functions, and tasks for each students in disaster drills
team member
osseini et al rossover medical imulated an ecision making priority process amification is an ideal precursor to learning, not a substitute for education.
H t al (2023)* C 120 medical | Simulated and ® D king priority p Gamificat deal p to | g, not a substitute for educati
Iran Study students Gamified ® Situation analysis techniques
® Supervision
® Competition
® Debriefing
osseini et al uasi- nursin amification ooperation is more effective in improving nursing students’ crisis management knowledge
H t al (2022)%' Q 60 g Gamificati ® Cooperat GBL ffect proving g stud g knowledg
Iran experimental students ® Good stories and fluency, with significant differences in scores after one week and one month
®  Competition post-training.
® Resource management
® Questions and Answers
® Time pressure
® Feedback
Gue et al (2023)"B Prospective 49 residents Ganmification ® Collaboration A GBL event significantly improved learners’ medical knowledge and self-reported
USA observational and medical ® Networking confidence in managing mass-casualty incidents, with all participants perceiving it as
study students ® Quiz an effective disaster preparedness training tool.
® Simulation
® |imited resources time
® Resource allocation
® Environmental management
Mills et al (20|9)39 Randomised 29 paramedic Virtual reality ® Patient scenario VR-based triage training showed similar cognitive workload, performance,
Australia cohort study students training ® Debriefing satisfaction, and accuracy, enabled significantly faster task completion at
® Clinical decision making substantially lower variable cost, and achieved cost neutrality.
® Discussion

(Continued)
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Table 2 (Continued).

Authors/Year/Country Design Participant Intervention Key Findings
Category Elements
Novak et al (2019)* A single- 113 students Gamification ® Teamwork An interactive escape room intervention effectively enhanced college students’
USA group post- ® Solve the case disaster preparedness knowledge, increased awareness of mitigation strategies, and
design ® Puzzles game intentions to initiate or update emergency kits.
® Post-game education
® Awarded
® Interaction
® Creation
Moon & Ol (2024)' One-group, 27 emergency | Gamification ® Points Gamification-based triage training significantly improved triage accuracy, reduced
South Korea pre-post nurses ® Rankings overtriage, and enhanced critical thinking, triage competency, and knowledge.
design ® |nstant feedback
® Quest-based stories
Mirzaei et al (2020)*° Quasi- 74 nurses Tabletop ® Case scenario Lecturing with tabletop exercises was more effective than lecturing alone because
Iran experimental ®  Assessment of the interactive, scenario-based learning.
® Critical thinking
® Documentation
® |dentifying strong points
® Assess the problems and barriers
Smith et al (2016)* Quasi 108 nursing Virtual reality ® Multiple-choice cognitive test VRS matches or surpasses traditional methods in knowledge retention and skill
USA Experimental students simulation ® 3D video game performance
® Pre-post test
® Physical simulation using manikin VR
Zhang et al (2021)* Quasi 120 nurses Virtual reality ® Study cases VR simulation with technical training improved nurses’ knowledge, preparedness,
China Experimental simulation ® Technical skill training and response.
® Summary and discussion
® Psychological training
® Emergency drill
Cha (2023)5I Pre- 29 nurses Tabletop ® Scenario-based tabletop exercise The tabletop exercise program significantly improved nurses’ knowledge,
South Korea experimental training ® Response plan awareness, and competence in responding to emerging infectious diseases and can
study ® Communication complement theoretical lectures to enhance training effectiveness.
® Case management
® Feedback
Smith et al (2018)** Quasi 197 nursing Virtual Reality ® Drill experiences Virtual reality simulation improved immediate learning and satisfaction, with
USA experimental students Simulations ® Web-based video module immersive VRS perceived as more interactive, though retention declined at 6
® Multiple choice months, and group differences were absent.
Andreatta et al (2010)® RCT |5 medicine Virtual Reality ® Multiple choices question Virtual reality training performed comparably to standardized patient drills in mass
USA residency Simulations ® Time limit disaster triage and offers a feasible, flexible, and repeatable alternative for training
students ® Scenario based emergency medical personnel

Abbreviations: GBL, Game-Based Learning; MCI, Mass Casualty Incident; PPE, Personal Protective Equipment; RCT, Randomized Controlled Trial; SIEVE, Sieve Triage System; SORT, Sort Triage System; START, Simple Triage and Rapid
Treatment; TDE, Tabletop Disaster Exercise; TTE, Tabletop Exercise; VR, Virtual Reality; VRS, Virtual Reality Simulation.
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randomised controlled trials (RCTs) (n = 5). Other designs included comparative, crossover, and prospective observational
studies (n = 4). The dominance of quasi-experimental designs indicates that research in disaster education and triage still
largely focuses on evaluating the effectiveness of interventions in the context of education and training, rather than on
rigorous causal tests such as RCTs.>¢ 4

In terms of geographical distribution, most studies (n = 15) originated in Asia, particularly China, Iran, Indonesia, and
South Korea,?¢3%3336:40-434647 The Americas region contributed five studies, all from the United States.®*=*?%44:4%
This pattern shows that gamification and virtual reality (VR)-based learning innovations in disaster preparedness are

being explored more in Asian countries (see Table 1).

Characteristics of Participants

The majority of study participants were students (n = 17), primarily nursing and medical students.
26,28,32,35,41,42

27,29-31,33,34,36-40,43-48

Healthcare professionals, primarily nurses and emergency nurses, were involved in six studies, while one
study involved a combination of students and healthcare workers.*” Sample sizes range widely, from small-scale studies
with fewer than 30 participants to studies with nearly 197 respondents.** This variability reflects differences in

educational context, technology availability, and the goals of intervention evaluation in each study (see Table 2).

Characteristics of Intervention
In this review, interventions are divided into two categories, namely gamification and virtual reality-based interventions
(see Figure 2 and Table 3).

Category |: Gamification-Based Intervention

Gamification-based interventions are implemented through a variety of educational formats, including serious digital
simulation games, mobile apps, board and tabletop games, and escape room-based activities.?”****4>47 This intervention
is consistently designed with a scenario-based learning approach, where participants are involved in structured disaster
cases such as mass casualty incidents, earthquakes, infectious disease outbreaks, including COVID-19, traffic accidents,
and disasters at large-scale public events.?®*!*3*>4% In some studies, scenarios are structured into multiple rounds,

levels, or stations to allow for repeated practice of decision-making in a variety of contexts.>'-¢4¢

THE INTERVENTIONS CONTENTS & SCENARIOS LEARNING OUTCOMES

SHARED INSTRUCTIONAL COMPONENTS

0l B D

Scenario-based Declslon makmg Triage Feedback/ Repelltlon to

ﬁ training pracnce debriefing reinforce learning

(1) COGNITIVE OUTCOMES

—0-0- Focuses on disaster management
A : and the ability to analyze and apply
Gamification crisis response theories.
The use of game design elements in
non-game contexts to drive engagement @
and learning in disaster scenarios.

Points  Levels & rounds

& 1

COMPONENTS SPECIFIC
TO GAMIFICATION
These interventions leverage game
mechanics (points, leaderboards),
structure (levels/rounds), time pressure,
and strong social interaction/teamwork.

ey N

(2) PSYCHOMOTOR OUTCOMES
Targets physical competency, including
COMPONENTS SPECIFIC q h"'a%ei'i‘l‘:“'?'“ decision sge:id i
echnical skill performance, and effective
J'?fx!"::;l‘:ﬂll;“ﬁgé‘l“llegvn response t: mass casualty events.
environments, specialised hardware
(HMDs), interactive spatial tasks, and
automated performance tracking.

TRAINING SCENARIOS

Virtual Reality (VR)

—
The use of immersive hardware and % f//&/ @
software to simulate 30/368° oo il l (3) AFFECTIVE OUTCOMES
environments for realistic crisis training. o (D) {1
’ 4 A Measures psychological impacts such as
= - N learner engagement, self- -reported
Mass casualty COVID-19 Chemical Earthquakes Historical climate- confidence, motivation, and perceived

feasibility of emergency preparedness.

incidents prevention disasters related hazards

Figure 2 Categorization of Intervention.
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Table 3 Characteristics of Gamification and Virtual Reality

festival

simulation stations, Disaster-themed
escape rooms, Interactive quizzes
(disaster trivia), High-fidelity multi-
patient simulations)

Ref Intervention | Simulation Scenario Method Characteristic Outcome
Frequency Media
Gamification
Calik et al (2022)* Virtual game Yes COVID-19 infection ® Online theoretical training session | ® Interactive and simulation-based Improve knowledge of COVID-19 infection
prevention + 40 minutes ® Mobile-friendly management
® SG is conducted with no time limit | ® Integrates learning mechanics and
over a full |-week period game mechanics (LM-GM model)

Chew et al (2023)" SMARTriage Yes Motor-vehicle accident Phase I: 2 months Board game, patient card, hospital card, | Quite effective in fostering interaction and

Tabletop Phase Il (Games): £20-30 minutes stopwatch, dice, colored markers engagement.

board game each game

Delgado et al (2022)* Tabletop Yes Mass casualty incidents ® |5 min (presentation+Exam) Board game Increase skill and knowledge towards MCI

Gamification ® 45 min (Theoretical explanation) responsibility
® 90 min (table top gamification) Useful for medical students
® 30 in (debriefing)
® |5 min (Self perception)

Ma et al (2021)* Theme board Yes Earthquake 5 Sessions (110 minutes) Non-digital thematic game “Brave the Improved competence in disaster management
game “Brave wind and wave.” across cognitive, skill, and affective domains
the Wind and

Wave.”

Gao et al (2021)* Serious game Yes Urbanization progress, 20 rounds game, each round * Board game (board, card, dice, Effective in improving knowledge, understanding
climate hazards, and policy | 5 minutes farmland, ecological card) disaster risk complexity, and decision-making for
incentives of the historical sustainable development.

scenario from the Yudai
Trench
Hosseini et al (2023)* Virtual game Yes Students create their own | 5 days, +3 weeks Interactive digital media based on Significant in improving triage skills, especially
scenarios simulation and gamification. when used prior to conventional training,
Using: Virtual patient,
Text, images, video,
animation, Automatic
feedback (including voice)
Hosseini et al (2022)3I Virtual game Yes 25 scenarios about 5 game sessions, each session Scenario-based interactive digital game Improve management knowledge and fluency in
earthquakes, triage, +2 hours (gamified crisis and disaster disaster response
trauma, and psychological management)
crises
Gue et al (2023)"8 Virtual game Yes Catastrophes in music 4 hours for 4 unique stations Novel gamification event (Clinical Improve learners’ medical knowledge

Improve self-reported confidence in managing
mass-casualty incidents.
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Novak et al (2019)** Real-time Yes Earthquake (The Beat the | One short session (no exact minutes Escape the room game, Earthquake- Enhanced college students’ disaster preparedness
simulation Quake) mentioned). themed puzzles, Physical props (maps, knowledge
game furniture, emergency supplies), and Increased awareness of mitigation strategies,
Earthquake early warning sound effects. | Increased intentions to initiate or update
emergency kits.
Moon & Ol (2024)' Gamification Yes 12 case studies 100 minutes in one week Mobile game, learning video, Text and Improve triage knowledge, accuracy, and
Triage picture from the cases, interactive competency
Education video, virtual emergency room Reduced overtriage
App (GTEA) Enhanced critical thinking
Fathoni et al (2019)% Tabletop Yes Mass casualty incidents It is not explained in detail in minutes/ | ® Tabletop board Increase student knowledge of disaster
game hours, but is carried out in a series of | ® Role games management
simulation sessions. ® Case scenario
Mirzaei et al (2020)50 Tabletop Yes Earthquake Lecturing for 8 h and 2 h tabletop Media board, map, scenario, and Effective quality of education, critical skills, and an
exercise exercises problem card increased level of nurses’ preparedness against
natural disasters
Cha et al (2023)SI Tabletop Yes Infectious disease 180 minutes of a 3-phase program: Scenario-based tabletop exercise, PPE Improved nurses’ knowledge, awareness, and
games training Lecturing, one-on-one drills, scenario- | card, patient transport card, level-D competence in responding to emerging infectious
based tabletop exercise PPE, YouTube, PowerPoint diseases
Husna et al (2020)* Tabletop Yes Earthquake disaster 90 minutes Board table Enhancing the knowledge and the attitude of
Exercise nursing students in disaster drills.
Virtual Reality
Alsager & Hussein Virtual reality Yes Mass casualty incidents Theory session (I hour), VR Virtual reality headset, hand controllers, | Enhancing disaster preparedness and self-efficacy
(2025)% training MCl) simulation (2,5 hours), debriefing PC/Laptop among emergency nurses
(30 minutes)
Chang et al (2022)*® Virtual reality Yes Chemical disaster 40 minutes Patient scenario cards, instructional Improve preparedness and self-efficacy in chemical
training videos, 360> camera, PC/Laptop disasters among ER nurses
Chumvanichaya et al 3D learning Yes Mass casualty incidents 40-minute MCI triage Virtual Reality immersive (VR-SSST) Improve disaster triage knowledge and skills
(2025)* materials MCl) Enhance learner motivation and SORT triage
using virtual accuracy.
reality
Price et al (2018)*° Virtual reality Yes Mass casualty incidents Single session with no detail VR device Efficient as a clinical simulation for training on the
methods (MCl) 4K video execution of basic triage (START model)
Audio systems VR helmet
Mills et al (20|9)39 Virtual reality Yes Car accident * 3-6 each session VR software Effective in helping decision accuracy, learning
triage training satisfaction, time, and cost efficiency
Smith et al (20I6)33 Virtual reality Yes Bomb explosion 10 minutes virtual reality simulation VR device Effective in promoting skill development and

training

The Hydra controllers

retention in disaster management

(Continued)
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Table 3 (Continued).

accident)

Ref Intervention | Simulation Scenario Method Characteristic Outcome
Frequency Media
Zhang et al (202I)35 Virtual reality Yes Covid-19 pandemic 4 class hours each session, once VR device Improve the response capacity of emergency
training a week, 48 class hours in total reserve nurses
Andreatta et al (2010)® Virtual reality Yes Mass disaster incidents Short-medium duration (not VR device Provides flexible, consistent, on-demand training
triage training explained in detail) options
Smith et al (2018)** Virtual Reality Yes Disaster-related Single training session (10 minutes Immersive VR using HMD (Oculus Rift | Cognitive and skill performance scores increased
Simulations decontamination scenario | VRS) with repeated measures + hand controllers) and desktop VR significantly immediately after the intervention;
in an emergency using PC monitor, mouse, and keyboard | participant satisfaction was high, with immersive
department VR perceived as more interactive than desktop VR
Ingrassia et al (2014)*” Virtual Reality Yes Mass casualty incident (car | 3 days VR environment (XVR software, Both simulation methodologies detected an

joystick navigation, virtual victims) and
live simulation (mock victims, moulage,
Dynamic Casualty Cards, real
equipment)

improvement in triage accuracy and treatment
correctness from day | to day 3

Abbreviations: GTEA, Gamification Triage Education App; MCI, Mass Casualty Incident; PPE, Personal Protective Equipment; SORT, Sort Triage System; START, Simple Triage and Rapid Treatment; VR, Virtual Reality; VRS, Virtual Reality
Simulation; HMD, Head-Mounted Display.
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Instructional design in gamification interventions emphasizes game mechanics as a core component, such as points,
scoring systems, rankings or leaderboards, rewards, competition, and time pre:ssure.27’3"’41 These mechanisms are often
combined with resource constraints, requiring participants to prioritize patients, allocate limited resources, and manage
competing demands in a simulated emergency. Furthermore, many studies also integrate team-based games that involve
collaboration, role-playing, participant discussion, and both cooperative and competitive social interaction.**474%

Learning activities in gamification interventions typically require participants to perform decision-making and
problem-solving tasks, such as triage prioritization, situational assessment, and strategic planning.***'**> Feedback
mechanisms are an integral part of most interventions and are provided through direct in-game feedback, quizzes, post-
game summaries, and structured debriefing sessions.*'- 646 Several studies also emphasized the repeatability and
flexibility of interventions through the use of multiple scenarios, repeated sessions, or participant-designed scenarios,
allowing for reinforcement of learning and adaptation to different educational goals.

Category lI: Virtual Reality

VR are generally implemented as immersive simulation-based training using head-mounted displays, 360-degree videos,
or fully interactive three-dimensional virtual environments.?®>*3*3% This intervention reconstructs realistic disaster and
emergency environments, including mass casualty incidents, chemical disasters, trauma events such as motor vehicle
accidents and bomb explosions, infectious disease scenarios including COVID-19, and decontamination processes in
emergency departments, 33327

Most VR interventions follow a structured training sequence, starting with an orientation or case debriefing, followed
by a discussion and a recall program, to familiarize participants with the VR hardware and software interface and the
learning objectives.?®%333%%3 This stage is followed by an immersive simulation or role-play simulation phase, where
participants actively interact with the virtual environment.®**-337434% I this phase, participants perform a variety of
clinical and disaster response tasks, including victim assessment, triage using standard algorithms such as START, SORT,
and SIEVE, navigation at the disaster site, and assuming specific roles as part of the response team.

VR interventions also often integrate objective performance measurements, with systems that track indicators such as
triage accuracy, decision-making accuracy, intervention accuracy, decision-making speed, and task completion
time.>>>73%%34% This data was used to support individual and group feedback. Nearly all studies included a post-
simulation debriefing component, either through an automated system or an instructor-led discussion, allowing partici-
pants to reflect on their actions, decision-making processes, and overall performance. VR is a flexible, repeatable, and
appropriate training modality for customized use in disaster education.

Characteristics of Outcomes

Across the included studies, outcomes of disaster education interventions were consistently reported in three main
domains: cognitive, psychomotor, and affective. These domains were observed in both gamification-based interventions
and virtual reality (VR)-based interventions, although the specific outcome indicators varied according to the instruc-
tional approach used.

Category |: Cognitive Outcomes
Cognitive outcomes primarily reflected improvements in knowledge acquisition and higher-order cognitive processes. In
gamification-based interventions, cognitive outcomes encompassed COVID-19 knowledge,”’ disaster preparedness

knowledge,** disaster response knowledge,?** knowledge of disaster management,**!

crisis management knowledge and
fluency,”" triage knowledge and accuracy,”’ and understanding of disaster risk complexity.*® In addition, in VR-based interven-
tions, cognitive outcomes included theoretical test performance, disaster core competencies,”® capability in memory
comprehension,* basic knowledge acquisition related to chemical disasters, application, and analysis abilities, knowledge
retention, cognitive performance scores, and response capacity in disaster situations.?®*%333543

Category llI: Psychomotor Outcomes

Psychomotor outcomes focused on the development of practical skills and performance in disaster response and triage.

Gamification interventions reported psychomotor outcomes, including skills for MCI response, triage skills, triage
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accuracy, triage competency, reduced overtriage, and critical thinking as a performance-related competency in triage
decision-making.*®*!*3*¢ In VR-based interventions, reported psychomotor outcomes included triage skills, SORT and
START triage accuracy, execution of basic triage procedures, decision accuracy, intervention correctness, decision-
making speed, technical skill training, skill performance scores, and improvements in triage accuracy and treatment
correctness. > 3227394349 Thege outcomes were commonly embedded within scenario-based gameplay requiring active
task execution.

Category llI: Affective Outcomes

Affective outcomes captured learners’ attitudes, motivation, confidence, and perceived readiness to respond to disasters.
In gamification-based interventions, reported affective outcomes include self-reported confidence, interaction engage-
ment, enjoyment or fun activity, perceived effectiveness of the teaching strategy, disaster preparedness as an attitude,
awareness of mitigation strategies, intention to initiate or update emergency kits, learner motivation, satisfaction, and
perceived interactivity.?’=**4748 Similarly, in VR-based interventions, affective outcomes included disaster prepared-
ness, self-efficacy, self-preparedness, learner motivation, satisfaction, perceived interactivity, and perceived feasibility or

flexibility of VR as an on-demand training modality,?®-*%34-38:39:43

Discussion
This scoping review identified and synthesized the evidence on the effectiveness of gamification and virtual reality (VR)
in improving learning outcomes in disaster training among university students and health workers. The included
interventions were grouped into two categories, namely gamification-based interventions (n = 14) and VR-based
interventions (n = 10), and the learning outcomes were consistently reported across three domains: cognitive, psycho-
motor, and affective. This pattern demonstrates that the effectiveness of these approaches extends beyond knowledge
acquisition to include practical skills and attitudinal readiness, and the pattern is consistent in both students and health
workers.

Compared to previous reviews, this review is novel in integrating two strategic approaches (gamification and VR) into
a single evidence map, thereby providing a more complete picture of disaster preparedness education strategies. Bai
et al’s (2024) review examined gamification in disaster education. It confirmed its benefits on engagement and learning,
but did not position VR as a primary intervention category for parallel analysis, and the number of studies was limited.'®
In addition, previous reviews of the studies analyzed were quite limited, and almost all of them were conducted in Asian
countries.”>> Magi et al (2023), in contrast, focused on VR and augmented reality in disaster medicine but did not
address non-VR innovations such as tabletop exercises or escape rooms.?> By including 24 studies across four continents

1052 this review broadens the geographic and

and extending beyond earlier reviews that contained 16 or fewer studies,
populational coverage, with participants ranging from undergraduate students to emergency nurses working in clinical
settings.”2%*%3% The contribution of this review therefore lies less in the number of studies added than in providing
a more operational interpretive framework for designing disaster education and training across the cognitive, psycho-
motor, and affective domains.

Disaster preparedness is an important competency for health students and health workers because both play a role as
candidates or implementers of initial responses in crisis conditions.”*>* Low preparedness can lead to triage delays,
prioritization errors, and decreased action accuracy, especially in MCI situations that require rapid decisions and team
coordination.” The findings of this review suggest that preparedness training can be strengthened through strategies that
keep participants actively thinking and acting within realistic scenarios rather than passively receiving material. In the
context of services, increasing competence and self-efficacy is also relevant because it influences health workers’
readiness to act during disaster events.”**® Both gamification and VR operationalize this cycle: learners engage with
structured scenarios, receive feedback, conceptualize rules of action, and re-apply them in subsequent rounds or cases,
which plausibly explains the consistent improvements observed across cognitive, psychomotor, and affective
outcomes.®’

Within the gamification category, improvements were most visible in the cognitive and affective domains across

.. . . 27.31.40.4 . . .
digital games, serious games, tabletop exercises, and escape rooms.>’"**4¢ A plausible mechanism for these effects is
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provided by Self-Determination Theory (SDT), which argues that intrinsic motivation is strengthened when learning
environments satisfy learners’ needs for competence, autonomy, and relatedness.'®>® Game mechanics such as points,
leaderboards, immediate feedback, and progressive challenges support perceived competence; choice of strategy and path
within scenarios supports autonomy; and cooperative or competitive team play supports relatedness.’®>° This motiva-
tional base helps explain why gamification consistently improved engagement, self-reported confidence, triage compe-

tency, and knowledge retention in the included studies,*'-*>**

even though several approaches used low-cost, non-digital
formats. Gamification is also attractive operationally because it is relatively flexible and scalable, adapting to institutions
with limited simulation infrastructure.'®>* Nevertheless, when gamified designs over-emphasize play without structured
reflection and debriefing, transfer to real-world decision-making can remain superficial, highlighting the importance of
skilled facilitation and explicit alignment between game elements and learning objectives.>

Within the VR category, the most consistent gains were observed in the combined cognitive and psychomotor
domains, particularly where training required high realism, role performance, and measurable action accuracy® ="+
Immersive environments are well-suited to psychomotor learning because they afford repeated rehearsal of procedures
under realistic sensory conditions, without the physical or clinical risks associated with real MCI, chemical exposure, or
decontamination settings.”®** From an experiential-learning perspective, VR provides a concrete experience that is
sufficiently close to the real clinical environment to support transfer, while also allowing structured debriefing for
reflection.”’” Cognitive Load Theory provides a complementary mechanism: by integrating visual, auditory, and proce-
dural information within the simulated task, VR can either distribute cognitive load effectively or, if poorly designed,
exceed working-memory capacity and impede retention.®™®' This may explain why some VR studies in this review
showed strong immediate effects on triage accuracy and decision speed but attenuated retention at six months,** and why
structured pre-briefings and instructor-led debriefings appear to be important design features in the included studies. In
practical terms, VR also allows objective performance tracking of triage accuracy, intervention correctness, and task
completion time that is difficult to replicate with conventional simulation.***’

Taken together, the three outcome domains correspond to the pedagogical goals of ensuring that learners “know”
(cognitive), “can do” (psychomotor), and “feel ready and confident” (affective) in disaster response.”*>® Cognitive
outcomes were prominent across studies that addressed disaster management knowledge, triage knowledge, and under-
standing of disaster risk complexity.?’>"*%*! Psychomotor outcomes were most visible in MCI and trauma-oriented
studies that demanded precision in action, such as triage accuracy, intervention correctness, and decision-making
speed.’’"4>49 Affective outcomes including self-efficacy, preparedness attitudes, motivation, and perceived interactivity
were reported across both gamification and VR studies.?®*®4"*® This tri-domain pattern strengthens the argument that
effective disaster education cannot rely on knowledge transmission alone but must deliberately target all three domains
simultaneously.

Several considerations influence how these findings should be interpreted. The evidence base is dominated by quasi-
experimental designs, with relatively few randomized controlled trials, which limits causal inference about the compara-
tive superiority of gamification or VR over conventional training.”*>* Outcome measures varied considerably across
studies, with most relying on short-term knowledge quizzes, locally developed checklists, or self-reported confidence
rather than validated, disaster-specific instruments; this variability limits cross-study comparison and is consistent with
a broader pattern in disaster-medicine education research.’* Differences in intervention duration, training intensity, and
scenario complexity likely contributed to the heterogeneity of effect sizes, particularly for performance-based outcomes
such as triage accuracy and decision speed.

Geographically, most included studies were conducted in Asia and the United States, which may restrict
generalizability to settings with different educational systems, technological infrastructure, or disaster profiles. In
addition, several studies suggested that learning gains may attenuate over time, underscoring the need for longer
follow-up to judge retention and real-world transfer. Finally, some disaster types in particular chemical, biological,
radiological, and nuclear events, as well as conflict-related and displacement scenarios remain underrepresented in
this literature despite documented deficits in health workers’ preparedness for such events.®>*®* These observations
should be read as boundary conditions on the evidence rather than as reasons to discount the consistent positive
effects observed.
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Implication for Practice

Practically, these findings offer several concrete recommendations for educators and healthcare institutions. First, the
choice between gamification and VR should be guided by learning goals and available resources rather than
technological novelty alone. Institutions with limited infrastructure or a strong need for scalable, low-cost training,
for example, undergraduate nursing programs or hospitals in low-resource settings, can prioritise gamification
approaches such as tabletop exercises, board games, and mobile serious games, which have demonstrated meaningful
gains in cognitive and affective outcomes. Second, institutions targeting psychomotor precision in high-risk tasks, such
as MCI triage, chemical decontamination, or trauma management, should consider VR-based simulation when feasible,
as immersive environments enable safe, repeatable practice of clinically relevant actions. Third, a blended design that
uses gamification as a motivational entry point and VR as a rehearsal platform, bridged by structured debriefing, is
consistent with the evidence from experiential learning and may maximise outcomes across all three domains. Finally,
curriculum planners should pair any such technology with explicit competency frameworks and validated assessment
tools to ensure that learning gains translate to clinical practice rather than remaining at the level of self-reported
confidence.

Conclusions

The findings in this scoping review indicate that VR and gamification have different but complementary roles in
improving learning outcomes. VR tends to be more effective in improving psychomotor skills and practical experience
due to its ability to simulate real situations in an immersive manner. Meanwhile, gamification plays a greater role in
increasing motivation, engagement, and cognitive aspects through game elements such as rewards, challenges, and
feedback. This difference indicates that the effectiveness of the intervention is highly dependent on the learning
objectives to be achieved. However, the variety of study designs, intervention methods, and measurement tools used
indicates significant heterogeneity, limiting the generalizability of the findings. In addition, most studies still focus on
short-term results and have not explored long-term impacts much. Therefore, further research with more robust designs
and more consistent outcome standards is needed. Overall, the combination of VR and gamification has the potential to
be a more optimal, innovative approach in supporting the learning process, especially in the context of simulation-based
training and skills development.
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