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RESUMEN

Introduccion: Los entornos de emergencia, desastres y alta complejidad
sanitaria demandan una formaciéon especifica que no solo se centre en la
adquisicion de conocimientos tedricos, sino que también prepare a los
profesionales para actuar con eficacia y rapidez bajo presion. La Realidad Virtual
(RV) emerge como una herramienta innovadora que permite simular escenarios
criticos en entornos controlados, seguros y repetibles, favoreciendo el
entrenamiento tanto en habilidades técnicas como no técnicas, como la toma de

decisiones en situaciones de alta incertidumbre.

Objetivo: Evaluar el potencial de la Realidad Virtual (RV) como
herramienta educativa en contextos de emergencias, desastres y alta complejidad,
centrandose en su eficacia para la formacion, evaluaciéon y analisis

neurofisiologico de la percepcion del riesgo y la toma de decisiones.

Metodologia: Esta tesis se presenta como un compendio de publicaciones
indexadas en el Journal Citation Report (JCR), compuesto por cinco estudios
cientificos que exploran el uso de la RV en diferentes contextos: conduccién en
condiciones extremas, toma de decisiones en escenarios de incidentes con
multiples victimas y medicina tdctica, y reanimacién en hipotermia accidental.
Cada estudio integra métodos experimentales y cuasi-experimentales, asi como el

analisis de variables neurofisioldgicas y fisiologicas.

Resultados: Los resultados muestran que la Realidad Virtual mejora la
percepcion del riesgo y la toma de decisiones en situaciones criticas en
comparacion con los métodos tradicionales. Los participantes en los entornos
virtuales demostraron una mayor implicacion emocional, mejor regulacion del
estrés y una activacion neurofisioldgica mas intensa, asociada con areas cerebrales
clave para la toma de decisiones y la regulacion emocional. Ademas, la RV mostré
ser eficaz en la evaluacion de decisiones bajo presidn, identificando errores

criticos que pasaron desapercibidos en simulaciones convencionales.



10 CARMEN AMALIA LOPEZ LOPEZ

Conclusiones: La Realidad Virtual es una herramienta educativa de alto
potencial en el &mbito de la formacion y evaluacion en contextos de emergencias
y alta complejidad. Su capacidad para recrear escenarios de alta presion,
involucrar emocionalmente al usuario y registrar respuestas fisiologicas y
cognitivas la posiciona como un complemento a los métodos tradicionales de
formacion. La integracion de la RV en la formacion de primeros intervinientes,
especialmente en la medicina tactica y situaciones de desastre, constituye una
estrategia eficaz para mejorar la toma de decisiones y la preparacion ante

emergencias.

PALABRAS CLAVE

Reanimacién cardiopulmonar, realidad virtual, toma de decisiones,
percepcion del riesgo, medicina de emergencias, medicina tactica en combate,
analisis neurofisioldgico, aprendizaje inmersivo, primeros intervinientes,

regulacion del estrés, toma de decisiones complejas.



ABSTRACT

Introduction: Emergency, disaster, and high-complexity healthcare
environments demand specialized training that not only focuses on theoretical
knowledge but also prepares professionals to act effectively and swiftly under
pressure. Virtual Reality (VR) emerges as an innovative tool that allows the
simulation of critical scenarios in controlled, safe, and repeatable environments,
promoting training in both technical and non-technical skills, such as decision-

making in high-uncertainty situations.

Objective: To evaluate the potential of Virtual Reality (VR) as an
educational tool in emergency, disaster, and high-complexity contexts, focusing
on its effectiveness for training, assessment, and neurophysiological analysis of

risk perception and decision-making.

Methodology: This thesis is presented as a compendium of publications
indexed in the Journal Citation Report (JCR), consisting of five scientific studies
exploring the use of VR in different contexts: driving in extreme weather
conditions, decision-making in mass casualty incidents and tactical combat
casualty care, and resuscitation in accidental hypothermia. Each study integrates
experimental and quasi-experimental methods, as well as the analysis of

neurophysiological and physiological variables.

Results: The results demonstrate that immersive Virtual Reality improves
risk perception and decision-making in critical situations compared to traditional
methods. Participants in virtual environments showed greater emotional
engagement, better stress regulation, and more intense neurophysiological
activation, linked to brain areas crucial for decision-making and emotional
regulation. Additionally, VR proved effective in assessing decisions under
pressure, identifying critical errors that were overlooked in conventional

simulations.

Conclusions: Virtual Reality is a highly valuable educational tool for
training and assessment in emergency and high-complexity contexts. Its ability to
recreate high-pressure scenarios, emotionally engage wusers, and record

physiological and cognitive responses makes it an invaluable complement to
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traditional training methods. The integration of VR in training first responders,
especially in tactical medicine and disaster scenarios, constitutes an effective

strategy to enhance decision-making and preparedness in emergencies.

KEYWORDS

Cardiopulmonary resuscitation, Virtual Reality, Decision-making, Risk
perception, Emergency medicine, Tactical Combat Casualty Care,
Neurophysiological analysis, Immersive learning, First responders, Stress

regulation, Complex decision-making.
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I - INTRODUCCION

1.1 EVOLUCION DEL PARADIGMA FORMATIVO EN CIENCIAS DE LA
SALUD

La formacion en ciencias de la salud y en el ambito de las emergencias esta
experimentando una transformacidon profunda, evolucionando desde modelos
tradicionales centrados en la transmision de contenidos y en la simulacion
convencional hacia enfoques mas activos, inmersivos, experienciales y orientados
al desempenio (1,2). La ensefianza ya no se concibe inicamente como un proceso
de adquisicion tedrica, sino como un itinerario de aprendizaje contextualizado y
progresivo, capaz de reproducir situaciones complejas, inciertas y de alta
exigencia. Esta evolucion responde tanto a los cambios pedagogicos del siglo XXI
como a la necesidad de adaptar la educacion sanitaria a contextos clinicos y
operativos cada vez mads dindmicos, interprofesionales y tecnoldgicamente

mediados (1-3).

1.1.1 El paradigma formativo en el siglo XXI

En ciencias de la salud, el paradigma formativo ha evolucionado desde
modelos centrados en la transmisién unidireccional de contenidos hacia enfoques
participativos, competenciales y centrados en el estudiante. La literatura reciente
describe esta transicion como un desplazamiento desde formatos estaticos y
bidimensionales hacia ecosistemas de aprendizaje interactivos, colaborativos y
orientados a la aplicacion practica del conocimiento (1). Aprender ya no supone

solo recibir informacion, sino construir conocimiento a través de la experiencia, la
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toma de decisiones, la reflexiéon y la resolucion de problemas en contextos
proximos a la practica profesional (1,2,4).

La educacion sanitaria del siglo XXI debe preparar a los profesionales para
actuar con seguridad, rapidez y criterio en escenarios clinicos complejos (4). La
adquisicion de competencias no puede centrarse exclusivamente en el saber
tedrico, sino también en el desarrollo del razonamiento clinico, la capacidad de
adaptacion, la gestion emocional, el trabajo en equipo y la toma de decisiones bajo
presion, de modo que la innovacién educativa se convierte en una necesidad

estructural de la formacion en salud (5).

1.1.2 Limitaciones de los modelos tradicionales de formacion

Aunque los modelos tradicionales han sido la base de la formacion
sanitaria, presentan limitaciones importantes cuando se trata de entrenar
competencias complejas en escenarios de alta exigencia. La ensefianza expositiva
y la simulacidn convencional no siempre permiten reproducir con suficiente
fidelidad la incertidumbre, la presion temporal, la carga cognitiva y la
complejidad contextual propias de muchas situaciones reales de emergencia,
catastrofe o atencion critica (6-8). A ello se suman dificultades logisticas, alto
consumo de recursos, menor escalabilidad y escasa posibilidad de repetir
escenarios infrecuentes, costosos o peligrosos. Estas carencias resultan
especialmente visibles en la preparacion para incidentes con multiples victimas y
desastres, donde la exposicion real es limitada pero la necesidad de

entrenamiento eficaz es maxima (6-8).

1.1.3 Necesidad de innovacion educativa en contextos complejos

La creciente complejidad de los entornos sanitarios, las emergencias y los

desastres exige incorporar estrategias educativas mas flexibles, seguras, repetibles
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y orientadas al entrenamiento de competencias. La innovacién educativa no
responde solo a la incorporacion de nuevas tecnologias, sino a una exigencia
pedagogica: preparar a los profesionales para actuar con eficacia en situaciones
cambiantes y de alto impacto clinico u operativo (1,2,6). En este marco, la
simulacion avanzada, la evaluacion del desempefio y las tecnologias inmersivas
ocupan un lugar cada vez mds relevante. La realidad virtual y, mas
recientemente, el metaverso educativo no debe entenderse como meros recursos
tecnoldgicos, sino como expresiones de una transformacion pedagdgica mas
amplia que reconfigura el acceso al conocimiento, el entrenamiento y la

evaluacién de competencias en entornos complejos (1-5,9,10).

1.2 TECNOLOGIAS INMERSIVAS Y REALIDAD VIRTUAL EN EDUCACION

1.2.1 Concepto de realidad extendida, virtual, aumentada y mixta.

El desarrollo de las tecnologias inmersivas ha generado una terminologia
amplia que conviene delimitar. El término realidad extendida o XR (extended
reality) se emplea como concepto paraguas para agrupar las tecnologias digitales
capaces de modificar, ampliar o sustituir la percepciéon del entorno fisico,
principalmente la realidad virtual (RV), la realidad aumentada (RA) y la realidad
mixta (RM) (10,11).

La RV genera un entorno completamente digital mediante visores o head-
mounted displays, que sustituyen la percepcion del mundo fisico por una
experiencia tridimensional simulada y, en su modalidad inmersiva, combina
estimulacion visual, auditiva y héaptica favoreciendo la sensacion de presencia,

7
1

entendida como la percepcién subjetiva de “estar alli” (11). En educacién

sanitaria, esta tecnologia ha adquirido especial relevancia porque permite
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entrenar competencias en contextos dificiles de reproducir con métodos

convencionales, ya sea por limitaciones fisicas, logisticas o éticas (5, 11).

La RA no sustituye el entorno real, sino que superpone sobre él
informacion digital (imagenes, modelos anatomicos, indicadores), aplicindose en
educacion médica al aprendizaje anatomico, la orientacion procedural y la
adquisicion de destrezas (11). La RM ocupa una posicion intermedia entre la RA 'y
la RV: integra objetos virtuales en el entorno real de modo que ambos coexistan e
interactien en tiempo real, lo que la hace prometedora para tareas de
manipulacién, navegacion espacial y entrenamiento basado en la interaccion

contextual (11).

Las revisiones actuales muestran que la RV ha predominado en formacion
inmersiva de alta complejidad, mientras que la RA y la RM se han vinculado a
tareas de visualizacién, guia procedimental y entrenamiento técnico,
dependiendo su valor educativo del tipo de tarea, contexto y disefio pedagogico
(5,11). Dentro de este ecosistema aparece el metaverso, entendido como evolucion
hacia espacios virtuales persistentes, compartidos e interactivos, que amplia las
posibilidades de las tecnologias XR hacia experiencias multiusuario y simulacion
socialmente distribuida (10).Adoptar XR como término global y diferenciar
dentro de él RV, RA y RM resulta util tanto conceptual como metodologicamente,
pues cada tecnologia implica distintos grados de inmersién, presencia,

interaccidn, realismo y potencial pedagdgico (4, 5,11,12).

1.2.2 Inmersion, presencia e interaccion
Inmersion, presencia e interaccion son tres dimensiones relacionadas, pero
no equivalentes. La inmersion se refiere a las caracteristicas objetivas del sistema

tecnoldgico: el grado en que un entorno digital envuelve al usuario mediante
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estimulos sensoriales, tridimensionalidad, seguimiento del movimiento y
retroalimentacién en tiempo real, especialmente relevante en RV con head-
mounted displays (5,11). La presencia, en cambio, es la respuesta subjetiva del
usuario, la sensacion psicologica de “estar alli”. Es considerada el correlato
subjetivo de la inmersion y no depende tinicamente de la tecnologia, sino que es
dependiente de factores individuales, disefio del escenario y realismo percibido

(4,13).

Interactuar no significa Gnicamente observar un escenario, sino poder
actuar sobre él, modificar elementos, explorar el espacio, tomar decisiones y
recibir consecuencias o retroalimentacion derivadas de la propia conductalo que
convierte al aprendiz en agente activo y favorece el entrenamiento

contextualizado de habilidades clinicas, procedimentales y decisionales (5,11,14).

En educacién sanitaria el potencial formativo de la tecnologia no reside
solo en su novedad, sino en su capacidad para generar experiencias de
aprendizaje activas, contextualizadas y psicoldgicamente significativas. Por ello,
estos tres conceptos deben considerarse dimensiones nucleares para comprender
el valor pedagdgico de la realidad virtual y de las tecnologias inmersivas en la

formacion sanitaria contemporanea (5,14,15).

1.2.3 Potencial de la realidad virtual en formacidn y evaluacion

La RV ha adquirido un papel relevante en educacién por su capacidad
para generar experiencias de aprendizaje activas, seguras, repetibles y
contextualizadas (4).En ciencias de la salud permite enfrentarse a situaciones
dificiles de reproducir por motivos éticos, logisticos o de seguridad, mejorando
determinados resultados de aprendizaje y la implicacién del alumnado (4,5).Las

revisiones mds recientes muestran que contribuye a la adquisicion de
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conocimientos, al desarrollo de habilidades clinicas y al aumento de la
autoconfianza (5); un metaanalisis en enfermeria concluyd que la RV mejoro el
conocimiento interprofesional, el rendimiento en habilidades clinicas y la
autoconfianza, aunque el tamano del efecto depende del disefio y de la

competencia evaluada (5,16).

La RV presenta también un potencial creciente como herramienta de
evaluacién. La revision de Neher y colaboradores sefiala su utilidad en la
evaluaciéon de grado en medicina y enfermeria, especialmente en tareas basadas
en el desempeno en escenarios de urgencias y en competencias relacionadas con
la atencion al paciente, la comunicacion y el conocimiento médico, ya sea como
instrumento automatizado o complementario al evaluador humano (5,15). Otro
valor central es su capacidad para integrar formacion y evaluacion en un mismo
entorno, registrando decisiones, tiempos de respuesta, errores y patrones de
interaccion de forma automatica y en tiempo real, lo que favorece evaluaciones

mas objetivas y feedback mads preciso (4,15).

Su valor es particularmente alto en contextos de alta complejidad. Una
revision sobre realidad extendida en primeros intervinientes concluyd que estas
tecnologias mejoraron la exactitud del triaje, el tiempo de respuesta, la correccion
del tratamiento y el conocimiento adquirido (6); otra revisiéon sobre RV de alta
fidelidad para incidentes con multiples victimas sefiald aportaciones de realismo,
seguridad y repetibilidad, recomendando entenderla como complemento y no
sustituto de la simulacién en vivo (7). No obstante, la RV no es eficaz por si
misma: la heterogeneidad de disefios, dispositivos e instrumentos dificulta la
comparacion de estudios y obliga a integrarla siguiendo criterios de constructive
alignment, considerando ademads los costes, el desarrollo de software, el

mantenimiento y la formacion del profesorado (4,5,15).Asi, la RV combina
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inmersion, repetibilidad, seguridad, objetivacion del desempefio y feedback
inmediato, pero su incorporacién debe estar guiada por criterios pedagdgicos y

de validez educativa (5,6,15,16).

1.2.4 Usabilidad, aceptacion tecnoldgica y experiencia del usuario

La incorporacion de tecnologias inmersivas en educacion sanitaria no
depende tnicamente de su potencial pedagdgico, sino también de cémo son
percibidas y vividas por el usuario. En este sentido, la usabilidad, la aceptacion
tecnoldgica y la experiencia del usuario constituyen dimensiones decisivas para
que la realidad virtual, la realidad mixta o los entornos metaversales puedan
integrarse de forma estable en los procesos de ensefianza y evaluacion. La
literatura reciente en educacion médica sefiala que muchas intervenciones
muestran resultados prometedores en aprendizaje, pero subraya igualmente que
su adopcion real exige atender a factores organizativos, técnicos y didécticos,
entre ellos la facilidad de uso, la percepcion de utilidad, la comodidad durante la

experiencia y la integracion curricular (17,18).

La usabilidad es el grado en que una herramienta inmersiva permite
realizar una tarea de manera clara, eficiente y satisfactoria, e incluye la estabilidad
del sistema, la calidad del audio y video, la intuitividad de la navegacion y la
adecuacién a los objetivos docentes. En un estudio de 2024 sobre RM en un
hospital universitario, los estudiantes puntuaron 71,4 en la System Usability Scale
(SUS), valor indicativo de buena usabilidad. Sin embargo, percibir beneficio
educativo no implicaba considerar la experiencia tan valiosa como un encuentro
clinico presencial (19).

La aceptacion tecnologica alude a la disposicion de estudiantes y docentes

a utilizar de forma continuada una tecnologia educativa (18). La aceptacion
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tecnologica, analizada con frecuencia mediante el Technology Acceptance Model,
se vincula a variables como la utilidad percibida, facilidad de uso, intencion de
uso y actitud del usuario hacia la tecnologia. Esto explica que herramientas
técnicamente avanzadas puedan fracasar si se perciben como complejas o poco

relevantes (18).

La experiencia del usuario es un constructo mds amplio que incorpora
dimensiones afectivas, motivacionales y perceptivas como la satisfacciéon, la
sesnsion de presencia, implicacion emocional, confort y posible malestar asociado
al uso. En general, los estudiantes informan de alta presencia y bajos niveles de
cybersickness, aunque la evidencia disponible sigue siendo limitada y
heterogénea (20,21).Estudios con enfermeras y estudiantes sobre plataformas
metaversales muestran que la efectividad depende de la preparacion del usuario,
las propiedades de la plataforma y el disefio de programas estructurados y faciles
de usar (22), y la usabilidad en grado en ciencias de la salud destaca el valor de
los escenarios realistas y del debriefing grupal como parte esencial del proceso de
aprendizaje (23).En conclusion, una tecnologia inmersiva sera mas valiosa cuanto
mas usable resulte, mayor aceptacion genere y mejor experiencia ofrezca, siempre
articulada con objetivos docentes claros (17,19-24).

Por ello, la usabilidad, la aceptacién tecnoldgica y la experiencia del
usuario deben considerarse no como variables accesorias, sino como componentes
estructurales para comprender la viabilidad real de las tecnologias inmersivas en

la educacion en ciencias de la salud (17,19-24).

1.2.5 Oportunidades y limitaciones de la formacidon inmersiva
La formacion inmersiva ofrece oportunidades especialmente valiosas en
ciencias de la salud porque permite recrear entornos complejos, poco frecuentes o

de alto riesgo en condiciones seguras, controladas y repetibles. Las revisiones
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recientes coinciden en que la RV favorece la practica deliberada y la integracion
de conocimientos, habilidades y toma de decisiones, con beneficios en
aprendizaje, retencion y valoracion del alumnado en anatomia, entrenamiento

clinico, cirugia, enfermeria y urgencias (4,5,6,24).

Asimismo, estas tecnologias facilitan la integracion entre formacion y
evaluacion ya que los entornos inmersivos permiten registrar variables de
desempefio como tiempos de respuesta, trayectorias de actuacion, decisiones y
errores, favoreciendo evaluaciones mds objetivas de las competencias clinicas
(5,15). Ademas, aporta ventajas organizativas relevantes. La posibilidad de repetir
escenarios, modular su dificultad, menor dependencia de pacientes reales o de
simulaciones fisicamente costosas y facilitar entrenamiento distribuido o remoto

incrementa su atractivo para las instituciones formativas (6, 14,24,25).

En educacién clinica y en preparacion para desastres, estas caracteristicas
favorecen la escalabilidad, la flexibilidad espaciotemporal y la practica en
contextos donde la exposicion real es limitada, pero la necesidad de preparacion

es alta (6,14,24,25).

No obstante, la literatura advierte que estas ventajas deben interpretarse
con cautela. La elevada heterogeneidad metodoldgica de los estudios, en cuanto a
dispositivos, niveles de inmersion, disefios, escenarios, poblaciones e
instrumentos de medida, dificulta la comparacion de resultados y limita la
existencia de evidencia longitudinal soélida sobre transferencia del aprendizaje,
mantenimiento de competencias y coste-efectividad (5,14,24). A ello se suman
limitaciones técnicas, econdmicas y humanas, relacionadas con la inversion en
hardware y software, el mantenimiento, la capacitacion docente, la adaptabilidad

de los usuarios, la privacidad y el cumplimiento normativo. En este sentido, se
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subraya la necesidad de alinear la tecnologia con objetivos pedagogicos
claramente definidos, evitando que la innovacion quede reducida a un mero

efecto de novedad (5,25).

Por otra parte, la experiencia inmersiva puede asociarse a efectos adversos
como nauseas, mareo, desorientacion, fatiga visual o malestar. Aunque los
estudios suelen describir altos niveles de presencia y baja incidencia de
cybersickness entre los estudiantes, la evidencia disponible contintia siendo

limitada (4,26).

Por todo ello, la evidencia permite considerar la formacion inmersiva
como una oportunidad significativa para la renovacion de la educaciéon en
ciencias de la salud, especialmente en el entrenamiento de competencias
procedimentales, decisionales y contextuales. Sin embargo, su efectividad
depende no solo de la tecnologia empleada, sino también de la calidad del disefio
educativo, del contexto institucional y de la experiencia formativa ofrecida al

estudiante (6,14,25).

1.3 PROCESOS COGNITIVOS Y NEUROFISIOLOGICOS EN ENTORNOS
INMERSIVOS.

1.3.1 Atencidn, carga cognitiva y rendimiento

En los entornos inmersivos, la atencién constituye uno de los procesos
cognitivos mas relevantes, ya que condiciona qué estimulos son seleccionados,
procesados y convertidos en aprendizaje significativo. La realidad virtual posee
una notable capacidad para captar y sostener la atencidon del usuario gracias a la
combinacidén de inmersion sensorial, presencia y agencia, lo que favorece una

mayor implicacion con la tarea. Modelos como el Cognitive Affective Model of
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Immersive Learning establecen que presencia y agencia acttian como affordances
psicologicas centrales del aprendizaje inmersivo, e influyen sobre variables
cognitivas y afectivas como la carga cognitiva, la autorregulacion, la motivacién y,
en ultimo término, los resultados de aprendizaje (13). En contextos aplicados de
alta complejidad, esta implicacion atencional puede contribuir ademds a mejorar
el rendimiento en tareas inmersivas orientadas al triaje, la toma de decisiones y la

respuesta operativa (6).

Sin embargo, esa mayor captacion atencional no implica automaticamente
una mejora del aprendizaje. Los entornos inmersivos también pueden
incrementar la demanda cognitiva del estudiante, especialmente cuando
incorporan multiples estimulos, navegacion compleja o elementos de interaccion
poco alineados con el objetivo docente, generando una “cara oscura” vinculada al
estrés tecnoldgico y al aumento innecesario de la carga mental cuando el disefio
no esta bien guiado pedagogicamente. Por ello, la cuestion no es tinicamente si la
realidad virtual atrae mds la atencion, sino si lo hace de manera funcional y

compatible con la capacidad cognitiva disponible (5,13).

En este contexto, la carga cognitiva se convierte en una variable clave para
comprender la eficacia de la formacion inmersiva. La evidencia reciente sugiere
que la realidad virtual favorece el aprendizaje cuando reduce la carga extrinseca,
facilita la organizacién de la informacion relevante y estimula una carga orientada
a la construccion de esquemas. Un estudio de 2025 con estudiantes de medicina
sobre aprendizaje de neuroanatomia mostré que la realidad virtual mejoro el
rendimiento respecto a la instruccion tradicional, al tiempo que redujo la carga
cognitiva extrinseca (27). De forma complementaria, un estudio de 2024 en
laboratorios de realidad virtual observé que la incorporacion de mecanismos de

guia atencional reducia la carga cognitiva y mejoraba el rendimiento académico,
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lo que refuerza la idea de que el diseno instruccional modula directamente la

relacion entre inmersion y aprendizaje (28).

La relacion entre atencidn, carga cognitiva y rendimiento debe entenderse,
por tanto, del resultado del equilibrio entre exigencia cognitiva y soporte
pedagogico. Cuando el entorno inmersivo guia adecuadamente la atencion hacia
lo relevante, estructura la interacciéon y evita distracciones superfluas, el
estudiante dedica mds recursos al procesamiento profundo de la tarea. Por el
contrario, cuando la inmersién introduce complejidad innecesaria, la sobrecarga
cognitiva compromete el aprendizaje y el desempefio. En este sentido, la realidad
virtual es especialmente 1til cuando se disefna para canalizar la atencion, facilitar
la comprension espacial o procedimental y sostener la implicacion sin saturar al

usuario (28).

En cuanto al rendimiento, la revision sistematica de 2025 sobre realidad
virtual inmersiva en educacién médica concluye que la mayoria de los estudios
reportan mejores resultados de aprendizaje y percepciones subjetivas favorables
(5), y los entornos inmersivos resultan prometedores para evaluar tareas basadas
en desempefio(15).En RCP (reanimacion cardiopulmonar), una revision y
metaanalisis de 2024 encontré que la formacion basada en realidad virtual o
aumentada fue tan efectiva como la presencial tradicional (29). Ademas, los
resultados también sefialan que la realidad virtual no solo modifica los resultados
finales sino también, procesos intermedios relacionados con la atencién y el
esfuerzo cognitivo. En simulacion clinica de emergencias los estudios muestran
mayores niveles de implicacion y focalizacion atencional que con la simulacion de
escritorio lo que sugiere un mayor compromiso con la tarea durante la
experiencia (30).Por otra parte, la mediciéon dindmica de carga cognitiva en

simulaciones de reanimacion con EEG (electroencefalograma) y ECG
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(electrocardiograma) mostrd que es factible registrarla en tiempo real, con mayor
carga en noveles que en expertos pese a un rendimiento similar (31). Estos
hallazgos resultan especialmente relevantes porque sugieren que el rendimiento
en entornos inmersivos no depende solo del resultado observable, sino también
del coste cognitivo con el que ese resultado se alcanza, y la realidad virtual mejora
cuando alinea inmersidn, foco atencional, exigencia cognitiva y objetivos

formativos (5,13,28).

1.3.2 Estrés y respuesta fisiologica

El estrés en entornos inmersivos puede entenderse como una respuesta
psicofisioldgica de adaptacion ante demandas percibidas como relevantes,
inciertas o amenazantes. En el contexto educativo, especialmente en ciencias de la
salud, esta respuesta adquiere un interés particular porque muchos escenarios
formativos buscan recrear condiciones de presion, urgencia o complejidad
semejantes a las de la practica real. La literatura reciente indica que la realidad
virtual permite inducir reactividad de estrés de manera controlada, reproducible
y relativamente segura, lo que la convierte en una herramienta util tanto para el
entrenamiento como para el estudio de los procesos fisioldgicos asociados al
rendimiento bajo presiéon. Un metaanalisis sobre tareas estresoras en realidad
virtual concluyé que estos entornos son eficaces para evocar respuesta de estrés
en multiples biomarcadores, con efectos especialmente consistentes en
marcadores simpaticos y con evidencia también en cortisol (32).De forma
complementaria, una revision sistematica sobre estrés, aprendizaje y rendimiento
en simulacién sanitaria subraya que la activacion emocional inducida por
escenarios simulados puede influir de manera relevante sobre el desempefio, lo
que refuerza el interés de estudiar estos procesos en entornos inmersivos

aplicados a la formacién en salud (33).
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Desde una perspectiva fisiologica, la respuesta al estrés en realidad virtual
se ha estudiado mediante distintos sistemas de medida. La revision sistematica
sobre marcadores neurobioldgicos en investigacion educativa en ciencias de la
salud identifica entre los indicadores mas utilizados la frecuencia cardiaca, la
variabilidad de la frecuencia cardiaca, el cortisol, la alfa-amilasa salival, la presion
arterial, la saturacion de oxigeno y la frecuencia respiratoria. Estos marcadores
permiten objetivar procesos que los autoinformes no siempre captan con
precision, especialmente cuando el objetivo es analizar la activacion emocional, la
carga mental o la autorregulacion fisioldgica durante tareas de aprendizaje

exigentes (34,35).

En los entornos inmersivos, la activacion fisioldgica no debe interpretarse
de forma simplista como un resultado negativo. La evidencia reciente sugiere que
un determinado grado de activacion puede contribuir a incrementar el realismo
percibido, la implicaciéon con la tarea y la movilizaciéon atencional, mientras que
una activacidon excesiva puede comprometer la toma de decisiones, aumentar la
carga cognitiva o dificultar el aprendizaje. Por ello, la cuestion relevante no es
unicamente si la realidad virtual induce estrés, sino con qué intensidad, en qué
momento y con qué efecto sobre el desempeno. La literatura reciente subraya,
precisamente, que las respuestas fisiologicas varian segun el tipo de experiencia,
el objetivo del entorno virtual y el marcador utilizado, lo que obliga a interpretar

los datos dentro de un marco contextual y no como respuestas uniformes (32,33).

Un aspecto especialmente valioso de la realidad virtual es que permite
registrar la respuesta fisioldgica de forma sincronizada con la tarea, lo que abre la
posibilidad de analizar no solo niveles globales de activacion, sino también
fluctuaciones momento a momento. La revisiéon sobre biosensores portables en

experiencias inmersivas muestra que los dispositivos mas utilizados en realidad
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virtual incluyen sensores de frecuencia cardiaca, conductancia cutanea,
electroencefalografia y monitorizacion respiratoria, precisamente porque
permiten seguir el estado fisiologico del usuario durante la interaccién con el
entorno (35). Este enfoque resulta especialmente util en educacion sanitaria,
donde interesa conocer como cambian la activacion autondmica y la carga
emocional durante fases criticas de una simulacién, en lugar de limitarse a

medidas pre y postintervencion (34,35).

No obstante, la literatura también advierte que la respuesta fisioldgica en
realidad virtual puede verse influida por factores que no siempre equivalen a un
estrés formativo relevante. Entre ellos destacan la novedad tecnologica, la
familiaridad previa con dispositivos inmersivos, la susceptibilidad individual a la
simulacion y la aparicion de cybersickness, que puede generar sintomas fisicos y
alterar variables fisioldgicas como la frecuencia cardiaca o la actividad
electrodérmica. En consecuencia, la interpretacion de los datos fisioldgicos en
entornos inmersivos exige distinguir entre la activacion asociada al aprendizaje o
a la presion de la tarea y la activacion derivada del malestar tecnoldgico o de

efectos secundarios del dispositivo (36,37).

Su principal fortaleza radica en que permite inducir, registrar y analizar la
respuesta fisioldgica en condiciones controladas, integrando indicadores objetivos
con medidas cognitivas y conductuales. Desde el punto de vista del marco
tedrico, esto resulta especialmente relevante porque sitta la respuesta fisiologica
no como un elemento accesorio, sino como una dimension central para
comprender como los entornos inmersivos modulan la experiencia del usuario, la

carga mental y el rendimiento en tareas complejas (33-35).
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La realidad virtual pues, constituye un entorno especialmente adecuado
para estudiar la relacion entre estrés, activacion fisiologica y aprendizaje en
contextos de alta exigencia, integrando indicadores objetivos con medidas
cognitivas y conductuales. Desde el punto de vista del marco tedrico, esto resulta
especialmente relevante porque sittia la respuesta fisioldgica como dimension
central para comprender como los entornos inmersivos modulan la experiencia

del usuario, la carga mental y el rendimiento en tareas complejas (33-35).
1.3.3 Emociones y toma de decisiones

Las emociones constituyen un componente esencial del aprendizaje y del
desempeno en entornos inmersivos, ya que influyen en la manera en que el
usuario interpreta la situacion, distribuye sus recursos atencionales y selecciona
una respuesta. La literatura reciente sobre realidad virtual subraya que los
entornos interactivos inmersivos no solo transmiten informacién, sino que
generan estados afectivos capaces de modular la conducta y el compromiso con la
tarea. Las emociones no deben entenderse como un elemento accesorio de la
experiencia virtual, sino como una dimensién central de como el usuario percibe

el escenario, evalta su significado y actia dentro de él (38,39,40).

Desde una perspectiva tedrica, esta relacion entre emocion y aprendizaje
ha sido recogida por modelos como el Cognitive Affective Model of Immersive
Learning (CAMIL), que plantea que la inmersion influye sobre factores cognitivos
y afectivos a través de la presencia y la agencia, y que dichos factores terminan
repercutiendo en los resultados de aprendizaje. Entre estos procesos afectivos se
incluyen el interés, la motivacion, la autoeficacia y la carga cognitiva, todos ellos
estrechamente vinculados a la manera en que el aprendiz toma decisiones en

escenarios dindmicos. Asi, la realidad virtual puede favorecer decisiones mas
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implicadas y contextualizadas cuando la activacion emocional resulta funcional
para la tarea, pero también puede dificultarlas si la intensidad afectiva excede la

capacidad de regulacion del usuario (13,41).

En educacidn sanitaria, esta interaccion es especialmente relevante porque
muchas decisiones deben adoptarse en condiciones de incertidumbre, presion
temporal y complejidad contextual. La revisién reciente sobre integracion de
realidad virtual en educacion médica destaca que estos entornos se estan
utilizando cada vez mds para el entrenamiento de habilidades no técnicas,
incluida la toma de decisiones clinicas, precisamente porque permiten recrear
situaciones complejas en las que intervienen no solo conocimientos declarativos,
sino también procesos emocionales, juicios rapidos y priorizacién de acciones. La
realidad virtual ofrece un marco particularmente util para entrenar decisiones en
las que emocion y cognicién no operan por separado, sino de manera integrada

(17).

La evidencia mas reciente indica, ademas, que la realidad virtual puede
disefiarse para generar respuestas emocionales diferenciadas y analizar su
impacto sobre la conducta.Un estudio sobre simulaciones con pacientes virtuales
capaces de expresar y modificar sus respuestas emocionales segun la interaccion
con el estudiante mostré6 que la incorporacion de estas respuestas afectivas
aumenta el realismo interpersonal y mejora el potencial formativo de la
simulacion (42).En paralelo, investigaciones con primeros intervinientes han
mostrado que variables emocionales y psicopatologicas, como los sintomas
postraumaticos, se relacionan con el rendimiento y con la forma de decidir dentro

de tareas inmersivas (43,44). Esto refuerza, que las decisiones en realidad virtual
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no dependen solo de la informacion disponible, sino también del estado

emocional y de la capacidad de regulacion afectiva del usuario.

Por ello, en los entornos inmersivos la toma de decisiones debe entenderse
como un proceso en el que convergen percepcion, emocion, cognicion y accion.
Las emociones pueden facilitar el aprendizaje cuando incrementan la relevancia
subjetiva del escenario, favorecen la implicacion y ayudan a consolidar
experiencias significativas; sin embargo, también pueden sesgar la valoracion del
riesgo, estrechar el foco atencional o favorecer respuestas impulsivas o evitativas
cuando la activacion es excesiva. En conscuencia, el interés de la realidad virtual
para la formacion no radica Unicamente en su capacidad para presentar
informacion de forma mds atractiva, sino en su potencial para estudiar y entrenar
cdmo las personas deciden bajo condiciones emocionalmente significativas,
especialmente pertinente en ciencias de la salud, las emergencias y otros

contextos de alta complejidad (13, 38).

1.3.4 Neurofisiologia aplicada al aprendizaje inmersivo

La incorporacion de medidas neurofisioldgicas ha permitido ampliar el
analisis del aprendizaje inmersivo mas alld de los cuestionarios de satisfaccion y
de las pruebas de rendimiento, permitiendo observar, en tiempo real, como se
articulan los procesos cognitivos, emocionales y fisioldgicos durante la
experiencia de aprendizaje (45). En este marco, la neurofisiologia aplicada al
aprendizaje inmersivo no pretende sustituir a las medidas educativas
tradicionales, sino complementarlas con indicadores objetivos que permitan
comprender mejor la activacion atencional, la carga mental, la regulacion
emocional y la respuesta al estrés mientras el estudiante interacttia con el entorno

virtual (45).
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Entre las herramientas mads utilizadas destaca la electroencefalografia, por
su capacidad para registrar la actividad eléctrica cerebral de forma no invasiva y
con buena resolucion temporal. La literatura sobre EEG en educacion muestra su
uso para estudiar atencion, memoria de trabajo, carga cognitiva, compromiso y
estados emocionales, aunque también subraya una notable heterogeneidad
metodoldgica en dispositivos, protocolos y estrategias analiticas, lo que obliga a
interpretar los resultados con cautela y confirma el creciente interés por integrar
la sefial cerebral en el estudio de experiencias educativas complejas (46). En
entornos inmersivos, ciertas variaciones en bandas alfa, beta o theta pueden
relacionarse con estados de concentracion, carga mental o fatiga, pero estas
asociaciones no deben interpretarse de forma simplista: el EEG permite observar
patrones neurocognitivos del procesamiento de la tarea siempre que se analice en
combinacidn con el contexto instruccional y con otras medidas conductuales y

fisiologicas (46).

Junto al EEG, otros marcadores fisiologicos resultan importantes: la
frecuencia cardiaca, la variabilidad de la frecuencia cardiaca, la conductancia
cutdnea, la respiracion y biomarcadores salivales. La revision sistematica sobre
marcadores neurobioldgicos en formacion sanitaria concluye que la frecuencia
cardiaca y su variabilidad son sensibles a estresores educativos, mientras que
cortisol y alfa-amilasa muestran resultados mads variables, sin que ninguno sea
indicador directo del éxito educativo (45). En realidad virtual, el uso de
biosensores portables permiten un analisis multimodal simultaneo (EEG,
HR/HRYV, conductancia cutdnea, respiracién) util para distinguir entre fenémenos
que pueden parecer similares desde el exterior, por ejemplo, esfuerzo cognitivo,
implicaciéon emocional, estrés o fatiga, pero que responden a dinamicas

fisioldgicas diferentes (35,45).
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Pedagogicamente, este enfoque permite comprender cdmo aprende el
estudiante dentro del entorno inmersivo y no solo si alcanza un buen resultado,
identificar momentos criticos de sobrecarga o pérdida de atencion y avanzar hacia
evaluaciones mas ricas que contemplen el coste cognitivo y fisioldgico que ha
supuesto alcanzar los resultados. La evidencia insiste en la prudencia
metodologica: las sefiales neurofisiologicas no son autoexplicativas y requieren
protocolos rigurosos para evitar interpretaciones reduccionistas (45,46). En
conjunto, la neurofisiologia aplicada al aprendizaje inmersivo aporta un marco
prometedor para estudiar la interaccion entre cerebro, cuerpo y conducta en
contextos educativos complejos, enriqueciendo la evaluacién pedagogica cldsica
mediante indicadores objetivos que permitan comprender con mayor
profundidad qué ocurre durante la experiencia formativa, como responde el
aprendiz y en qué condiciones la inmersion favorece o dificulta el aprendizaje (35,

45,46).

1.3.5 Evaluacion multimodal del aprendizaje y experiencia de usuario

La evaluacion del aprendizaje en entornos inmersivos tiende hacia
enfoques multimodales que combinan indicadores de distinta naturaleza para
comprender no solo el resultado final de una tarea, sino también el proceso por el
que el estudiante llega a él. En RV, una valoracion basada exclusivamente en
pruebas de conocimiento o autoinformes resulta insuficiente, por lo que se
incorporan progresivamente medidas de rendimiento, analiticas de interaccion,
percepcién del usuario y registros fisioldgicos o neurofisioldgicos (48-51). En
educacion sanitaria esta aproximacion es especialmente pertinente porque las
tareas integran dimensiones cognitivas, técnicas, emocionales y decisionales al

mismo tiempo. La revision sistematica de Neher y colaboradores muestra que la
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realidad virtual se utiliza sobre todo en escenarios de emergencia y en
competencias relacionadas con atencion al paciente, comunicacién y conocimiento
médico, ofreciendo oportunidades para automatizar parte de la evaluacion y
reducir la carga del examinador, aunque su implementacion debe alinearse con

los objetivos de aprendizaje (15).

Desde esta perspectiva, la evaluacion multimodal articula varios planos:
indicadores de rendimiento (exactitud, tiempos de respuesta, secuencia de
acciones, calidad del desempefio) (15,50); analiticas de interaccion y aprendizaje,
que reconstruyen trayectorias, patrones de conducta y participacion (49).Una
revision sistematica de 2025 sobre learning analytics en entornos virtuales
inmersivos concluye, precisamente, que este campo se encuentra en expansion,
pero con escasa integracion tedrica y notable diversidad metodoldgica (49).A
estos planos se afade la evaluacion de la experiencia del usuario (presencia,
satisfaccion, facilidad e intencién de uso, implicacion, confort, malestar) (53,48).
Los estudios sobre cybersickness y presencia en educacidén sanitaria pone de
relieve que los estudiantes suelen referir niveles altos de presencia y bajos de

cybersickness, aunque la evidencia sigue siendo limitada (54).

Finalmente, los enfoques multimodales incorporan medidas fisioldgicas y
neurofisiologicas: la combinacion de EEG, frecuencia cardiaca, conductancia
cutdnea o respiracion se estd extendiendo para analizar estados del usuario
durante la interaccion virtual (51)enriqueciendo la interpretacién con
informacién sobre activacion, carga mental, estrés y compromiso atencional (50,
51, 55).Por tanto, la evaluacion multimodal integra lo que el estudiante hace,
cdmo lo hace, como vive la experiencia y cémo responde su organismo,

ofreciendo una comprension mdas completa y ecoldgica del aprendizaje en
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realidad virtual, aunque exige protocolos rigurosos y marcos interpretativos
sOlidos, entendiéndose como estrategia metodologica orientada a captar la

complejidad del aprendizaje en entornos inmersivos (49, 50, 51, 56).

1.4 TOMA DE DECISIONES EN SITUACIONES DE ALTA COMPLEJIDAD
SANITARIA, EMERGENCIAS Y CATASTROFES

Los entornos de emergencia, desastre y alta complejidad sanitaria exigen
procesos de decision rapidos, adaptativos y contextualizados, condicionados por
la incertidumbre, la presién temporal, la informacion incompleta y la necesidad
de priorizar acciones criticas (57).La toma de decisiones en estos contextos no
responde a un unico modelo lineal, sino a la combinacién de estrategias
intuitivas, analiticas y basadas en reglas, moduladas por experiencia,
entrenamiento, estrés y naturaleza de la situacion (58).En el ambito sanitario y
prehospitalario influyen ademas factores organizativos, humanos y contextuales
como la coordinacion interprofesional, la disponibilidad de recursos y las

exigencias del escenario operativo (59).

1.4.1 Factor humano y modelos de toma de decisiones en emergencias

El factor humano ocupa un lugar central en la toma de decisiones en
emergencias, ya que las decisiones no dependen tnicamente del conocimiento
técnico o de los algoritmos disponibles, sino también de cdmo los profesionales
perciben la situacidon, interpretan las sefiales del entorno, manejan la
incertidumbre y regulan su actuacion bajo presion (58). En los servicios de
emergencias extrahospitalarias, la toma de decisiones se describe como un
proceso dindmico y continuo, en el que los clinicos deben construir sentido de la
situacién, formular hipdtesis, reevaluarlas sobre la marcha y adaptar su actuacién

en funcidn de nueva informacién o del cambio de contexto. La evidencia reciente
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sefiala que, incluso cuando existen protocolos, su aplicacion real estd mediada por
la experiencia, por la percepcion de control y por la necesidad de ajustar la

respuesta a la singularidad de cada caso (58,59).

Desde un punto de vista tedrico, la investigacion sobre decisiones en
eventos de alto riesgo ha identificado varios modelos explicativos. Entre ellos,
uno de los mas citados en contextos de emergencia es el Recognition-Primed
Decision Making (RPD), propio del marco de la naturalistic decision-making,
segun el cual los profesionales expertos no comparan siempre multiples opciones
de forma analitica, sino que reconocen patrones familiares en la situacion y
generan con rapidez una respuesta plausible basada en la experiencia previa (57).
La revisién sistematica sobre toma de decisiones en eventos de alto riesgo
confirma que las estrategias de tipo recognition-primed aparecen de forma
consistente en profesiones como sanitarios, bomberos, dmbito militar o en
profesionales de rescate, especialmente cuando existe una elevada presion
temporal y la situacion exige actuar con rapidez. Aun asi, la misma revision
muestra que las estrategias analiticas siguen siendo relevantes en contextos con
menor urgencia o cuando la incertidumbre obliga a contrastar hipotesis de

manera mas deliberada (57).

Esta coexistencia entre decisiones rapidas e intuitivas y decisiones mas
lentas y analiticas conecta también con los modelos de doble proceso, que
distinguen entre un procesamiento inmediato, automatico y basado en
reconocimiento de patrones, y otro mas reflexivo, deliberado y secuencial (60). Un
estudio ergondmico reciente sobre la toma de decisiones del incident commander
en simulaciones de incidentes con multiples victimas mostrdé precisamente una
transicion desde decisiones mas instantaneas al inicio del evento hacia decisiones

mas consideradas conforme evolucionaba el ejercicio, apoyando la utilidad de
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este marco dual para comprender la dindmica decisional en emergencias
complejas. La toma de decisiones en emergencias no puede reducirse a
“intuicion” o “andlisis”, sino que implica la movilizacion flexible de ambos tipos

de procesamiento segin el momento y la estructura del problema (61).

El factor humano incluye también variables como la experiencia
profesional, la tolerancia a la ambigiiedad, la carga mental, la comunicacion y la
interaccion con el equipo, la experiencia facilita un uso mads eficiente de las
sefiales del entorno y permite anticipar escenarios, pero no elimina por completo
la vulnerabilidad a sesgos, errores o sobrecarga, especialmente cuando la
informacion inicial es escasa, ambigua o contradictoria (58,59). La agenda de
investigacion EMS (Emergency Medical Services) 2021-2026 en los Paises Bajos
identifica como prioridades la toma de decisiones compartida, la calidad de la
informacion proporcionada por el despacho y otros factores humanos y
organizativos que afectan a la respuesta prehospitalaria (62), lo que subraya que
la decisidon en emergencias no es solo un acto cognitivo individual, sino también
un proceso situado dentro de un sistema sociotécnico mas amplio (63). Asi, los
modelos de toma de decisiones en emergencias deben contemplar
simultdneamente el peso de la experiencia, los procesos intuitivos basados en
reconocimiento, la deliberacion analitica cuando el contexto lo permite y la
influencia del sistema en el que acttia el profesional, con el fin de disefar mejores
estrategias de formacion, simulacion, apoyo cognitivo y entrenamiento en

competencias no técnicas (57,59,60,62).

1.4.2 Actuacion del primer interviniente en contextos civiles y militares
La actuacion del primer interviniente constituye una fase critica en la
cadena de respuesta ante emergencias y desastres: las primeras decisiones

condicionan la seguridad de la escena, la priorizacion asistencial, la movilizacion



CAPITULO I — INTRODUCCION 55

de recursos y, en muchos casos, el prondstico de las victimas (68). En contextos
civiles esta figura, incluye profesionales de emergencias sanitarias, bomberos,
policia, voluntarios entrenados o sistemas organizados de first responders; en
contextos militares, la actuacion inicial se desarrolla con frecuencia en escenarios
de amenaza activa, condiciones ambientales hostiles, limitaciones logisticas y
necesidad de coordinacion tactica (65,66). Pese a sus diferencias operativas,
comparten un mismo nucleo competencial: valoracion rapida, decisién bajo
presion, manejo inicial de la victima y coordinacion efectiva con el sistema de

respuesta (66,67).

En el ambito civil, su valor depende no solo de la rapidez de llegada, sino
también de su integracion dentro del sistema prehospitalario y de la calidad de su
preparacion para intervenciones tiempo-dependientes. Un estudio descriptivo
realizado en Noruega subraya que estos sistemas mejoran la preparacién para los
cuidados prehospitalarios criticos cuando existe una estructura clara de
activacion, formacién y coordinacion con los servicios de emergencias (68). Esto
sugiere que la actuacion no debe entenderse como una respuesta aislada, sino
parte de una arquitectura asistencial mas amplia donde la eficacia depende del

individuo y del sistema en el que actta (69).

En contextos militares se afaden exigencias del entorno tactico: amenaza,
autoproteccion, priorizacion inmediata y, a menudo, recursos limitados (70, 71).
La literatura sobre entrenamiento en incidentes con multiples victimas y
escenarios tacticos destaca competencias especificas en triaje, control de
hemorragias, evacuacién, coordinacién operativa y toma de decisiones con fuerte
presién temporal (6,72). El primer interviniente militar se sitia en la interseccion
entre atencién sanitaria, seguridad tdctica y gestion del entorno, lo que

incrementa notablemente la complejidad de la respuesta inicial (71,72).
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La literatura reciente sobre entrenamiento de primeros intervinientes en
incidentes con maultiples victimas y escenarios tacticos destaca que estas
situaciones exigen competencias especificas en triaje, control de hemorragias,
evacuacion, coordinacidon operativa y toma de decisiones con fuerte presion
temporal (6,72). Por ello, en el &mbito militar la actuacion del primer interviniente
se sitia en la interseccion entre atencion sanitaria, seguridad tactica y gestion del
entorno, lo que incrementa notablemente la complejidad de la respuesta inicial

(71,72).

La bibliografia mads reciente insiste en la creciente necesidad de
interoperabilidad civil-militar en la preparacion y respuesta ante desastres, ya que
los incidentes con multiples victimas y las catastrofes de gran magnitud exigen
con frecuencia cooperacion entre estructuras sanitarias, proteccion civil y fuerzas
armadas (73-75). Los marcos de entrenamiento inmersivo y de simulacion
avanzada se estan consolidando como recursos utiles para aproximar ambos
mundos, ensayar escenarios compartidos, entrenar la coordinacién y reducir la
distancia entre doctrinas y procesos de decisién (76). Las revisiones recientes
sobre realidad extendida en primeros intervinientes concluyen que estas
tecnologias son prometedoras para mejorar preparacion, exactitud del triaje,
tiempos de respuesta y experiencia de usuario en escenarios de alta complejidad

(7,77,78).

Desde el punto de vista de este marco tedrico, la actuacién del primer
interviniente debe analizarse desde la técnica asistencial pero también desde el
factor humano, la presiéon del contexto, la coordinacién interprofesional y la
adaptacién al entorno operativo, justificando el uso de metodologias inmersivas
que permitan entrenar no solo procedimientos, sino también juicio, flexibilidad y

respuesta bajo presion (7,77,79).
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1.4.3 Triage y atencion en incidentes con multiples victimas

El triaje constituye uno de los procesos mas criticos en los incidentes con
multiples victimas (IMV), ya que permite priorizar la asistencia cuando la
demanda supera temporalmente los recursos disponibles. Su objetivo no es
ofrecer de inmediato el tratamiento mdas completo a cada paciente, sino
maximizar el beneficio colectivo mediante una clasificacion rapida, funcional y
orientada a la supervivencia. La literatura reciente insiste en que el triaje en IMV
debe entenderse como una herramienta dinamica de priorizacién dentro de un
sistema mas amplio de respuesta, y no como un acto aislado o puramente técnico

(80,81,82).

Desde el punto de vista operativo, el triaje en IMV se caracteriza por
realizarse en escenarios de elevada incertidumbre, presion temporal, informacion
incompleta y frecuente desorganizacion inicial (80). Estas condiciones
incrementan la probabilidad de sobretriaje y subtriaje, dos errores con
consecuencias importantes: el primero consume recursos escasos en pacientes
menos prioritarios, mientras que el segundo retrasa la atencion de victimas
criticas. La actualizacién de guia clinica de 2025 sobre manejo de IMV subraya
que la calidad del triaje depende no solo del algoritmo empleado, sino también de
la estructura del sistema, la coordinacién de la escena, la comunicacion y la

reevaluacion continua de las victimas (81,84).

La evidencia reciente muestra, ademas, que no existe un sistema universal
de triaje valido para todos los contextos. Los algoritmos mas utilizados presentan
rendimientos variables segtin el tipo de incidente, el perfil de los intervinientes, la
experiencia del equipo y el entorno asistencial (80,81). El estudio Delphi
internacional sobre respuesta a IMV de inicio subito identificdé consenso en

aspectos nucleares del triaje y del soporte vital prehospitalario, pero también
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puso de manifiesto la necesidad de adaptar procesos y prioridades al contexto
real del desastre (85).Una revision sistematica sobre entrenamiento en realidad
extendida para IMV concluy6 que la mejora del triaje depende no solo del método
de entrenamiento, sino también de como se estructura la experiencia formativa y

de la fidelidad con la que se reproduce la complejidad de la escena (77,86).

La atencion sanitaria en los IMV no puede separarse del proceso de triaje,
ya que ambas dimensiones forman parte de una misma légica de priorizacion.
Tras la clasificacidon inicial, la atencidén se orienta hacia intervenciones de alto
impacto vital, control de hemorragias, manejo de la via aérea, movilizacion
segura, distribucion de pacientes y coordinacién con la evacuacion. Las guias
actuales sobre manejo de IMV insisten en que el triaje no debe concebirse
Unicamente como una etiqueta de color o categoria, sino como el inicio de una
secuencia asistencial que conecta priorizacion, tratamiento inicial y destino del

paciente dentro del sistema de respuesta (80,84,87).

Otro aspecto clave es la relacion entre triaje y entrenamiento. La revision
sistematica de 2024 sobre realidad extendida en primeros intervinientes mostrd
que estas tecnologias pueden mejorar la exactitud del triaje, el tiempo de
respuesta, la correccion de las actuaciones y la experiencia percibida en escenarios
de IMV (77). Ademads, se confirma que estos entornos aportan realismo,
seguridad, repetibilidad y confianza, aunque se recomienda su uso como
complemento, y no como sustituto pleno, de otras formas de simulacion en vivo
(7). Estos hallazgos resultan especialmente relevantes para este marco tedrico
pues refuerza que el triaje en IMV no depende solo del conocimiento declarativo
del algoritmo, sino de la capacidad de aplicarlo con rapidez, criterio y adaptacion
en entornos complejos y cambiantes (7,77,86) donde convergen juicio clinico,

organizacion de la escena, priorizaciéon ética y respuesta operativa (80,84,85),
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representando uno de los escenarios paradigmaticos en los que la toma de
decisiones bajo presion adquiere mayor relevancia, en condiciones de
incertidumbre, carga cognitiva, necesidad de coordinacion y reevaluacion

continua (57,66,86).

1.4.4 Atencion sanitaria en medicina tactica

La medicina tactica se sitia en la interseccion entre la atencion sanitaria
urgente y la operacion en entornos hostiles, donde la asistencia debe prestarse
bajo amenaza, con recursos limitados y en escenarios marcados por la
inseguridad, la presion temporal y la necesidad de compatibilizar la
supervivencia de la victima con la seguridad del interviniente y del equipo (88). A
diferencia de la asistencia prehospitalaria convencional, la atencion sanitaria en
medicina tactica no se desarrolla en un entorno clinicamente neutro, sino en
contextos donde el peligro activo, la movilidad forzada, la dificultad de
evacuacion y la incertidumbre operativa condicionan de forma decisiva la
secuencia asistencial (88,70). La literatura reciente la describe como un campo
donde la toma de decisiones clinicas esta inseparablemente ligada a la evaluacion

tactica del entorno (89,90).

En este marco, el modelo doctrinal mas influyente es Tactical Combat
Casualty Care, desarrollado para adaptar la atencion al herido en combate a las
condiciones reales del campo tactico. Las actualizaciones recientes del Committee
on Tactical Combat Casualty Care mantienen la organizacion de la asistencia en
fases, con prioridades distintas segtin el nivel de amenaza y la posibilidad de
intervenir con seguridad, lo que refuerza la légica de una atencion progresiva y

dependiente del contexto (70,91). Este enfoque implica que la asistencia no sigue
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unicamente una logica clinica, sino también una logica secuencial condicionada
por el entorno: en fases iniciales, el control de una hemorragia masiva o el
desplazamiento de la victima hacia una zona mas segura puede tener prioridad
sobre otras maniobras que, en un escenario civil convencional, se ejecutarian antes

(70,91,92).

Uno de los rasgos distintivos de la medicina tactica es la priorizacion de
intervenciones criticas de alto impacto vital. La evidencia reciente y las guias mas
recientes sitian entre las prioridades iniciales el control de hemorragias
potencialmente exanguinantes, el manejo de la via aérea cuando es posible, la
identificacion y tratamiento del compromiso respiratorio grave, la prevencion de
la hipotermia y la preparacion para la evacuacion (79,91,93). Estas prioridades
han sido operacionalizadas en secuencias como MARCH (massive hemorrhage,
airway, respirations, circulation, head injury/hypothermia), ampliamente
utilizadas en entrenamiento y asistencia tactica, y especialmente tutiles cuando el
entorno impide aplicar de forma integra y simultanea todos los procedimientos
habituales de la atencién avanzada (89,94).La relevancia de este modelo reside en
que convierte la atencion en una cadena de decisiones jerarquizadas, adaptadas al
riesgo, al tiempo disponible y a la viabilidad real de intervenir en cada momento

(70,91).

La literatura reciente subraya también que la medicina tactica no se limita
al dmbito militar, sino que ha ampliado su influencia a contextos civiles de
amenaza activa, incidentes con tirador, rescates complejos y respuesta integrada
entre cuerpos de seguridad y servicios sanitarios. Las revisiones recientes sobre
Tactical Combat Casualty Care y Tactical Emergency Casualty Care describen una
transferencia progresiva de principios originalmente militares hacia escenarios

civiles de alto riesgo, adaptados a contextos donde la amenaza persiste y la
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entrada de los equipos asistenciales depende de la seguridad de la escena, la
zonificacion operativa y la coordinacion interagencial (89,92,95). Esto refuerza la
idea de que la medicina tdctica debe entenderse como una competencia
transversal para determinados escenarios de alta complejidad, mas alla del

combate estrictamente militar (70,90).

Desde el punto de vista del factor humano, la atencién sanitaria en
medicina tactica exige un elevado nivel de entrenamiento técnico y, al mismo
tiempo, de juicio situacional (57). El interviniente debe decidir no solo qué
intervencion es clinicamente indicada, sino cudndo es factible, segura y
compatible con la situacion tdctica, en entornos de amenaza, presion temporal e
informacién incompleta (70,88). Esta presion puede favorecer errores de
priorizacién, omisiones o retrasos cuando el entrenamiento no reproduce con
suficiente fidelidad la carga emocional, sensorial y cognitiva del entorno (57,88).
Por ello, la simulacion, los serious games y la realidad virtual pueden ser
especialmente tutiles para medicina tdctica y para la preparacion de primeros
intervinientes, al permitir entrenar algoritmos como MARCH, juicio operativo,
triage y coordinacion bajo condiciones mas proximas a la realidad que la

ensefianza expositiva convencional (77,96).

Asi, la atencidn sanitaria en medicina tdctica representa un paradigma de
decision clinica bajo amenaza, en el que la asistencia se integra de forma
inseparable con la seguridad, la movilidad y la mision operativa (70,89,90). Su
inclusién en el marco teorico resulta especialmente pertinente porque ejemplifica
con claridad como los procesos cognitivos, emocionales y fisiologicos implicados
en la toma de decisiones bajo presion se activan en una situacion de maxima
exigencia, marcada por la incertidumbre, la urgencia, la amenaza persistente y la

necesidad de coordinacion tactica (57,88). Es por ello, que los entornos inmersivos
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constituyen una herramienta especialmente valiosa para estudiar y entrenar este
tipo de respuesta, ya que permiten reproducir escenarios complejos, practicar
algoritmos y prioridades asistenciales, y observar el desempefio en condiciones

mas proximas a la realidad operativa que la ensefianza convencional (7,77,96).

1.45 Reanimacion en hipotermia accidental
La hipotermia accidental constituye una emergencia tiempo-dependiente

de elevada complejidad, tanto por la gravedad fisiopatoldgica que puede alcanzar
como por las particularidades diagnodsticas y terapéuticas que introduce en la
reanimacion (97). A diferencia de otros contextos de parada cardiorrespiratoria,
en la hipotermia profunda la disminucion del metabolismo puede prolongar la
viabilidad tisular y hacer posible la supervivencia con buen prondstico
neuroldgico incluso tras periodos prolongados de colapso circulatorio, lo que
obliga a adaptar la estrategia asistencial y a evitar decisiones precipitadas de
limitacion terapéutica (97,98). La literatura reciente insiste en que la reanimacion
en hipotermia accidental debe entenderse como un proceso especifico,
condicionado por la temperatura central, el mecanismo de enfriamiento, la
estabilidad hemodinamica y la disponibilidad de recursos avanzados de

recalentamiento (97,99).

Desde el punto de vista clinico, la atenciéon inicial se basa en el
reconocimiento precoz del cuadro, la prevencion de mayor pérdida de calor y la
priorizacién de medidas de soporte vital adaptadas al paciente hipotérmico. En el
entorno prehospitalario, los trabajos mas recientes subrayan la importancia de
combinar aislamiento pasivo, manejo cuidadoso del paciente y, cuando esté
indicado y disponible, calentamiento activo externo, todo ello junto con una

medicion fiable de la temperatura central (97,100). Un estudio nacional noruego
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publicado en 2024 mostrd variabilidad en los recursos y métodos disponibles para
el manejo prehospitalario de la hipotermia accidental, lo que refuerza la idea de
que la calidad de la atencion depende en gran medida de la preparacion del

sistema y no solo del conocimiento individual del interviniente (101).

La reanimacion cardiopulmonar en la hipotermia accidental presenta
caracteristicas diferenciales. En los pacientes con parada cardiaca por hipotermia
severa, las recomendaciones contemporaneas mantienen la necesidad de iniciar y
sostener maniobras de soporte vital, al tiempo que identifican de forma temprana
si el paciente puede beneficiarse de recalentamiento extracorpéreo mediante
ECLS (Extracorporeal Life Support)/ECMO (Extracorporeal Membrane
Oxygenation) o bypass cardiopulmonar (97,98,99). La evidencia reciente sobre
soporte extracorpdreo en hipotermia sugiere que este abordaje sigue siendo una
de las estrategias con mayor potencial de supervivencia neuroldgicamente
favorable en casos seleccionados, especialmente cuando la seleccion se integra con
criterios pronosticos especificos y con la disponibilidad real de centros expertos
(98,102). Los andlisis publicados en 2024 han reactivado la discusion sobre los
puntos de corte y los criterios de seleccion para recalentamiento extracorporeo, en
relacion con la actualizacion de recomendaciones y con la forma de equilibrar el
riesgo de futilidad terapéutica frente a la posibilidad de supervivencia

recuperable (102,103).

En este proceso de seleccion, la literatura ha dado especial relevancia a
herramientas prondsticas como el HOPE score, disefiado para estimar la
probabilidad de supervivencia en pacientes con parada cardiaca hipotérmica
candidatos a soporte extracorpdreo (103,104).Aunque no sustituye al juicio
clinico, el HOPE (Hypothermia Outcome Prediction after Extracorporeal Life

Support) score se ha consolidado como apoyo para la toma de decisiones en
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centros con capacidad ECLS, al integrar variables como edad, sexo, mecanismo de
enfriamiento, temperatura central, potasio sérico y duracion de la reanimacion
(103, 104).Su uso refleja bien la especificidad de la hipotermia accidental: frente a
otros tipos de parada, variables como la asfixia asociada, el mecanismo de
enfriamiento o la bioquimica inicial adquieren aqui un peso prondstico

especialmente relevante (97,104,105).

La decision clinica en este escenario resulta particularmente compleja
porque combina elementos de medicina de emergencias, cuidados criticos, rescate
y logistica de evacuacion. La evidencia reciente sobre terapias de recalentamiento
muestra que los resultados no dependen tinicamente de una técnica aislada, sino
también de la rapidez en el reconocimiento, la prevencion del deterioro durante la
extricacion y el transporte, la correcta categorizacion del paciente y la derivacion a
centros capaces de ofrecer soporte avanzado de recalentamiento y ECLS cuando
esté indicado (97,98). Los estudios recientes sobre manejo prehospitalario
muestran ademds una variabilidad importante en monitorizacién, equipos de
calentamiento, protocolos y entrenamiento, lo que refuerza la idea de que el
pronostico depende en gran medida de la preparacion del sistema, de la
coordinacion entre niveles asistenciales y de la estandarizacion de procedimientos
(101,106). Por ello, la reanimacion en hipotermia accidental constituye un ejemplo
mas en el que la coordinacion del sistema, la estandarizacion de procedimientos y
el entrenamiento especifico tienen un impacto decisivo sobre el resultado clinico

(97,106).

Podemos confirmar pues, que la reanimaciéon en hipotermia accidental
representa uno de los escenarios mas singulares de la medicina de emergencias,
porque obliga a adaptar los algoritmos habituales a una fisiopatologia distinta y a

una ventana terapéutica potencialmente mas amplia (97,98). Su inclusion en este
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marco tedrico es especialmente pertinente porque ejemplifica como la toma de
decisiones en contextos de alta complejidad depende simultdneamente del
conocimiento clinico, del juicio prondstico, de la respuesta fisioldgica del paciente
y de la capacidad del sistema para proporcionar una atencion escalonada y
especializada (99,103,104). Decidir bien no depende solo de aplicar maniobras
correctas, sino de reconocer qué paciente puede beneficiarse de estrategias
avanzadas, cuando activar recursos extraordinarios y como sostener la
continuidad asistencial desde el entorno prehospitalario hasta el centro
especializado (97,104,105).

1.4.6 Conduccion en condiciones extremas como modelo de riesgo
La conduccioén en condiciones extremas constituye un escenario mas util

para estudiar la percepcion del riesgo y la toma de decisiones en contextos de
incertidumbre, presion ambiental y amenaza potencial. La literatura reciente
muestra que fenémenos como la lluvia intensa, la niebla, la nieve, las
inundaciones y la baja visibilidad modifican de forma significativa la conducta
del conductor, incrementan la complejidad perceptiva del entorno y elevan el
riesgo de siniestro (107,108). En este sentido, la conduccion bajo condiciones
meteoroldgicas adversas puede entenderse como un escenario valido para
analizar cdmo los individuos valoran el peligro, ajusta su comportamiento y
responden ante sefiales cambiantes del medio (109,110). La evidencia sugiere,
ademads, que esta adaptacion conductual no siempre compensa por completo el
aumento objetivo del riesgo, lo que refuerza el interés de este contexto para
estudiar la relacién entre percepcion, decision y accion en situaciones dindmicas y

amenazantes (107,108).

Desde el punto de vista cognitivo, estos escenarios exigen una integracion

rapida de informacién visual, espacial y situacional, asi como una actualizaciéon
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constante de la decision de continuar, reducir la velocidad, detenerse o modificar
la ruta (112). La evidencia reciente indica que el empeoramiento de las
condiciones meteoroldgicas tiende a aumentar el riesgo percibido, pero que esta
relacion no siempre es lineal, ya que en situaciones de visibilidad
extremadamente reducida algunos conductores pueden infraestimar el peligro o
mostrar respuestas poco adaptativas (107,111). Esta complejidad convierte la
conduccion extrema en un marco especialmente interesante para estudiar la
interaccion entre percepcion, carga cognitiva y conducta, porque obliga al
conductor a reajustar continuamente su evaluacion del entorno y su respuesta

motora ante sefiales cambiantes del medio (112).

En el caso especifico de las inundaciones, el riesgo adquiere una
dimensién singular, ya que la decision de atravesar una via inundada suele
producirse en condiciones de informacién incompleta y con una percepcion
frecuentemente erronea de la profundidad, la fuerza del agua o la capacidad del
vehiculo para mantener la traccion (113). Un estudio de simulacién publicado en
2024 mostrd que proporcionar informacion mas detallada sobre la profundidad
del agua ayudaba a los conductores a estimar mejor el riesgo y a tomar decisiones
mas informadas ante carreteras potencialmente inundadas (114). Estos hallazgos
son relevantes porque sugieren que la respuesta del conductor no depende solo
de la presencia del peligro, sino también de cdmo se comunica y representa ese

peligro en el momento de la decision (113,114).

La literatura reciente también ha subrayado el papel de la edad y la
experiencia en la percepcion del riesgo durante la conduccién (107). En poblacion
joven, varios trabajos de los tltimos afios muestran que los conductores noveles
identifican peor determinados peligros relacionados con visibilidad reducida,

condiciones nocturnas o entornos complejos, y que sus juicios de riesgo pueden
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diferir de los de conductores con mayor experiencia. Esta evidencia refuerza la
idea de que la conduccion en condiciones extremas es un modelo adecuado para
explorar diferencias individuales en la valoracion del riesgo, la anticipacion del

peligro y la eleccion de conductas seguras o inseguras (107,115).

Ademas, el interés de este modelo no se limita a la seguridad vial, sino que
se extiende al campo de la educacion preventiva. Las situaciones de conduccién
extrema permiten trabajar con escenarios realistas en los que el sujeto debe
interpretar sefiales ambientales, regular la activacién emocional y decidir bajo
presion, elementos muy proximos a otros contextos de emergencia y alta
complejidad (113,116). La evidencia sobre entrenamiento inmersivo en
reconocimiento y prevencion de peligros también respalda el valor de escenarios
realistas para desarrollar habilidades cognitivas, mejorar el rendimiento y
favorecer el aprendizaje aplicado (117). Por todo esto, la conduccion bajo
condiciones meteorologicas adversas y, de forma particular, en escenarios de
inundacion, constituye un modelo de riesgo pertinente para el estudio de la toma
de decisiones en entornos dindmicos (107,108,114). Su relevancia para este marco
tedrico reside pues, en que el escenario integra variables perceptivas, cognitivas,
emocionales y conductuales en una misma situacion, haciéndolo especialmente
atil para investigar y entrenar competencias relacionadas con la valoracion del
peligro, la autorregulacién y la respuesta adaptativa ante amenazas ambientales

(109,114,116).
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La formacién en ciencias de la salud y en el dmbito de las emergencias
constituye un reto prioritario en contextos donde la toma de decisiones debe
realizarse con rapidez, bajo presion y en escenarios caracterizados por la
incertidumbre, la complejidad y, en ocasiones, el riesgo vital. En estos entornos, la
preparacién de los profesionales y de los primeros intervinientes no puede
limitarse a la adquisicion de conocimientos tedricos, sino que debe incluir el
entrenamiento de competencias prdcticas, cognitivas y emocionales necesarias

para actuar de forma eficaz y segura ante situaciones criticas.

A pesar de esta necesidad, persiste una brecha importante entre las
demandas reales de los contextos asistenciales y operativos y las posibilidades
que ofrecen los modelos tradicionales de formacion. La ensefianza convencional,
basada de forma predominante en sesiones expositivas, simulacion no inmersiva
o entrenamiento puntual, presenta limitaciones para reproducir con fidelidad la
presion temporal, la carga cognitiva, la activacion emocional y la complejidad
ambiental propias de escenarios como los incidentes con multiples victimas, la
medicina téctica, la reanimacién en hipotermia accidental o la toma de decisiones
ante situaciones de riesgo. Estas limitaciones dificultan no solo el aprendizaje
contextualizado, sino también la evaluacion objetiva del desempeno en

condiciones proximas a la realidad.

En paralelo, la transformacién digital de la educacion sanitaria ha
favorecido la incorporacién de metodologias mas activas, flexibles e inmersivas.
En este marco, la realidad virtual y otras tecnologias inmersivas ofrecen una
oportunidad especialmente relevante, al permitir la recreacién de escenarios
complejos en entornos seguros, controlados y repetibles. Ademas de facilitar el
entrenamiento técnico, estas herramientas permiten abordar dimensiones menos
accesibles en los modelos clasicos, como la percepcion del riesgo, la respuesta
fisioldgica al estrés, la atencidn, la carga cognitiva, la experiencia del usuario y la

toma de decisiones bajo presion.
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No obstante, el valor educativo de estas tecnologias no debe asumirse de
forma acritica. Su integracion en ciencias de la salud requiere evidencia que
permita comprender no solo su viabilidad o aceptacion, sino también su utilidad
real en la formacién, en la evaluacion del desemperio y en el estudio de los
procesos cognitivos, emocionales y neurofisiologicos implicados en la actuacion
ante situaciones complejas. Asimismo, resulta necesario analizar su aplicabilidad
en distintos contextos, desde la educacion superior en ciencias de la salud hasta
escenarios de emergencias, desastres, medicina tactica y seguridad vial, con el fin
de determinar en qué medida estas herramientas pueden contribuir a mejorar la

preparacion de los usuarios y la calidad de la respuesta.

La presente tesis doctoral se justifica, por tanto, en la necesidad de generar
evidencia aplicada sobre el potencial de la realidad virtual y de las tecnologias
inmersivas en la educacion en ciencias de la salud y en la preparacion ante
contextos criticos. A través de un compendio de cinco articulos, esta investigacion
aborda de forma complementaria la viabilidad del metaverso y de la realidad
virtual en educacién sanitaria, su impacto sobre la percepcion del riesgo en
escenarios de conduccion extrema, su influencia sobre el estrés y los patrones
neurofisiologicos, y su utilidad para el entrenamiento y la evaluaciéon de la toma
de decisiones en incidentes con multiples victimas, medicina tactica y

reanimacién en hipotermia accidental.

Esta tesis pretende aportar conocimiento util para el disefio de estrategias
formativas mas innovadoras, seguras, evaluables y adaptadas a la complejidad de
los entornos sanitarios y de emergencia contemporaneos. Su finalidad no es
Unicamente explorar nuevas herramientas tecnoldgicas, sino contribuir a
comprender cémo estas pueden mejorar la formacion, la evaluacion y la
preparacion de quienes deben actuar ante situaciones donde el tiempo, la
incertidumbre y la calidad de la decision resultan determinantes.
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3.1. OBJETIVO GENERAL

Analizar el potencial de la realidad virtual en contextos de emergencias,
desastres y alta complejidad, considerando su utilidad para la formacidén, el
entrenamiento y la evaluacion de los usuarios, asi como su influencia en la
percepcion del riesgo y en la respuesta cognitiva, emocional y neurofisiologica

implicada en la toma de decisiones.

3.2. OBJETIVO ESTUDIO I

Evaluar la viabilidad, los desafios y las oportunidades de integrar el
metaverso y las tecnologias de realidad virtual (RV) en la educacion en ciencias
de la salud.

3.3. OBJETIVO ESTUDIO II

Analizar el impacto de una experiencia inmersiva de realidad virtual (RV)
en la percepcion del riesgo de los adolescentes durante una tarea de conducciéon
simulada bajo condiciones de lluvia extrema, evaluada mediante medidas

conductuales y registros de neuroimagen.



76 CARMEN AMALIA LOPEZ LOPEZ

3.4. OBJETIVO ESTUDIO III

Evaluar el impacto de la realidad virtual (RV), en comparacion con métodos
audiovisuales no inmersivos, sobre la percepcion del riesgo, los niveles de estrés y
los patrones neurofisioldgicos durante un escenario de conduccion simulado en

condiciones de inundacion.

3.5. OBJETIVO ESTUDIO IV

Analizar la toma de decisiones en dos escenarios de RV: 1) incidente con
multiples victimas (IMV) y 2) un escenario de Tactical Combat Casualty Care
(TCCC). La finalidad es explorar la respuesta de los participantes ante situaciones
de alta exigencia operativa mediante indicadores objetivos, subjetivos, fisiologicos

y neurocognitivos

3.6. OBJETIVO ESTUDIO V

Evaluar un escenario de hipotermia accidental desarrollado con realidad
virtual inmersiva durante el ejercicio OTAN Emergency Management Exercise
Bulgaria 2025. Se analizaron: 1) la exactitud de las decisiones clinicas frente a un
estandar de referencia consensuado y 2) la experiencia del usuario. El proposito
final fue valorar la aplicabilidad de este enfoque para la formacién y evaluacion

de primeros intervinientes en contextos civil-militares.
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Meta-health: a national swot analysis for the development of a metaverse

and virtual reality in health sciences education.
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Introduction

Redazione, 2024). The concept of the metaverse, a virtual space
where multiple users can engage simultaneously, further expands

The integration of virtual reality (VR) into health sciences educa-
tion (HSE) presents a unique opportunity to enhance experiential
learning (Junga et al., 2024). VR enables immersive, interactive envi-
ronments that simulate real-life clinical experiences (SIMZINE

*Corresponding author.
E-mail address: mpardo@ucam.edu (M. Pardo Rios).
* Meta-health research group: Information about the Meta-Health Research Group
in Supplementary File 1.

https://doi.org/10.1016).teln.2025.01.009

the potential for collaborative and realistic simulations in health sci-
ences (Radianti et al., 2020).

METAHEALTH is a national project funded by the Ministry of Sci-
ence and Innovation of Spain, aimed at integrating cutting-edge tech-
nologies like the metaverse and VR into HSE. The project focuses on
creating immersive virtual environments that simulate real clinical
scenarios, allowing health disciplines students to practice skills in a
risk-free setting.

1557-3087/© 2025 The Authors. Published by Elsevier Inc. on behalf of Organization for Associate Degree Nursing. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/)
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Background

The educational paradigm is evolving, with metaverse applica-
tions transforming medical education through real-time, immersive,
and interactive learning experiences. (Junga et al., 2024). The expo-
nential revolution, marked by the expansive growth of virtual learn-
ing resources across various scientific fields, was almost
unimaginable during the days when knowledge was controlled by
instructors and limited to paper-based and in-person teaching meth-
ods. Students now have the flexibility to choose their sources of infor-
mation and, with the advent of asynchronous learning, the time for
their education. Today, we continue to teach three-dimensional and
dynamic concepts in flat, static formats. The emergence of extended
reality (XR) has surpassed its role in the educational revolution and is
leading to a true social transformation (Popov et al., 2024; SIMZINE
Redazione, 2024).

XR is an abstract concept that encompasses a range of technolo-
gies, such as VR, augmented reality (AR), and immersive reality (IR)
(Piromchai et al,, 2015). XR, still in the process of full implementation,
allows for the creation of virtual spaces where people can interact,
even when they are not physically together. This immersive experi-
ence, results in significant improvements in procedural memory,
speed, accuracy, and the transfer of knowledge to real-life scenarios
compared to instructor-led training.

VR has proven effective in improving student engagement and
knowledge retention. For health sciences, this technology facilitates
the simulation of clinical scenarios (Makransky & Lilleholt, 2018). A
metaverse expands on these capabilities by enabling multiple users
to collaborate in the same simulation, while also shaping the future
of post-pandemic medical education through emerging technologies
and tailored recommendations for institutions to embrace revolu-
tionary changes. (Lewis, Popov, & Fatima, 2024).

Health Sciences Education

The use of VR in health sciences is growing, especially in medical
and nursing education, where it is used to simulate anatomy, patient
care, and procedural training (Kyaw et al.,, 2019). Studies show that
students who use VR simulations develop superior spatial and proce-
dural skills compared to those using traditional learning methods
(Chen et al,, 2021; Junga et al., 2024; Radianti et al., 2020).

Studies have highlighted how VR provides nursing students with
an immersive and engaging platform to practice clinical skills in a
safe controlled environment (Saab et al., 2021; Ferrandini Price et al.,
2018). The technology has been praised for its ability to simulate
complex scenarios, allowing students to make decisions and witness
the consequences in real-time, thus enhancing their clinical reason-
ing and confidence (Sun et al,, 2020). In the study conducted by Fer-
randini Price et al. (2018) compared traditional clinical simulation
with immersive VR for training nursing students in handling inci-
dents involving multiple victims. The findings indicated that VR was
as effective as traditional simulation for basic triage, while reducing
students.

Designing the Metaverse for HSE

An effective health sciences metaverse should provide realistic
and immersive simulations. The immersive virtual environments
help students better understand complex medical procedures by
allowing them to perform tasks that replicate real-life scenarios
(Ghaempanah, Moasses Ghafari, Hesami, et al., 2024). One of the key
strengths of the metaverse is its capacity for fostering collaboration.
Health sciences students can use the metaverse to practice teamwork
and interprofessional collaboration in complex clinical scenarios
(Johnston et al, 2018). By simulating real-life healthcare team

interactions, the metaverse allows students from various disciplines
to work together and improve communication and decision-making
skills.

Objective

The aim of this study is to assess the feasibility, challenges, and
opportunities of integrating metaverse and virtual reality (VR) tech-
nologies into health sciences education (HSE).

Methodology

The methodological approach of this project is based on a qualita-
tive framework, using both discussion groups and the SWOT analysis
(Strengths, Weaknesses, Opportunities, and Threats) to assess the
feasibility, challenges, and opportunities for implementing the meta-
verse and VR in HSE. To ensure a structured approach to data collec-
tion, a series of guiding questions were developed specifically for the
SWOT analysis. These questions are provided in the Supplementary
File 1. The qualitative data were analyzed through Thematic Analysis
(Braun & Clarke, 2006), ensuring a structured identification of pat-
terns and their alignment with the SWOT framework. This combina-
tion provides a robust foundation for interpreting multidisciplinary
perspectives on the integration of virtual reality (VR) and the meta-
verse into health sciences education.

Discussion Groups

To gather qualitative data and gain a broad, multidisciplinary per-
spective, we organized discussion groups with experts in HSE, educa-
tional technology, and VR research. These groups included
professionals from different universities and specialties who are on
the project team (Supplementary File 2).

This is a multicenter study, involving 37 professionals from 9 uni-
versities: 8 in Spain and one expert from a university in Switzerland.
The sample consisted primarily of healthcare professionals (about
70%) from health fields such as medicine, nursing, dentists, physio-
therapists and podiatrist. The remaining 30% of participants included
engineers, teachers, and pedagogical experts. This diverse composi-
tion allowed for a holistic view of the challenges and opportunities in
integrating immersive technologies into health sciences education, as
both the technical and educational aspects were thoroughly dis-
cussed.

Data Collection

Three discussion group sessions were conducted, each lasting 90
to 120 min. Each participant attended only one session. Prior to the
start of each meeting, participants were asked to provide demo-
graphic and professional information, including age, gender, profes-
sional role, and years of experience. Throughout the sessions, they
were encouraged to freely express their opinions while remaining
aligned with the key areas of interest. All sessions were audio-
recorded with the participants’ consent, and facilitators took detailed
notes to ensure comprehensive data collection. This approach
allowed us to link participant characteristics with the qualitative
insights obtained, thereby facilitating a more nuanced interpretation
of the results.

Data Processing

After the discussion, the recordings were transcribed verbatim.
These transcriptions were then systematically coded using qualita-
tive data analysis software (MAXQDA®), allowing for the identifica-
tion of recurring themes, concepts, and patterns. The coding process
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involved both inductive and deductive approaches. Initially, an open
coding technique was applied to identify emerging themes from the
data, followed by axial coding to connect these themes to the broader
research questions. Categories were then formed, including themes
such as “technological barriers.” “pedagogical benefits.” and “ethical
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Table 1
ociod hic and F
cussion Group Participants.

Characteristics of the Expert Dis-

Characteristic Participants ~ Percentage
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Table 2
Summary of SWOT Analysis Results with Testimonies.
Aspect Result Testimonies
Strengths - Interdisciplinary collaboration across institutions and fields. “The strength of our team is the diversity of expertise, from medicine to technol-
ogy, which allows for a holistic approach.”
- Strong instituti i to “Our institution has always been a pioneer in adopting new educational technologies,
and this project is a natural fit.”"
Weaknesses - High initial costs for equipment and infrastructure. “The cost of acquiring and maintaining VR headsets and software is a big hurdle, espe-
cially for smaller institutions.”
- Steep learning curve for educators and students. “Many educators are not familiar with these technologies, and it will take significant
time and resources to train them.”
O iti - Potential tor HSE with il learning. “The metaverse offers a level of interactivity and realism that we've never been able to
achieve in traditional settings.”
- Ability to collaborate internationally and reach underserved regions. “We can use this platform to provide quality education to students in remote areas
who lack access to physical facilities.”
Threats - Rapid evolution of VR technologies may require frequent updates. “With technology changing so fast, what we implement today could become obsolete
in just a few years."
- Ethical concerns around data privacy and the use of virtual patients. “We need to be very careful with how we handle personal data in virtual environ-
ments, especially when simulating patients.”
1. Strengths Quantitative Findings

* Interdisciplinary Expertise. The project benefits from a highly
qualified and interdisciplinary team. This diversity allows for a
comprehensive approach to designing and implementing the
metaverse.

Commitment to Innovation. All participating institutions dem-
onstrated a strong commitment to innovation in education, mak-
ing them well-positioned to pioneer the use of VR in their
curricula.

»

Weaknesses

Technological Barriers. A key weakness identified was the poten-
tial difficulty for some institutions to invest in the necessary infra-
structure. High costs associated with VR headsets, software, and
continuous updates were noted as significant challenges.

Initial Resistance. The learning curve associated with adopting
VR and metaverse technologies was another area of concern.
Educators and students may be resistant to change, particularly if
they are unfamiliar with the tools.

o

Opportunities

Revolutionizing HSE. The metaverse offers a unique opportunity
to transform how health sciences are taught. From clinical simu-
lations to virtual anatomy lessons, the metaverse can provide
immersive, hands-on experiences that would otherwise be
impossible in traditional classrooms.

Global Reach and Collaboration. The use of virtual environ-
ments allows for greater collaboration across borders. Institu-
tions in underserved regions could access high-quality training
and resources through the metaverse, overcoming geographical
barriers to education.

4. Threats

Rapid Technological Changes. The rapid pace of VR techno-
logical advancement could result in obsolescence, requiring
frequent updates and additional investments in hardware and
software.

Ethical and Legal Considerations. Data privacy, informed con-
sent, and the ethical treatment of virtual avatars and patients
were identified as ongoing concerns that need to be addressed
before full-scale implementation can take place.

Although the project was primarily qualitative in nature, the analy-
sis also yielded some quantitative insights from participant feedback:

* 80% of the participants believed that VR would significantly
improve students' practical skills in clinical environments.

* 75% expressed concerns about the initial cost of implementation,
though they acknowledged long-term benefits for student learn-
ing.

* 90% emphasized the importance of addressing ethical concerns,
particularly in relation to data privacy and the representation of
virtual patients.

Discussion

The results of this study highlight both the immense potential and
the significant challenges of integrating the metaverse and VR into
HSE. These findings not only confirm the viability of the metaverse as
a revolutionary educational tool but also point to areas that require
careful consideration and further research.

Main Challenges of Virtual Reality

The implementation of VR and the metaverse in HSE faces several
technological hurdles. The high cost of VR hardware and software
can be a barrier to widespread adoption (Boyles, 2017). Additionally,
technical limitations like motion sickness and restricted fields of
view can affect the user experience, limiting the amount of time stu-
dents can spend in virtual environments (Rebenitsch & Owen, 2016).

Ethical issues such as data privacy and informed consent are criti-
cal in the design of health education metaverses. The use of virtual
patients and simulations may expose sensitive data if proper security
measures are not taken (Christman et al., 2022). Moreover, the ethical
treatment of virtual patient avatars and the need for realistic yet
respectful representations must be carefully managed.

VR simulations must be closely aligned with health sciences cur-
ricula to ensure that they effectively support learning outcomes
(Cook et al., 2019). Educational designers need to integrate VR into
the broader curriculum, balancing theoretical knowledge with practi-
cal simulation-based learning experiences. Failure to do so could
result in simulations that are engaging but lack educational value.

The Fig. 1 represent the main challenges of VR. Developing a VR
metaverse for health sciences presents several challenges. One major
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Fig. 2. Summary of the main opportunities.

international talent, promote mobility, and provide high-quality,
accessible education that meets the demands of a rapidly evolving
global society. Most importantly, it determines a conceptual change
in teaching and learning, not without risks (Gorshkov, 2024).

Virtual Nurse Education

In healthcare, particularly in nursing, clinical simulation has
become one of the most prominent learning methodologies in both
university teaching and clinical practice (Cant & Cooper, 2017).
United States (US) guidelines, such as those established by the Ameri-
can Heart Association (AHA) and American Red Cross, emphasize the
importance of evidence-based methods in CPR training to ensure
high-quality resuscitation practices and improved patient outcomes.
The 2024 guidelines highlight the need for innovative, accessible, and
scalable training solutions to increase bystander intervention rates
and enhance skill retention, particularly in geographically diverse
populations like those in the US (Hewett Brumberg et al., 2024). It is
proposed to combine Problem-Based Learning (PBL) or Case-Based
Learning (CBL) with the pedagogical foundations of Clinical Simula-
tion (Briefing-Simulation-Debriefing framework) to develop Virtual
Clinical Simulation (VCS). Through VCS, a metaverse could be created,
serving as a resource hub—a common repository where educators
can share their simulation sessions.

Conclusion and Future Directions

The integration of the metaverse and VR into HSE presents a
transformative opportunity to enhance learning outcomes, particu-
larly in terms of practical skill acquisition, knowledge retention, and
interprofessional collaboration. Moreover, the metaverse promotes
teamwork among diverse healthcare students, aligning with the
increasing emphasis on multidisciplinary approaches.

However, the challenges identified—particularly the technological
barriers and ethical concerns—must be carefully addressed to ensure
the successful implementation of these technologies. This is

particularly interesting for large countries such as the US, where geo-
graphical barriers can limit access to high-quality training resources.
By leveraging VR, nurse educators can provide consistent and engag-
ing training experiences to students and laypersons in remote or
underserved areas, aligning with efforts to improve nationwide
accessibility to healthcare education. The high initial cost of VR
equipment and the steep learning curve, while significant, can be
mitigated with appropriate investment and training. More impor-
tantly, ensuring that data privacy and ethical standards are main-
tained within virtual environments.

In conclusion, while the metaverse holds great promise for revo-
lutionizing HSE, its full potential will only be realized through a care-
ful balancing of technological innovation with ethical considerations.
Future research should focus on refining the usability of VR tools,
making them more accessible, and addressing the legal and ethical
frameworks necessary for their responsible use in educational set-

tings.
D 1:R h team and refl y
Personal characteristics

1. Interviewer/facilitator:

Author 1 and Author 4 led the interviews and focus groups.

2. Credentials:

The main researchers hold PhD and MD degrees, representing
health and educational sciences expertise.

3. Occupation:

At the time of the study, the researchers were university profes-
sors, health professionals, and engineers.

4. Gender:

Male: 4, Female: 5.

5. Experience and training:

The researchers have extensive experience in qualitative research,
virtual reality, and health sciences education.

Relationship with participants

6. Relationship established:

Yes, prior contact with participants was established to explain the
purpose of the study.
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7. Participant knowledge of the interviewer:

Participants were aware of the research objectives and the roles of
the investigators, particularly related to educational innovation and
technology integration.

8. Interviewer characteristics:

26. Derivation of themes:
Themes were derived inductively from the data collected during

the discussion groups.

27. Software:
MAXODA® software was used to manage and analvze the data.
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ABSTRACT

Objective: The aim of this study is to analyze the impact of an immersive virtual mllty (VR) expencnce on
adolescents’ risk perception during a snmulated driving task under rainfall g
behavioral and neuroi

Theoretical Framework: The h is based on contributions from d and risk psychology, which

highlight the role of immersive experiences in emotional activation and behavioral change.

Method: A quasi-experimental design was conducted with 78 high school students (47 females, 31 males; mean
age = 18.7 years; SD = 1.52). The experience was implemented using Quest 3 VR headsets, while a subsample of
10 participants used the Emotiv EPOC+14 system to record brain activity at three critical moments: flood onset,
peak danger, and rescue. Questionnaires and focus groups were applied.

Results and D! Findings show a significant increase in risk pcrccplion after the immersive experience,
with gender differences in willingness to modxfy behaviors (p=0.004) and in reflection on safe decision-making
(p=0.042). N i ing data led right-hemispk activation in females and left-hemisphere

activation in males, with a “freezing” pattcm in males dunng peak danger.

Implications of the Research: These results suggest that VR can be an effective tool for road safety education,
provided that gender-based biological diff are idered

Originality/Value: This study pmvndes mnovzmve evndence by integrating neuroimaging and immersive VR
experiences in road safety, p d | inter i based on neural processing patterns.

P g P

Keywords: Virtual Reality, Risk Perception, Neuroimaging, Road Safety, Driving.
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RESUMO

Objetivo: O objetivo deste estudo é anahsar o lmpacto de uma experiéncia imersiva de realidade virtual (RV) na
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Método: Foi adotado um delineamento quase-experimental com 78 estudantes do ensino médio (47 mulheres, 31
homens; idade média = 18,7 anos; DP = 1,52). A experiéncia foi realizada com 6culos Quest 3 de RV, enquanto
uma subamostra de 10 participantes utilizou o sistema Emotiv EPOC+14 para registrar a atividade cerebral em
trés momentos criticos: inicio da inundagdo, pico de perigo e resgate. Foram aplicados questiondrios e grupos
focais.

Resultados e Discussdo: Os resultados mostram um aumento significativo na percep¢do de risco apds a
experiéncia imersiva, com diferengas de género na disposigao para modificar condutas (p=0,004) e na reflexao
sobre decisdes seguras (p=0,042). Os dados de neuroimagem revelaram ativagdo predominante do hemisfério
direito em mulheres e do hemisfério esquerdo em homens, com um padréo de “congelamento” em homens durante
o pico de perigo.

Implicagdes da Pesquisa: Os achados sugerem que a RV pode ser uma ferramenta eficaz na educagdo para o
transito, desde que sejam consideradas as diferengas neurobioldgicas de género.

Originalidade/Valor: Este estudo traz evidéncias inovadoras ao integrar neuroimagem e experiéncias imersivas
de RV na seguranga viaria, propondo intervengdes educacionais personalizadas com base em padrdes neurais de
processamento.

Palavras-chave: Realidade Virtual, Percepgdo de Risco, Neuroimagem, Seguranga Viaria, Diregao.

IMPACTO DE LA REALIDAD VIRTUAL EN LA PERCEPCION DEL RIESGO EN ADOLESCENTES
AL CONDUCIR EN CLIMA EXTREMO

RESUMEN

Objetivo: El objetivo de este estudio es analizar el impacto de una experiencia inmersiva de realidad virtual (RV)
en la percepcion del riesgo en adolescentes, sometidos a una simulacién de conduccion en condiciones de lluvia
extrema, evaluada mediante medidas conductuales y registros de neuroimagen.

Marco Tedrico: La investigacion se sustenta en aportes de la neuroeducacion y la psicologia del riesgo, que
destacan el papel de las experiencias inmersivas en la activacion emocional y en la modificacion de conductas.

Método: Se empled un disefio cuasi-experimental con 78 estudiantes de secundaria (47 mujeres, 31 hombres; edad
media = 18.7 afios; DE = 1.52). La experiencia se desarroll6 mediante gafas Quest 3 de RV, mientras que una
submuestra de 10 participantes utiliz6 el sistema Emotiv EPOC+14 para registrar la actividad cerebral en tres
momentos criticos: inicio de inundacién, maximo peligro y rescate. Se aplicaron cuestionarios y grupos de
discusion.

Resultados y Discusion: Los hallazgos muestran un aumento significativo en la percepcion del riesgo tras la
experiencia inmersiva, con diferencias de género en la disposicién a modificar conductas (p=0.004) y en la
reflexion sobre decisiones seguras (p=0.042). Los datos de neuroimagen evidencian activacion predominante del
hemisferio derecho en mujeres y del izquierdo en hombres, con un patrén de “congelacion” en varones durante el
maximo peligro.

Implicaci de la investigacion: Estos resultados sugieren que la RV puede ser una herramienta eficaz en la

educacion vial, siempre que se consideren diferencias neurobiologicas de género.

Originalidad/Valor: Este estudio aporta evidencia innovadora al integrar neuroimagen y experiencias inmersivas
de RV en seguridad vial, proponiendo intervenciones educativas personalizadas basadas en patrones de
procesamiento neural.

Palabras clave: Realidad Virtual, Percepcion del Riesgo, Neuroimagen, Seguridad Vial, Conduccion.
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Impact of Virtual Reality on Adolescents' Risk Perception While Driving in Extreme Weather Conditions

1 INTRODUCTION

The perception of risk in driving under adverse weather conditions, such as extreme rain
or floods, is a priority challenge for road education and accident prevention. Adolescents and
young people are highly vulnerable due to a combination of inexperience, overconfidence and
impulsivity, factors that reduce their ability to anticipate dangerous situations (McCartt et al.,
2009). This deficit in risk perception increases the probability of serious incidents in driving
scenarios under environmental stress (Carrasco Gonzalez, Barriga Jiménez, & Ledn Rubio,
2006).

The literature also shows gender differences in risk perception, highlighting that women
tend to adopt more conservative strategies and show greater responsiveness to educational
interventions, while men tend to overestimate their abilities (Scott-Parker et al., 2013). These
findings suggest the importance of including the gender variable in the analysis of road safety
programs, considering possible differentiated neurobiological bases.

In this context, virtual reality (VR) has emerged as an innovative tool in education. Its
ability to generate immersive and realistic scenarios allows exposing adolescents to high-risk
conditions in controlled environments, encouraging safe decision-making without exposing
them to real dangers (Pérez Rubio et al., 2023; Iwaasa, 2024). VR applied to road safety offers
significant potential to reinforce experiential learning and promote sustainable behavioral
changes (Gonzalez-Ortega et al., 2018).

In order to broaden the understanding of the impact of these immersive experiences, it
is necessary to integrate neuroimaging techniques that allow real-time analysis of brain
activation linked to risk perception and decision-making. Previous research has shown that
electroencephalography (EEG) records with devices such as Emotiv+COPD 14 provide
relevant data on hemispheric patterns and emotional responses in educational contexts
(Badcock et al., 2013; Duvinage et al., 2013; Hernandez & De Barros, 2022).

Research question: How does an immersive VR driving experience in extreme rain
influence adolescent risk perception, considering gender differences and brain activation
patterns?

General objective: To evaluate the impact of an immersive VR experience on the
perception of the risk of adolescents when driving in extreme rain conditions, integrating
behavioral and neurophysiological measures.

Specific objectives:

a) Analyze changes in risk perception before and after immersive simulation.
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b) Identify gender differences in the willingness to modify driving behaviors.
c) To examine the patterns of brain activation associated with critical moments of the
experience.

d) To assess the effectiveness of VR as an educational tool in road safety.

2 THEORETICAL FRAMEWORK

The perception of risk in the field of driving has been widely studied from the
psychology of behavior and road safety, constituting a key predictor of preventive behaviors
(Santos, Santos, Santana, & Nunes, 2020). It is recognized that adolescents and young people
have a more limited perception of danger, which increases the likelihood of road accidents
(Alvia Parraga & Linares Giler, 2024). This phenomenon is explained by factors such as lack
of experience, tendency to impulsivity and propensity to underestimate the consequences of
their decisions (McCartt et al., 2009). In contexts of adverse climatic conditions, the reduced
capacity for anticipation and emotional regulation significantly increases the vulnerability of
this group (Carrasco Gonzalez, Barriga Jiménez, & Leon Rubio, 2006).

Research has also shown gender differences in risk perception. Young women tend to
be more conservative and more responsive to road safety education messages, while men tend
to overestimate their responsiveness, engaging in riskier behaviors (Scott-Parker et al., 2013).
These differences not only respond to social or cultural factors, but also seem to be related to
differentiated neurobiological patterns in risk processing, which justifies their analysis using
neuroimaging techniques.

In recent decades, virtual reality (VR) has emerged as an innovative educational
strategy, allowing immersive experiences that generate meaningful learning by simulating high-
risk situations in controlled environments (Pérez Rubio et al., 2023). VR has been shown to be
effective in enhancing attention, empathy and emotional memory, fundamental aspects in the
internalization of safe behaviors (Makransky & Lilleholt, 2018). Its use in road education is
especially promising, since it allows adolescents to experience driving scenarios in extreme
conditions without risking their integrity (Gonzalez-Ortega et al., 2018). In addition, recent
studies show that VR contributes to changing attitudes and behaviors through perceptual
realism and emotional activation (Iwaasa, 2024), aspects that are little achieved by traditional
road prevention programs.

On the other hand, neuroimaging applied to education is an emerging field that provides

information on how the brain processes risk perception and decision-making under pressure.
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The use of technologies such as the Emotiv EPOC+14 system, validated in cognitive
neuroscience studies by Badcock et al. (2013) and Duvinage et al. (2013), provides real-time
records of brain activity in complex scenarios. Recent research has shown that hemispheric
differences in neural activation may be associated with different ways of processing risk: the
right hemisphere is associated with more emotional and intuitive processing, while the left
hemisphere is associated with a more analytical and rational approach (Hernandez & De Barros,
2022, 2024).

The integration of VR and neuroimaging offers a double advantage: on the one hand, it
increases the effectiveness of the educational experience by simultaneously activating the
emotional and cognitive dimension of learning; and on the other hand, it allows to objectively
evaluate how adolescents process critical situations in real time. This approach responds to gaps
in the literature, where although there are studies on risk perception and educational programs,
there are few investigations that integrate immersive technologies with neurophysiological data
to analyze the effectiveness of road safety interventions (Slobounov et al., 2015).

In conclusion, the theoretical framework of this research is based on three pillars:

a) the vulnerability of adolescents in the perception of road risk;

b) gender differences as a critical variable in decision-making; and

c) the methodological innovation that involves the combination of virtual reality and
neuroimaging for the analysis and design of more personalized and effective educational

programs.

3 METHODOLOGY

Quasi-experimental design with a single group of adolescent participants. The
experimental procedure was developed in three phases: immersive experience with
neuroimaging, post-exposure survey and discussion group. This approach has been chosen
based on previous literature, which indicates that pre-test evaluations can introduce response
biases in educational studies (Holmos-Flores et al, 2023).

The intervention phase was conducted in a conditioned laboratory where participants
were simultaneously equipped with Quest 3 virtual reality glasses and the Emotiv EPOC+ 14
neuroimaging system. After the calibration of the devices, a synchronized driving simulation
was projected in extreme rain and flood conditions. The neurophysiological record focused on

three key moments of the scenario: the start of the flood, the critical point of maximum

H Rev. Gest. Soc. Ambient. | Miami | v.19.n.9 | p.1-25 | 013391 | 2025.

5



92

CARMEN AMALIA LOPEZ LOPEZ

b |

Impact of Virtual Reality on Adolescents' Risk Perception While Driving in Extreme Weather Conditions

perceived danger, and the final rescue sequence. These moments were selected for their
relevance to assess changes in brain activation associated with risk perception.

After the immersive experience, a discussion group was generated among the
participants. The discussion was moderated by a facilitator with experience in qualitative
research techniques. A semi-structured guide was used that addressed the key issues defined
according to the objectives of the study. The session was recorded with the prior consent of the
participants to facilitate further analysis.

This work has been approved by the Research Ethics Committee of the UCAM
(Universidad Catdlica de Murcia) with code CE112309, including specifically the
neurophysiological registration protocols and the handling of sensitive data derived from

neuroimaging.

3.1 PARTICIPANTS

The sample was composed of 78 high school students, selected in a non-probabilistic
way from a school environment. The inclusion criteria were students between 15 and 18 years
of age with basic knowledge about road education. Those with medical conditions or vision
problems that prevented them from wearing VR goggles safely were excluded. The participants
and their legal guardians received a detailed explanation of the study and informed consent was
obtained.

For the neuroimaging experience, the sample, selected for convenience, was composed
of 10 students (5 men and 5 women) of secondary education, aged between 15 and 18 years (M
= 16.4, SD = 0.82). The sample size is based on previous neuroimaging studies on risk
perception (Hernandez and De Barros, 2022) that show that a sample of 10 participants allows
detecting significant effects on neural activation paradigms during immersive experiences. The
sample was chosen for convenience considering that the participants did not present

contraindications for the use of virtual reality devices.
3.2 PROCEDURE
The study procedure was developed in several phases:

1. Recruitment and consent: Participants were contacted and informed consent was

obtained.
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2. Intervention: Participants experienced a 15-minute simulation (Figure 1A) of driving in
adverse weather conditions using Quest 3 glasses.

3. Post-test survey: After the immersive experience, they completed a questionnaire
(Figure 1B) designed to assess risk perception and induced reflection.

4. Discussion group: Groups moderated by a facilitator with experience in qualitative

research were formed to explore the perceptions of the participants.
3.3 MEASURING INSTRUMENTS

The measurement instruments used in this study are:

1. Qualitative analysis. The transcripts of the discussion groups were made with
TurboScribe® and revised by two authors to ensure the accuracy and fidelity of the data.
Subsequently, MAXQDA 2022.8® (with the Al Assist extension) was used to carry out
the qualitative analysis, coding and organizing the responses, which allowed identifying
patterns and developing emerging categories. This process facilitated the structured
understanding of participants' perceptions and learning after virtual reality and on-
screen simulations.

2. Quantitative analysis. An ad hoc designed risk perception questionnaire including open
questions and a 5-point Likert scale was conducted to assess post-experience reflection.

3. Neuroimaging analysis. The measurement of brain activity was performed using the
Emotiv EPOC+14 system, a wireless and non-invasive electroencephalography device.
The equipment incorporates 14 strategically positioned electrodes (AF3, F7, F3, FCS,
T7, P7, O1, O2, P8, T8, FC6, F4, F8, AF4) following the International System 10-20,
with references in the mastoids (CMS/DRL). This device was selected for its real-time
recording capability at 128 Hz, allowing to accurately capture the rapid changes in
neural activity associated with the perception of risky situations during the immersive

experience.
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Figure 1
Images taken during the sample collection phase where participants perform a simulation of

15 minutes driving in adverse weather conditions using Quest 3 glasses.

Own source.

3.4 NEUROIMAGING

The data analysis implemented in this study was structured in three fundamental phases
to examine the patterns of neuronal activation during the immersive experience with virtual
reality, following the standardized protocols PRONIN© and SIEN®©.

In the initial phase, a pre-processing of the electroencephalographic signals obtained by
Emotiv  EPOC+ 14 was performed, applying the Neuroimaging Operative Protocol
(PRONINO). This protocol included the verification of environmental conditions (illumination:
500-750 lux; temperature: 20-22 °C), the evaluation of the state of the participants, and the
control of electromagnetic interference. Digital filtering (0.5-45 Hz) and baseline correction
techniques were applied, ensuring a minimum quality threshold of 95%. The PRONINO
protocol also established standardized periods of basal registration with open and closed eyes

(3 minutes each) before the immersive experience.
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The second phase consisted of the spectral analysis of EEG signals by fast Fourier
transform (FFT), identifying four main frequency bands: theta (4-8 Hz) related to emotional
response to danger, alpha (8-13 Hz) for attentional control during simulated driving, beta (13-
30 Hz) for concentration in critical situations, and gamma (30-100 Hz) for high-level cognitive
processing during decision-making. Power and coherence measurements between electrodes
were calculated to assess brain functional connectivity during the three key moments of the
scenario: flood onset, maximum danger hotspot, and rescue sequence.

The final phase incorporated the Standardized Neuroimaging Interpretation System
(SIEN©), which integrates three dimensions of analysis: structural (patterns of hemispheric
activation and brain connectivity), functional (analysis of frequency bands and temporal
patterns), and contextual (environmental variables and state of the participant). This system
allowed to evaluate the specific lobes and brain waves for risk perception: level of alertness,
emotional commitment, stress response, sustained attention and decision-making under

pressure

3.5 STATISTICAL ANALYSIS

Statistical analysis was performed using standard tools for the evaluation of data from
Likert scales, continuous and categorical variables. All analyses were performed with Python
(version 3.8) using pandas, scipy and sklearn libraries. The p-values were interpreted with a
significance level set at a = 0.05. Correlation coefficients and factor loads were analyzed to
assess the magnitude of latent patterns and associations, respectively.

e Descriptive analysis: For categorical variables, such as gender, the absolute (n) and
relative frequencies (%) were calculated. For continuous variables, such as age and years
of driving experience, the mean and standard deviation (SD) were calculated. Responses
to Likert scale items were analyzed using median and interquartile range (IQR).

e Tests for differences between groups: A comparison of responses according to gender
was made using the Student t-test for independent samples. The assumptions of
normality and homogeneity of variances were previously verified.

e Correlation analysis: The relationship between the continuous variables (age, years of
driving experience) and the answers to the items of the questionnaire was evaluated by

Pearson correlation coefficients.
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o Factor analysis: An exploratory factor analysis was performed using a factor analysis
model with extraction of two components. This allowed to identify underlying patterns
in the responses to Likert scale items.

The study was approved by the Research Ethics Committee of the UCAM. Informed
consent of participants and guardians, confidentiality of data, and safe use of immersive and

neurophysiological technologies were ensured.

4 RESULTS AND DISCUSSIONS

This section describes the main findings obtained after the application of the Virtual
Reality experience and the subsequent evaluation using a questionnaire based on a Likert scale.
The descriptive results of the demographic characteristics and the responses provided by the

participants are also presented.

4.1 DEMOGRAPHIC CHARACTERISTICS AND DRIVING EXPERIENCE

A total of 78 subjects participated in the study, of which 60.26% (n = 47) were female
and 39.74% (n = 31) male. The mean age of the participants was 18.7 years (SD = 1.52), while
the mean years of driving was 0.49 years (SD = 0.88). These figures reflect that the sample was
composed predominantly of young drivers with limited experience, in line with the objectives

of the study, focused on assessing the perception of risk in a potentially vulnerable group.

4.2 DESCRIPTIVE RESULTS OF LIKERT SCALE ITEMS

The items evaluated the perception of risk and the impact of the Virtual Reality
experience on the participants. Results are presented in Table 1. In general terms, the responses
showed a positive trend towards recognizing the risks associated with driving in adverse

conditions and the educational impact of simulation.
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Table 1

Descriptive results of Likert Scale items.

Item - - ~ Median RIC
1. Driving in extreme rain is significantly more dangerous than I 5.0 1.0
thought.

2. I am now more aware of the risks associated with driving on flooded 5.0 0.75
roads.

3. The simulation has helped me better understand the potential 5.0 1.0
consequences of driving in adverse weather conditions.

4. Experience with VR has made me reflect on the need to make safer 5.0 1.0
driving decisions.

5. I am more willing to change my driving habits after knowing the 5.0 1.0
risks.

6. The simulation has been effective in showing me how unpredictable 5.0 0.0
and dangerous driving can be in emergency situations.

7. 1 better understand the importance of maintaining a reduced speed 5.0 0.75
and controlling the safe distance in rainy conditions.

8. The VR experience helped me better understand other drivers facing 5.0 1.0
dangerous conditions.

9.1 feel better prepared to face difficult driving situations in the future. 4.0 1.0
10. I am now more determined to avoid unnecessary risks when 5.0 1.0

climatic conditions are adverse.

The median for all items was 5 (maximum score on the scale), with an interquartile
range (IQR) ranging from 0.75 to 1.00. This indicates that the majority of participants agreed
or fully agreed with the statements raised in the questionnaire. Highlights include:

1. Increased risk perception: The item 'Driving in extreme rain conditions is significantly
more dangerous than I thought' obtained a median of 5.0 and a RIC of 1.00, reflecting
that participants effectively internalized the risk associated with this situation.

2. Awareness of risks on flooded roads: The item 'l am now more aware of the risks
associated with driving on flooded roads' also obtained a median of 5.0 with a narrower
RIC of 0.75, highlighting a slightly greater consensus on this aspect.

3. Educational impact of the simulation: The item 'The simulation has been effective in
showing me how unpredictable and dangerous driving can be in emergency situations'
reflected high levels of agreement (median = 5.0; RIC = 1.00), suggesting that Virtual
Reality was perceived as an effective tool to convey these ideas.

In general, all the items presented similar values, which reinforces the idea that the
Virtual Reality experience had a uniform and positive impact on the participants' perception. It
should be noted that the item related to preparing for difficult driving situations in the future ('I
feel better prepared to face difficult driving situations in the future') showed a RIC of 1.00,

suggesting some dispersion in opinions regarding this aspect.
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4.3 COMPARATIVE RESULTS BY GENDER

The results presented in Table 2 highlight two items with statistically significant
differences between men and women. Item 4 ("The virtual reality experience has made me think
about the need to make safer driving decisions"). This item showed significant differences with
a p = 0.042. Women recorded a lower dispersion in their responses (IQR = 0.5) compared to
men (IQR = 1.0), indicating a stronger consensus in this group. Item 5 ("I am more willing to
change my driving habits after knowing the risks"). This item showed significant differences
with a p = 0.004. Women scored consistently higher (median = 5.0, ICR = 0.0), while men
showed greater variability in their responses (median = 4.0, ICR = 1.0). This finding suggests

that women internalized more uniformly the educational message of the experience.

Table 2

Comparative results by gender.
Item Median RIC(H) Median (M) RIC(M) Statistic P-value
ITEM1 5.0 1.0 5.0 0.0 678.0 0.511
ITEM2 5.0 1.0 5.0 0.0 615.0 0,129
ITEM3 5.0 1.0 5.0 0.5 612.0 0.148
ITEM4 5.0 1.0 5.0 0.5 562.5 0.042
ITEMS 4.0 1.0 5.0 0.0 489.0 0.004
ITEM6 5.0 0.0 5.0 0.5 747.5 0,800
ITEM7 5.0 1.0 5.0 0.0 601.0 0,089
ITEMS 5.0 1.0 5.0 1.0 574.5 0.064
ITEM9 4.0 1.5. 4.0 1.0 612.0 0,200
ITEMI10 5.0 0.5 5.0 1.0 733.0 0,958

On the other hand, for most of the items, how ITEM 1 ("Driving in extreme rainy
conditions is significantly more dangerous than I thought") and ITEM 10 ("I am now more
determined to avoid unnecessary risks when weather conditions are adverse"), no statistically
significant differences were found, with values of p = 0.511 and p = 0.958, respectively. This
indicates similar perceptions between men and women in these specific aspects.

The results indicate that, although men and women shared similar perceptions in most
of the items, there are important differences in aspects related to reflection and willingness to
modify behaviors behind the wheel after the Virtual Reality experience. In particular, women
showed a greater willingness to change their driving habits and a more consistent reflection on
the need to make safe decisions.

This result indicates that women more consistently internalized the risks associated with

driving in adverse conditions, which could be key to the design of personalized interventions
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this line, NATO initiatives have proposed standardisa-
tion recommendations (Tagerwilen II consensus)* and
interoperable surveillance systems NATO epidemiolog-
ical/deployment health surveillance system, version 2
(EpiNATO-2) to improve healthcare preparedness and
coordination.”

In this context, training using virtual reality (VR) has
gained relevance in civil-military settings, supporting
remote training of teams who are deployed or geograph-
ically dispersed.® The evidence shows that operational
performance greatly depends on the quality of the
training rather than the technology used,” and studies
on military skiing show specific risks of the environment
that justify the preparation of realistic and assessable
scenarios.” Recent reports show that training reduces
prehospital and Medical Evacuation (MEDEVAC) cate-
gorisation errors, and supports the use of structured
assessment through VR In-person training in cold or
evacuation settings presents logistical, safety and repro-
ducibility limitations, which makes its standardised prac-
tice difficult, and justifies the exploration of immersive
solutions such as VR.

In recent years, VR has proven its usefulness in emer-
gency and disaster management, facilitating planning,
training and decision-making under simulated high-
pressure conditions. In the healthcare field, multiple
studies have confirmed its effectiveness in the acquisi-
tion of clinical competencies and in the evaluation of
cognitive and emotional responses to critical situations.
However, the application of these technologies in real
response contexts or in civil-military exercises remains
limited. Importantly, to our knowledge, immersive VR
has not yet been used in a large-scale civil-military exer-
cise to assess decision-making for accidental hypothermia
resuscitation. This gap between operational practice and
scientific evidence has been highlighted in recent studies
on the integration of technological tools in real disasters,
such as those conducted during the Turkey earthquake,'’
as well as in three-dimensional reconstructions of rescue

operations that demonstrate the potential of immer-
sive technologies for postintervention analysis and the
improvement of operational safety."!

Therefore, within the NATO Emergency Manage-
ment Exercise ““Bulgaria 2025, we evaluated an immer-
sive VR accidental hypothermia scenario developed and
deployed in a multinational civil-military setting. Specif-
ically, we assessed: (1) the accuracy of clinical decisions
against an agreed-upon reference standard, and (2) user
experience and feedback, to determine the usefulness of
this approach for assessing first responders’ hypothermia
decision-making.

MATERIALS AND METHODS

Study design

The descriptive cross-sectional study was conducted
during a NATO Emergency Management Exercise
‘Bulgaria 2025’ in the period 8-11 September 2025. An
immersive VR experience was assessed, centred on hypo-
thermia resuscitation with making of clinical decisions,
safety and MEDEVAC. Each participant completed the
experience once.

Setting

The collection of data was performed at the Base of Opera-
tions of the exercise (Erden Airfield, Montana, Bulgaria),
in a delimited space, during a continuous exercise, from
Monday, 8 September to Thursday, 11 September 2025.
A private Wi-Fi network connection was used to ensure
the quality of the link of the goggles. The participants
remained outside the area and entered in groups of five
(figure 1); no parallel activities were conducted in the
tent during the simulation.

Participants

The target group of participants was composed of mili-
tary and civil first responders. Given the observational
and opportunistic character of the study, a prior sample

Figure 1 (A) Volunteer group during the immersive simulation with virtual reality headsets and haptic vests. (B) Participant
belonging to the subsample in which neurophysiological monitoring using electroencephalogram (EEG) was also performed.
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calculation was not performed. All the available partici-
pants during the exercise were considered as the conve-
nience sample. Inclusion/exclusion criteria of VR safety
were applied (exclusions due to epilepsy, a history of severe
cybersickness, pregnancy or other standard criteria). The
selection was performed through convenience, through
access to the VR area by assigned turns and/or open
invitation. The language of the scenario and questions
was communicated only in English. Written informed
consent was obtained before participation. In line with
the exercise organisers’ data-protection guidance, we
did not collect any directly identifying information (eg,
names, ID numbers, contact details). We collected only
limited, non-identifiable participant characteristics (age,
sex, civil/military status, years of emergency experience
and prior VR exposure). Information on professional
role and prior Advanced Life Support (ALS)/hypo-
thermia education was not collected under the exercise
data-collection rules.

VR equipment and intervention

Meta Quest 3 (Meta Platforms, Inc., Menlo Park, CA,
USA) goggles were used, as well as noise-cancelling
on-ear headphones Woojer Vest 3 haptic vests (Woojer
Ltd., Tel Aviv, Israel) with default settings to standardise
visual, auditory and tactile simulation. The platform
used for the experience was Wonda (Wonda VR, Paris,
France), configured as a 360° interactive experience
with multiple-choice questions throughout the scenario
(temperature algorithm, minimal exposure, immobili-
sation, airway management and shock/drug consider-
ations in hypothermia according to guidelines). The
clinical scenario was developed by a multidisciplinary
team from RINVEMER (Red de Investigacion en Emergen-
cias; Prehospital Emergency Research Network) of the
Spanish Society of Emergency Medicine, in collabora-
tion with the Servei Andorra d’Atencié Sanitaria and ERC
(European Resuscitation Council) members. The recording
was performed in the Pal-Arinsal sky station (Andorra)
with four Insta360X4 cameras (8K, FlowState). The video
of the simulation in 2D format for its methodological
consultation is available at https://youtu.be/R55VzCW-
8ul. Before the VR experience, a standardised briefing
(*2min) was performed on the use of the VR equipment
and safety. After completing the VR scenario and ques-
tionnaire, all participants received a brief standardised
debriefing summarising the key hypothermia-specific
resuscitation decision points.

Operational variables and definitions

The primary result variables included objective perfor-
mance (exactness of each clinical decision). The auto-
mated recordings were obtained from the Wonda VR
platform, which provided the data for each participant
(item, answer, correction/correct). Due to the exercise
organisers guidance, the data were not associated with
any personal identification code.

As secondary variables, a questionnaire was adminis-
tered to assess sociodemographic variables, the experi-
ence of the user and the efficacy of the simulation with
VR training (online supplemental material 1). The ques-
tionnaire was composed of validated scales from the liter-
ature.'*® Internal consistency of the multi-item scales in
our sample was assessed using Cronbach’s .

» Performance expectancy: To measure the perceived
usefulness of the VR simulation, the 4-item perfor-
mance expectancy scale from the Unified Theory of
Acceptance and Use of Technology (UTAUT)'"® was
used. This scale assessed the degree to which a person
believes that the use of a system will help improve
their work performance. The scale has been shown
to have a high reliability in many studies, with Cron-
bach’s Alpha values (o) higher than 0.90."

» Effort expectancy: To measure the perceived ease of
use of the VR system, the 4-item effort expectancy
(EE) scale from the UTAUT model'? was adapted.
This scale assesses the degree of ease of use of the
system. As a fundamental construct of acceptance of
the technology, the EE scale has been shown to have
a high internal consistency in previous studies, with
reported Cronbach’s o values that tend to be higher
than 0.85."

» Presence: The subjective sense of ‘being present’ in
the virtual environment was measured through the
Igroup presence questionnaire (IPQ).15 The IPQ is
an instrument composed of 14 items that measure 3
key dimensions of presence: spatial presence, involve-
ment and sense of realness experience, along with a
general item for general presence. The IPQ is a widely
known standard for research on presence, and has
been demonstrated to have good psychometric prop-
erties, with reliability scores for its subscales generally
higher than 0:75:1018 Electroencephalogram (EEG):
EEG measurements were obtained from a subsample
(link to the recording of one of the cases can be
found at: https://youtu.be/Gju_TUwhs90). The EEG
signals were processed using a high-pass filter at 0.5 Hz
and a low-pass filter at 40 Hz to remove low and high-
frequency interference, respectively. The signals were
segmented into epochs of 5s around key events, with
a baseline period of 10s before each event to establish
resting brain activity. Frontal alpha asymmetry (FAA)
was calculated as: 0(AF3)-0(AF4), with values<O
interpreted as caution/avoidance, and values>0 as
approach/safety. Engagement, measured as sustained
attention, was calculated using the beta (alpha+theta)
ratio. If beta (alertness/effort) dominates and alpha/
theta (relaxation/wandering) decrease, the engage-
ment index increases, indicating greater attention.
The values were aligned to each event, analysing the
5s before and after the event. These changes were
compared with a prior quiet period (baseline from 0
to 10s) before the stimulus.

Lopez Lopez CA, et al. BMJ Open 2026;16:6113246. doi:10.1136/bmjopen-2025-113246
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Statistical analysis

Descriptive techniques were applied to report sociodemo-
graphic characteristics and the previous experience with
VR through absolute frequencies (n) and percentages
(%). Age was described through the mean (M), SD and
range (minimum-maximum). There were no missing
data in the analysed sample (n=62); therefore, no impu-
tation was required.

The mean exactness was estimated per participant
(and type of decision) with a 95% CI. The measurements
of the questionnaire were summarised as the mean+SD
and/or median (IQR) according to the distribution.
For the Likert scales (Usefulness, Ease of use, Immer-
sion and Personal comfort), the median (Me) and IQR
were calculated. Composite scores (mean of the items)
were created for the main constructs: usefulness (items
1-4), ease of use (items 5-8) and immersion (IQR, items
1-14). The results from the 7-point Likert scales (see the
Materials and methods section) were categorised to show
the distribution of the answers into Disagreement (1-3),
Neutral (4) and Agreement (5-7). In the EEG subsample,
an exploratory and intrasubject analysis was performed.
Starting from the CSV (Comma-Separated Values) file
exported from EmotivPRO, the two metrics recorded by
the system were extracted for each participant and for
each predefined critical moment: FAA (F4-F3 differences
in the alpha band according to the export from Emotiv)
and engagement index. The noise reduction (filters
and signal/contact quality control) was performed in
EmotivPRO, and the reading, organisation and aggrega-
tion of the data was performed with Python.

Ethical considerations and data availability

All the participants signed a written informed consent.
The study was approved by the Ethics Committee of UCAM
(Catholic University of Murcia) with code CE112309. The
anonymised datasets (logs and questionnaires without
direct identifiers) will be available on reasonable request
to the corresponding author, subject to authorisation
from the exercise organiser. In line with the exercise data-
protection rules and the ethics-approved protocol, no
directly identifying information was collected. EEG/ECG
files were labelled only with a numeric study code, and no
linkage file enabling re-identification existed. Data were
stored on password-protected, access-restricted devices.

Patient and public involvement

Patients and/or members of the public were not involved
in the design, conduct or reporting of this study. The
results will be disseminated through publication and can
be shared with participating organisations on request.

RESULTS

Sociodemographic characteristics and experience of the users
During the NATO Emergency Management Exercise
‘Bulgaria 2025’, 465 personnel formed the operational
teams. Exercise Control allocated teams to multiple

Table 1 Sociodemographic characteristics and previous
experience of the participants

Frequency (n)/
Variable Category statistics
Age (years) Mean+SD 30.6+7.8
(range: min-max)  (20-54)
Years of experience Median (IQR) 5(2-10)
Gender Male 95.2% (59)
Female 4.8% (3)
Service/context Military 30.6% (19)
Civil 69.4% (43)
Previqus VR None 6.5% (4)
exXperence A few times 88.7% (55)
Regularly 4.8% (3)

VR, virtual reality.

activities and simulations; our VR station was one of these
activities. Of the 105 personnel who reached our station
during the study period, 43 were not enrolled due to
insufficient proficiency in the study language. A total of
62 participants volunteered, provided written informed
consent and completed the VR scenario and postexpe-
rience questionnaire; all 62 were included in the anal-
yses. The mean age of participants was 30.6 years (SD
7.8; range 20-54). The sample was predominantly male
(n=59; 95.2%). Most participants were from the civilian
context (n=43; 69.4%), and 19 participants (30.6%) were
from the military context. The median years of profes-
sional experience was 5.0 (IQR 2.0-10.0). Most partici-
pants reported prior VR exposure ‘a few times’ (n=55;
88.7%) (table 1). Professional role and prior ALS/hypo-
thermia education were not collected due to exercise
data-collection constraints.

User perception: usefulness and ease of use

The perception of acceptance of the system was exception-
ally high in both constructs (usefulness and ease of use).
From the total, 90.3% or more participants were found in
the category of agreement (scores from 5 to 7) in almost
all of the declarations of usefulness. The composite score
of ‘Ease of use’ (EE) was equally high. This reflects a virtu-
ally unanimous consensus, as at least 98% of the partici-
pants perceived the interaction as clear and the system as
easy to use (table 2). The UTAUT Effort Expectancy scale
showed good internal consistency (Cronbach’s 0=0.81).

Immersion and personal comfort

The composite score of presence/immersion (IPQ)
(table 3) obtained a median of 6.71 (IQR: 5.86-7.0). The
level of general physical discomfort was extremely low
(figure 1). This high immersion score was based on the
consensus of the participants, who strongly reported that
they felt present in the virtual space, with key items of
the IPQ consistently reaching median scores of 7. The
high level of physical acceptance is confirmed, given that

4
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Table 2 Assessment of the usefulness and ease of use of the VR system

Item Median (IQR) Disagreement Neutral Agreement
Performance expectancy
Useful in my work. 7 (6-7) 1(1.6%) 4 (6.5%) 56 (90.3%)
It helps me complete tasks faster. 7(7-7) 1(1.6%) 2 (3.2%) 59 (95.2%)
It increases my productivity in training. 7(7-7) 1(1.6%) 0 (0.0%) 61 (98.4%)
It improves my overall work performance. 7(7-7) 1(1.6%) 1(1.6%) 60 (96.8%)
Effort expectancy
Clear and understandable interaction. 7 (7-7) 0(0.0%) 1(1.6%) 61 (98.4%)
Easy to acquire skill. 7(7-7) 0 (0.0%) 0 (0.0%) 62 (100.0%)
Easy to use. 7(7-7) 0(0.0%) 1(1.6%) 61 (98.4%)
Learning was easy. 7(7-7) 0(0.0%) 1(1.6%) 61 (98.4%)

Disagreement (1-3); neutral (4); agreement (5-7).
VR, virtual reality.

69.0% (n=29) of the participants indicated not experi-
encing any discomfort (score of 1).

Of the 62 participants, 53 scored the contribution of the
haptic vest to the immersion. The general perception on
the use of the haptic vest in the CPR (cardiopulmonary
resuscitation) hypothermia scenario was highly positive,
with a median of 7 (IQR: 6-7). The IPQ showed good
internal consistency (Cronbach’s 0=0.84).

Assessment of theoretical knowledge
The theoretical/operational results are shown in table 4.
The participants demonstrated a high level of precision

Table 3 Presence and immersion scores

Median
Questionnaire (IPQ) item (IQR)
Sense of ‘being there’. 7 (6-7)

| felt like | was just perceiving pictures (inverted). 2 (1-3)
| was completely captivated by the virtual world. 7 (6-7)

Awareness of my real environment real 2 (2-4)
(inverted).

| felt present in the virtual environment. 7 (6-7)
The virtual world seemed more realistic. 7 (6-7)
| paid attention to my real environment 2 (1-4)
(inverted).

| was not aware of my real environment. 7 (5-7)
| felt part of the virtual world. 7 (6-7)
How real did the virtual world seemed to you? 7 (6-7)
| felt separated from the real environment. 6 (5-7)
| felt present in the world | saw. 7 (6-7)
| was more aware of the virtual world than the 7 (6-7)
real world.

| felt like | was just an observer (inverted). 1(1-3)
Composite score of presence/immersion 7 (6-7.0)

IPQ, Igroup presence questionnaire.

on the fundamental levels of pharmacological manage-
ment and life support. The question with the highest
percentage of correct answers was Q7, related to the non-
administration of epinephrine if the body temperature is
<30°C, with a percentage of correct answers of 85.7%.

However, participants showed lower accuracy on
hypothermia-specific algorithm steps and early environ-
mental actions. The lowest accuracy was observed for
Q2 (management of an unconscious person in a moun-
tainous environment), with 37.5% correct responses.
Accuracy was also low for Q4 (defibrillation strategy when
core temperature is <30°C, that is, delaying further shocks
until rewarming after the first shock), with 46.0% correct
responses. This heterogeneity was particularly evident
between core ALS actions (eg, chest compressions and
defibrillation in VF) and hypothermia-specific/envi-
ronmental decision points (eg, hypothermia-modified
defibrillation strategy and prevention of heat loss)
(table 4).

Neurophysiological assessment

In a very small convenience subsample (n=11), we
present illustrative event-locked single-participant traces
as descriptive, hypothesis-generating observations only;
no generalisable patterns are inferred. In the ECG anal-
ysis (figure 2), it was observed that attention decreased
in high-demand moments. For example, when the heli-
copter arrived, it decreased, as compared with the base-
line (S1:2.09—1.32, -36.9%; S2: 1.01-0.76, -24.2%) and
the FAA was slightly negative (S1 ~ -0.09; S2 ~ -1.31).
The incorrect answers also showed a convergent pattern
before failing, indicating less attention and negative FAA
S1-Q11: FAA -4.97; engagement 1.65, -21%; S2-Ql:
FAA -3.79; 0.85, -16%; S2-Q9: FAA -2.28; 0.90, -10%).
On the other hand, the ‘bottleneck’ questions (Q4/Q5/
Q9, temperature algorithm and minimum exposure)
were also the ones that during the simulation, showed
decreases in engagement and FFA that were more nega-
tive than baseline, which is coherent with the greater

Lopez Lopez CA, et al. BMJ Open 2026;16:e113246. doi:10.1136/bmjopen-2025-113246
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Table 4 Results of the knowledge assessment questionnaire

Question Distribution of n) C t Correct (n) 95%CI Precision (%)
What should the rescuer do upon A: 44 Protect, alertand 44 (60.5% to 71.4
arrival? B: 18 assist 82.4%)

c:0

D:0
In the event of a possible loss of A: 23 Open airway 23 (24.0%to 37.5
consciousness in a mountainous B: 10 51.0%)
environment, what should the C:20
rescuer do? D: 9
After confirming that the patient  A: 1 Start chest 47 (65.8%to 76.2
is unconscious and not breathing, B: 1 compressions 86.5%)
what should the rescuer do? C: 45

D: 15
If a patient with a A: 24 After administering 29 (33.6% to 46.0
temperature<30°C is in B:8 the first shock, 58.3%)
cardiac arrest, what specific C:29 we waited for the
recommendation does the D: 0 patient to warm up
algorithm mention regarding before trying again.
defibrillation?
How should we proceed when A7 Keep the patient’s 31 (87.0% to 49.2
treating a hypothermic patientto B: 24 clothing on to 61.5%)
prevent further heat loss? C: 31 expose only what

D: 0 is necessary.
Ventricular fibrillation is detected A: 10 Apply defibrillation 49 (69.5% to 79.4
on the monitor, what is the most B: 3 89.4%)
appropriate course of action? C: 49

D: 0
Under what conditions should A: 53 Body 53 (77.0% to 85.7
adrenaline not be administered to B: 9 temperature<30°C 94.4%)
a hypothermic patient? C:0

D: 0
If ventricular fibrillation continues A: 5 Delay further 39 (51.8% to 63.5
after three defibrillations, what B: 39 attempts until body 75.3%)
action should be taken? C:15 temperature is

D:3 >30°C.
What is the key intervention for ~ A: 3 CPR, 49 (69.5% to 79.4
hypothermic patients before B: 49 immobilisation and 89.4%)
transfer to a hospital? (527 thermal insulation

D: 3
Which device is recommended A:3 Cardiac 49 (69.5% to 79.4
for prolonged transport or difficult B: 49 compressor 89.4%)
terrain? c:0

D: 10

demand for decision-making. As an internal contrast, Q8
concentrated the peak of attention (with a different affec-
tive tone: positive S1 FAA, slightly negative $2), and a low
Q10 in both.

DISCUSSION

The present study evaluated, within the NATO Emer-
gency Management Exercise ‘Bulgaria 2025’, the preci-
sion of the clinical decisions and the experience of the
user during an immersive simulation of resuscitation of
accidental hypothermia. The results show a high accept-
ability of VR, with maximum scores in usefulness and ease

of use. The results show high acceptability of VR, with
very high scores for usefulness and ease of use. Presence/
immersion was also high and discomfort was minimal.
However, user-experience responses clustered near the
upper bound of the scales (eg, medians at or near the
maximum with narrow IQRs), which suggests potential
ceiling effects and limits the ability of these measures
to discriminate between participants or detect change
over time. In addition, although most participants
reported only limited prior exposure to VR, the novelty
of completing an immersive clinical scenario within a
large-scale exercise may have contributed to uniformly

6
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Figure 2 Neurophysiological variations during decision-making in the virtual reality experience. Comparison between two
critical moments: (A) advanced life support decision phase with stable focus and high engagement; (B) helicopter arrival,
showing increased focal attention but decreased situational awareness (tunnel vision).

favourable ratings. Similar findings have been reported
in nursing education: Erbas et al observed high presence
with only mild cybersickness during an immersive postop-
erative VR scenario and emphasised that VR development
should deliberately optimise presence while minimising
cybersickness as a primary experiential outcome.'” These
levels of acceptance coincide with the previous literature
on VR simulation applied to emergencies, which points
out that a simple interface and a relevant clinical scenario
are associated with a fast technological adaptation and a
positive user experiem:e.m

On the other hand, variability was observed in the
precision among the different items of the theoretical
questionnaire, with percentages of correct answers that
oscillated between 37.5% and 85.57%. More specifically,
a higher performance was measured in the life support
decisions, and a lower performance in the manage-
ment of hypothermia. This pattern is consistent with
previously described challenges in adherence to hypo-
thermia algorithms in special circumstances, particularly
for temperature-dependent modifications and heat-loss
prevention. Our findings may help identify specific deci-
sion steps that warrant targeted reinforcement in future
training and assessment. The guidelines themselves indi-
cate that the real adherence to these three steps is variable,
and depend on the operational context and the avail-
ability of the equipment and training. 1920 The recommen-
dations of life support during a prehospital hypothermia
point out some critical points (reliably measuring core
temperature, adjusting the administration of drugs and
shocks as a function of the temperature, and minimising
loss of heat)."” It was specifically in these points where the
least precision was found, suggesting a low familiarity with
the contents. Another possible cause of the lack of preci-
sion in some of the items is the deterioration of the resus-
citation skills after 6-12 months.*”*' Due to this, despite
the consensus, there are gaps in knowledge that force
the adaptation of procedures to each scenario, as recom-
mended in the ERC 2021 (special situations section) and

the most recent updates of the International Liaison
Committee on Resuscitation (ILCOR).*' # Along the
same line of operation, the Clinical Practice Guideline
of the Joint Trauma System (2023) offers a standardised
framework for the continuous training and assessment
of prehospital procedures and results.”® In our case,
the lowest performance in temperature management
and minimum exposure fits with the recommendations,
which indicate where to concentrate the training efforts
and assessment of performance to improve real-world
practice. 192025

In contrast to most of the works centred on academic,
hospital or prehospital settings, the present study inte-
grates immersive VR in a civil-military exercise. To our
knowledge, the decision-making during a hypothermia
episode had not been previously assessed in this context.
To help identify training needs, the evidence supports
the use of simulation/VR with controlled variables and
common rubrics; there are standardised hypothermia
modules with checklists and debriefing that facilitate the
objective assessment of performance and homogenisa-
tion of learning.** In addition, the scientific literature
on emergencies shows that training with VR is not only
not inferior, but it is advantageous in sg)eciﬁc items as
compared with conventional methods.” * Within the
NATO framework, VR allows assessing decisions under
real operational conditions when the in-person simula-
tion is limited by logistics or weather. Previous experi-
ences in EADRCC/LIVEX already point out that virtual
settings favour civil-military interoperability and the stan-
dardisation of training.’

Lastly, we explored the feasibility of collecting neuro-
physiological signals (EEG-derived engagement index
and FAA, alongside ECG) during the VR scenario. In this
small exploratory subsample, individual traces suggested
that the engagement index tended to decrease and FAA
shifted immediately before incorrect responses. These
observations are hypothesis-generating only and should
not be interpreted as objective measures of cognitive

Lopez Lopez CA, et al. BMJ Open 2026;16:e113246. doi:10.1136/bmjopen-2025-113246
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load or operational stress, nor as a basis for real-time
intervention. Our EEG results show significant variability
in attentional engagement during decision-making in
hypothermia resuscitation, suggesting that cognitive
distraction plays a crucial role in performance under
high-stress conditions. The literature supports this inter-
pretation due in other areas, it has been documented
that the use of PPE (personal protective equipment)
in emergency situations increases cognitive load and
susceptibility to distraction, affecting the performance of
healthcare professionals in critical contexts.”’ Comple-
mentarily, Nickerson et al”® observed that distractions in
high-cognitive-demand tasks, such as resuscitation, are
reflected in changes in EEG patterns, particularly in FAA
and the engagement index. These findings align with our
observations, where fluctuations in these neurophysio-
logical metrics appear to be associated with a decrease
in performance, especially when external factors are
present. Additionally, Udho et al noted that the physical
limitations imposed by PPE reduces the ability to concen-
trate during critical procedures, contributing to cogni-
tive distractions, an effect consistent with our evidence
of attentional variability.*” This approach is in line with
the current trend of integrating biometric data and arti-
ficial algorithms in advanced training.”” The pattern
found in our results is consistent with studies that relate
engagement with sustained attention and performance
in demanding tasks® showing how modulation of frontal
alpha activity improves attentional control in VR environ-
ments.” * In addition, other authors have documented
how the cognitive load in VR is reflected in measurable
engagement metrics during learning.” In parallel, educa-
tional studies on VR confirm that presence/engagement
is associated with better outcomes, and adjusting cogni-
tive load is key to maintaining attention, exactly the type
of adjustment that makes possible the ‘cognitive telem-
etry’ used in the present study.” *

Strengths and limitations

The present study demonstrates the logistical feasibility
and acceptability of deploying immersive VR to assess
decision-making in accidental hypothermia within a live
NATO civil-military exercise. Embedding the scenario in
an operational training environment provided an ecolog-
ically relevant context for evaluating observed decision
performance through automated decision logging. The
addition of physiological and neurophysiological metrics
(ECG and EEG) was exploratory and is presented as
illustrative, hypothesis-generating observations that may
inform future, adequately powered studies.

Several limitations should be acknowledged. First,
participants were recruited opportunistically from volun-
teers who reached our VR station during the exercise;
although we report the number who reached the station
and were not enrolled due to language constraints, the
total number of personnel scheduled/available to attend
our station from the overall exercise population was not
recorded, which may introduce selection bias and limits

generalisability. Second, the study was cross-sectional and
lacked a comparator group and longitudinal follow-up;
therefore, it does not allow inferences about training
effectiveness, learning gain or skill retention, and find-
ings should be interpreted as feasibility/acceptability and
observed decision performance during a single expo-
sure. Third, performance was assessed through decision
points within a scripted scenario and did not capture
psychomotor skills or team performance. Fourth, we
could not characterise participants’ professional roles or
prior ALS/hypothermia education due to exercise data-
collection constraints, limiting interpretation of deci-
sion accuracy across backgrounds. Fifth, user-experience
ratings were highly skewed towards the upper end of the
scales, suggesting potential ceiling (and novelty) effects.
Sixth, although time-to-decision was initially planned,
it could not be collected reliably under the operational
constraints of the exercise and was therefore removed
from the reported outcomes. Cost and opportunity cost
were not formally quantified in this feasibility study. Key
resource drivers include hardware/software, scenario
development, station setup and staff time; however, once
developed, the scenario can be reused with standardised
delivery and automated decision logging, potentially
reducing marginal costs compared with repeated field
simulations. Finally, the EEG/ECG component involved
a very small subsample and is presented as illustrative,
hypothesis-generating case-level observations only.

Implications and Future Lines

Our findings support the feasibility and acceptability of
embedding immersive VR assessment within a live civil-
military exercise, using automated decision logging to
capture observed hypothermia decision-making under
operational constraints. The heterogeneous accuracy
across decision points, particularly for hypothermia-
specific steps, suggests that VR decision logs may help
identify concrete areas for targeted reinforcement during
debriefing and future educational planning, without
implying training effectiveness. Future studies should
use prespecified controlled and/or longitudinal designs
to evaluate learning gain, retention and transfer, and
should prospectively capture participant background
(eg, professional role and prior hypothermia/ALS educa-
tion) and incorporate team-based and psychomotor
outcomes. The neurophysiological component should
be treated as hypothesis-generating: larger samples with
prespecified EEG/ECG endpoints are needed to deter-
mine whether such measures add value beyond decision
logs. Beyond hypothermia-related cardiac arrest, this
approach could be extended to other complex, time-
critical scenarios relevant to civil-military disaster opera-
tions, such as hypothermia triage and transport decisions,
avalanche/mass-casualty triage, drowning and cold-water
rescue pathways, crush injury and prolonged field care,
hazardous materials exposure and multicasualty inci-
dent command-and-control decision-making. Future
studies could compare VR with standard education (eg,
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guideline briefing/tabletop case) or conventional simula-
tion using controlled allocations by teams/rotations, with
prespecified outcomes and follow-up to assess learning
gain, retention and implementation burden.

CONCLUSIONS

Immersive VR was feasible and well accepted for assessing
accidental hypothermia resuscitation decision-making
during a civil-military exercise. Automated decision logs
identified protocol steps with lower accuracy, which may
inform targeted debriefing and future training priori-
ties. Controlled and longitudinal studies are needed to
determine training effectiveness, learning gain and skill
retention.
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ARTICLE INFO ABSTRACT

Keywords: Objective: This study aims to evaluate the impact of Virtual Reality (VR) compared to non-
Virtual reality immersive audiovisual methods on risk perception, stress levels, and neurophysiological pat-
Risk perception terns during a simulated driving scenario under flood conditions.

Stmss, . Methods: A quasi-experimental study was conducted with two groups: the VR Group (VRG) and
Neuroimaging

the Screen Group (SG). Sixty-six fourth-year undergraduate nursing students (33 per group)
completed the study. Between-group differences in key risk perception items showed moderate
effect sizes (Cohen's d = 0.6). The participants completed an ad hoc questionnaire on risk
perception, and provided saliva samples to measure salivary alpha-amylase (SAA) levels before
and after exposure to a simulated driving scenario that included flooding. During the simulation,
a neuroimaging system was used to evaluate brain activation patterns.

Results: Both groups showed significant increases in SAA levels after the intervention, indicating
stress induction: VRG 73.15% and SG 47.15%. The VRG showed greater changes in key items
related to risk perception, such as knowledge of safety measures during floods (p = 0.006), and
more complex neurophysiological activation patterns, particularly in areas associated with

R ion and d oxr

Conclusion: VR as a resource has a greater capacity to modify risk perception in simulated
emergencies, providing a more immersive and effective experience as compared to traditional
audiovisual methods.
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1. Introduction

The data from the World Health Organization (WHO) indicate that traffic accidents are some of the leading causes of deaths
worldwide. Approximately 1.9 million people die every year due to traffic accidents, and between 20 and 50 million people suffer non-
fatal accidents with sequelae of varying degrees [1]. In Spain, the General Directorate of Traffic (DGT) reported 1805 deaths in 2023
related with traffic accidents [2]. A specific area with an increasing risk involves deaths due to drowning or being trapped in vehicles
during floods, which, although less frequent than other types of accidents, have a high death rate due to the speed with which the
situation worsens [3].

Although often underestimated in public safety discourse, vehicle-related drowning during floods poses a serious risk with high
fatality rates. A systematic review identified that attempting to drive through floodwaters accounts for up to 10% of all flood-related
drowning deaths in high-income countries, highlighting the misjudgment of risk and behavioral errors under extreme conditions [3].
Supporting this, Ketenci et al. (2022) found that 0.57% of all autopsies performed over a seven-year period in Turkey were due to
traffic accidents involving vehicle submersion in rivers, lakes, or the sea. In their study, 95% of the victims died from asphyxia by
drowning, with many unable to exit the vehicle in time due to trauma or lack of seatbelt use [4]. These data emphasize the need for
preventive strategies focused on behavior modification and risk perception, particularly in emergency situations such as flash floods.

Current disasters involving multiple casualties occur rarely, offering little opportunity for gaining experience and competence
assessment. For these reasons, new trends in disaster training are focusing on the use of VR in order to mitigate the mortality and
morbidity associated with disasters. [5]. Some studies have shown that a low perception of risk increases the probability of reckless
decisions and deficient reactions before adverse conditions [6,7]. Psychological research on behavior highlights that emotional and
cognitive factors affect perception, and therefore, the making of critical decisions [8]. In addition, recent studies have shown that the
use of realistic simulations can have a positive influence on the perception of risk and the adaptive response of drivers, thus
contributing to a better preparation in crisis scenarios [9,10].

Emergency training has evolved with the addition of immersive technologies such as virtual reality (VR). This technology allows for
the simulation of risky situations in a safe environment, improving preparation and response without exposing the participants to a real
risk [11]. A recent study showed that a VR simulations can be as effective as the traditional methods of clinical simulation, with the
advantage of being more accessible and repeatable without physical risks [12]. Despite its numerous advantages, the use of virtual
reality in education also presents certain limitations. These include high costs associated with equipment and content development, the
need for adequate technical training for instructors and students, and accessibility barriers in low-resource settings. Additionally, some
users may experience motion sickness or disorientation, known as cybersickness, which may limit the applicability of VR in certain
populations [13]. In addition, another analysis showed that VR promotes the retention of knowledge when involving users in
immersive and emotionally-significant experiences [14].

Given the above, the present study aims to analyze the impact of virtual reality on the change in the perception of risk and stress in
situations of driving under intense rain and floods. The aim is to determine if the use of immersive simulations can contribute towards a
better perception of risk, to avoid future dangerous responses during traffic emergencies due to flooding.

2. Materials and methods
A design with a quasi-experimental methodology was used in the present work to determine the change in the perception of risk,
with groups who took part in the same intervention but with different resources for their posterior comparison (Fig. 1). The study was

conducted at UCAM (Universidad Catdlica de Murcia), Faculty of Health Sciences, Murcia, Spain, between October and November
2024. Data collection and the intervention sessions took place at the UCAM Virtual Reality Center.

Progression Through VR Flood Study

VR Simulation

Pre-VR Assessment

Fig. 1. Flowchart of the study design illustrating the four phases.
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2.1. Sample selection

The selection of university students as participants was strategic, as they represent an accessible and relatively young population
that can be trained in the prevention of risks when driving. Inclusion criteria were: (1) fourth-year undergraduate nursing students
(Bachelor's Degree in Nursing) enrolled at UCAM (Universidad Catdlica de Murcia), (2) age >18 years, (3) valid driving license, (4)
self-reported regular driving activity, and (5) no previous real-life experience of driving in flood conditions. The exclusion criteria
were: (1) previous history of anxiety or panic disorders, (2) direct personal experience in emergency situations due to flooding in the
last 5 years, (3) visual or vestibular problems that could interfere with the VR experience, and (4) taking medication that could affect
the levels of salivary alpha-amylase. The randomization was performed with the use of a program that generates random numbers
(Random Allocation Software 2.0), using permuted blocks of variable size to ensure balanced groups.

The calculation of the sample size was performed to be able to detect a moderate effect size (0.5) with a statistical power of 80%,
and level of significance of 5%, with at least 30 participants needed in each of the groups. This calculation assumed a between-group
comparison (VRG vs SG) using a two-tailed a = 0.05; a total of 66 participants were finally included.

The sample selected was composed by volunteer university students who had not previously experienced a situation of driving in
flood conditions. All participants held a valid driving license and reported regular driving activity, with a mean of 5 years of driving
experience (SD = 1,22 anos). This inclusion criterion ensured that participants were familiar with driving tasks, which increases the
ecological validity of the simulated scenario. The participants signed their informed consent indicating their free and voluntary
participation. The students were randomly assigned (1:1) to each of the study groups. These study groups were (Fig. 2).

e Virtual Reality Group (VRG): The participants will take part in the simul

virtual reality goggles.
o Screen Group (SG): The participants will view the same experience in a non-immersive device, such as a computer.

ion experience in an immersive environments with

A total of 66 participants completed the study, with 33 randomly assigned to each group. Between-group comparisons of key

Screen

Virtual Reality

Fig. 2. Images of volunteers during the experiment where brain waves and brain activation map are assessed.
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variables, such as risk perception, yielded moderate effect sizes (e.g., Cohen's d = 0.6 for Question 2 and Question 7 of the post-test).
2.2. Study procedure

The study procedure was divided into various study phases, which are detailed below.

1. Recruitment of Participants: Potential participants were informed about the possibility of participating in a study through ads in
social networks and the virtual campus.
2. Assignment to Groups: The participants who met the inclusion criteria were randomly assigned to one of the study groups, thus
ensuring the comparability between the VRG and the SG.
. Stages of the experiment

- Pre-exposure stage: Before the experience, the participants were asked to complete a risk perception questionnaire, and a sample
of their saliva was collected to measure the baseline levels of Salivary Alpha-Amylase (SAA).

- Exposure to the Simulation: The participants watched a simulation which showed a virtual scenario of intense rain, where a
flooding situation occurs while they are in a vehicle. This scenario was made possible with the collaboration from the Regional
Flood Control District of Clark County in the state of Nevada (USA). The link to the simulation is: https://youtu.be/TZYAKJOIsiw?
si=aFlutlcP_zyrdCYR

- Post-exposure stage: Once the experience ended, the participants answered the risk perception survey once again and provided a
second sample of saliva to measure the post-exposure SAA.

w

2.3. Measurement instruments

-

. Perception of Risk Questionnaire: An ad hoc questionnaire was developed by the research team through expert consensus to
specifically assess risk perception in the context of flood-related driving scenarios (Supplementary Material 1). The tool included 10
items rated on a 5-point Likert scale, covering aspects such as perceived severity, vulnerability, control, and emotional impact. In
addition, basic sociodemographic information was collected. No existing validated questionnaires were found that fully addressed
the specific objectives and context of this study.

. Measurement of Stress with Salivary Alpha-Amylase (SAA): The saliva was obtained through a system of passive diffusion into a
tube, with an extraction time of 1 min. Samples were collected at a fixed time of day, with participants in a seated, resting state and
having refrained from eating, drinking, or exercising for at least 30 min prior to collection, to control for external influences on
enzyme activity. The processing and analysis of the sample was performed following the same procedure as in previous studies [15,
16]. The method obtained an inter-assay coefficient of variation lower than 3%, and a linear regression coefficient of 0.992.

. Neuronal Analysis: To acquire the neurophysiological data (Fig. 2), the electroencephalography device (EEG) EPOC X 14 Channel
(EMOTIV Inc., San Francisco, United States) was used. The electrodes were distributed according to the international system 10-20
(AF3, AF4, F3, F4, FC5, FC6, F7, F8, T7, T8, P7, P8, O1, 02), with a sampling frequency of 256Hz. The device allows for the
recording of brain activity in real time, with special attention given to the frontal and temporal regions, key areas in the processing
of emotions and the response to stress. The EEG signal was processed and analyzed with the EmotivPRO and BrainViz programs,
focusing on the frequency bands theta (4-8 Hz) alpha (8-13 Hz), and beta (13-30 Hz), related with states of alert, stress, and
processing of emotions.

N

w

The neurophysiological analysis was carried out following the PRONIN protocol (Operational Protocol for Neuroimaging in
Neuropedagogical Research, Property Reg. No. 04/2025/665), which structures the process into six critical phases, from pre-
registration to validation. Data acquisition was performed using the EPOC X 14-channel device, with electrode placement accord-
ing to the international 10-20 system and quality standards established in the protocol (impedance <5k, stable signal, and an
environment free from electromagnetic interference). The recording phase included both baseline conditions (eyes open and closed)
and the immersive experience, under control of contextual variables (lighting, temperature, and classroom layout).

The EEG signals were processed using band-pass filters to isolate theta (4-8 Hz), alpha (8-13 Hz), and beta (13-30 Hz) frequencies,
which are respectively linked to sustained emotional attention, cortical inhibition, and alertness and decision-making states. No
machine learning algorithms were applied at this stage; instead, descriptive and comparative analyses were conducted based on the
SIEN framework (Standardized Interpretation System for Neuroimaging, Intellectual Property Reg. No. 04/2025/666). This system
enabled data interpretation through three integrated dimensions.

o Structural dimension: Predominant activation patterns were identified in the frontal and temporal lobes, including documentation
of lateralization and intra/interhemispheric connectivity.

o Functional dimension: Neuroeducational biomarkers such as focus, exci stress, and engagement were eval d using
EmotivPro's internal algorithms and exported to SIEN interpretation templates.

o Contextual dimension: Systematic observations were collected on the participant's state and environmental variables, allowing for
an integrated and validated interpretation.

The correlation between these data and changes in risk perception was established according to the SIEN model, enabling the
association of increased frontal beta activity and engagement biomarker values with cognitive processes related to situational
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ion and decision-making in critical contexts. This integrative matrix supported a coherent interpretation between neuro-
physiological indicators and the behavioral outcomes observed.

2.4. Statistical analysis

The medians and interquartile ranges (IQR) were reported for the ordinal variables, and the means =+ standard deviations (SD) for
the continuous variables, as appropriate. A statistical analysis was performed to compare the Pre and Post-Test results. The Wilcoxon
test for related samples was used within each group. The levels of SAA, as they are continuous data, were analyzed with Student's t-test
for related samples, as long as they met the assumptions of normality; otherwise, the Wilcoxon signed-rank test was used. In all the
analyses, the level of statistical significance of p < 0.05 was utilized.

3. Results
3.1. Stress results measured with salivary alpha amylase

The analysis of the levels of salivary alpha amylase (SAA) provided significant findings, as shown in Fig. 3. In Fig. 3a, the total
results showed SAA levels of 80.16 + 62.70 pU/mL before the exposure, which increased to 128.89 + 79.09 pU/mL after the inter-
vention. The mean difference was 48.74 pU/mL (95%CI: 32.20 to 65.27; p < 0.001). The mean percentage of increase from the
baseline mean to the end was approximately 60.80%.

The intra-group comparison (Pre-vs Post-Exposure) for the SG showed that the levels of SAA before the exposure were 76.17 +
49.91 pU/mL, increasing to 112.09 + 72.55 pU/mL after the exposure (Fig. 3b). The mean difference was 35.92 pU/mL (95% CI: 21.15
to 50.68; p < 0.001), with a mean increase of 47.15%. On the other hand, the results for the levels of SAA for the VRG (Fig. 3c). were
84.15 + 73.94 pU/mL before the exposure, increasing to 145.70 + 82.86 pU/mL, after the exposure. The mean difference was 61.55
pU/mL (95% CI: 31.64 to 91.47; p < 0.001), with a mean increase of 73.15%. Although the final values of the VRG seem larger than the
SG, the difference was not statistically significant (p = 0.089).

3.2. Results of the pre and post-test analysis

The results of the pre and post-test analysis show that many questions obtained statistically significant changes, while the other
items (specifically 4, 5, and 6) did not show relevant variations. The questions that did not show a significance included aspects such as
the ability to react when facing a flood, and the general worry when driving under intense rain.

However, significant changes were observed in many key areas. Question 1 showed a highly significant change (p = 0.000),
indicating a higher perception of risk when driving in adverse conditions. In question 2, the analysis showed a relevant change (p =
0.032), related with a more attention to safety-specific factors in these conditions. Question 3 also showed a notable change (p =
0.001), suggesting an increase in the awareness of associated risks.

On the other hand, question 7 showed a more marked change (p < 0.001), underlining a greater awareness about the risks of
driving under intense rain conditions. Question 9 was also notable due to its significance (p = 0.000), indicating an increase in the
perception of the danger of accidents under intense rain. Lastly, although question 10 showed a significant result (p = 0.006), the
changes observed were more subtle as compared to the previous ones.

The comparative analysis between the groups revealed significant differences in certain key areas of the post-test questionnaire
(Table 1). The question that assessed the safety of driving under intense rain conditions (Question 2) showed a significant difference
between the groups (p = 0.023), with the VRG showing a higher median, which suggests an adjustment in the perception of confidence
after the virtual reality intervention.

Similarly, the question on the perception of becoming trapped in a flood (Question 7) also revealed a significant change (p =
0.007), indicating that the VRG perceived themselves as being more aware of this possibility, as compared to the SG. The last question
related to stress when driving under intense rain (Question 10) showed a notable difference (p = 0.002), indicating that the experience
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Fig. 3. Distribution of salivary alpha-amylase (SAA) levels before and after the intervention, for the Screen Group and the Virtual Reality Group.
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Table 1

Comparison of the Median and the Interquartile Range (IQR) of the Post-Test results.
Question SG (median + IQR) VRG (median + IQR) p-value
Perceived risk of driving in heavy rain 5.0+ 1.0 5.0+ 1.0 0.823
Safety when driving in heavy rain 1.0 + 1.0 2.0+ 1.25 0.022*
Probability of accident in heavy rain 5.0 £ 1.0 5.0+ 1.0 0.869
Reaction to a vehicle flood 2.0 +2.25 2.0+ 1.0 0.537
Concern about driving in heavy rain 45+ 1.0 4.0+ 1.0 0.519
Flood risk awareness 5.0+ 1.0 5.0+ 1.0 0.950

of flood safety 25+20 4.0+1.0 0.006*

Probability of getting caught in a flood 4.0 + 1.0 50+1.0 0.3973
Insecurity due to the possibility of an accident in a flood 5.0 +1.0 45+ 1.0 0.3380
Stress when driving in heavy rain 4.0+ 1.0 5.0+ 1.0 0.0015*

Mann-Whitney U Test; SG: Screen Group; VRG: Virtual Reality Group * if p < 0.05 and ** if < 0.001.

of virtual reality had a more pronounced effect on the perception of stress by the participants. In contrast, the other questions did not
show significant differences between groups, suggesting that both intervention methods were equally effective in these specific areas.

3.3. Results of the neurophysiological analysis

The global results from the neurophysiological analysis of the VRG, as shown in Table 2, reflect the change in the emotional and
cognitive metrics throughout the three phases. These results are based on a representative sample of the group to illustrate the trends
observed. During Phase 1, the participants presented a high involvement and emotional loss of control, with a low attention and
moderate stress. In Phase 2, an increase in attention and a reduction in the loss of control was observed, suggesting an adaptation to the
critical scenario, while the levels of relaxation and stress were constant. Phase 3 showed a return to emotional control and an
improvement in interest, along with a lower commitment, which suggests a cognitive closure of the emergency situation.

In the initial phase, a moderate attention was observed, which decreased in the critical phase and showed a slight recovery in the
final phase. The commitment with the task followed a fluctuating pattern, increasing in the critical phase and decreasing at the end.
The emotional loss of control showed a peak during the critical phase, as compared to the initial and final levels. The interest was
maintained relatively stable in the first two phases, with an increase in the final phase. The notable change in relaxation was notable, as
it started with low levels and significantly increased in the final phase, while stress showed a moderate variation throughout the
phases.

The neurophysiological comparisons between the GRV and SV groups revealed different patterns. Fig. 4, which shows represen-
tative frames of each phase, together with the indicators of brain waves and neuroimages, support these findings, when showing that
brain activation and processing adapted to the context of each stage. No statistically significant differences were observed between the
VRG and SG groups when comparing each individual phase of the experiment (pre-exposure, critical, and post-exposure), suggesting
that both conditions induced a comparable physiological response pattern over time. As similarities, both groups showed stable levels
of stress during the experience, and a certain progressive adaptation to the critical situation. However, the differences were notable:
the VRG group showed a more complete and complex hemispheric activation, with a greater sensory-emotional integration, while the
SG showed a more localized activation and more analytical processing. The VRG experienced significantly higher levels of commit-
ment, emotional response, and relaxation, along with a deeper immersion in the experience.

These findings suggest that virtual reality provides an experience that is closer to a real-world experience of emergency, activating
neurological and emotional responses that were more intense and complex. On the other hand, the experience with the screen,
although less immersive, could be useful as a training complement for the analysis and theoretical understanding of emergency

situations.

Table 2

Summary of Emotional and Cognitive Metrics by phase for each of the study groups.
Metric Phase 1 Phase 2 Phase 3

VRG SG VRG SG VRG SG

Attention 22% 41% 26% 31% 26% 34%
Commitment 80% 49% 77% 53% 71% 46%
Loss of control 90% 41% 80% 53% 69% 40%
Interest 51% 30% 44% 29% 46% 37%
Relaxation 70% 8% 70% 6% 70% 30%
Stress 27% 27% 27% 21% 26% 30%

VRG: Virtual Reality Group; SG: Screen Group; Phase 1: represents the beginning of the intervention with a situation of observing rising water; Phase
2: corresponds to the critical moment with the water rising to the maximum level; Phase 3 is associated with the resolution of the emergency by being
rescued by a helicopter. The analysis of attention, commitment, emotional loss of control, interest, relaxation and stress is included.
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Fig. 4. Representative frames of each of the groups for each of the phases with brain waves and neuroimaging.
4. Discussion

Our results show that audiovisual resources increase the perception of risk and the emotional and cognitive responses in situations
of emergency, especially when this experience is immersive. These results are in agreement with previous research studies that showed
that academic stress, especially in moderate levels, can act as a positive stimulus for adolescents and university students, favoring their
learning and coping skills, and promoting motivation [17,18].

In our study, the value of VR was confirmed as an educational tool in the prevention of situations of risk, highlighting its ability to
induce significant changes in the perception of risk, and activating complex physiological and emotional responses [3]. In the same
sense, Yomiuri Shimbun recently stated that digital technologies such as augmented reality (AR) and virtual reality (VR) can help in the
visualization of risks during natural disasters such as floods or earthquakes [19].

4.1. Analysis of stress

The SSA marker data suggest that both groups experienced a significant increase in stress after the intervention, with better figures
obtained by the VRG (73.15%) as compared to the SG (47.15%). These results differ from the study by Change et al., which compared
the physiological responses to stress of doctors during real and virtual-reality simulated resuscitations, finding that the VR simulations
increased the heart rate but not the levels of cortisol, as opposed to real situations [20]. Other authors have conducted similar studies,
measuring stress in students. However, this was performed through the use of the cortisol marker, not salivary alpha-amylase [19,20].
The selection of SAA instead of cortisol to measure acute stress in our study was due to its liberation being more rapid and direct [21,
22].

The absolute values of SAA observed in students exposed to driving simulations obtained post-interventions medians of SG 112.09
+ 72.55 pU/mL vs. VRG 145.70 + 82.86 pU/mL, with our results being almost twice to those obtained in a study where the con-
centration of SAA increased by 35% to 51.3 + 47.1 pU/mL after a simulation scenario [22]. On the other hand, all of these values in the
area of simulation were significantly lower than those reported in medical professionals during real-life emergencies [23], with mean
values higher than 381.4 pU/mL + 341.8. This difference underlines that although the simulations were able to induce a significant
physiological activation, they did not completely replicate the extreme level of stress characteristic of real situations, which makes
them safe and controlled tools for training.

4.2. Neurophysiological analysis

The neurophysiological results showed significant differences between the two groups. The VRG showed a broader and more
complex brain activation, particularly in regions related with emotional integration, memory, and the making of decisions, such as the
medial prefrontal cortex and hippocampus. On the other hand, the SG showed a more localized and analytical pattern of activation. In
addition, a higher activation was produced in the limbic circuits and frontoparietal networks, which facilitates a deeper and more
meaningful learning. Other studies performed similar analyses during a MOOC course to understand when the students were
concentrated [24], and this method of analysis has been used to measure aspects such as attention and confusion [25].
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4.3. Perception of risk

The perception of risk changed in both groups in our study. In our data, it was observed that a low previous perception of risk tends
to be present. These results are in agreement with that published on the method of support of feelings, named affect heuristic, which
indicates that our decision are based on emotions or moods [26]. In a recent study, the authors pointed out that instead of objectively
evaluating a situation, we trust our “gut feeling” and respond according to how we feel [27].

Improving our understanding of how weather conditions affect the perception of risk and the behavior of drivers can contribute
towards reducing the incidence and severity of accidents. However, although studies have been published on the risk with low lighting
or other weather conditions [6], only one study was found that used immersive training as the research method [19]. The method by
Naatdnen and Summala introduces the concept of “time headway”. According to this theory, drives adopt driving guidelines that they
subjectively perceive as being free of risk [28].

5. Limitations and future lines

The main limitation of the study is the lack of longitudinal follow-up to assess knowledge retention and behavioral transfer.
Another limitation is the absence of a non-exposed control group. In addition, the exclusive use of university students limits the
generalizability of the findings to other populations, such as older adults, experienced drivers, or individuals with water-related
phobias. Future studies should include more diverse samples and explore the application of this training to other emergency sce-
narios such as earthquakes or fires.

6. Conclusions

This study aimed to assess the impact of virtual reality on risk perception, stress levels, and neurophysiological responses in the
context of a simulated flood-driving emergency. The findings demonstrate that immersive VR experiences can induce significant
changes in perceived risk and provoke more intense physiological activation, measured through salivary alpha-amylase, as well as
more complex neurophysiological responses compared to screen-based simulations.

In particular, participants in the VR group reported higher levels of perceived danger, showed increased emotional and attentional
engagement, and activated brain areas involved in emotional regulation and decision-making, such as the medial prefrontal cortex and
hippocampus. These results are consistent with previous research highlighting the educational benefits of VR, while adding value
through the integration of biometric and neurophysiological measures.

While both training formats proved useful, VR's immersive quality appears to enhance users' awareness and preparedness in
emergency scenarios. The combination of objective biomarkers (SAA) and EEG data provides a more comprehensive framework for
evaluating learning under stress.

In conclusion, this study reinforces the potential of VR as a powerful tool in emergency education and risk prevention. Future
research should explore long-term learning retention and test these interventions across more diverse populations and emergency
contexts.
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ABSTRACT

Introduction Military personnel frequently act as first
responders in complex tactical-medical scenarios where
they must make critical decisions under pressure and
coordinate with civilian emergency services. Traditional
simulation methods have limitations in replicating the
stress and cognitive load inherent to these contexts.
Virtual reality (VR) allows the recreation of high-demand
scenarios, enabling the assessment of decision-making
under operational pressure.

Methods A pre-post quasi-experimental study was
conducted with 38 active-duty military personnel, who
completed two VR scenarios: a mass casualty inci-
dent (MCI) and a tactical combat casualty care (TCCC)
scenario, following a counterbalanced crossover design.
The primary outcome was the accuracy of decision-making
across two VR scenarios (MCI and TCCC). Secondary
outcomes included physiological stress response through
salivary biomarkers, neurophysiological metrics in a
subsample and subjective experience assessed through
a focus group. The analysis included descriptive statistics,
paired t or non-parametric tests, linear mixed models for
biomarkers and a qualitative thematic analysis.

Results In the tactical scenario, participants showed a
76.7% accuracy rate, with variability in decisions under
fire and airway prioritisation. In the MCI scenario, high
accuracy was observed in triage items but errors occurred
in more complex situati i kers showed mod
increases with no significance in univariate analyses but
mixed models revealed effects of scenario type and expo-
sure order. EEG metrics identified resilient, intermediate
and vulnerable profiles, with signs of mental fatigue in
high-demand phases.

Conclusions VR appears to be a useful tool for eval-
uating decision-making under pressure and for comple-
menting training in tactical-medical scenarios, although
this study does not provide direct evidence of improved
learning outcomes.

INTRODUCTION

Military personnel, frequently the first people
present at the scene of an emergency, are a funda-
mental element for the management and initial
containment of the crisis.' > Adequate training is
essential, as these professionals must not only be
prepared to act effectively in high-risk environments

WHAT IS ALREADY KNOWN ON THIS TOPIC

= Military first responders must make rapid
decisions in mass-casualty and tactical combat
casualty care settings, but conventional training
does not reliably reproduce the operational
pressure, uncertainty and cognitive load of
these environments.

WHAT THIS STUDY ADDS

= In 38 active-duty military personnel completing

two counterbalanced immersive virtual

reality scenarios, this study identified specific

vulnerabilities in care under fire, airway

prioritisation and complex triage decisions.

It also showed that scenario type and exposure

order influenced physiological activation, while

exploratory EEG data suggested heterogeneous

cognitive regulation profiles under pressure.

HOW THIS STUDY MIGHT AFFECT RESEARCH,

PRACTICE OR POLICY

= These findings support immersive virtual reality
as a compls y platform for ing and
rehearsing tactical-medical decision-making in
military and first-responder training.

= They also strengthen the case for controlled
studies testing whether virtual reality-based
gains translate into better retention, procedural
performance and operational outcomes.

)

but must also coordinate with civilian Emergency
Medical Services (EMS).? In this context, the ability
to make decisions under pressure is key in the most
critical moments of the intervention.*

Training in high-risk, complex operational envi-
ronments brings new challenges, given that the tradi-
tional methods of training cannot always precisely
reproduce the intensity, uncertainty and cognitive
load of the combat scenarios or emergencies.”
Virtual reality (VR) has become consolidated as a
complementary resource able to provide an answer
to these challenges, as it allows recreating complex
and highly demanding scenarios in a controlled and
safe environment.* © In addition, it allows obtaining
objective metrics of learning and in real-time, which
makes it possible to assess the performance and
training progress of the participants.”®

BM) Group
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Table 1 Distribution of responses and percentage of correct answers at the decision points embedded in the TCCC virtual reality scenario
Question Answers % ()
1 You come under enemy fire. There is a wounded victim on the ground, actively ~ Return fire and take cover 54 21
bleeding. What do you do first? Move the victim to cover 38 14
Apply a tourniquet immediately 8 3
2 The victim is trying to move. Sporadic fire is still being received. How do you Contact the victim and instruct them to apply a tourniquet if possible 89 34
proceed? Rescue him and put a tourniquet on him as soon as possible 1 4
3 The victim cannot take cover, is losing consciousness, and is bleeding heavily. Gain fire superiority and use smoke grenades 64 24
What do you do? Rescue quickly to treat the bleeding 3 14
Open the airway and place a nasopharyngeal airway 0 0
4 The victim is almost unconscious and continues to bleed from the thigh. Whatis  Transporting the victim and applying the tourniquet 100 38
the next step? | prioritise stopping communications 0 0
Open an airway to avoid cardiac arrest 0 0
5 The bleeding has been controlled, but the victim remains unconscious. What Open the airway and insert a nasopharyngeal airway 76 29
action should be taken? Start CPR immediately 18 7
Place a second tourniquet 6 2
6 The airway is open and the tourniquet is effective. Continue providing care to the Reassess tourniquet and protect from hypothermia 74 28
victim. Transition from tourniquet to haemostatic agent 2 9
Start whole blood infusion 3 1
7 After reassessing MARCH, how would you proceed? Request evacuation via nine lines message 80 30
Orotracheal intubation to control the airway 13 5
Cleaning the wound is a priority 7 3

Shaded cells indicate the pre-specified correct response at each decision point, as defined a priori during scenario design according to TCCC/MARCH principles.

MARCH, Massive h Circulation,

Airway,

In the last few years, organisations such as the Medical Tech-
nology Enterprise Consortium, financed by the Defense Depart-
ment of the United States for the development of advanced
medical technologies, have developed immersive simulations
applied to tactical medicine, including haemorrhage manage-
ment, triage and manag it of the wounded in combat.” '
Current evidence' ' still reveals important gaps, particularly
the limited number of studies assessing the impact of VR on
decision-making and the scarce incorporation of haptic stimuli,
which may enhance realism and emotional load.

The primary aim of the present study was to assess the accu-
racy of decision-making in two immersive VR scenarios: a mass
casualty incident (MCI) scenario and a tactical combat casualty
care (TCCC) scenario. The TCCC scenario followed structured
algorithms such as Massive haemorrhage, Airway, Respiration,
Circulation, Hypothermia (MARCH), a prioritisation sequence
used to guide the g of life-thr ing conditions
in combat settings. The secondary aim was to explore partic-
ipants’ responses to these high-demand operational situations
through objective, subjective, physiological and neurocognitive
indicators.

METHODOLOGY
Study design
A pre-post quasi-experimental study with repeated measures
was conducted between September and December 2025. All
participants completed two VR scenarios: a mass-casualty
incident (MCI) scenario and a tactical combat casualty care
(TCCC) scenario. Randomisation was applied only to scenario
order, using a counterbalanced cross-over design to control for
sequence, learning or fatigue effects. Both scenarios simulated
high operational stress and assessed decision-making under
pressure.

The MCI scenario required participants to prioritise victim
triage and treatment in a high-pressure environment (link:
https://youtube.com/shorts/KPbsNHtXIdE). The TCCC scenario

hermia; TCCC, tactical combat casualty care.

involved tactical decision-making and response to an active
shooter, assessing combat-related operational skills and coordi-
nation under extreme conditions (link: https://youtu.be/w]JuJsu-
VzvwE). Scenario duration depended on response time within
a structured decision sequence, averaging 6-7 min for MCI and
7-8min for TCCC. Correct responses enabled progression to
the next step.

The MCI scenario was completed without haptic feedback,
whereas the TCCC scenario used a Woojer Vest 3. This was
predefined according to acoustic characteristics: the vest is mainly
activated by low-frequency sounds, which were present in the
TCCC scenario but not in the MCI scenario. The scenarios were
developed by TCCC instructors and recorded with Insta360 X4
cameras in 8K resolution at the General Albacete Fuster Marine
Infantry School in Cartagena, Murcia, Spain.

Participants were recruited by convenience. An a priori sample
size estimation for paired comparisons assumed Cohen’s d=0.5,
alpha=0.05 and 80% power. Approximately 34 paired obser-
vations were required; therefore, the final sample of 38 partici-
pants was considered adequate for this exploratory study.

Participants

The sample consisted of 38 active-duty military personnel
stationed at the General Albacete Fuster Marine Infantry School
in Cartagena, Murcia, Spain. Participants were recruited by
convenience during an advanced TCCC level 3 training course,
and all eligible attendees were invited to participate.

Inclusion criteria were active-duty military personnel enrolled
in the course. All participants had previously completed manda-
tory first responder training, ensuring a common baseline in
emergency and tactical care. Previous deployment or field expe-
rience was not systematically collected.

No formal exclusion criteria were established beyond standard
VR precautions, including dizziness, visual fatigue, previous
discomfort with VR devices, photosensitivity or epilepsy, all
assessed by self-report during the initial briefing. Participants

2
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Table 2 Distribution of responses, accuracy and missing cases in the 14 triage decision points (Q1-Q14) of the MCl virtual reality scenario (N=38)

Missing
Accurate  Accuracy  Total answers REBICS S

Number  Correct category Distribution of answers (n/%) (n) (%) (n) M %

Q1 Yellow Yellow: 34 (89.5%). Red: 2 (5.3%). Black: 2 (5.3%). Green: 0 (0.0%). 34 89.5 38 0 0.0
Q2 Yellow Red: 33 (89.2%). Yellow: 3 (8.1%). Green: 1 (2.7%). 3 8.1 37 1 26
Q3 Red Red: 29 (76.3%). Yellow: 6 (15.8%). Green: 2 (5.3%). Black: 1 (2.6%). 29 763 38 0 0.0
Q4 Red Red: 28 (77.8%). Yellow: 4 (11.1%). Black: 4 (11.1%). 28 778 36 2 53
Q5 Yellow Yellow: 22 (59.5%). Red: 8 (21.6%). Green: 5 (13.5%). Black: 2 (5.4%). 2 59.5 37 1 26
Q6 Yellow Yellow: 36 (94.7%). Red: 1 (2.6%). Black: 1 (2.6%). 36 94.7 38 0 0.0
Q7 Red Red: 29 (80.6%). Yellow: 7 (19.4%). 29 80.6 36 2 53
Q8 Green Black: 14 (37.8%). Yellow: 11 (29.7%). Green: 10 (27.0%). Red: 2 (5.4%). 10 27.0 37 1 26
Q9 Red Red: 29 (76.3%). Yellow: 7 (18.4%). Green: 2 (5.3%). 29 763 38 0 0.0
Q10 Red Red: 17 (48.6%). Yellow: 17 (48.6%). Green: 1 (2.9%). 17 486 35 3 79
Qn Yellow Red: 21 (56.8%). Yellow: 12 (32.4%). Green: 2 (5.4%). Black: 2 (5.4%). 12 324 37 1 26
Q12 Red Red: 19 (50.0%). Yellow: 16 (42.1%). Green: 3 (7.9%). Black: 0 (0.0%). 19 50.0 38 0 0.0
Q13 Black Black: 34 (94.4%). Red: 2 (5.6%). Green: 0 (0.0%). Yellow: 0 (0.0%). 34 94.4 36 7} 53
Q14 Red Yellow: 15 (40.5%). Green: 14 (37.8%). Red: 8 (21.6%). Black: 0 (0.0%). 8 21.6 37 1 26

Correct category: indicates the prespecified triage category assigned to each case and used as the reference standard for accuracy calculations.

MCI, mass casualty incident.

were informed about possible symptoms, monitored throughout
the sessions and allowed to withdraw at any time. No participant
was excluded for health-related reasons.

VR equipment and intervention

The intervention used Meta Quest 3 VR goggles,'* on-ear noise-
cancelling headphones to ensure a distraction-free listening
experience, and, for the TCCC scenario, a Woojer Vest 3 haptic
vest. The scenarios were delivered through the Wonda VR plat-
form as 360° immersive experiences with sequential decision
points embedded in the narrative.

At each step, participants selected one available option, and
the platform automatically recorded the response. Decision
accuracy was defined as selection of the prespecified correct
option at each decision point. The timed nature of the expe-
rience referred to real-time scenario progression, although
response time was not analysed as an independent outcome.
Before starting, participants received a standardised safety and
equipment briefing lasting approximately 2 min.

Procedures

Each participant followed a standardised procedure. A baseline
saliva sample was collected before the first scenario, followed
by scenario completion and a postscenario saliva sample. After
an approximately 1-hour recovery period, during which saliva
sampling and preparation for the next scenario were completed,
the procedure was repeated for the second scenario.

Saliva samples were obtained using Salivette devices according
to standardised acute stress protocols, avoiding prior food intake
and exercise. After centrifugation, samples were stored at —20°C
until salivary alpha-amylase and cortisol levels were analysed
using validated enzymatic methods.

A subsample of six participants underwent EEG recording as
an exploratory component to assess mental workload, attention
and brain activity patterns during decision-making under pres-
sure (online supplemental Material 1). During each rotation,
the participant assigned to VR device number 1 was selected for
EEG recording, ensuring a consistent procedure independent of
participant characteristics.

Variables and instruments

Performance in the MCI scenario was assessed using 14
predefined triage questions and two initial life-saving interven-
tion items, designed to evaluate decision-making accuracy under
simulated conditions.

The primary outcome was decision-making accuracy, defined
as the selection of the prespecified correct option at each deci-
sion point within the VR scenarios. Secondary variables included
physiological response, assessed through prescenario and post-
scenario salivary amylase as a stress indicator, and neurocogni-
tive response in the EEG subsample, including theta, alpha and
beta activity, frontal alpha asymmetry and engagement index.

Discussion group

At the end of the study, immediately after both VR scenarios,
a focus group was conducted with all participants to explore
their experience. The discussion followed a semistructured guide
covering five domains: realism, perceived stress, training useful-
ness, operational applicability and technical limitations. These
questions were separate from the VR decision points, which
were used only to assess decision-making accuracy.

The focus group was moderated by two experts, one in VR
medical training and another in TCCC training. All interventions
were audio-recorded and transcribed using TurboScribe Al. Two
authors checked the transcript, coded the data and conducted
a thematic analysis. Final categories were agreed by consensus.

Statistical analysis

A descriptive analysis was performed for all variables. Quantita-
tive variables were summarised as mean and SD, or median and
IQR, according to distribution; qualitative variables as frequen-
cies and percentages. Normality was assessed using the Shapiro-
Wilk test."*

For stress biomarkers, prescenario and postscenario amylase
and cortisol values were compared using Student’s paired t-test
when normality was met, or the Wilcoxon signed-rank test other-
wise." Given the repeated measures design with two scenarios
per participant and counterbalanced order, linear mixed models
were fitted for amylase and cortisol with a random intercept per

Lopez Lopez CA, et al. BMJ Mil Health 2026;0:1-8. doi:10.1136/military-2026-003286
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Table 3  Comparison of physiological stress biomarkers (SAA and cortisol) pre and post exposure to virtual reality experiences, with global and

subgroup analysis according to haptic vest use

Scenario Test n Mean pre (SD) Mean post (SD) % Change P value z r

TccC SAA 37 188330.27 (132 840.87) 203858.38 (160 471.64) 82% 0.255 1.14 0.19
Cortisol 36 0.25(0.15) 0.26(0.11) 12% 0.509 0.66 0.11

mcl SAA 36 191464.44 (130 804.83) 212738.33 (138 633.65) 1M11% 0.157 141 0.24
Cortisol 36 0.25(0.14) 0.27 (0.14) 6.9 % 0.200 1.28 0.21

MCI, mass casualty incident; SAA, salivary alpha amylase; TCCC, tactical combat casualty care.

subject. Timing, scenario type, order of performance and rele-
vant interactions were included as fixed effects to control for
sequence effects. A two-tailed significance level of p<0.05 was
established.

RESULTS

Accuracy of decision-making in the TCCC scenario

The decision-making results for TCCC are summarised in
table 1. Overall, the mean accuracy rate was 76.7% (54%-—
100%range). In attention under fire, only slightly more than
half of the participants adequately prioritised fire coverage and
control. In the tactical care in the field, a higher accuracy was
recorded, with consensus in carrying and tourniquet, in addi-
tion to good performance in the airway. In the tactical evacu-
ation, most reassessed the tourniquet, prevented hypothermia
and requested evacuation, although a small group persisted with
decisions not aligned with the MARCH algorithm.'®

Accuracy of decision-making in the MCl scenario

Performance results for the MCI scenario are summarised in
table 2. The presence of missing responses (omissions) was also
recorded for each item. Participants showed high accuracy in
key triage items (generally >759%), although marked errors were
observed in Q2, Q8 and Q14. Omissions were more frequent
in complex items, particularly Q10. These omissions cannot
be attributed solely to stress and may also reflect variability in
knowledge or experience in a scenario involving multiple casu-
alties. In the life-saving manoeuvres, the tourniquet showed a
high accuracy, but the prioritisation of the airway was clearly

deficient, with less than a 25% identifying the oropharyngeal
airway as the correct intervention.

Discussion group

The qualitative analysis identified five key dimensions of the
experience (realism, operational stress, active participation,
training value and technical limitations), collected in online
supplemental Material 2. The MCI scenario was perceived as
generating greater presence and stress, which may be related to
its first-person perspective and to participants’ lower perceived
familiarity with mass-casualty triage. As a whole, the military
personnel assessed VR as a useful training tool, although they
pointed to the need to improve the haptic intensity, visual realism
and the dynamic adaptation of the surroundings.

Assessment of stress through alpha amylase and cortisol
Table 3 shows the mean increases in amylase and cortisol
after viewing the VR scenarios, although none of the pre-post
comparisons showed statistical significance through univariate
tests (paired t-test or Wilcoxon’s test).

To explore the physiological variation, considering the exper-
imental context, the linear mixed models were fitted (table 4),
including the measurement time (pre/post), the type of scenario
(MCI or TCCC) and the order of execution (first or second),
with a random intercept per subject. In these models, the type of
scenario showed a significant effect on physiological activation,
with higher values in the TCCC scenario as compared with MCI,
especially for salivary amylase.

Table 4 Results of linear mixed models (LMM) for amylase and cortisol

Variable Coefficient SD z B 95%Cl

Model 1: Amylase

Type: TCCC 50.700 14.700 3441 0.001 21.81079.6
PrePost (Post vs Pre) 7.300 5.300 1.386 0.166 -3.0t017.7
Order (2nd vs 1st) 12.400 5.300 2327 0.020 20t022.9
TypexOrder -32.200 9.700 -3.310 0.001 -51.2t0-13.1
PrePostxType -14.200 10.100 -1.415 0.157 -3401055
PrePostxOrder -6.100 4.400 -1.368 0171 -14.71t026
PrePostxType x Order 10.700 6.300 1.699 0.089 -1.7t023.1
Model 2: Cortisol

Type: TCCC 0.507 0.147 344 0.001 0.218 0 0.796
PrePost (Post vs Pre) 0.073 0.053 1.386 0.166 -0.030t00.177
Order (2nd vs 1st) 0.124 0.053 2327 0.020 0.020 to 0.229
TypexOrder -0.322 0.097 -3.310 0.001 ~0.512 to -0.131
PrePostxType -0.142 0.101 ~1.415 0.157 ~0.340 to 0.055
PrePostxOrder -0.061 0.044 -1.368 0171 ~0.147 10 0.026
PrePostxType x Order 0.107 0.063 1.699 0.089 -0.017 t0 0.231

Bold values indicate statistical significance at p<0.05.
TCCC, tactical combat casualty care.
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Likewise, the order of execution was associated with a signif-
icant increase in both biomarkers when the scenarios were
performed in second place. The interaction between the type
of scenario and order was also significant, indicating that the
differences between the MCI and TCCC depend on the expo-
sure sequence. As a set, the mixed models show evidence that
the physiological activation is modulated by the type of scenario
and order of exposure, allowing for the detection of contex-
tual effects that were not identifiable through simple univariate
analyses.

Neurophysiological assessment

The EEG analysis showed differences in attention and mental
effort patterns between scenarios. In the MCI scenario, a global
decrease in sustained attention was observed as the scenario
progressed. Participants showed notable variability in their
ability to maintain attention, reflected in prolonged attentional
lapses, averaging 6.8% and reaching up to 14.35%, consistent
with the higher perceived stress reported in the discussion
group.
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Neurophysiological variations during decision-making in the virtual reality experience about mass casualty incident.
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DISCUSSION

The present study explored immersive VR for assessing decision-
making under pressure in MCI and TCCC scenarios. The results
suggest that VR can complement tactical-medical training by
reproducing realistic operational demands and identifying
areas for improvement that may not be detected through tradi-
tional methods.** ' Although participants generally applied the
algorithms correctly, errors occurred in critical phases, espe-
cially in decisions under fire, specific triage items and airway
prioritisation.

In the TCCC scenario, participants performed better in
structured phases, such as haemorrhage control and tourniquet
use. However, decisions under active fire were more variable,
particularly when choosing between self-protection and evac-
uating a wounded peer. This agrees with studies showing that
protocolised actions are applied more consistently, whereas deci-
sions requiring tactical judgement show greater variability, even
among experienced personnel.'”

Similarly, in the MCI scenario, performance was better
in structured decisions, while more errors appeared when
complex clinical assessment was required. This is consistent with
VR-based MCI studies suggesting that the challenge lies not in
knowing the triage algorithm, but in applying it under workload
and cogpnitive pressure, especially when multiple casualties must
be prioritised simultaneously.” '* ' These findings support VR as
an environment for practising decision-making under pressure,
as scenarios can be repeated and progressively adapted in diffi-
culty.”

The qualitative findings reinforced these results. Scenario
design influenced the training experience: the first-person MCI
scenario generated greater emotional impact and presence,
whereas the TCCC scenario was perceived as more active and
decision-oriented. Participants valued VR as a complementary
training tool, although they noted limitations in visual realism
and haptic feedback. This aligns with reviews highlighting multi-
sensory integration as important for improving realism and
transfer to real settings.”" >

From a physiological perspective, salivary biomarkers showed
that stress response varied by scenario type and exposure order.
The TCCC scenario was associated with stronger activation,
while the second scenario increased stress response regard-
less of content, suggesting a cumulative effect. These findings
are consistent with studies describing salivary amylase as a
marker of sympathetic activation during cognitively demanding
tasks, whereas cortisol shows a slower, context-dependent
response.”* > Previous VR studies also indicate that these
biomarkers may reveal effects related to stimulus intensity, work-
load and exposure sequence in multivariate models, even when
simple comparisons are not significant.” ** The greater activa-
tion in the TCCC scenario is consistent with studies reporting
stronger physiological responses in tactical scenarios involving
higher threat perception and decision pressure than structured
clinical tasks.?® 7 However, because haptic feedback was only
included in the TCCC scenario, its independent contribution
cannot be separated from scenario content. Therefore, findings
should be interpreted as part of the overall immersive configura-
tion rather than as evidence of an isolated haptic effect. Qualita-
tive feedback also suggested that haptic intensity may have been
insufficient to produce a strong perceived effect.

The EEG data provided a complementary perspective on
mental workload and attention.*® The MCI scenario was associ-
ated with greater attentional demands, possibly related to partic-
ipants’ lower familiarity with mass-casualty triage, although this

remains exploratory. However, the peripheral physiological
response, measured through alpha-amylase, did not increase in
parallel, supporting the idea that perceived stress and cognitive
effort are not always directly reflected by peripheral markers.
This reinforces the value of combining central and peripheral
neurophysiological indicators.”* *2¢

In contrast, the TCCC scenario showed increased engagement
during critical decision phases, together with signs of cognitive
fatigue when demand was sustained. The analysis identified
three cognitive regulation profiles under pressure: resilient,
intermediate and vulnerable. This is consistent with neuroer-
gonomic approaches that characterise individual differences in
mental workload and stress regulation to guide adaptive inter-
ventions.'” Combining VR with neurophysiological measures
may, therefore, help personalise and optimise tactical medical
training.?’

Strengths and limitations

The present study integrates behavioural, subjective, physiolog-
ical and neurocognitive measures, providing a comprehensive
perspective on performance under stress in tactical-medical
scenarios. However, several limitations should be considered.
These include the relatively small sample size, absence of a
control group and focus on cognitive decision-making without
assessment of psychomotor skills. This limits direct translation
to real-world performance, as manual dexterity is critical in
tactical medical care and was not captured by the VR platform,
which was designed to assess decision-making rather than proce-
dural execution.

In addition, previous deployment or field experience was
not systematically collected and may have influenced individual
responses. Omissions during the scenarios cannot be attributed
exclusively to stress, as they may also reflect differences in
knowledge or experience. Although scenario order was counter-
balanced and included in the statistical models, residual effects
related to increasing familiarity with the VR procedure or the
tactical context cannot be excluded. These factors may have
influenced participants’ motivation, performance and physiolog-
ical stress response.

Implications and future lines

The findings suggest that VR may be a valuable resource for
training decision-making in highly demanding tactical-medical
situations, enabling the identification of vulnerabilities that may
not emerge in traditional simulation. By integrating objective,
subjective and physiological metrics, VR could support more
personalised training models focused on real performance under
pressure. Future studies should explore adaptive scenarios based
on users’ cognitive and physiological state, the incorporation of
psychomotor skills and the scalability of these tools in training
programmes for military and emergency personnel.

Conclusions

The results suggest that immersive VR may be a valuable
pl ary tool for ing performance and identifying
critical errors during tactical-medical decision-making under
pressure. While these findings support its use in military and
emergency training contexts, they should not be interpreted as
direct evidence of improved learning, which should be examined
in future controlled studies.
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IX - RESUMEN GLOBAL Y DISCUSION

La presente tesis doctoral por compendio de publicaciones representa un
esfuerzo sistematico por analizar como la realidad virtual inmersiva y, en un
plano mds amplio, las tecnologias inmersivas, pueden contribuir a transformar la
educacién en ciencias de la salud y la preparacion ante situaciones de alta
complejidad (1-3). Aunque los cinco estudios incluidos se desarrollan en
escenarios distintos, educacién superior sanitaria, percepcion del riesgo en
conduccion extrema, estrés y neurofisiologia en inundaciones, toma de decisiones
en escenarios tactico-sanitarios e hipotermia accidental en contexto civil-militar,
todos convergen en una misma idea: el valor de la realidad virtual para formar,
evaluar y comprender la respuesta humana en entornos exigentes. Esta
aproximacion se alinea con la literatura reciente, que sitiia la RV no como una
tecnologia periférica, sino como una estrategia pedagdgica con potencial para
entrenar competencias técnicas y no técnicas en contextos donde la simulacion

convencional resulta limitada (2,4-7).

Desde una perspectiva integradora, los resultados de esta tesis permiten
sostener una idea central: la realidad virtual no constituye un fin en si misma,
sino un instrumento pedagogico y evaluativo especialmente util cuando se
integra en un disefio formativo riguroso y orientado a competencias (2,4-5). Esta
interpretacion coincide con las ERC Guidelines 2025 on Education for
Resuscitation, que sitian las metodologias de technology-enhanced learning, la
simulacidn, la evaluacion estructurada, el feedback y el debriefing en el nticleo de
la formacion contemporanea, y también con las revisiones recientes sobre RV en
educacién médica, que insisten en que el valor de estas herramientas depende de
su alineacion con objetivos docentes, métodos de evaluacion y contexto de
implementacién (2,4-5). Dicho de otro modo, la evidencia mas actual no respalda
una visidn tecnocéntrica, sino una integracion critica y pedagdgicamente

intencionada de la tecnologia (2,5-8).

El primero de los estudios del compendio, METAHEALTH, aporta una
base estratégica especialmente relevante para interpretar el resto de la tesis. Sus
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resultados muestran que la introduccion del metaverso y de la RV en
educacion superior en ciencias de la salud se percibe como una oportunidad para
mejorar resultados de aprendizaje, favorecer la adquisicion y retencion de
habilidades y ampliar las posibilidades de simulacion y colaboracion; sin
embargo, también identifica debilidades y amenazas consistentes, como el coste
tecnoldgico, la curva de aprendizaje, las barreras de infraestructura y las
preocupaciones éticas y de privacidad (10).Esta doble lectura, potencial
transformador y necesidad de implementacion cuidadosa, es plenamente
coherente con la literatura reciente (1,2,5). La revisiéon de Mergen et al. concluye
que la RV ha dejado de circunscribirse a procedimientos técnicos y se esta
extendiendo a escenarios complejos y a habilidades no técnicas, pero subraya
igualmente la necesidad de integrar estas herramientas en el curriculo con
criterios de viabilidad y calidad educativa (2). De forma similar, las revisiones
sistematicas mas recientes sobre RV inmersiva y sobre su uso como herramienta
de evaluacion insisten en que las oportunidades de automatizacion,
estandarizacion y aprendizaje activo conviven con desafios de coste, software,

usabilidad y alineacion pedagogica (4,5).

Los dos estudios centrados en conduccién extrema e inundaciones
refuerzan otro hallazgo fundamental de la tesis: la realidad virtual no solo sirve
para entrenar procedimientos, sino también para modificar la percepcion del
riesgo y activar procesos emocionales, fisioldgicos y neurocognitivos implicados
en la toma de decisiones (estudio II, estudio III). En adolescentes, la experiencia
inmersiva produjo un aumento significativo de la percepcién del riesgo y reveld
diferencias de género en la disposicion a modificar conductas y en los patrones de
activacion cerebral (estudio II). En el estudio cuasi-experimental sobre
inundaciones, la RV mostréd mayor capacidad que el formato audiovisual no
inmersivo para modificar items clave de percepcién del riesgo, junto con
incrementos de alfa-amilasa salival y patrones neurofisioldgicos mas complejos,
especialmente en dreas relacionadas con integraciéon emocional y toma de
decisiones (estudio III).Tomados en conjunto, estos resultados sugieren que la
inmersion no actia unicamente sobre el plano cognitivo declarativo, sino sobre
procesos mas amplios de implicacion afectiva y valoracion del peligro (13,32,45).
La evidencia externa reciente respalda esta interpretacion: los estudios sobre

inmersién y aprendizaje en educacién médica subrayan que la presencia y la
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agencia pueden potenciar el compromiso y el procesamiento significativo (13),

mientras que el metaanalisis sobre reactividad de estrés en realidad virtual
demuestra que la RV es capaz de inducir respuestas fisiologicas medibles en
biomarcadores simpaticos y endocrinos (32). Asimismo, la revision sobre
marcadores neurobioldgicos en educacion en ciencias de la salud recuerda que
variables como HR, HRYV, cortisol o alfa-amilasa no son equivalentes a
“aprendizaje” por si mismas, pero si aportan informacion valiosa sobre la

dindmica emocional y cognitiva del entorno formativo (45).

Desde el punto de vista conceptual, estos resultados apoyan la idea de que
la realidad virtual puede funcionar como un catalizador de aprendizaje situado y
afectivamente significativo (13,41). No parece actuar solo por exposicion a
contenidos, sino por su capacidad para colocar al usuario en una situacion donde
debe percibir, interpretar y responder a sefiales ambientales de forma integrada
(13,38). Esta observacion enlaza con el marco teodrico desarrollado en la tesis sobre
inmersion, presencia, interaccion, emociones y toma de decisiones, y ayuda a
explicar por qué los cambios observados en percepcion del riesgo son mas
intensos cuando la experiencia es inmersiva que cuando se presenta en pantalla
convencional (13,38). No obstante, también obliga a una interpretacion prudente:
una mayor activacion fisioldégica o emocional no implica automaticamente un
mejor aprendizaje, sino que debe entenderse en relacion con el disefio del
escenario, el tipo de tarea y la capacidad del usuario para regular su respuesta
(32,41,45).

Los estudios sobre toma de decisiones en escenarios tactico-sanitarios y
reanimacion en hipotermia accidental aportan un tercer eje de gran relevancia: la
utilidad de la RV como plataforma de evaluacion del desempefio bajo presion
(estudio 1V, estudio V). En personal militar, la RV permitié identificar con
precision vulnerabilidades en fases criticas del TCCC y del triaje en incidentes con
multiples victimas, especialmente en decisiones bajo fuego, priorizacién de via
aérea y situaciones clinicas complejas (estudio IV). Ademas, los biomarcadores y
los registros EEG sugirieron que el tipo de escenario y el orden de exposicion
modulan la activacion fisiologica y que existen perfiles diferenciales de regulacion
cognitiva bajo presion (estudio IV). En el estudio de hipotermia, la RV mostré ser
factible y altamente aceptada en un ejercicio OTAN civil-militar, con elevada

utilidad percibida, facilidad de uso y deteccion de brechas especificas en pasos
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del algoritmo de hipotermia, junto con sefiales exploratorias de engagement y
asimetria alfa frontal previas a respuestas incorrectas (estudio V). Estos hallazgos
refuerzan la idea de que la RV puede utilizarse no solo para ensefar, sino para
observar, objetivar y analizar como deciden los usuarios en tareas complejas
(5,6,7,73).

La literatura cientifica reciente apoya de forma clara esta interpretacion. La
revision sistemdtica de Neher et al. concluye que la RV tiene un uso prometedor
como herramienta de evaluaciéon en educacidon médica y de enfermeria,
especialmente en escenarios de emergencias y en tareas basadas en desempefio, al
permitir automatizar parte del proceso evaluativo y registrar de forma objetiva
conductas complejas (5). Del mismo modo, las revisiones sobre realidad
extendida y realidad virtual de alta fidelidad en incidentes con multiples victimas
coinciden en que estos entornos pueden mejorar exactitud de triaje, tiempos de
respuesta, experiencia del usuario y entrenamiento de primeros intervinientes,
aunque recomiendan interpretarlos como complemento de otros formatos y no
como sustituto absoluto (6,7). En el &mbito militar, el scoping review de Caffery et
al. muestra que la simulacion sigue siendo un eje central de la preparacion médica
militar y destaca la necesidad de seguir fortaleciendo la evidencia especifica sobre

qué modalidades y métricas aportan mayor valor en escenarios operativos (73).

A la luz de todos los estudios, esta tesis permite formular tres
proposiciones integradoras.La primera es que la realidad virtual es una
herramienta pedagogica transversal, capaz de adaptarse a contextos educativos,
preventivos y operativos muy distintos, desde la educacion superior sanitaria
hasta la conduccién extrema, la medicina tactica o la hipotermia accidental,
siempre que el disefio del escenario sea congruente con el objetivo formativo o
evaluativo (2,4,6,7). La segunda es que su mayor valor no parece residir en
reemplazar metodologias previas, sino en afiadir realismo, repetibilidad,
inmersion y capacidad de registro objetivo a tareas donde el factor humano y la
complejidad contextual son determinantes (5.7). La tercera es que la evaluacion
del aprendizaje inmersivo exige una mirada multimodal, que combine
rendimiento observable, percepcion del usuario y, cuando sea pertinente,
indicadores fisioldgicos y neurocognitivos (45,50,51,56). Estas tres proposiciones

se apoyan tanto en los resultados de tu compendio como en las revisiones
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recientes sobre RV en educacion médica, evaluacidon en entornos inmersivos y

marcadores de estrés en educacion en salud (4,5,45).

Las implicaciones practicas de estos hallazgos son relevantes. En el ambito
universitario, los resultados apoyan la incorporacion de RV y metaverso como
recursos complementarios para simulacion clinica, entrenamiento de
competencias no técnicas, colaboracion interprofesional y evaluacion (1,5,10). En
prevencion y educacion para la seguridad, sugieren que las experiencias
inmersivas pueden ser utiles para modificar la percepcién del riesgo y promover
respuestas mads adaptativas ante amenazas ambientales (13,42,45). En
emergencias, desastres y contextos civil-militares, la evidencia de esta tesis
respalda el uso de RV para ensayar decisiones criticas, detectar vulnerabilidades y
complementar el entrenamiento de primeros intervinientes (6,7,73). Estas
aplicaciones son coherentes con la orientacién actual del ERC 2025 hacia
metodologias activas, simulacion, technology-enhanced learning y evaluacion

estructurada de competencias (8).

Como todo trabajo, esta tesis presenta limitaciones que deben considerarse
en la interpretacién de los resultados. En primer lugar, el compendio incluye
disefios metodologicos heterogéneos: cualitativos, cuasi-experimentales y
observacionales, lo que enriquece la perspectiva global pero dificulta la
comparacion directa entre estudios. En segundo lugar, varios trabajos tienen
muestras moderadas o contextos de reclutamiento especificos, lo que limita la
generalizacion. En tercer lugar, en los estudios con biomarcadores y EEG, la
interpretacion debe ser necesariamente prudente por el cardcter exploratorio de
parte de estas medidas y por la conocida complejidad para vincular directamente
activacion fisiologica con aprendizaje o rendimiento. Finalmente, aunque los
resultados apoyan la utilidad de la RV, no todos los estudios permiten afirmar
mejoras directas de aprendizaje a largo plazo o transferencia completa al contexto
real, cuestion que la propia literatura reciente sigue sefialando como una laguna

prioritaria.

En consecuencia, las lineas futuras de investigacién deberian orientarse a
ensayos multicéntricos con muestras mas amplias, comparaciones entre distintos
niveles de inmersidn, seguimientos longitudinales que evalten retencién y

transferencia, y modelos adaptativos que integren datos de desempefio,
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experiencia de wusuario y fisiologia en tiempo real. También seria
especialmente relevante avanzar en estudios de implementacién y coste-
efectividad, dado que una parte de las barreras detectadas en METAHEALTH y
en la literatura internacional se sitian precisamente en la sostenibilidad

institucional, la capacitacion docente y la infraestructura tecnoldgica.

Esta tesis doctoral muestra que la realidad virtual y las tecnologias
inmersivas no deben entenderse como una moda tecnoldgica, sino como
herramientas con capacidad real para enriquecer la educacidon en ciencias de la
salud, la prevencion y la preparacion ante contextos complejos. Su valor no reside
en la novedad, sino en su potencial para recrear escenarios dificiles de entrenar,
modificar la percepcion del riesgo, objetivar el desempefio y abrir nuevas vias
para comprender la relacion entre cognicion, emocion, fisiologia y decision.
Considerados de forma conjunta, los cinco estudios del compendio aportan una
base conceptual y empirica sdlida para seguir avanzando hacia un modelo
formativo mas inmersivo, evaluable y adaptado a la complejidad real de los

contextos sanitarios y de emergencia contemporaneos.
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10.1. CONCLUSIONES GENERALES

El potencial transformador de la RV en la educacion.

La RV ha demostrado ser una herramienta educativa efectiva en diversos
campos, como la seguridad vial y la medicina de emergencia, al modificar la
percepcion del riesgo, mejorar la toma de decisiones bajo estrés y activar areas
cerebrales clave para la evaluacion y la toma de decisiones. Sin embargo, es
crucial complementar estas experiencias inmersivas con enfoques adicionales de
capacitacion que aborden momentos de vulnerabilidad cognitiva, lo cual

maximiza su impacto.

La importancia de un enfoque personalizado y adaptable.

Los estudios destacan la necesidad de considerar caracteristicas
demograficas y patrones neuronales individuales al disefar intervenciones
educativas basadas en RV. El uso de sistemas adaptativos que respondan en
tiempo real a la activacion cerebral de los usuarios puede aumentar
significativamente la efectividad de la formacion, especialmente en contextos de

alta presidn, como simulaciones de emergencias y situaciones de riesgo.

La RV como complemento, no sustituto, de la formacion fisica.

Aungque la RV es altamente eficaz para mejorar la percepcion del riesgo y la
toma de decisiones, no debe reemplazar el entrenamiento fisico en situaciones
criticas. La combinaciéon de la simulacidn inmersiva con dispositivos de
retroalimentacion en vivo y entrenamiento fisico sigue siendo esencial para
desarrollar habilidades cognitivas y practicas completas en los escenarios de
emergencia, asegurando una sinergia adecuada entre la tecnologia y la practica

real.
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10.2. CONCLUSION ESTUDIOI

El metaverso y la Realidad Virtual (RV) tienen un potencial transformador
para la salud, seguridad y medio ambiente (HSE), pero deben abordarse desafios
como los costos, la capacitacion y los estandares éticos. La inversion estratégica y

marcos éticos solidos son esenciales para su implementacion exitosa.

10.3. CONCLUSION ESTUDIO I

Este estudio demuestra el potencial transformador de la RV como
herramienta educativa en la seguridad vial, respaldada tanto por evidencia
conductual como neurofisiologica.La integracion pionera de neuroimagen con
experiencias inmersivas ha permitido no solo confirmar la efectividad de la RV
para modificar la percepcion del riesgo, sino también comprender los
mecanismos neuronales subyacentes que explican las diferencias en su impacto
entre diferentes grupos de participantes.Los patrones observados de activacion
cerebral, junto con las diferencias de género en las respuestas conductuales,
sugieren que el impacto de la RV en la percepcion del riesgo opera a través de
vias neuronales especificas que varian segun el género y la experiencia
previa.Esto tiene implicaciones directas para el disefio de intervenciones
educativas, sugiriendo la necesidad de un enfoque personalizado que considere
no solo las caracteristicas demograficas, sino también los patrones individuales de

procesamiento neural del riesgo.

10.4. CONCLUSION ESTUDIO III

La Realidad Virtual inmersiva fue viable y bien aceptada para evaluar la
toma de decisiones en la reanimacion por hipotermia durante un ejercicio civil-
militar.El desempefio observado destacé lagunas especificas en la toma de
decisiones relacionadas con la hipotermia. Se necesitan estudios controlados y
longitudinales para evaluar el progreso en el aprendizaje y la efectividad del

entrenamiento.
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10.5. CONCLUSION ESTUDIO IV

Los resultados demuestran que las experiencias inmersivas de RV pueden
inducir cambios significativos en la percepcion del riesgo y provocar una
activacion fisiologica mds intensa, medida a través de la amilasa salival, asi como
respuestas neurofisioldgicas mas complejas en comparacion con las simulaciones

basadas en pantallas.

En particular, los participantes del grupo de RV informaron niveles mas
altos de peligro percibido, mostraron un mayor compromiso emocional y de
atencion, y activaron areas cerebrales involucradas en la regulacion emocional y
la toma de decisiones, como la corteza prefrontal medial y el hipocampo.Estos
resultados son consistentes con investigaciones previas que resaltan los beneficios
educativos de la RV, al agregar valor mediante la integracion de medidas

biométricas y neurofisiologicas.

Si bien ambos formatos de entrenamiento resultaron ttiles, la cualidad
inmersiva de la RV parece mejorar la conciencia y preparacion de los usuarios en
escenarios de emergencia. La combinaciéon de biomarcadores objetivos (amilasa
salival) y datos de EEG proporciona un marco mas completo para evaluar el

aprendizaje bajo estrés.

En conclusion, este estudio refuerza el potencial de la RV como una
herramienta poderosa en la educacion de emergencias y la prevencion de riesgos.
La investigacién futura deberia explorar la retenciéon del aprendizaje a largo plazo
y probar estas intervenciones en poblaciones mas diversas y contextos de

emergencia.

10.6. CONCLUSION ESTUDIO V

Este estudio sugiere que la RV inmersiva puede ser una herramienta
complementaria valiosa para evaluar el desempefio e identificar errores criticos
durante la toma de decisiones tdctico-médicas bajo presion.Aunque estos
hallazgos respaldan su uso en contextos de entrenamiento militar y de
emergencia, no deben interpretarse como evidencia directa de una mejora en el

aprendizaje, lo cual debe ser examinado en estudios controlados futuros.
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ANEXO 1. DOCUMENTO DE APROBACION DE LOS ESTUDIOS POR EL
COMITE DE ETICA DE LA UNIVERSIDAD SAN ANTONIO DE MURCIA.

dCAM COMITE DE ETICA DE LA UCAM

SAN ANTONIO

DATOS DEL PROYECTO

’ X “Creaci6n y evaluacion de experiencias de gamificacion, realidad virtual
Titulo: g £S
y realidad aumentada
Investigador Principal | Nombre Correo-e
Dr. Manuel Pardo Rios mpardo@ucam.edu

INFORME DEL COMITE

[ Fecha [ 24/11/2023 | [ Codigo | CE112309 |

Tipo de Experi tacié

Investigacion experimental clinica con seres humanos
Investigacién experimental no clinica con seres humanos X
Utilizacion de tejidos humanos procedentes de pacientes, personas sanas, tejidos
embrionarios o fetales

Utilizacién de tejidos humanos, tejidos embrionarios o fetales procedentes de
bancos de muestras o tejidos

Investigaciéon observacional, psicolégica o comportamental en humanos

Uso de datos personales

Experimentacién animal

Utilizacion de agentes biolégicos de riesgo para la salud humana, animal o las
plantas

Uso de organismos modificados genéticamente (OMGs)
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®

A COMITE DE ETICA DE LA UCAM

A la vista de la solicitud de informe adjunto por el Investigador y de las
recomendaciones anteriormente expuestas el dictamen del Comité es:
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Emitir Informe Desfavorable 3
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ANEXO 2. CONSENTIMIENTO INFORMADO DE PARTICIPACION
VOLUNTARIA EN LOS ESTUDIOS.

ANEXO 11
UCAM
UNIVERSIDAD CATOLICA
SAN AN
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CONSENTIMIENTO INFORMADO

RCP con Realidad Virtual

DECLARO:
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que en cualquier momento puedo abandonarlo sin que me suponga perjuicio de ningin tipo.

CONSIENTO:

1.-) Someterme a las siguientes pruebas: Experiencias formativas con gafas de realidad virtual y videojuegos,
realizacion de test o cuestionarios, y/o hacer alguna demostracion o simulacién (p.e. hacer una

reanimacion sobre un maniqui).

2.-) El uso de los datos obtenidos segun lo indicado en el parrafo siguiente:

En cumplimiento del Reglamento (UE) 2016/679 del Parlamento Europeo y del Consejo, de 27 de abril de 2016 y Ley
Orgénica 3/2018, de 5 de diciembre, de Protecciéon de Datos Personales y Garantia de los Derechos Digitales, le comunicamos
que la informacién que ha facilitado y la obtenida como consecuencia de las pruebas a las que se va a someter pasara a formar
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EXPERIMENTALES Y CIENCIAS DE LA SALUD. Tiene derecho a acceder a esta informacion y cancelarla o rectificarla,
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adopcion de las medidas oportunas para asegurar el tratamiento confidencial de dichos datos.

El / La participante, El / La investigador/a,
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ANEXO 3. DOCUMENTOS PARA LA RECOGIDA DE DATOS EN LOS

UNIVERSIDAD  conduccién durante inundaciones: dio cuasi lacié

CATOICA e MURCIA

kP

0 UCAM Impacto de la Realidad Virtual en el cambio de percepcién del riesgo y estrés en situaciones de
| de si

CUESTIONARIO PRETEST. Estudio n°®

Nombre y Apellidos Edad
Sexo M 3 Carnet de Conducir Si NO Afios conduciendo:
Sin Educacién Educacion Formacién Estudios Estudios
NIVEL DE ESTUDIOS: estudios primaria secundaria profesional universitarios postgrado
INSTRUCCIONES

Lea detenidamente cada enunciado y conteste del 1 al 5 la opcidn con la cual te identificas mas.

Muy en desacuerdo En desacuerdo Indiferente De acuerdo Muy de acuerdo

1 2 3 4 5

1. Conducir en condiciones de lluvia intensa representa un riesgo significativo para mi seguridad.

2. Me siento seguro conduciendo en condiciones de lluvia intensa.

3. Considero que la probabilidad de tener un accidente en condiciones de lluvia intensa es alta.

4. Sé como reaccionar en caso de que mi vehiculo se inunde.

5. Me preocupa conducir en condiciones de lluvia intensa.

6. Los riesgos de conducir en condiciones de inundacion son subestimados por la mayoria de los conductores.

ESTUDIOS
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7. Tengo suficiente conocimiento sobre las medidas de seguridad al conducir en condiciones de inundacion.

E. Es probable que guedara atrapadao en una inundacian al conducir durante una tormenta intensa

9. La posibilidad de sufrir un accidente al conducir en condiciones de inundacidn me hace sentir inseguro.

10. La experiencia de conducir en lluvia intensa es estresante.
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UCAM Impacto de la Realidad Virtual en el cambio de percepcién del riesgo y estrés en situaciones de
UNIVERSIDAD  conduccién durante inundaciones: estudio cuasi-experi | de simulacié

CATOUICA D MUREIA

CUESTIONARIO POSTEST. Estudio n°®

Nombre y Apellidos Edad
Sexo M F Carnet de Conducir sl NO Afios conduciendo:
sin Educacién Educacién Formacién Estudios Estudios
NIVEL DE ESTUDIOS: estudios primaria secundaria profesional universitarios postgrado
INSTRUCCIONES

Lea detenidamente cada enunciado y conteste del 1 al 5 la opcidn con la cual te identificas mas.

Muy en desacuerdo En desacuerdo Indiferente De acuerdo Muy de acuerdo

1 2 3 4 5

1. Después de la simulacion, considero que conducir en condiciones de lluvia intensa representa un riesgo
significativo para mi seguridad.

2. Me siento mas seguro conduciendo en condiciones de lluvia intensa después de esta experiencia.

3. Creo que la probabilidad de tener un accidente en condiciones de lluvia intensa es alta.

4. Me siento preparado para reaccionar en caso de que mi vehiculo se inunde.

5. Mi preocupacion por conducir en condiciones de lluvia intensa ha aumentado

6. Considero que los riesgos de conducir en condiciones de inundacion han sido subestimados.
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7.Siento gue he adquirido mas conocimiento sobre las medidas de seguridad al conducir en condiciones de
inundacion.

8. Creo que la probabilidad de quedar atrapado en una inundacion mientras conduzco es alta,

9, La posibilidad de sufrir un accidente en condiciones de inundacion ahora me parece mas evidente

10. La experiencia de la simulacdién me parecid estresante.
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NASA TASK LOAD (TLX)

El método NASA Task Load Index (TLX) de Hart y Staveland evaltia la carga de trabajo en cinco
escalas de 7 puntos. Los incrementos de estimaciones altas, medias y bajas para cada punto
dan como resultado 21 gradaciones en las escalas.

Nombre | Tarea | Fecha

Demanda mental
¢ Como de exigente mentalmente ha sido la tarea?

Muybaie [ [ [ [[[[I[[II]]]

‘ | ‘ ‘ ‘Muyalra

Demanda fisica
¢ Cdomo de exigente fisicamente ha sido la tarea?
Muybaa [ TT T[T [[TTT[TT][[]]]]Muyala

Demanda temporal
¢ Como apresurado/a o con prisa ha sido el ritmo de la tarea?
Moy b P T T[T T[] [][]Mwee

Desempeiio
{Como de exitoso/a has sido en lograr lo que se te pidio hacer?
Perfecto [ [ [ [ [ [ [[[ [T []T[][] [Frmease

Esfuerzo
¢ Cudnto has tenido que esforzarte para alcanzar tu nivel de desemperio?

Moybajo [ T T[T TTTTITTTT]]]Meke
Frustracion

(Como _a"e inseguro/a, desanimado/a, irvitado/a, estresado/a y molesto/a has estado?
Muybaa [ T T T T T T T TTTT ] ]Myyala
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ANEXO 4. INVITACION A EXPERTOS PARA EL DISENO DE UN ARBOL DE
DECISIONES EN RCP BASICA Y DEA

DISENO DE UN DIAGRAMA DE ARBOL DE
DECISION

Te hemos seleccionado para el disefio de un diagrama de arbol de decisién

fundamentado en la metodologia del aprendizaje basado en problemas, para la

elaboracion de un “caso de reanimacion cardiopulmonar basica y DEA”.

¢ Qué vamos a hacer?

Vamos a disefiar un caso de Realidad Virtual Inmersiva grabado con camaras

360 Grados. Aqui puedes ver una demo:

https://drive.google.com/file/d/1Bu80aw3AKrakh ES5blzwLtiNxMByPyNv/view?usp=s

haring

Para disefiar ese caso te pedimos tu ayuda y experiencia. Queremos que el caso
se haga por consenso de expertos. Para ello hacemos una primera parte que es el

diseno del arbol de decisiones que es la base sobre la que luego grabaremos el

escenario. Aqui te ponemos ejemplo de otros arboles de decision.


https://drive.google.com/file/d/1Bu80aw3AKrakh_E5b1zwLtiNxMByPyNv/view?usp=sharing
https://drive.google.com/file/d/1Bu80aw3AKrakh_E5b1zwLtiNxMByPyNv/view?usp=sharing
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Alumne inconsciente con parada

cardiorrespiratoria (B afios)

. Qué se espera de tu
parte?

++ DISENAR UN ARBOL DE DECISION SOBRE RCP BASICA Y DEA.
%+ DISENALO SOBRE UN PAPEL TAMANO A4 O MAYOR.
«+ PUEDES USAR TU CREATIVIDAD E IDEAS.

% PUEDES USAR LAPIZ, ROTULADOR, BOLIGRAFO... LO QUE MAS TE GUSTE PERO
QUE SE PUEDA LEER Y ENTENDER FACILMENTE.

¢+ EN LAS SIGUIENTES DIAPOSITIVAS TE VAMOS A INTENTAR EXPLICAR TODO
CLARAMENTE. AUN ASI, SI TIENES DUDAS PUEDES CONTACTARNOS Y TE
HAREMOS LAS ACLARACIONES QUE NECESITES.

«» UNA VEZ LO HAYAS ACABADO NOS MANDAS UNA FOTO CON CALIDAD,
ESCANEADO AL MISMO CORREO ELECTRONICO) O NOS LO REMITES POR
CORREO POSTAL (Dr. Manuel Pardo Rios, Universidad Catdlica de Murcia, Avd
Los Jerénimos s/n, Guadalupe, 30107, Murcia.

Si se publicara algun trabajo te podemos ofrecer aparecer en “Grupo de trabajo

Rinvemer” dentro de los documentos que se publiquen.
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basica?

¢.Como hacer un arbol de decisiones para RCP

El escenario comenzard con un caso

clinico de un adulto inconsciente. El usuario, en

este caso, encontrard a una persona en el suelo.

Adulto inconsciente

S S
Llamar| ! Si la opciéon se
112 representa con un
—@ cuadrado:
e Sumaremos 1

error.
e Volverdala
casilla anterior.

Comprobar

. . ) Pl
conciencia , Recibira un

feedback.

b

|
i avanzando por el arbol de decisiones.

% Podemos dar multiples opciones

reanimador, ya sea lego o profesi
% Varias opciones puede ser buena

de respuesta.

onal.
s y/o varias pueden ser incorrectas.

Al usuario se le dard a escoger entre varias opciones, teniendo que escoger entre ellas.
. . . |
i Para un mayor entendimiento, las opciones se representaran con un cuadrado o un |

Si la opcién es representada por un circulo, se considerard correcta y continuara

% Lo importante es que sea coherente con la realidad y con lo que puede pensar un
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Posicidnlateral

de seguridad
Llj1rnzar CX)
[~ )
Adulto inconsciente / O
\ _ Valorar
respiracién .~
Comprobar [ [
conciencia

Iniciar
compresiones

toracicas
&

Al elegir la respuesta correcta, en este caso “Valorar respiracion”, el alumno
| realizara las siguientes acciones de forma guiada:

* Maniobra frente mentén.
* \Ver, oir y sentir.
* Durante 10 segundos

* Podemos elaborar tantas combinaciones y opciones como queramos.

* Podéis ser creativos y no hay que pensar solo en un camino, ni de izquierda a derecha, arriba y
abajo.

* El sistema avanzara por la opcion correcta y reconducird al usuario pudiendo otorgar un
feedback.

* Dentro de las multiples opciones a barajar que podéis incluir, si lo considerais:
- Hacer compresiones
- Realizar ventilaciones

- Usar DESA/DEA (629]
- Recuperacion espontanea de la respiracién/circulacién —
- Todas aquellas que consideréis oportunas. @

O

:
\@,J
T

p— Pasu:uén lateral
/' " segurudad
=g

@ B — alorar
() \ resplrac-t&n[

v
Iniciar
COmMprasionas ®
tordcicas @ —




Durante la Pandemia COVI19 se considera que RCP hands only es una
opcion igual de buena igual que hacer compresiones y ventilaciones descrito por
ERC en Nolan JP, Monsieurs KG, Bossaert L, Bottiger BW, Greif R, Lott C, Madar ],
Olasveengen TM, Roehr CC, Semeraro F, Soar ], Van de Voorde P, Zideman DA, Perkins
GD; European Resuscitation Council COVID-Guideline Writing Groups. European
Resuscitation Council COVID-19 guidelines executive summary. Resuscitation. 2020
Aug;153:45-55. doi: 10.1016/j.resuscitation.2020.06.001. Epub 2020 Jun 7. PMID:
32525022; PMCID: PMC7276132.

— Valorar

respiracion Q \

toracicas
—®&

ERC mantiene para legos solo valorar la respiraciéon y no tomar
pulsos. Michels G, Bauersachs ], Bottiger BW, Busch HJ, Dirks B, Frey N, Lott
C, Rott N, Schols W, Schulze PC, Thiele H. Leitlinien des European I
Resuscitation Council (ERC) zur kardiopulmonalen Reanimation 2021:
Update und Kommentar [Guidelines of the European Resuscitation Council
(ERC) on cardiopulmonary resuscitation 2021: update and comments].
Anaesthesist. 2022 Feb;71(2):129-140. German. doi: 10.1007/s00101-021-
01084-6. PMID: 34984492.

— Posicién lateral |
- de seguridad | |
SN A et te %
-— / ® C@ &

| flechas o bien, si lo ves mas facil, hazlo cdmo las citas en

Esto es debido al estrés emocional descrito por

Iniciar | Pekevski J. First responders and psychological

compresiones <X) first aid. ) Emerg Manag. 2013 Jan-Feb;11(1):39-48. doi:

10.5055/jem.2013.0126. PMID: 24187743.

Puedes afadir las referencias en el algoritmo con !

| . ’ .
- Vancouver en el texto asociando un numero a cada |



ANEXO 5. ARBOL DE DECISION EN HIPOTERMIA CON

Soporte Vital Basico y Avan

W seoort - v [] + Opciéncorrecta (ERC 2021)

NODO1 - Soporte Vital Basico (8LS) [E——

rado - Algoritmo ERC 2021 - Representacig visual en Wonda VR

2Qué debe hacer ol rescatador al llegar?

o ]

X uamar st 112

X sanctar n helkdpters medicalzads.
X sacuaie ol pacinte para ver st es consc
NODO2 - Soporte Vital o [ —"

X colocar a s ictma en posicén ater e sequridad

NODO3 - Soporte Vital Basico (BLS) O8C 20— psteria o
X Dar 2 ventaacienes de rescate como en anogades

% Retiar toda a opa cel pacente para evalr su estado

X Mantenes a opa del pacerte para exponer s misma necesario

NODOS - Soporte Vital Avanzado (ALS)

€n
X Contimsar contas compresiones torkcicas.
x

¥ agicar cardoversén

NODOS - Soporte Vital Avanzado (ALS) -
wn <on
SombraTuieh SRS

X No reatzar destirtacién hasta que 1a temperstura sea mayer 3 32 C

NODO7 - Soporte Vital Avanzado (ALS)
by

i 7 30:2 igual que en normotermia

#1522 como en reasimacién peditrica
%101y que 1 ventiacén es ms importante
x

402 para mejora el oxgend en sangre
NODOS - Soporte Vital Avanzado (ALS)

¥ Continsaecon mss sescargas sin esperar

e )

X aministrr adrenatns de inmediato

X iicr recalentamiento imenediato

MODOS - Soporte Vital Avanzado (ALS)
be o
e oy
% inicia el protocolo de muerte, ya que 500 kgm0 de muerte segura
X Datener 1s ACP, ya que la midriasis arreactive 5
X Reaizar solo ventiaciones y esperar mejora
L7 o e comrrcses o o crbc o s s e g corpc J

RECALENTAMIENTO ACTIVO -+ TRASLADO A CENTRO ECMO/ECLS (HT lll-IV en parada)
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REPRESENTACION VISUAL EN LA PLATAFORMA WONDA VR
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ANEXO 6. ARBOL DE DECISION EN ESCENARIO TACTICO CON
REPRESENTACION VISUAL EN LA PLATAFORMA WONDA VR

P i6n visual en la p Wonda VR - Alg MARCH (Tactical Combat Casualty Care)

Care Under Fire (CUF’ Tactical Field Care (TFC) Tactical Evacuation Care (TACEVAC [ ] ~ 0pcién correcta

NODO 1 - CARE UNDER FIRE - Escena Wonda 9 MARCH algorithm — Wonda VR 360

Descripcién de L 360
Espacio abierto. Victima en suelo con sangrado activo en muslo. Soldados a cubierto. Fuego enemigo en curso,

Recibes fuego enemigo. Hay una victima herida en el suelo con sangrado activo. ;Qué haces primero?

[ Y Devolver el fuego y cubrirme ]
TCCC-CUF: Return fire & take cover, Suprimir ia amenaza precede 2 la atencién sanitaria.

X Poner a cubierto a la victima
Movilizar al herido bajo fuego directo expone a rescatador a baja secundaria.

X Realizar torniquete inmediatamente
U €1 toriquete bajo fuego directo no es prioritaro si el rescatador estd expuesto, )

NODO 2 - CARE UNDER FIRE - Escena Wonda 8 [ 4 algorithm — Wonda VR

Descripcion de la escena 360
Victima consciente intenta moverse, hemorragia activa en muslo. Fuego esporadico. Rescatador a cublerto.

La victima intenta moverse. Aun se recibe fuego esporadico. ;Cémo procede?

7 Comunicarme con la victima y ordenarle que se aplique torniquete si puede
TCCC-CUF: self-aid, Indicar del torniquete (CAT) siIa victima conserva capacidad.
X Rescatarlo y colocarle un torniquete cuanto antes
— Exponer al rescatador con uego aun presente Incrementa el iesgo de baj adicionsl. -/

NODO 3 - CARE UNDER FIRE - Escena Wonda 7 MARCH m da VR 360

Descripcién de ena 36
Victima incapaz de cubrirse, pérdida de consciencia, sangrado abundante. Equipo en cobertura.

La victima no puede p a esta p la yel es {Qué hace?

X Rescatar para tratar la
Sin neutralizar amenaza o cubrir con humo, el rescate genera baja secundaria.

X Apertura de la via aérea y colocar canula nasofaringea
No se realizan intervenciones de via aérea en fase Care Under Fire (TCCC).

J 7 Ganar superioridad de fuego y utilizar botes de humo L

TCCC-CUF: suppress threat / cobertura visual con h al rescate.

NODO 4 - CARE UNDER FIRE - Escena Wonda 6 MARCH algorithm — Wonda VR 3602

Descripci ena 360
Victima casi inconsciente, sangrado de muslo persistente. Rescatadores aproximandose con cobertura

La victima esta casi por muslo. ;Cual es el siguiente paso?

X Priorizo retirar las comunicaciones
Accidn no prionitaria; no detiene la hemorragia exanguinante.

[ 7 Acarreo de la victima y colocar el torniquete J
TCCC-CUF: external hemorrhage® — tomiguete CAT alto y tenso tras
X Abrir via aérea para evitar Ia parada
_ Vo adre 1o 5 la priorided er CUF: primero detener s hemoragia mesive, v |
TRANSICION - Escena Wonda 1 " - " " —
[ Transicion - Movimiento bajo cobertura hacia zona de Tactical Field Care }
v
TRANSICION - Escena Wonda 5 . s et
[ Transicién - Establecimiento del punto de Tactical Field Care ]
v
NODO 5 - TACTICAL FIELD CARE - Escena Wonda 4 MARCH algorithm — Wonda VR 3609

escena 360"
ima en suelo con torniquete visible (hemorragia controlada). Inconsciente. Vigilancia perimetral.

escripcion

D
Interior. Vi

Se ha controlado la hemorragia, pero la victima sigue inconsciente. ;Qué medida iniciar?

X Colocar un segundo torniquete

No procede sin signos de sangrado persistente: primero reevaluar My abordar A
X Iniciar RCP inmediatamente

En trauma penetrante con hemorragia controlada no se indica RCP si hay pulso.

J 7 Abrir la via aérea y colocar canula nasofaringea L
MARCH-A (Airway): cénula (NPA) en victima —TeceTrC,
NODO 6 - TACTICAL FIELD CARE : Escena Wonda 3 MARCH algorithm — Wonda VR 3609

Descripci cena 360"
Interior. Victima envuelta parcialmente en manta térmica dorada. Reevaluacién MARCH por equipo sanitario.

La via aérea esta yel q es Continte con los cuidados de la victima.

X Realizo la transicién del torniquete a agente hemostatico
Conversidn TQ-hemostatico s6lo i tiempo de evacuacidn 2h y condiciones técticas lo permiten.
f y proteger de
MARCH.CP del control de hemorragia + prevencidn de Io triads letal (HPMK/manta térmica).

X Inicio infusién de sangre entera
U Sangre entereAforma pate del Damoge Control Resusittion; requiere capeckdod TCeC WP avanzada |

NODO 7 - TACTICAL EVACUATION CARE - Escena Wonda 2 MARCH algorithm — Wonda VR 3

Descripcidn de I na 360
Victima estabilizada con HPMK (manta térmica). Exploracion secundaria completada. Lista para evacuacion.

Tras revaluar el MARCH. ;Cémo procederia?

[ 7 Solicitar evacuacién mediante mensaje 9 lineas ]
TACEVAC MEDEVAC 9-Line (OTAN STANAG 2087/A1P-4.10) — activacién de cadena Role 2/3.

Intubacién orotraqueal para controlar la via aérea
10T requiere capacidad avanzads (TCCC-CMC/MP); NPA suele ser suficiente en manejo tactico inicial.

X Es prioritario la limpieza de la herida
— Limpieza de herida no es prioritaria en TFC/TACEVAC; foco en MARCH-PAWS y trasiado progpz. -/

EVACUACION MEDEVAC 9-LINE - ROLE 2/ ROLE 3




