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RESUMEN 
El deterioro cognitivo en adultos mayores es un desafío creciente en geriatría, ya que 
impacta de manera negativa en la capacidad para realizar actividades de la vida diaria, 
limitando su independencia. Estas actividades, como preparar alimentos, tomar 
medicamentos o realizar compras, requieren habilidades cognitivas complejas como la 
memoria, la atención y la planificación. Aunque la neurociencia ha tenido avances en la 
comprensión de este deterioro, todavía se necesitan herramientas de evaluación e 
intervención que sean realistas y aplicables en entornos cotidianos para promover 
mejoras funcionales. Esta tesis presenta un compendio de publicaciones centrado en el 
desarrollo y evaluación de aplicaciones tecnológicas, con énfasis en la realidad virtual 
como herramienta innovadora. Esta investigación incluyó el diseño de un ejercicio de 
cribado cognitivo en un entorno real, utilizando sensores inteligentes, que simuló una 
actividad de la vida diaria. Posteriormente este fue adaptado a un entorno de realidad 
virtual inmersivo para el cribado cognitivo y como parte de una intervención dual que 
integra tanto aspectos motores como cognitivos. Los resultados de esta tesis muestran 
que la integración de la tecnología permite una evaluación precisa de funciones 
cognitivas como la atención y memoria. Los participantes que fueron parte del 
experimento en el entorno virtual presentaron mejoras en su cognición y estado 
emocional, lo cual respalda la evidencia actual sobre el uso de la realidad virtual como 
una herramienta innovadora y segura. La investigación desarrollada en esta tesis 
establece una base sólida para futuras aplicaciones clínicas más ecológicas y adaptadas 
a las necesidades del usuario. Además, se detallan los componentes necesarios para 
implementar estas intervenciones, incluyendo la frecuencia, duración de las sesiones y el 
nivel de inmersión requerido. 
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ABSTRACT 
Cognitive impairment in older adults is a growing challenge in geriatrics, as it negatively 
impacts the ability to perform activities of daily living, limiting their independence. These 
activities, such as preparing food, taking medication or shopping, require complex 
cognitive skills such as memory, attention and planning. Although neuroscience has 
made progress in understanding this impairment, assessment and intervention tools that 
are realistic and applicable in everyday environments are still needed to promote 
functional improvements. This thesis presents a compendium of publications focused on 
the development and evaluation of technological applications, with an emphasis on 
virtual reality as an innovative tool. This research included the design of a cognitive 
screening exercise in a real environment, using smart sensors, which simulated an activity 
of daily living. This was later adapted to an immersive virtual reality environment for 
cognitive screening and as part of a dual intervention that integrates both motor and 
cognitive aspects. The results of this thesis show that the integration of technology allows 
for an accurate assessment of cognitive functions such as attention and memory. 
Participants who took part in the experiment in the virtual environment showed 
improvements in their cognition and emotional state, which supports the current 
evidence on the use of virtual reality as an innovative and safe tool. The research 
developed in this thesis establishes a solid foundation for future clinical applications that 
are more ecological and adapted to the needs of the user. In addition, the components 
necessary to implement these interventions are detailed, including the frequency, 
duration of the sessions and the level of immersion required. 





 

 

 

 

 

 

 

 

 

 

 

 

 

CAPÍTULO 1 

INTRODUCCIÓN 1 



 

 

  



Capítulo 1. Introducción 

3 Jorge Luis Buele León 

1.1. Introducción general 
Este capítulo ofrece una visión general de la investigación llevada a cabo en esta tesis, 
con el contexto, una revisión bibliográfica de los conocimientos previos, las preguntas y 
objetivos de investigación y los resultados más relevantes de las publicaciones incluidas 
en el compendio. 

1.1.1. Deterioro cognitivo 

A medida que la esperanza de vida aumenta en muchas regiones del mundo, surge un 
desafío importante: vivir más años no siempre significa que se tenga una buena calidad 
de vida. Con el envejecimiento de la población, los casos de deterioro cognitivo 
aumentan, pasando de un proceso de envejecimiento normal hacia formas patológicas 
de deterioro. Entre estos, existen estados intermedios como el deterioro cognitivo leve 
(DCL), donde las personas experimentan una disminución en la memoria o en otras 
funciones cognitivas, pero en algunos casos conservan su independencia. Sin 
intervención, el DCL puede progresar hacia formas más graves de demencia. Según un 
estudio publicado por The Lancet: Public Health, en 2019 se estimó que 57 millones de 
personas vivían con demencia en todo el mundo, y se proyecta que esta cifra aumente a 
153 millones para el año 2050 [1]. 

La demencia es un término que abarca diversas condiciones clínicas como la enfermedad 
de Alzheimer (EA), el Parkinson, la demencia vascular, la demencia frontotemporal, la 
enfermedad de Huntington y la demencia por cuerpos de Lewy, cada una con sus causas 
y factores de riesgo específicos. Iribarne et al. [2] señalan que el Alzheimer es la causa 
más común de demencia, representando el 80% de los casos en personas mayores de 
65 años, seguido de la demencia vascular, la frontotemporal y la de cuerpos de Lewy. 
Según la revisión de Zhang et al. [3], el Alzheimer en sus primeras etapas lidera entre las 
causas de demencia, abarcando entre el 50% y el 70% de los casos. Asimismo, se debe 
puntualizar que si bien el Alzheimer es la causa principal de demencia diagnosticada 
clínicamente en los países occidentales, la demencia vascular podría ser más frecuente 
en el este de Asia [4]. Aunque no se conoce una cura definitiva para la demencia, existen 
tratamientos disponibles que pueden mejorar algunos síntomas, dependiendo de la 
etapa de la enfermedad en la que se encuentre la persona [5]. 

1.1.2. Funciones cognitivas 

Las funciones cognitivas son habilidades que se necesitan para llevar a cabo cualquier 
tarea, independientemente de su complejidad. Permiten almacenar, comprender y 
relacionar la información que proporcionan los sentidos y ser usada en el presente o en 
el futuro para realizar tareas. Están relacionadas con los mecanismos de aprendizaje, 
recuerdos, resolución de problemas, prestar atención, etc. [6]. Dentro de las mismas se 
incluyen la percepción, la atención, la conciencia, el lenguaje, la memoria, las funciones 
ejecutivas (FE), entre otras. 

La atención es un proceso mental que permite enfocar los recursos cognitivos en 
estímulos específicos, filtrando la información irrelevante y priorizando aquello que es 
importante según la tarea [6], [7]. Las personas con trastornos de atención suelen tener 
dificultades para ignorar estímulos irrelevantes, lo que puede provocar una sobrecarga 
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de información [8]. La capacidad de enfocar, mantener y alternar la atención se manifiesta 
en los diferentes tipos de atención: selectiva, dividida, sostenida y alterna. Cada una de 
estas se utiliza en diferentes situaciones y contextos cognitivos, lo que asegura una 
gestión eficiente de los recursos mentales [6], [9]. 

La memoria es otra función que complementa la atención, permitiendo la retención y 
recuperación de experiencias pasadas, así como el aprendizaje y la adaptación [9]. Entre 
sus sistemas, la memoria episódica destaca por almacenar eventos específicos con 
detalles contextuales y emocionales, pero es la primera en declinar durante el 
envejecimiento normal o patológico [10], [11]. Los cambios neurofibrilares iniciales en la 
demencia afectan estructuras del lóbulo temporal medial, como el hipocampo y la 
corteza entorrinal, interrumpiendo redes neuronales y deteriorando la memoria 
episódica. Esto limita la capacidad de relacionarse con el entorno, afectando identidad y 
conexión con el pasado. Por otro lado, el lenguaje y la memoria semántica sostienen la 
interacción social y el razonamiento complejo. Esta última almacena conocimientos 
generales, independientes de experiencias personales, esenciales para la comunicación 
y comprensión del entorno [12]. En la demencia, se pierden asociaciones semánticas, 
esto dificulta el acceso a palabras y conceptos, afectando la fluidez verbal y la resolución 
de problemas cotidianos [13]. 

Las funciones ejecutivas y la memoria de trabajo son responsables de la manipulación 
de la información en el presente y la planificación futura. Estas habilidades de orden 
superior, que incluyen el control inhibitorio, la flexibilidad cognitiva y el razonamiento, 
son la base del comportamiento orientado a metas [13]. Cuando estas funciones 
comienzan a deteriorarse, como en el caso de la demencia, la persona experimenta 
dificultades para organizar actividades, tomar decisiones y adaptar su comportamiento 
a nuevos contextos. El modelo de memoria de trabajo de Baddeley [14], con 
componentes como el bucle fonológico y el bloc de dibujo visual, ilustra cómo estas 
funciones colaboran para mantener activa la información relevante, que se usa en la 
resolución de problemas en tiempo real [12]. La memoria de trabajo interactúa 
constantemente con la memoria a largo plazo, facilitando el aprendizaje y la adaptación 
a situaciones nuevas, permitiendo el desarrollo personal y profesional a lo largo de la 
vida. 

Por otro lado, las habilidades visoespaciales permiten al individuo interpretar y moverse 
eficazmente en el espacio, están presentes en la navegación y la percepción de 
profundidad [15]. Cuando aparecen los trastornos cognitivos, la capacidad visoespacial 
puede reducirse, haciendo que tareas como la búsqueda visual se vuelvan desafiantes y 
requieran tiempos de respuesta prolongados. Esto puede ser debido a problemas de 
atención y procesamiento en áreas cerebrales específicas encargadas de la percepción 
visual [16]. La reducción en la detección de movimiento y en el reconocimiento de 
objetos sugiere que estas dificultades visoespaciales podrían usarse como un marcador 
temprano de deterioro cognitivo, ya que afectan la interacción con el entorno. Este 
deterioro puede limitar la independencia de la persona, ya que impacta en el desarrollo 
de sus actividades cotidianas. 
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1.1.3. Actividades de la vida diaria 

Las actividades de la vida diaria (AVD) son acciones que el ser humano realiza en su día 
a día relacionadas con el autocuidado, alimentación, vestimenta y mantener la higiene 
personal. Cuando las capacidades visoespaciales y otras funciones cognitivas comienzan 
a deteriorarse, estas tareas se vuelven cada vez más desafiantes [17]. Se pueden clasificar 
en dos subgrupos: actividades básicas de la vida diaria (ABVD) y actividades 
instrumentales de la vida diaria (AIVD), aunque algunos autores también mencionan que 
existen las actividades avanzadas (AAVD) [18]. 

Según la Asociación Americana de Terapia Ocupacional (AOTA), existen 11 actividades 
instrumentales de la vida diaria (AIVD) que son más complejas, y por lo tanto, pueden 
representar un desafío para algunos adultos mayores [19]. Estas actividades incluyen: (i) 
cuidado de otras personas; (ii) cuidado de mascotas y animales; (iii) crianza de hijos; (iv) 
gestión de la comunicación; (v) conducción y movilidad en la comunidad; (vi) gestión 
financiera; (vii) organización y mantenimiento del hogar; (viii) preparación y limpieza de 
comidas; (ix) expresión religiosa y espiritual; (x) mantenimiento de seguridad y manejo 
de emergencias; y (xi) compras. Por su naturaleza, requieren habilidades motoras y 
cognitivas avanzadas, además de una buena adaptación al entorno, planificación y 
resolución de problemas. Aunque no son fundamentales para la supervivencia, estas 
actividades permiten a la persona desenvolverse de manera autónoma en su entorno, 
sin requerir asistencia constante. 

Por esto, las AIVD son especialmente vulnerables a los déficits cognitivos que se agravan 
con el avance de enfermedades neurodegenerativas. En las etapas iniciales de la 
demencia, la memoria episódica se ve afectada, lo que impide que las personas 
recuerden eventos recientes o adquieran nueva información. En etapas más avanzadas, 
los déficits se extienden a la memoria semántica, el lenguaje, las habilidades 
visuoespaciales y afectan el desarrollo de las AIVD [20], [21]. La pérdida de estas 
capacidades impacta negativamente en el bienestar emocional y puede llevar al 
aislamiento social, acelerando el deterioro cognitivo y afectando significativamente la 
calidad de vida [18]. La incapacidad para completar AVD básicas, como bañarse o 
vestirse, señala una fase avanzada de la enfermedad y la necesidad de cuidados más 
intensivos. 

1.1.4. Tecnología en el diagnóstico cognitivo 

Para identificar la aparición de problemas en las funciones cognitivas, se han desarrollado 
diferentes instrumentos destinados a su evaluación. Estas pruebas permiten la detección 
temprana de trastornos en dichas funciones [22]. En neuropsicología, las pruebas de lápiz 
y papel se emplean actualmente para realizar un cribado o evaluación rápida de 
habilidades cognitivas como la memoria, atención y lenguaje. Ejemplos destacados 
incluyen el evaluación cognitiva de Montreal (MoCA) [23], el examen mini-mental 
(MMSE) [24], la prueba de modalidades de símbolos y dígitos (SDMT) [25], la prueba de 
aprendizaje auditivo verbal de Rey (RAVLT) [26], cuestionario de memoria multifactorial 
(MMQ) [27] y la prueba de trazado de caminos (TMT) [28], todos útiles para obtener una 
visión general de la cognición humana [29]. 
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El MoCA es una herramienta diseñada para detectar deterioro cognitivo leve, es valorada 
por su capacidad de evaluar memoria, habilidades visuoespaciales, atención y lenguaje 
y cuenta con varias adaptaciones culturales y lingüísticas [23]. Otro test que resalta es el 
Mini-Examen Cognoscitivo (MEC-35), el cual cuenta con una alta confiabilidad (r=0,87; 
p<0,001) que permite discriminar pacientes con déficit cognitivos de aquellos que tienen 
rendimiento normal [30]. Por su parte, el MMSE, es ampliamente utilizado en contextos 
clínicos, aunque su sensibilidad puede verse limitada en personas con bajo nivel 
educativo o diferencias culturales marcadas [24]. Para complementar esta evaluación, se 
pueden incorporar otras pruebas ampliamente utilizadas. La escala breve de depresión 
geriátrica (SGDS) es adecuada para identificar síntomas de depresión [31], mientras que 
la escala de AIVD de Lawton y Brody  [32] evalúa la capacidad para realizar actividades 
cotidianas, como el manejo de finanzas o la preparación de alimentos. 

A pesar de su utilidad, Na et al. [33] señalan que las pruebas estandarizadas, en especial 
las de evaluación cognitiva general, pueden no ser lo suficientemente sensibles ni 
precisas para detectar de manera temprana enfermedades como la EA, limitando así su 
efectividad en las primeras etapas. Además, algunas de estas evaluaciones son percibidas 
como invasivas, generando incomodidad y estigma, lo que puede llevar a que los 
pacientes eviten realizarlas. Esto obstaculiza la detección temprana y por ende, el inicio 
oportuno del tratamiento [34]. Estas limitaciones ponen en evidencia la necesidad de 
contar con herramientas más aceptables y representativas. 

Un aspecto asociado a estas deficiencias es su baja validez ecológica. Este concepto, se 
refiere a la correspondencia entre los resultados obtenidos en las evaluaciones y el 
desempeño del participante al realizar AVD [35]. Según Chaytor y Schmitter-Edgecombe 
[36], la utilidad de las pruebas no solo debe medirse en términos de resultados clínicos, 
sino también por su capacidad para predecir las dificultades que los pacientes enfrentan 
en su día a día [37]. Sin embargo, sus hallazgos mostraron que algunos participantes que 
obtuvieron buenos resultados en las pruebas estandarizadas, presentaron deficiencias 
significativas al realizar sus actividades diarias [37]. 

Actualmente, los instrumentos de evaluación pueden apoyarse en la tecnología, 
mejorando la eficacia de los resultados. En 2002 ya aparecieron instrumentos 
computarizados, como el test de acción naturalista, propuesto por Schwartz et al. [38]. 
Los resultados indicaron que los errores de omisión se asociaron con problemas en la 
memoria episódica, mientras que los errores de comisión reflejaron alteraciones en las 
funciones ejecutivas. Aunque este enfoque se aplicó en contextos reales, también se 
señalaron limitaciones, como la falta de atractivo y efectividad en comparación con 
herramientas tecnológicas más avanzadas [39]. 

O’Leary et al. [40] desarrollaron una plataforma con pantalla táctil para evaluar la 
cognición, demostrando ser mejor que los laberintos tradicionales al permitir 
comparaciones directas con pruebas neuropsicológicas estandarizadas. Pitteri et al. [41] 
crearon un videojuego diseñado para detectar deterioro cognitivo en la velocidad de 
procesamiento de la información. Los resultados revelaron que aquellos pacientes con 
esclerosis múltiple mostraron un menor desempeño en comparación con los sanos. Se 
encontraron correlaciones significativas con el SDMT, confirmando su validez como 
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herramienta diagnóstica. Por su parte, Khaligh-Razavi et al. [42] desarrollaron una prueba 
cognitiva basada en tecnología móvil para evaluar la velocidad y precisión del 
procesamiento visual, con una duración de solo 5 minutos. Esta herramienta, orientada 
a la detección temprana de alteraciones cognitivas en trastornos como la demencia, 
mostró una precisión comparable con el MMSE o MOCA. 

1.1.5. Realidad virtual en el diagnóstico cognitivo 

En este contexto, realidad virtual (RV) surge como una tecnología emergente con un alto 
potencial para aumentar la validez ecológica en la evaluación cognitiva. La RV consiste 
en la creación de entornos simulados generados por computador que buscan replicar 
situaciones del mundo real de manera interactiva e inmersiva. Popularizada a finales de 
la década de los años 2000, esta tecnología ha despertado un creciente interés en 
diversos campos del conocimiento, incluida la neuropsicología [35] (Figura 1). 

 

Figura 1. Evolución de la realidad virtual [43]. 

En la evaluación cognitiva mediante RV, el nivel de inmersión es un parámetro que define 
la interacción del usuario con el entorno virtual. Según el grado de inmersión, las 
aplicaciones se pueden clasificar en no inmersivas, semi-inmersivas e inmersivas, cada 
una con características específicas que se ajustan a lo que se desea medir. Las propuestas 
no inmersivas se desarrollan en entornos con interacción limitada, donde no se genera 
una sensación de presencia total. Estas actividades suelen utilizar pantallas como 
computadoras o tablets, ofreciendo un enfoque más accesible para participantes con 
restricciones físicas o tecnológicas. 

Por otro lado, las aplicaciones semi-inmersivas combinan elementos visuales y 
sensoriales más avanzados, como proyectores panorámicos, sistemas de audio 
especializados y controladores básicos que permiten una interacción más directa con el 
entorno, que permiten una mayor conexión con las tareas virtuales. Por su parte, las 
inmersivas se caracterizan por utilizar tecnologías avanzadas como dispositivos de 
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seguimiento corporal y gafas de RV (Head-Mounted Displays, HMD), que permiten una 
interacción completa con el entorno y experiencia altamente realista [44]. Esto podría 
generar una ventaja significativa frente a los métodos tradicionales, al evaluar 
habilidades y funciones cognitivas en contextos más realistas y dinámicos. Además, se 
puede llevar un control riguroso de las condiciones de los experimentos, lo que facilita 
la replicabilidad y consistencia de los resultados. 

Un beneficio adicional de la RV es su integración con plataformas que optimizan la 
adquisición y análisis de datos en tiempo real, proporcionando información más precisa 
y útil para los profesionales de la salud. Muchas aplicaciones basadas en RV parten de 
instrumentos previamente validados, adaptándolos al entorno virtual para conservar su 
validez. Por ejemplo, el Método de Loci (MoL), una técnica mnemotécnica que fue 
virtualizada por Vindenes et al. [45]. De forma similar, Caplan et al. [46] reemplazó el 
recorrido físico por un castillo, por un recorrido virtual. En este contexto, la capacidad de 
navegación de los participantes influyó directamente en su habilidad para recordar los 
elementos asociados al recorrido. 

Sin embargo, no todas las aplicaciones de RV se limitan a la virtualización de pruebas 
clásicas. En muchos casos, se diseñan ejercicios completamente nuevos para aprovechar 
al máximo las capacidades únicas de esta tecnología. Davison et al. [47] evaluaron las 
funciones ejecutivas mediante tareas en un laboratorio de química virtual y un simulador 
de estacionamiento. Los resultados demostraron que la evaluación desarrollada fue 
ligeramente más efectiva que las pruebas neuropsicológicas tradicionales para predecir 
el deterioro cognitivo relacionado con la edad. 

Las aplicaciones que simulan AVD podrían ofrecer una ventaja adicional al replicar 
actividades cotidianas con alta validez ecológica, evaluando las capacidades cognitivas y 
motoras en contextos funcionales más representativos de la vida real. Por ejemplo, 
Barnett et al. [48] emplearon un entorno de cocina virtual para tareas relacionadas con 
la organización y preparación de alimentos. Los resultados mostraron la sensibilidad de 
estas actividades para detectar diferencias de desempeño según la edad y el estado 
cognitivo. Por su parte, Allain et al. [49], evaluaron la capacidad para elaborar una taza 
de café en un entorno virtual y se comparó su desempeño con el de la misma actividad 
realizada en un entorno real. Este tipo de estudio resulta útil para analizar las AIVD en 
pacientes con EA, identificando diferencias en el rendimiento entre los contextos virtual 
y real. 

Ouellet et al. [50] desarrollaron una tienda virtual para evaluar tareas de compras, en la 
que participaron 20 adultos jóvenes y 19 mayores. Los resultados mostraron que este 
tipo de ejercicios son sensibles a la edad, ya que, aunque todos los participantes 
completaron la tarea con éxito, las diferencias en el desempeño entre los grupos 
permitieron validar el constructo de la evaluación. Además, Martis et al. [51] compararon 
cuantitativa y cualitativamente dos aplicaciones de RV que simulaban un supermercado 
virtual (una en un computador y la otra en una tablet). Este estudio demostró que los 
juegos serios basados en RV pueden ser más efectivos que los enfoques tradicionales 
basados en cuestionarios, mejorando tanto el rendimiento en la evaluación clínica como 
la motivación de los pacientes. 
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1.1.6. La realidad virtual en el entrenamiento y rehabilitación cognitiva 

Posterior al diagnóstico de los problemas cognitivos o de una enfermedad ya definida 
se debe plantear el tratamiento respectivo. Por lo general, se prescribe una receta médica 
de medicamentos con dosis ajustadas al caso específico. Sin embargo, es común que los 
pacientes, especialmente aquellos con deterioro cognitivo, olviden seguir las 
indicaciones farmacológicas, lo que puede comprometer la efectividad del tratamiento 
[52]. 

Esta problemática impulsó la búsqueda de alternativas que complementen las terapias 
tradicionales, y la tecnología está presente para generar soluciones. Aunque inicialmente 
se enfocó en la rehabilitación de funciones motoras, las investigaciones recientes han 
ampliado su alcance hacia el entrenamiento y la rehabilitación de las habilidades 
cognitivas. Este cambio responde a la necesidad de abordar los desafíos asociados al 
tratamiento de pacientes con deterioro cognitivo.  La revisión reciente de Chan et al. [53] 
indicó que la mayoría de las intervenciones en adultos mayores ha venido utilizando 
computadoras de escritorio tradicionales, seguidas de computadoras de pantalla táctil y 
entornos de realidad virtual inmersiva (RVI), representando esta última solo el 5,7% del 
total. Estos resultados son consistentes con la revisión de Carroll et al. [54], que indicaron 
que solo el 9% de las aplicaciones de RV que reportaron son totalmente inmersivas. 

Previamente se presentó evidencia del uso de la RV basada en AVD para el diagnóstico, 
pero también se puede utilizar para el tratamiento de trastornos cognitivos. Estas 
simulaciones, al estar basadas en escenarios familiares fortalecen la validez ecológica de 
la tarea, al reflejar con mayor precisión las demandas y contextos de la vida cotidiana 
[55]. En el estudio de Grewe et al. [56], los participantes sanos debían memorizar una 
lista de compras y adquirir los artículos correspondientes, acercando la experiencia a 
situaciones de la vida real. De manera similar, Parsons et al. [57] desarrollaron una tienda 
de comestibles en un entorno virtual, que integró el aprendizaje de una lista de compras 
como parte del entrenamiento cognitivo. Por otro lado, Chatterjee et al. [58] 
desarrollaron una cocina virtual inmersiva en la que los participantes prepararon 
alimentos, incluyendo carne y pasta. Los resultados fueron prometedores, mostrando 
mejoras en las funciones cognitivas y una posible reducción en el tiempo de estancia en 
la unidad de accidentes cerebrovasculares de un gran hospital en Reino Unido. Sin 
embargo, también existen estudios que consideran que las pruebas de su efectividad 
aún son limitadas [59]. 

A medida que aumentó el número de aplicaciones experimentales, surgieron nuevos 
desafíos, como la aparición de síntomas de malestar asociados a la RV. Estos síntomas 
son conocidos como efectos inducidos por la RV o ciberenfermedad (cybersickness en 
inglés), que incluyen mareos, desorientación, dolores de cabeza, dolor ocular y otros 
dolores relacionados [60]. Como destacaron Marson et al. [61] en su revisión, se 
requieren investigaciones adicionales para evaluar las capacidades y limitaciones de 
estas herramientas alternativas en el tratamiento de enfermedades neurodegenerativas. 
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1.1.7. Intervenciones basadas en realidad virtual y motora 

En las intervenciones dirigidas a adultos mayores, los videojuegos activos (exergames, 
en inglés) se distinguieron por integrar tareas combinadas que incluyen elementos 
cognitivos y motores. Además de entrenar funciones cognitivas como la memoria, la 
atención y la flexibilidad cognitiva, los exergames añaden un componente físico que 
mejora la coordinación motriz y la condición general del usuario. Joubert y Chainay 
(2018) descubrieron en su estudio que el entrenamiento combinado mejoró entre un 25 
y 30% más la flexibilidad cognitiva y la atención en comparación con intervenciones que 
se centran en un solo aspecto. El componente motor incrementa el flujo sanguíneo 
cerebral, lo que contribuye a una mejor oxigenación y nutrición neuronal, favoreciendo 
así cambios adaptativos en el cerebro, incluso en edades avanzadas [62]. 

Las intervenciones que incorporaron actividades motoras han mostrado su efectividad 
para mejorar las capacidades funcionales de las personas. La revisión sistemática 
realizada por Zhu et al. [63] analizó 11 ensayos controlados aleatorizados, evidenciando 
un impacto moderado en el desempeño motor y cognitivo de los participantes, 
especialmente en pacientes con deterioro cognitivo leve y demencia. Estas 
intervenciones demostraron ser particularmente efectivas en áreas relacionadas con la 
coordinación y la estabilidad física. Gao et al. [64] presentaron seis programas que 
combinaban RV con rehabilitación tradicional, reportando beneficios en la capacidad de 
los participantes para realizar tareas específicas y mejorar su bienestar emocional. Sin 
embargo, no se observaron mejoras significativas en la autonomía y en la funcionalidad 
motora general. 

Adams et al. [65] utilizaron el sistema de software SaeboVR basado en RV y AIVD para la 
recuperación de la función motora después de un accidente cerebrovascular. Los 
resultados mostraron una mejora clínicamente importante tanto en la función motora 
como en el desempeño cognitivo asociado. Guidali et al. [66] presentaron un sistema de 
rehabilitación que permite el entrenamiento de AVD con el apoyo de un robot de 
asistencia. Esto nace por la evidencia de varios estudios que respaldan el efecto positivo 
que los juegos serios podrían aumentar la motivación. De esta manera se ofrece una 
ayuda adicional para personas que poseen dificultades motoras, con resultados 
prometedores. Estas intervenciones también han mostrado una capacidad destacada 
para aumentar la motivación y adherencia, como lo reportaron Park et al. [67], al 
comparar la RV con enfoques convencionales. 

Estas aplicaciones basadas en AVD podrían complementar las terapias formales y ofrecer 
al personal de salud un recurso adicional para responder a la creciente demanda de 
servicios de rehabilitación. A medida que la tecnología avance, se espera que estas 
herramientas puedan adaptarse al progreso de cada paciente, superando las limitaciones 
de las pruebas de laboratorio, las cuales no reflejan las condiciones de vida cotidiana 
[68]. Por ello, esta tesis doctoral presenta una base estructurada para el diseño de 
aplicaciones en el diagnóstico e intervención de adultos mayores con deficiencias 
cognitivas, fortaleciendo su aplicabilidad en contextos de la vida real. 
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1.2. Preguntas de investigación y objetivos 
Esta tesis doctoral se centra en explorar preguntas de investigación fundamentadas en 
la necesidad de implementar soluciones tecnológicas basadas en actividades de la vida 
diaria que permitan realizar tanto el diagnóstico como la intervención cognitiva motora 
en la población adulta mayor. A continuación, se presentan las preguntas y objetivos de 
investigación. 

1.2.1. Preguntas de Investigación 

La pregunta de investigación es la siguiente: ¿Cómo pueden las soluciones tecnológicas 
basadas en AVD contribuir a la detección temprana de déficits cognitivos y mejorar las 
intervenciones de funciones cognitivo-motoras en adultos mayores? Esta pregunta se 
desglosa en tres preguntas de investigación específicas que guían los objetivos y 
contribuciones de esta tesis. A saber: 

1. Pregunta de Investigación 1 (PI1): ¿Es viable desarrollar una solución tecnológica 
basada en AVD que permita un cribado de las funciones cognitivas? 

2. Pregunta de Investigación 2 (PI2): ¿Cuál es el estado actual de las aplicaciones de 
RV basadas en AIVD para la intervención cognitiva-motora en adultos mayores 
con deterioro cognitivo? 

3. Pregunta de Investigación 3 (PI3): ¿Cómo influye una intervención de RV que 
integra entrenamiento motor y cognitivo en las funciones cognitivas de adultos 
mayores con deterioro cognitivo leve? 

1.2.2. Objetivos de investigación 

Para responder a estas preguntas, la tesis se estructura en los siguientes objetivos: 

1. Objetivo 1 (OBJ1): Desarrollar un ejercicio de cribado basado en una AVD con 
elementos físicos y sensores inteligentes. 

2. Objetivo 2 (OBJ2): Implementar una aplicación de RV basada en una AVD que 
permita realizar un cribado efectivo de las funciones cognitivas. 

3. Objetivo 3 (OBJ3): Examinar la utilidad de aplicaciones de RV basadas en AIVD 
para la intervención cognitiva en adultos mayores con deterioro cognitivo. 

4. Objetivo 4 (OBJ4): Investigar las aportaciones de las intervenciones cognitivo-
motoras de RV que utilizan AIVD en los adultos mayores con trastornos 
neurodegenerativos. 

• Objetivo 5 (OBJ5): Diseñar una intervención de RV para adultos mayores con 
deterioro cognitivo leve, integrando los componentes metodológicos necesarios 
para su implementación efectiva. 

• Objetivo 6 (OBJ6): Evaluar la efectividad de una intervención que combine 
entrenamiento motor y cognitivo en RV basado en una AIVD en adultos mayores 
con deterioro cognitivo leve. 
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1.4. Trabajos realizados 
Explicamos a continuación los principales resultados obtenidos en todos y cada uno de 
los artículos que componen este compendio. Nos referimos a los artículos según el orden 
establecido en el apartado anterior. 

El primer artículo evaluó la efectividad de una tarea basada en una AVD como 
herramienta para la detección del deterioro cognitivo en pacientes con Alzheimer. La 
propuesta se diseñó considerando la necesidad de aumentar la validez ecológica de los 
métodos de diagnóstico actuales, ofreciendo una alternativa no invasiva y práctica. Se 
emplearon dos armarios, cada uno con dos puertas, equipados con una tarjeta Raspberry 
Pi 3 y sensores, basado en el experimento de Landero et al. [69]. En cada uso, los armarios 
contenían un conjunto de objetos diferente, organizados en cuatro categorías o 
subtareas: cocina, higiene personal, costura y elementos del aula. La actividad consistía 
en dos fases: en la fase de codificación, los participantes memorizaban la ubicación de 
los objetos dentro de los compartimentos; en la fase de recuperación, debían identificar 
el compartimento correcto que contenía el objeto solicitado dentro de un tiempo 
limitado. Los sensores instalados en las puertas permitieron registrar de manera 
automática las respuestas y los tiempos de reacción, facilitando un análisis detallado y 
preciso de los resultados. 

El experimento incluyó 24 adultos mayores, divididos en un grupo con EA (ADG) y un 
grupo sano (HG). Los resultados mostraron que, en el ADG, no hubo correlación 
significativa entre la precisión y variables como edad, nivel educativo o tiempo desde el 
diagnóstico, pero se encontró una asociación positiva significativa entre la tarea y la 
escala MEC-35 (rho=0,71, p=0,01), lo que validó su capacidad para detectar deterioro 
cognitivo. En el HG, la edad se asoció negativamente con la precisión (rho=-0,736, 
p=0,006), y aunque no hubo relación con el nivel educativo ni género, se observaron 
diferencias significativas entre subtareas (p<0,001), Entre estas, la subtarea de cocina 
presentó los mejores resultados, lo que sugiere que fue percibida como la más sencilla 
o accesible para los participantes. 

Respecto a los tiempos de reacción, el ADG mostró diferencias significativas en función 
de la presencia de comorbilidades (p=0,026), siendo estos tiempos más largos en 
participantes con afecciones adicionales. En el HG, no se hallaron asociaciones 
significativas entre los tiempos de reacción y las variables evaluadas. La fiabilidad del 
test-retest se confirmó con un coeficiente de correlación intraclase (ICC) excelente en 
ambos grupos (ADG: 0,757; HG: 0,821), sin diferencias significativas entre las medidas 
iniciales y posteriores (p>0,05). 

La comparación entre grupos evidenció que el HG tuvo un desempeño 
significativamente mejor, con una precisión promedio del 78,35%, frente al 54.10% del 
ADG (t=5,969, p<0,001). El tamaño del efecto fue grande (d=2,42), lo que refuerza la 
capacidad discriminativa de la tarea. Aunque se identificaron efectos techo en la subtarea 
de cocina del HG, el diseño general de la tarea logró evitar este problema al considerar 
el rendimiento total. Estos resultados respaldan el uso de esta tarea como una 
herramienta válida y práctica para la detección temprana del deterioro cognitivo. 
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En el segundo artículo se presentó un sistema basado en RVI para evaluar la memoria 
mediante una tarea llamada "Cupboard Task." El sistema virtualizó la misma tarea 
presentada en el estudio anterior, como una alternativa inmersiva a los métodos 
tradicionales. Se diseñó para proporcionar una evaluación más ecológica y automatizada 
de funciones cognitivas, especialmente la memoria. La interfaz se controla mediante las 
gafas Oculus Go y un puntero manual, además, posee retroalimentación auditiva en el 
caso de aciertos o errores. El sistema permite el ingreso del nombre del participante y 
registra automáticamente los tiempos de reacción y respuestas de cada uno en tiempo 
real, así como en la memoria interna del dispositivo. 

El estudio involucró a 22 participantes sanos, seleccionados con criterios como una 
puntuación mínima de 26 en el MMSE y edades entre 18 y 65 años. Se aplicaron dos 
niveles de dificultad con diferentes cantidades de objetos para memorizar (7 y 9), 
permitiendo analizar la relación entre desempeño y variables como edad, tiempo de 
reacción y nivel educativo. Los datos recolectados se analizaron mediante correlaciones 
de Pearson, pruebas ANOVA y el ICC, lo que permitió validar el sistema frente al MoL. 

Los resultados mostraron una alta concordancia entre ambas herramientas, con un ICC 
de 0,614 para el nivel 1 y 0,662 para el nivel 2, considerados clínicamente significativos. 
No se encontraron diferencias significativas en el desempeño según género o nivel 
educativo, pero sí se observó una correlación negativa significativa entre la edad y el 
desempeño en la tarea, lo que confirma la sensibilidad del sistema a los efectos típicos 
del envejecimiento en tareas de memoria episódica. Además, se encontró una relación 
negativa entre el tiempo total de reacción y el desempeño, indicando que un tiempo 
más prolongado está asociado con peores resultados. En cuanto a la usabilidad, el 
sistema obtuvo una alta puntuación en el cuestionario breve para la evaluación de la 
satisfacción con los sistemas de rehabilitación virtual (USEQ) [70] con un 96,3%. 

En el tercer artículo se evaluó la influencia del seguimiento de manos (hand tracking) en 
sistemas de RVI para la evaluación de la memoria. Se utilizó la tarea de los armarios, 
comparando dos métodos de interacción: controles tradicionales de Oculus Quest 2 y el 
seguimiento de manos. Los datos recopilados incluyeron precisión en las respuestas, 
tiempo de reacción y percepción de presencia, usabilidad y satisfacción. El experimento 
incluyó a 20 participantes sin deterioro cognitivo, seleccionados con base en una 
puntuación mínima de 26 en el MoCA. Validar el sistema en una población más joven 
garantiza que existen las condiciones adecuadas para su aplicación en adultos mayores 
o con DCL. 

Al realizar las pruebas experimentales se utilizó un nivel de dificultad de 7 objetos, y cada 
sesión tuvo una duración promedio de 25 minutos. Los resultados revelaron que, aunque 
el método con controles mostró una precisión promedio 7,08% mayor y tiempos de 
respuesta 0,27 segundos más rápidos, no hubo diferencias estadísticamente 
significativas entre ambos métodos. En cuanto a la presencia, usabilidad y satisfacción, 
las puntuaciones fueron similares entre ambos, aunque el control manual se percibió 
ligeramente más intuitivo.  
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En el cuarto trabajo, se realizó una revisión sistemática para analizar el uso de 
aplicaciones de RV basadas en AIVD en intervenciones cognitivas. La revisión abarcó un 
total de 19 estudios, con una muestra de 590 participantes, mayoritariamente mujeres 
(72,67%), que incluyó tanto adultos sanos como personas diagnosticadas con DCL o EA. 
Los estudios seleccionados implementaron intervenciones con niveles variados de 
inmersión y analizaron diversas tareas relacionadas con las AIVD como compras en 
supermercados, preparación de alimentos y manejo de medicamentos. 

Se utilizó una estrategia de búsqueda sistemática en cinco bases de datos principales 
(Scopus, PubMed, IEEE Xplore, Web of Science y APA PsycNet) hasta abril de 2023. Los 
criterios de inclusión consideraron estudios originales, revisados por pares, que 
involucraron intervenciones basadas en RV diseñadas para rehabilitación, entrenamiento 
o estimulación cognitiva, excluyendo investigaciones descriptivas o enfocadas 
únicamente en rehabilitación motora. La calidad metodológica se evaluó mediante la 
escala PEDro, donde los estudios obtuvieron puntajes promedio de 6,16, indicando 
buena calidad, aunque con limitaciones en aspectos como el cegamiento de 
participantes y terapeutas. 

Los resultados indicaron que la mayoría de las intervenciones basadas en RV y AIVD 
produjeron mejoras significativas en dominios como memoria, atención y funciones 
ejecutivas, superando los resultados obtenidos por los grupos de control. Las tareas 
realizadas en entornos inmersivos tendieron a mostrar un impacto mayor, posiblemente 
debido a su mayor validez ecológica, al replicar con mayor precisión las condiciones de 
la vida cotidiana. Sin embargo, las intervenciones semi inmersivas y no inmersivas 
demostraron su efectividad en diferentes funciones cognitivas específicas, lo cual 
demuestra las múltiples potencialidades de esta tecnología. Entre las principales 
limitaciones identificadas en los estudios revisados, se destacó la falta de seguimiento a 
largo plazo para evaluar la transferencia de habilidades al entorno real, así como la 
necesidad de muestras más homogéneas y numerosas. 

Posterior al análisis de aplicaciones enfocadas exclusivamente en la rehabilitación 
cognitiva y considerando la evidencia obtenida durante dicho proceso, se planteó la 
necesidad de realizar una nueva revisión centrada en intervenciones que integran tanto 
componentes cognitivos como motores (quinto artículo). Este trabajo presentó una mini 
revisión que evaluó el impacto de aplicaciones de RV que combinan tareas cognitivo-
motoras basadas en AIVD en adultos mayores sanos, con DCL y demencia, utilizando RVI 
y no inmersiva. 

La revisión incluyó ocho estudios donde los participantes realizaron actividades motoras 
como caminar, realizar ejercicios de equilibrio, y manipular objetos en entornos 
simulados. Estas actividades se combinaron con tareas cognitivas como planificación, 
resolución de problemas y memoria a corto plazo. Los resultados demostraron que estas 
intervenciones generan mejoras en funciones ejecutivas, memoria, atención, velocidad 
de marcha y equilibrio, lo que se traduce en un aumento de la independencia en las 
actividades cotidianas. Además, se observaron beneficios adicionales en la transferencia 
de habilidades adquiridas en los entornos virtuales hacia contextos reales, potenciando 
la calidad de vida de los participantes. 
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Un hallazgo destacado fue la capacidad de estas aplicaciones para promover la 
neuroplasticidad, evidenciada por mejoras en el flujo sanguíneo cerebral en áreas 
prefrontales y cinguladas, asociadas con funciones ejecutivas y memoria. Sin embargo, 
la heterogeneidad de los estudios en cuanto a diseños metodológicos, duración de las 
intervenciones y características de los participantes, limitó las conclusiones 
generalizables. 

En el sexto estudio se consideró la evidencia observada en trabajos previos sobre la 
efectividad de intervenciones cognitivo-motoras. Hasta ahora, la mayoría de las 
investigaciones en este campo se habían realizado en países desarrollados con contextos 
socioeconómicos y culturales propios [53], [64] El estudio presentado fue el primero en 
América Latina que estimuló y evaluó la cognición, depresión y autonomía funcional 
usando RV que simula una AIVD. Este enfoque fue diseñado para adultos mayores con 
DCL y se llevó a cabo en un centro comunitario en un pueblo de Ecuador. 

El estudio incluyó a 34 participantes mayores de 65 años, divididos aleatoriamente en 
dos grupos: un grupo experimental que recibió entrenamiento cognitivo mediante un 
sistema de RVI y un grupo control que realizó tareas tradicionales basadas en papel y 
lápiz. Ambos grupos participaron previamente en actividades físicas moderadas como 
ejercicios de equilibrio, resistencia y aeróbicos, estimulando la función motora. En el 
grupo experimental, el entrenamiento cognitivo se realizó usando la tarea de los 
armarios, utilizando las gafas Oculus Quest 2 y controladores manuales. 

Los resultados demostraron mejoras significativas en las funciones cognitivas evaluadas 
mediante el MoCA-S (versión en español), con un aumento promedio en ambos grupos. 
El grupo experimental mostró una mayor adherencia y motivación hacia la tarea, 
alcanzando niveles más altos de dificultad y tiempos de respuesta más rápidos en 
comparación con el grupo control. Ambas intervenciones también redujeron los 
síntomas de depresión, evaluados por la escala SGDS-S. La evaluación de habilidades 
funcionales mediante la escala IADL-S no mostró diferencias significativas entre los 
grupos. Esto aporta al estado del arte actual que demuestra como la RV puede 
proporcionar un entrenamiento motivador y adaptado a las necesidades de los adultos 
mayores. 

1.5. Relación de los artículos con las preguntas de investigación 
La estructura de la investigación se fundamenta en la combinación de objetivos que 
permitieron desarrollar herramientas prácticas y establecer una base metodológica para 
la implementación futura de soluciones tecnológicas basadas en AIVD, como se presenta 
en la Tabla 1. 
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Tabla 1. Relación entre las preguntas de investigación, objetivos y publicaciones 

N° Publicación 
PI1 PI2 PI3 

OBJ1 OBJ2 OBJ3 OBJ4 OBJ5 OBJ6 

1 
Cognitive Decline Detection for 
Alzheimer’s Disease Patients Through 
an Activity of Daily Living (ADL) 

X      

2 
The Cupboard Task: An Immersive 
Virtual Reality-Based System for 
Everyday Memory Assessment 

X X     

3 
Influence of Hand Tracking in 
Immersive Virtual Reality for Memory 
Assessment 

 X     

4 

Virtual Reality Applications Based on 
Instrumental Activities of Daily Living 
(iADLs) for Cognitive Intervention in 
Older Adults: A Systematic Review 

  X    

5 

Cognitive-Motor Interventions Based 
on Virtual Reality and Instrumental 
Activities of Daily Living (iADL): An 
Overview 

   X   

6 

Effects of a dual intervention (motor 
and virtual reality-based cognitive) on 
cognition in patients with mild 
cognitive impairment: a single-blind, 
randomized controlled trial 

    X X 

 

Las publicaciones incluidas en esta tesis están orientados a responder preguntas 
específicas planteadas previamente, basándose en los objetivos alcanzados: 

PI1: ¿Es viable desarrollar una solución tecnológica basada en AVD que permita un 
cribado de las funciones cognitivas? 

Las tres primeras publicaciones respaldan la viabilidad de desarrollar soluciones 
tecnológicas basada en AVD para el cribado cognitivo. La publicación 1 identificó las 
limitaciones de las herramientas actuales y validó una tarea física de AVD en adultos 
mayores con EA, demostrando sensibilidad para diferenciar estados cognitivos mediante 
la evaluación de memoria y atención en un contexto realista. La publicación 2 trasladó 
esta tarea a un entorno de RVI (Cupboard Task), validándola frente a métodos 
tradicionales como el MoL, y destacando su capacidad para detectar diferencias 
cognitivas relacionadas con el envejecimiento. La publicación 3 evaluó el impacto del 
seguimiento de manos en RV en el cribado cognitivo, confirmando que esta solución 
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mantiene precisión, tiempos de respuesta adecuados, usabilidad y satisfacción en los 
participantes. 

En conjunto, estos estudios demostraron que las soluciones tecnológicas basadas AVD 
permiten una evaluación efectiva y ecológicamente válida de las funciones cognitivas. 
Esto responde afirmativamente a la primera pregunta de investigación, además se dio 
cumplimiento a: 

• OBJ1: Desarrollar un ejercicio de cribado basado en una AVD con elementos físicos 
y sensores inteligentes. 

• OBJ2: Implementar una aplicación de RV basada en una AVD que permita realizar un 
cribado efectivo de las funciones cognitivas. 

PI2: ¿Cuál es el estado actual de las aplicaciones de RV basadas en AIVD para la 
intervención cognitiva-motora en adultos mayores con deterioro cognitivo? 

Las dos revisiones de literatura realizadas presentan el estado actual y el potencial de las 
aplicaciones de RV basadas en AIVD para la intervención cognitivo-motora en adultos 
mayores con DCL. La publicación 4 revisó sistemáticamente las intervenciones cognitivas 
destacando sus beneficios en memoria, atención y funciones ejecutivas al simular 
escenarios cotidianos Mientras que la publicación 5 describió las intervenciones 
combinadas (cognitivo-motoras), con un impacto positivo en la independencia funcional 
de los participantes. El efecto está relacionado con un aumento en el flujo sanguíneo y 
en una mayor motivación al ser parte de ejercicios físicos donde pueden tener mayor 
interacción social. Ambas publicaciones concluyen que estas aplicaciones son 
herramientas prometedoras para mejorar tanto la cognición como la funcionalidad física 
en adultos mayores, respondiendo al planteamiento de la PI2 y cumpliendo con los 
siguientes objetivos: 

• OBJ3: Examinar la utilidad de aplicaciones de RV basadas en AIVD para la 
intervención cognitiva en adultos mayores con deterioro cognitivo. 

• OBJ4: Investigar los aportes de las intervenciones cognitivo-motoras de RV que 
utilizan AIVD en los adultos mayores con trastornos neurodegenerativos. 

PI3: ¿Cómo influye una intervención de RV que integra entrenamiento motor y 
cognitivo en las funciones cognitivas de adultos mayores con deterioro cognitivo 
leve? 

Las publicaciones previas establecieron la base para diseñar una intervención combinada 
en RV para el entrenamiento de adultos mayores con DCL. La metodología detallada en 
la publicación 6 incluyó sesiones de 30 minutos, dos veces por semana durante seis 
semanas, ajustando gradualmente la dificultad de las tareas según las capacidades de 
los participantes. Esta intervención coincidió con lo que indica la literatura mejorando 
significativamente funciones cognitivas como memoria, atención y funciones ejecutivas, 
además de reducir síntomas de depresión geriátrica, lo que refleja un impacto positivo 
en el bienestar general. La intervención demostró ser una herramienta prometedora para 
una rehabilitación integral, lo que abre el camino a desarrollos futuros con mayor validez 
ecológica. 
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En conjunto, estos resultados responden el planteamiento de la PI3: una intervención de 
entrenamiento motor y cognitivo en RV impacta positivamente en las funciones 
cognitivas de adultos mayores con DCL e incluso puede reducir los síntomas depresivos 
y mejorar la aceptación tecnológica. Con ello se cumplieron los objetivos siguientes: 

• OBJ5: Diseñar una intervención de RV para adultos mayores con deterioro cognitivo 
leve, integrando los componentes metodológicos necesarios para su 
implementación efectiva. 

• OBJ6: Evaluar la efectividad de una intervención que combine entrenamiento motor 
y cognitivo en RV basado en una AIVD en adultos mayores con deterioro cognitivo 
leve. 

1.6. Estructura de la tesis 
La estructura de esta tesis se organiza en cuatro capítulos. El capítulo 1 ofrece un 
panorama general del contexto de la investigación y una revisión de la literatura 
relevante. También expone las preguntas y objetivos de investigación que guiaron el 
desarrollo de la investigación, junto con una descripción de las tres fases que constituyen 
este estudio doctoral. Además, se describen las seis publicaciones que conforman el 
compendio y que cumplen con los requisitos establecidos en la normativa para una tesis 
por compendio de publicaciones. Los resultados de este trabajo doctoral también 
generaron otras contribuciones adicionales en revistas y conferencias internacionales 
que se presentan en uno de los apéndices.  

El capítulo 2 presenta una copia de las seis publicaciones que forman parte de este 
compendio. El capítulo 3 está dedicado a la discusión general, en la que se presentan y 
analizan los principales hallazgos de esta tesis, así como las aplicaciones prácticas en 
entornos clínicos y de investigación. El capítulo 4 ofrece las conclusiones generales, 
limitaciones, así como posibles direcciones para futuros estudios, motivando a continuar 
investigando en este campo. La última sección incluye las referencias bibliográficas 
citadas a lo largo del documento.
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Cognitive Decline Detection for Alzheimer’s
Disease Patients Through an Activity

of Daily Living (ADL)
G. Palacios-Navarro , J. Buele, S. Gimeno Jarque, and A. Bronchal García

Abstract— There are conventionalscreening instruments
for the detection of cognitive impairment, but they have
a reduced ecological validity and the information they
present could be biased. This study aimed at evaluating
the effectiveness and usefulness of a task based on an
activity of daily living (ADL) for the detection of cognitive
impairment for an Alzheimer’s disease (AD) population.
Twenty-four participants were included in the study. The
AD group (ADG) included twelve older adults (12 female)
with AD (81.75±7.8 years). The Healthy group (HG) included
twelve older adults (5 males, 77.7 ± 6.4 years). Both groups
received a ADL-based intervention at two time frames
separated 3 weeks. Cognitive functions were assessed
before the interventions by using the MEC-35. The test-
retest method was used to evaluate the reliability of the
task, as well as the Intraclass Correlation Coefficient (ICC).
The analysis of the test-retest reliability of the scores in
the task indicated an excellent clinical relevance for both
groups. The hypothesis of equality of the means of the
scores in the two applications of the task was accepted
for both the ADG and HG, respectively. The task also
showed a significant high degree of association with the
MEC-35 test (rho = 0.710, p = 0.010) for the ADG. Our
results showed that it is possible to use an ADL-based
task to assess everyday memory intended for cognitive
impairments detection. In the same way, the task could be
used to promote cognitive function and prevent dementia.

Index Terms— ADL, Alzheimer’s disease, cognitive
decline, dementia, memory assessment.

I. INTRODUCTION

ALZHEIMER’S disease (AD) is the most common type
of dementia, which produces a gradual decline in control
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over memory, thought and language, abruptly limiting the
independence of the patient [1]. Thus, the majority of people
who have mild cognitive impairment (MCI) will develop AD
in the future [2], [3]. In order to identify the appearance of
problems in human cognition, several tools have been devel-
oped for their evaluation [4], [5]. However, some procedures
are invasive and others are part of pharmacological trials,
which causes discomfort and stigma [6]. When the patient
prefers not to perform them, early detection of the disease and
the respective treatment are difficult. Therefore, the specialist
must choose the best option according to the needs of the
patient, nature of the injury and cognitive impairment.

In a conventional way, there are screening instruments
that make it possible to establish whether a person suffers
from a cognitive problem, even if it is not visible. In the
review conducted by Roeck et al. [7] it is mentioned that
these tests might not be as sensitive and therefore effective
for the detection of AD. Examples like the Mini-Mental State
Examination (MMSE), Scenery Picture Memory Test (SPMT),
Memory Impairment Screen (MIS), Alzheimer Quick Test
(AQT), Montreal Cognitive Assessment (MoCA), Short Test
of Mental Status (STMS) and Diagnostic utility of the Adden-
brooke’s Cognitive Examination - III (ACE-III), stand out
among the main ones. [8]. Another disadvantage of these tools
is their reduced ecological validity, since they are laboratory
tests that do not evaluate their interaction with situations and
conditions of the daily life (ADL) [9], [10]. This could skew
the obtained data, since those people with AD have difficulty
performing these types of activities, as a result of cognitive
impairment.

It is important that these instruments have the support of
technology, making better use of the results obtained [11]. For
example, et al. [12] pointed out in their review the potential
that designs based on Innovative Assistive Technologies have
to compensate for functional decline. O’Leary et al. [13]
developed a platform that has a touch screen for cognitive
evaluation in rodents, which can be compared with human
neuropsychological tests, obtaining greater advantages than
using standard mazes. Other studies have used classical tests
as the basis for the design of new proposals to be compared.
Pitteri et al. [14] presented a video game that sought to
identify whether there was a cognitive impairment in the infor-
mation processing speed (IPS). The results revealed that those
patients with multiple sclerosis (MP) showed a lower per-
formance compared to healthy ones. Significant correlations
with the Symbol Digit Modalities Test (SDMT) were found,

This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 License.
For more information, see https://creativecommons.org/licenses/by-nc-nd/4.0/
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verifying its validity as a diagnostic tool. On the other hand,
Khaligh-Razavi et al. [15] developed a new integrated cog-
nitive assessment called CGN_ICA whose application lasts
5 minutes and is based on a visual categorization activity.
Various natural images were presented to 448 participants to
assess their cognitive performance and compared with the stan-
dard SDMT and MoCA tests. Similarly, Kalafatis et al. [16]
used an artificial intelligence model to perform a cogni-
tive test for cognitive impairment detection validating their
efficacy in 230 participants. However, as pointed out by
Marson et al. [17] in their review, more studies are required
to evaluate the potentialities and limitations of these alterna-
tive tools during the treatment process of neurodegenerative
diseases.

The aim of the study is to investigate new technological-
based methods to detect cognitive decline in AD patients.
The literature shows us that in spite of the acceptable results
found when using technology to replace conventional methods,
these alternative methods have a reduced ecological validity
in predicting real-world performance [18], [19]. To accom-
plish that, this research proposes a more ecological task than
traditional tests for cognitive impairment detection. The task
represents an activity of daily living (ADL) in the sense that it
is based on an activity that users can perform in their daily life.
We can distinguish between basic ADL and instrumental ADL
(iADL). The former include the fundamental skills needed to
basic physical needs (hygiene, dressing, toileting, etc.). The
latter include higher level activities such as the ability to
use the telephone, shopping, food preparation, housekeeping,
laundry, etc. [20]. According to Lawton [20] food preparation
is an iADL and the proposed task is very close to this task.
As secondary objectives, we intend to look for relationships
among the obtained results and variables such as age, level of
education, etc., in order to add more knowledge to the existing
literature in cognitive decline.

II. MATERIALS AND METHODS

This non-experimental study investigated the creation of
new paradigms to detect changes in cognitive functions, such
as cognitive impairment, in older adults with MCI, dementia or
Alzheimer’s disease through a game that emulates an activity
of daily life. The study has been carried out in accordance with
the Declaration of Helsinki. The protocol used in this study
was approved by the Community of Aragón Research Ethics
Committee (CEICA) on July 7, 2021 (protocol PI21/326) with
the understanding and written consent of all the participants
before the study.

A. Materials

For the development of the experiment we used a cupboard
(figure 1) with the following dimensions: 120 cm width, 50 cm
height, 24.5 cm depth. The cupboard was placed 102 cm above
the ground so that all the participants were able to watch the
inside properly. It consisted of four compartments of the same
size (30 cm width, 50 cm height, 24.5 cm depth). Elements
related to the kitchen, personal hygiene, sewing elements and
elements found in the classroom where the participants attend

Fig. 1. Cupboards compartments with kitchen elements.

Fig. 2. Components used in the experiment: a Raspberry Pi, door
sensors and cables.

their daily therapy session were also used. These elements
were placed inside the compartments in the way indicated in
the procedure section. Figure 1 shows the cupboard populated
with elements one can find in a regular kitchen at home.
Likewise, sensors were installed on the doors and a Raspberry
Pi was placed under the cupboard in order to receive the
inputs from each of the sensors and thereby store the data.
Figure 2 depicts the main components used in the experiment
(a Raspberry Pi 3, door sensors and cables).

B. Participants

Our design included two groups in our experiment.
On one hand, the ADG, including participants diagnosed with
Alzheimer’s disease. On the other hand, we included a second
group to take advantage from a second measurement using
healthy people performing the same task (HG). By doing so,
we wanted to check the ability of the test to differentiate
between healthy people, and people with MCI, respectively.

A total of 13 older adults (all women) were recruited
from the Teruel Center for Dementia and Alzheimer’s disease.
Inclusion criteria were: (1) AD diagnosis; and (2) ability to
understand and follow verbal instructions. Exclusion criteria
were: (1) secondary chronic disease that may affect cognitive
functioning; (2) auditory and visual problems that may affect
communication; and (3) physical limitations to access a one
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TABLE I
PARTICIPANT DEMOGRAPHICS AND CLINICAL DATA (ADG)

meter-height cupboard and open the compartments. Based on
the inclusion and exclusion criteria, only one subject was
excluded due to her inability to reach the cupboard in a suitable
way. All the participants had been diagnosed with AD.

The HG consisted of 12 participants with a maximum
MEC-35 score as an inclusion criterium and we tried to get
an age matched as close as possible.

C. Measurement

Demographic data of the participants were collected, includ-
ing gender, age, educational level (years), time since diagnosis
(months), cognitive function assessment by using the Cogni-
tive mini-test (MEC-35) [21] which is the Spanish adaptation
and validation of the MMSE [22] in its 35-item version.
Comorbidity was also collected, including in this item the pres-
ence of visual difficulty, lack of inhibition, anxiety, processing
speed, pulmonary fibrosis and use of cane, respectively. Par-
ticipants in the ADG were aged between 62 and 89 years,
(81.75 ± 7.8), with and educational level ranged between
7 and 11 (8.58 ± 1.38) years. The months since the disease
was diagnosed ranged from 24 to 152. Table I shows the
demographic and clinical data of the participants belonging to
the ADG. Regarding the HG, participants were aged between
65 and 88 years, (77.7 ± 6.4), with and educational level
ranged between 6 and 13 (6.92 ± 2.23) years. 41.66 % were
male. Table II shows the data related to the HG.

D. Procedure

The task consisted of administering 4 subtasks of 8 items
each (32 items in the global task). It was accomplished
on four consecutive days, each day dedicated to a subtask.
In the first subtask, 8 objects that can be found in a kitchen
were placed inside the cupboard, while in the second subtask
the items were related to personal hygiene items. The third
was dedicated to sewing items while in the last subtask the
participants had to memorize items found in the classroom
where they work every day. Each of the subtasks consists of
two phases. In the first phase (coding phase), the user was

TABLE II
PARTICIPANT DEMOGRAPHICS AND CLINICAL DATA (HG)

Fig. 3. AD patient performing the task.

placed in front of the cupboard and was asked to memorize the
elements of each of the compartments during 10 seconds [23],
(40 seconds for the total of the cupboard). In the second
phase (recovery phase), the participant had to locate the object
required by the therapist by selecting a door. For example, they
were asked questions like: Where is the milk? For any of the
subtasks, the user has a time limit to choose the corresponding
door which was fixed to 10 seconds. If this time was exceeded,
then a failure was written down and the evaluation continued.
Items were randomly placed in the compartments and shelves
and doors could be opened individually. Accuracy responses
and reaction times were recorded in plain text files to be saved
in the local database and sent to a remote server (SFTP) for
a subsequent analysis. The test was conducted in the room
where the AD patients attend their daily therapy. The test was
repeated after an interval of three weeks in order to perform
a test-retest reliability analysis. Figure 3 shows an AD patient
performing the task (the person depicted agreed to the use of
her image).

E. Statistical Analysis

Statistical analysis was carried out using SPSS 16. Shapiro-
Wilk’s test was performed to check for data normality (the
sample size less than 30 participants). The variables age,
months from diagnosis and level of education do not fol-
low a normal distribution (Shapiro-Wilk’s test no significant,
p> 0.05), so Spearman’s rho correlation was performed when
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checking for any association between accuracy response and
age, years of education, time since diagnosis, as well as in
the case of any association between reaction time and age.
A Spearman’s correlation analysis was also used to check
any association between the MCE-35 test results and our
task results. A repeated measures ANOVA was performed to
check for differences in accuracy response among the different
subtasks, whereas a paired t-test was performed to check for
differences between the test-retest measures. The t student was
used to check for differences between groups (HG vs ADG)
as well as one-way ANOVA with repeated measures. We also
performed a reliability analysis by reckoning the intraclass
coefficient (ICC) with a two-way mixed effects model and
absolute agreement, aimed at assessing the concordance of
the test-retest measures.

III. RESULTS

In this section we present the results obtained in terms of test
performance (accuracy response), task completion times (reac-
tion times), reliability analysis using the test-retest method,
and the degree of association between the MEC-35 test scores
(only for the ADG) and our task results, respectively. As sec-
ondary results, we try to analyze the relationships or degree
of association between the different independent variables
with the accuracy response (AR) and the reaction times (RT),
respectively. Table III shows the obtained results.

A. Accuracy Response (AR)

With respect to the ADG, we found that age is not related
to the accuracy response either in any of the subtasks or in
the total task (adding all the subtasks scores). Performance
in the task does not depend either on the level of training
of the participants or the time since diagnosis of the disease.
The participants did not show significant differences in the
accuracy response regarding whether or not they had any type
of morbidity (t (10) = − 6.41, p = 0.536). The analysis
of repeated measures to see if there were differences in the
accuracy response of each of the subtasks revealed that there
were no significant differences between them (F = 0.819,
p = 0.385). Figure 4 depicts the accuracy response results in
percentage terms versus the different subtasks for the ADG at
baseline and after 3 weeks. Finally, the Spearman’s correlation
coefficient showed a significant (large and positive) association
between the results of the MEC-35 scale and the results
obtained with our task (p = 0.01, rho = 0.710), respectively.
This coefficient is large, according to Cohen [24].

With respect to the HG, we found that age was related to the
accuracy response in the whole task (rho=−0.736, p=0.006.
Therefore, the older the participant, the worse performance.
Performance in the task did not depend either on the level
of training of the participants or gender. The participants
did not show significant differences in the accuracy response
regarding whether or not they had any type of morbidity
(t (10) = 1.051, p = 0.318). Unlike the ADG, the analy-
sis of repeated measures revealed significant differences in
the accuracy response among the subtasks (F = 35.203,
p < 0.001). Finally, we present the accuracy response results

TABLE III
STATISTICAL RESULTS FOR BOTH THE ADG AND HG

versus subtasks and group in figure 5. Figure 6 depicts the
accuracy results for the whole sample (24 participants).

B. Reaction Time (RT)

Regarding the possible associations with the independent
variables and the completion times of the respective tasks,
we can highlight the following. As far as the ADG is con-
cerned, we did not find any association between the age of
the participants and the completion times of the different tasks
and the total task. There was also no association between the
months since diagnosis and such RT. Regarding co-morbidity
and RT, we found significant differences between partici-
pants with some type of morbidity in the classroom subtask
(t (10) = − 2.62, p = 0.026) as well as in the time spent
in the whole task (t (10) = − 2.419, p = 0.036). In cases of
co-morbidity, execution times have been longer in comparison
with the no co-morbidity condition.

Regarding the HG, we did not find any association between
the age of the participants and the completion times of the
different tasks and the total task. Co-morbidity was not either
associated to the total completion time of the task (RT).
In cases of co-morbidity, execution times have been longer
in comparison with the no co-morbidity condition, but non-
significant.
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Fig. 4. Accuracy response results (%) vs. subtasks for the ADG at
baseline and after 3 weeks. Subtask 1: kitchen, subtask 2: personal
hygiene, subtask 3: sewing elements, subtask 4: classroom elements.

Fig. 5. Accuracy response results (%) versus subtasks for both the
ADG and the HG, respectively. Subtask 1: kitchen, subtask 2: personal
hygiene, subtask 3: sewing elements, subtask 4: classroom elements.

C. Test Retest Analysis

In order to evaluate the degree of reliability of our task,
we performed a test-retest method, applying the same test
three weeks after doing it for the first time. This is an ade-
quate analysis since both memory and cognitive impairment

Fig. 6. Accuracy response results (%) for the 24 participants at baseline
and after 3 weeks. Subtask 1: kitchen, subtask 2: personal hygiene,
subtask 3: sewing elements, subtask 4: classroom elements.

are stable attributes. The degree of agreement between the
measures reflected an Intraclass Correlation Coefficient (ICC)
of 0.757 for the ADG, which corresponds to an excellent
level of clinical significance according to Cicchetti [25].
No significant differences were found between the means
of the scores of the task in the two moments in which it
was applied (t (11) = 1.52; p = 0.156). With respect to the
HG, we obtained an ICC equals to 0.821, also considered as
excellent. In the same way, no significant differences were
found between the means of the scores of the task in the
two moments in which it was applied (t(11)=1.125,p=0.272).
The ICC for the whole group was 0.904, an excellent level of
clinical significance, too.

D. Pairwise Comparison

We found significant differences between groups in accu-
racy response in the whole task (t=5.969, p<0.001). The
HG accuracy response mean in the whole task was 78.35 %
whereas the ADG accuracy response mean was 54.10 %,
respectively. Consequently, the resulting effect size (d=2.42)
was very large according to Sawilowsky [26]. In the
same way the repeated measures one-way ANOVA revealed
between subject differences (F=45.02, p<0.001). We also
found statistically significant differences within subjects
(F=27.6, p<0.001) in the different subtasks. The interac-
tion subtask∗group was also significant (F=27.608, p<0.001).
Figure 7 shows the estimated marginal means in accuracy
response versus subtasks and group. Regarding completion
times, we found statistically significant differences between
groups (t=−4.064, p=0.001), with a large effect size (d=1.66)
according to Cohen [24].
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Fig. 7. Accuracy response estimated marginal means vs subtasks and
group: ADG and HG. Subtask 1: kitchen, subtask 2: personal hygiene,
subtask 3: sewing elements, subtask 4: classroom elements.

IV. DISCUSSION

The main objective of our study was to evaluate the
usefulness of a task based on an ADL for the detection of
cognitive impairment. The results highlighted a strong positive
and significant association with respect to the MEC-35 scale
(Spearman rho=0.71) according to Cohen [24]. This results
aligns with other works, like the study of Pitteri et al. [14],
who also found significant correlations between the SDMT and
the accuracy response of their task, thus verifying its validity
as a diagnostic tool. Similarly, Kalafatis et al. [16] demon-
strated a convergent validity with the MOCA test (Pearson
r = 0.58) and the ACE test (Pearson r = 0.62), respectively.
In both cases they found a slightly lower association than that
achieved in our study. In the same way, the reliability values
(calculated through the ICC) obtained in the test-retest analysis
for both separate groups and considered as a whole sample,
reflect an excellent level of clinical significance and therefore
give robustness to our proposal.

Although a high correlation is not necessarily synonymous
with agreement between methods, this task could hint signs of
a cognitive impairment. As mentioned by Nakhla et al. [10],
people with dementia tend to show lower performance in appli-
cations that involve ADLs, particularly in activities that involve
memory and verbal fluency. Furthermore, some studies have
already shown their ability to detect executive dysfunctions
in daily live conditions that were underestimated by these
classical tests [27].

The second measurement, using healthy participants per-
forming the same task, has highlighted the usefulness of
the test to differentiate between healthy people and people
with MCI. The results obtained with the HG have been

congruent with those obtained with the ADG, which indicates
the consistency of the developed task. Nevertheless, we found
some ceiling effects in accuracy performance for the HG only
in the kitchen subtask. That is, more than 20% of participants
scored 100% [28]. In particular, 7 out of 12 participants got
a 100 %, but no one exceeded a 90% accuracy response in
the total task (sum of the 4 subtasks), so there was no ceiling
effect in the whole task. We find a plausible reason in the fact
that participants may be more familiar with the objects in the
kitchen and of course they do not have any kind of cognitive
impairment. Similarly, Holmes and Shea [28] also found
an important ceiling effect when using the instrument for
cognitive abilities screening (CASI) to assess global cognitive
function in people with dementia. Specifically, 4 cognitive
domains were affected by this effect (4 out of 7). However,
as in our case, the total score did not show any ceiling effect.

The ceiling effect is quite common when the tests are
applied to nonclinical populations, such as the notable ceiling
effects found in the RAVLT test [29], which limits its use in
populations without evident memory impairments. Therefore,
it is often necessary to introduce modifications to such tests
or memory tasks. Hale et al. had to introduce modifications
in their study in order to avoid these effects [30]. Something
similar was done by Ivanoiu et al. [31] with the free delayed
recall test, one of the tests with the highest sensitivity for
early diagnosis of dementia. The authors designed a new
memory test based on cued recall to avoid ceiling effects
in early diagnosis of AD. Wester et al. found a reduction
in the problem of ceiling and floor effects in the revised
Rivermead Behavioral Memory Test (RBMT-3) versus the
traditional RBMT [32].

A conclusion that we can obtain from our task is that
it is suitable that the objects are known but they must be
varied. To reduce the ceiling effect, we could add a little more
difficulty, especially in cases of mild cognitive impairment.
However, in general we can say that the tool has shown
an acceptable discriminative validity when we administer it
jointly (as a whole task). Nevertheless, we also agree with
many authors that claim the necessity of more research
to improve the ecological validity of this kind of memory
tasks [32].

Regarding reaction times, the large effect size found
between the groups precisely reflects the good cognitive status
of the HG participants with respect to the ADG, in addition
to the already reflected effect of comorbidity, which affects
much more (and in a significant way) to the second group.
In addition, the mean age of the ADG was slightly higher than
the HG. We found studies in which similar memory tasks were
validated (although in virtual environments), such as the one
performed by Ouellet et al. [33], in which older adults spent
more time than young adults in the completion of an everyday
memory assessment task. Similarly, Moffat et al. [34] showed
that the youngest age group performed a spatial memory task
much faster than two other older groups of participants.

With respect to the already known age-related differences
effect observed on episodic memory tasks, in our task, age
was not independently associated with the accuracy response,
either in any of the subtasks or in the total task, but only
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in the ADG. Nevertheless, the HG exhibited a strong (and
negative) association between both variables. In the ADG, the
low variability of age and the cognitive decline may explain
this lack of association. By contrast, similar studies involving
healthy participants have corroborated an age-related decrease
in performance when dealing with spatial memory [35], [34]
or episodic memory [36], [37]. In these cases, there was also
a lot of variability in the age of the participants. This fact may
lead us to think that certain tasks may be sensitive between age
groups with very little variation within the same age group.
Therefore, this detail should be taken into account in the
design of these tasks, since both age and gender (including
cultural background) could have a relevant influence on the
results obtained, as described by Coutrot et al. [35].

Regarding the level of education of the subjects and the
accuracy response, in both cases (individual subtasks and
global task) and both groups there was no significant asso-
ciation between both variables. This result is in line with the
study of García-Magariño et al. [38] despite the fact that the
average level of training of the participants in their study
(15.09 ± 4.83) was much higher than ours (8.58 ± 1.38),
which makes our task very robust in this regard. This contrasts
with other studies such as that of Chua et al. [11], who found
that the range in the educational level of participants was so
extraordinarily wide that it became a limitation of their study.
To try to tackle the problem, they proposed in the future to
stratify their participants by their level of education.

A. Clinical Implications

The introduction of this task as an exercise to be carried
out within the daily activity of the AD patient can be very
beneficial. On one hand, it would allow the therapist to
better monitor the progress of the disease in an automatic
way. On the other hand, it could also warn of a possible
cognitive deterioration without resorting to the performance
of traditional cognitive tests, since the deficiencies in the
development of these activities can represent an important and
consistent predictor of cognitive deterioration. Early detection
of possible cognitive impairment is especially critical in the
early stages of the disease and when certain symptoms are
not so noticeable, because the pre-dementia stage is quite
extensive [39]. For these reasons, such a task could be used
when the patient is still relatively young, where the disease
evolves more quickly and immediate treatment would have
better results [15].

B. Limitations of the Study

The present study has obvious limitations. On one hand, the
small size of the sample means that the results, although they
are very promising, have to be confirmed in RTC studies with
larger samples, in order to offer better evidence. In fact, there
are few studies with sufficient evidence that present validated
proposals for the diagnosis of cognitive problems. In the same
way, cognitive training requires greater support so that it can
be considered an effective strategy to promote the recovery of
these functions [40], [41].

One of the problems we have found when developing the
experience, is that people with some type of co-morbidity
(especially cane carriers) have presented higher response
times. This directly affects the performance of people when
developing ADLs as mentioned by De Vriendt et al. [39],
since the literature shows that reaction time can be an impor-
tant variable to be considered [11], [34], [36].

C. Future Work

To overcome the abovementioned problems due to the
comorbidity of some patients, we propose in the future the
use of virtual reality (VR), either on its non-immersive mode
(Tablet or desktop computer) or through an immersive virtual
environment (via Head-mounted displays), to overcome these
disadvantages. In this case, the subject would be sitting in a
chair with total comfort and could be completely concentrated
on the task to be carried out. In both cases, the aim is to
automate this process in such a way that the therapist has
the data through a mobile application and can carry out a
more detailed follow-up of each of the patients, with the
establishment of alert mechanisms. Thus, the implementation
of advanced ADLs is also proposed as future work, since
as mentioned by Fieo et al. [42], they produce better results
than basic ones. We also want to bring this first experience
to other groups such as stroke patients, due to their evident
needs to promote cognitive functions and prevent dementia.
Finally, we see a clear potential of our task to train people
with some cognitive impairment in ADLs, as carried out by
Foloppe et al. in his study [9].

V. CONCLUSION

With this work, we have demonstrated the usefulness of a
memory task based on an ADL for the detection of cognitive
impairments. Despite having a small sample of participants,
the inclusion of a group of healthy older adults has shown the
ability of the task to differentiate between healthy people and
people with cognitive impairments. Consequently, the study
could be used for early detection of the disease, when certain
symptoms that are normally overlooked can be detected, and
with this, treatment can be administered in time. The excellent
level of clinical significance obtained through the test-retest
reliability test give robustness to our proposal.
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A B S T R A C T   

Background and objective: Virtual Reality (VR) has the capacity to be used in cognitive rehabilitation interventions 
for diagnostic and training purposes. This technology allows the development of proposals that traditionally have 
been only implemented using physical elements that imply greater resources and a lesser degree of automation. 
This work presents an immersive virtual reality (IVR) application (the Cupboard task) for the evaluation of 
memory in a more ecological way and based on an activity of daily living (ADL). 
Methods: To appraise its construct validity, we have carried out a comparative study with a traditional method of 
memory assessment (method of loci). To check for any association between performance and age, performance 
with years of education, and reaction time with age, the Pearson’s correlation was used. One-way ANOVA was 
used to check for differences in performance by gender. We also performed a reliability analysis with a two way 
mixed effects model where people effects are random and measures effects are fixed. Therefore, intra-class 
correlation coefficient with absolute agreement was reckoned to assess the consistency or concordance of the 
measures made by both the method of loci and the cupboard IVR task. 
Results: Both tasks were evaluated on a sample of 22 healthy participants who voluntarily took part in the 
experiment. The results obtained showed a high degree of concordance between both memory performance 
measures, which assumes good clinical relevance. In addition, other age-related effects were found, common to 
memory assessment tasks. 
Conclusions: This work showed that it is possible to use an IVR application to successfully assess everyday 
memory. We have also demonstrated the potential of IVR to develop valid tests that assess memory functions 
reliably and efficiently and within ecologically valid contexts. The results obtained open the door to its use in 
clinical settings for cognitive training (and promoting cognitive health) of patients with mild cognitive 
impairment (MCI), severe cognitive impairment (SCI) such as Alzheimer or Dementia, etc., with full guarantees 
of application, although it must first be validated through a randomized control trial (RCT). The degree of us-
ability of the Cupboard task was very high according to the test carried out by the participants.   

1. Introduction 

The use of VR is widely accepted in clinical settings that allow 
neuropsychology to treat various cognitive problems (Varela-Aldás 
et al., 2021). It can also be used to treat cognitive impairment caused by 
Traumatic brain injury (TBI) (Alashram et al., 2019). Likewise, there are 
other age-related diseases, such as MCI, which have also been treated 

through VR. Some of the positive effects that this technology has 
introduced have been shown in (Gamito et al., 2019; Liao et al., 2020). 
In the case of major cognitive impairment, like dementia, VR environ-
ments have been also developed (D’Cunha et al., 2019; Thapa et al., 
2020). 

Tests, tools and procedures that have been traditionally performed in 
a manual way can now be automated with the use of new technologies. 
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VR represents an affordable approach to recovering cognitive functions 
(Fernandez Montenegro and Argyriou, 2017). There are also other 
methods for memory training using VR, such as the method of loci (or 
memory palace method). It is a memorization technique whose origin 
dates back to classical Greece and Rome and which basically consists of 
assigning the different parts of the text that you want to memorize to 
different physical places (real or imaginary). Several studies (Peeters 
and Segundo-Ortin, 2019; Reggente et al., 2020; Krokos, Plaisant, and 
Varshney, 2019) have presented different immersive proposals based on 
this technique that seek to give it greater dynamism and therefore better 
results. 

Another aspect of human cognition that can be affected deals with 
the visuospatial functions, which allow the representation, analysis and 
manipulation of objects mentally. In particular, although these functions 
allow the individual to interact with three-dimensional objects, a great 
deal of research has been carried out only in two dimensions (Korečko 
et al., 2019). Thus, it is relevant to determine whether the degree of 
immersion and the differences between the two and three dimensional 
designs have an influence on the rehabilitation processes. Ventura et al. 
(2019) evaluated memory performance through two exercises, the first 
one within an immersive environment and the second one within a 
non-immersive environment. The results showed that the group that 
began with the immersive exercise obtained a better performance when 
evaluating cognitive function, compared to the other group. 

We find different studies in literature that have used ecological EVs 
for cognitive training and memory evaluation to detect memory dys-
functions (Ruet and Brochet, 2020). For example, Ouellet et al. (2018) 
focused on the evaluation of everyday memory, whereas Pflueger et al. 
(2018) and Moffat et al. (2001) evaluated spatial memory. Jebara’s 
study did the same with episodic memory (Jebara et al., 2014) and 
attention and executive functioning were addressed in the study of 
Armstrong et al. (2013). We also found examples that have focused on 
patients with multiple sclerosis with cognitive deficiencies (Goverover 
et al., 2010; Lamargue-Hamel et al., 2015) or executive disorders 
(Rouaud et al., 2006). Most of the studies have concluded that these 
tools are perfectly valid not only for cognitive training in older adults 
(Corriveau Lecavalier et al., 2020), but for improving memory functions 
in brain-damaged adults (Caglio et al., 2012) or even for the assessment 
of episodic memory in Alzheimer’s patients (Lecouvey et al., 2019), 
among others. Furthermore, they have the advantages (with respect to 
traditional test batteries) of providing an objective measure of individ-
ual memory components in ADL simulations (Parsons and McMahan, 
2017). To see the importance of the design of this tools compared to the 
classical evaluation through batteries of neuropsychological tests, some 
authors have demonstrated their ability to detect executive dysfunctions 
in daily live conditions that were underestimated by these classical tests 
in a group of patients with multiple sclerosis (Rouaud et al., 2006). This 
can be partly understandable since the classic test batteries are per-
formed under very simple and artificial conditions with few or no dis-
tractors (Ruet and Brochet, 2020). 

In this context, some of the abovementioned studies have included 
tasks that are based on activities that users can perform in their daily 
life. The activities of daily living (ADLs) are often called basic ADLs, and 
they include the fundamental skills typically needed to manage basic 
physical need, belonging to areas such as personal hygiene, dressing, 
toileting, ambulating, and eating (Mlinac and Feng, 2016). On the other 
hand, we can make the distinction with the instrumental ADLs (IADLs), 
which include activities of a higher level and related to independent 
living in community. According to Lawton and Brody (1969), these 
IADLs include activities such as ability to use the telephone, shopping, 
food preparation, housekeeping, laundry, mode of transportation, re-
sponsibility for own medications and the ability to handle finances. 
However, the concept of IADL should be extended to social participa-
tion, since it is closely linked to it. In fact, in the study of Tomioka et al. 
(2016), a strong association was found between participation in social 
groups and performing IADLs independently among the 

community-dwelling elderly, regardless of gender. 
The analysis of the literature has shown us the usefulness of VR 

systems in cognitive training and assessment processes. However, the 
analyzed works have been more focused on usability and reliability 
(Krokos et al., 2019; Ventura et al., 2019,; Jebara et al., 2014; Corriveau 
Lecavalier et al., 2020) without validating the performance with tradi-
tional and clinically validated tools. Other works have focused on the 
evaluation of the performance of everyday life activities (Goverover 
et al., 2010; Lamargue-Hamel et al., 2015) not being memory tasks per 
se, for example, purchasing an airline ticket online using the Internet 
(Goverover et al., 2010; Lamargue-Hamel et al., 2015), or a driving 
simulator task (Goverover et al., 2010; Lamargue-Hamel et al., 2015). 
Some works (Ouellet et al., 2018; Moffat et al., 2001; Armstrong et al., 
2013; Rouaud et al., 2006; Parsons and McMahan, 2017) have validated 
performance results with paper-and-pencil test measures by means of 
correlation coefficient, without using more reliable validation measures 
such as the intraclass correlation coefficient. Therefore, we consider that 
there is still a gap that we intend to fill with this work: the use of 
immersive environments to develop IADL-based memory tasks that can 
be validated with reliable clinical instruments. 

In this work, a system for everyday memory assessment is proposed, 
using an immersive virtual reality (IVR) environment. Thus, the user 
exercises sensory-visual memory, working memory, spatial orientation 
and executive function at the same time. The work is based on an 
experiment carried out by González-Landero et al. (2019), who pro-
posed a prototype of an automated three-door cupboard with Internet of 
Things (IoT) technology. The system now proposed fully virtualizes this 
prototype and increases the cupboard with one more door (4 in total), 
making data collection (response times and accuracy response) in a 
more automated and simple way. We hypothesized that our IVR appli-
cation is an ecological task that can be effective for the assessment of 
everyday memory. Our hypothesis will be validated with a traditional 
method such as the method of loci. At the same time, we will check if the 
task is sensitive to the typical age-related differences effect observed on 
episodic memory tasks. 

2. Materials and methods 

2.1. Design of the virtual environment 

In this work, we intend to bring to VR an instrumental ADL such as 
the opening of a series of cupboards to take different objects that can be 
found in them so that it constitutes a memory assessment tool. We have 
chosen an IADL task because the associated functions are normally lost 
before basic ADLs, and therefore the assessment of IADLs may identify 
early decline (Ward et al., 1998). Fig. 1 shows the general scheme of the 
IVR-based system. Immersion is achieved using a Head-mounted display 
(HMD) device (Oculus Go) and a handheld controller that allows 
interaction with the system. The results generated are stored in the local 
database and sent to a remote server on the network, for a subsequent 
analysis. Unity has been used as a game engine. 

The virtual environment consists of a task (cupboard task) that is 
based on an activity of daily life (ADL) for the assessment of everyday 
memory. Fig. 2 illustrates the two stages of the game. In the training 
stage (study phase) the user visualizes the elements inside the cup-
boards. The elements are placed automatically and randomly within the 
shelves and the doors can be opened individually, with a waiting time 
for learning that has been set at 10 s (González-Landero et al., 2019). In 
the evaluation stage (recall phase), the user must locate the elements 
requested by the application, by selecting both the door and the desired 
element. The user has a time limit to choose a door and an element (10 
s), otherwise an error is recorded and the evaluation continues. Accu-
racy responses and response times were recorded in plain text files to be 
saved in the local database and sent to the remote server (SFTP). The 
data is first stored in a local database to protect us against eventual drops 
in the WIFI signal in the place where the experiment is carried out. In the 
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event of such drops or a poor signal, the data will be stored first in the 
local database and the next time a proper connection is provided, the 
data will immediately be sent to the remote server. 

2.2. Tasks 

To evaluate our IVR-based proposal, we implemented a task based on 
the method of loci. To apply the technique, each participant had to 
imagine a house with four rooms to act as the Memory Palace, where 
different objects were placed in each room. The participant was asked 
for the places where the elements were placed. The Memory Palace task 
was implemented through a non-immersive approach (by means of a 
desktop computer application and a mouse-based interaction). On the 
other hand, the Cupboard task was implemented via an immersive 
approach through HMD. 

The participants were asked to answer the questions in the shortest 
time possible. Both tasks were designed according to two levels of dif-
ficulty, by configuring 7 elements for the first level and 9 elements for 
the second level. This means that tthe number of elements to memorize 

was doubled (14 and 18, respectively). The main reason for selecting 
such number of objects is twofold. On one hand, it has to do with the 
experience of other studies dealing with memory tasks. Similar studies 
such as the one conducted by Plechatá et al., 2021 used four different 
levels of difficulty with 3, 5, 7 and 9 items to memorize, respectively. 
Other authors decided to work with a set of 21 faces to remember 
(Krokos et al., 2019). Reggente et al. (2020) used a sequence of 15 3D 
objects whereas Corriveau Lecavalier et al. (2020) used 12 articles in his 
virtual store task and later recovered them in the recall phase from 
among 24 objects. Although it was not a virtual task, González-Landero 
et al. (2019) used 15 objects to memorize in a 3-compartment physical 
cupboard. On the other hand, since we worked in a virtual environment 
the objects had to be placed in the different compartments with a 
reasonable level of resolution according to the cupboard dimensions. 
Finally, the design of interventions with different levels of difficulty has 
previously been used in numerous cognitive training studies (Gamito 
et al., 2019; Aarnoudse-Moens et al., 2018; Gamito et al., 2020). 

2.3. Intervention 

The experiment took place during the covid-19 pandemic, where the 
mobility conditions for the dates of the experiments were severely 
restricted. This resulted in a very hard recruiting process. Although an 
RCT may provide more evidence, we opted for a quasi-experimental 
one-group design, in order to seek greater efficiency of the statistical 
contrast by reducing variability and so increasing statistical power. 

The experiment was performed in two different days. The first day 
was devoted to the Loci task, whereas the second day the cupboard task 
was performed. Before carrying out the Loci task, each participant 
worked on concentration exercises for 15 min to prepare them for the 
task. In the VR task, users were familiarized with the virtual environ-
ment prior to the start of the tests for 15 min approximately (handling of 
the laser pointer to open doors, selection of objects, etc.). Therefore, the 
intervention time for every participant was about 30 min each day (60 
min for the whole experiment). Fig. 3 shows a participant performing 
the Cupboard task with the Oculus Go. 

2.4. Statistical analysis 

Statistical analysis was carried out using SPSS 16. Shapiro-Wilk test 
was performed to check for data normality (the sample is less than 30 
participants). Pearson’s Chi-squared test was used to verify the 

Fig. 1. General description of the IVR-based system.  

Fig. 2. Activities to be implemented in the VR application.  
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homogeneity regarding to gender. To check for any association between 
performance and age, performance with years of education, and reaction 
time with age, the Pearson’s correlation was used. One-way ANOVA was 
used to check for differences in performance by gender. We also per-
formed a reliability analysis with a two way mixed effects model where 
people effects are random and measures effects are fixed. Therefore, 
intra-class correlation coefficient with absolute agreement was reckoned 
to assess the consistency or concordance of the measures made by both 
the Memory Palace method and the cupboard IVR task. Finally, a us-
ability test was completed by the sample to measure feasibility of the 
developed IVR task. The statistical significance level was set to 0.05. 

2.5. Participants 

Initially we wanted to detect a large correlation according to Cohen 
(1988) (≥ 0.5), between both methods. Therefore, for a significance 
level equal to 0.05 and a power of 80% (the usual value in research), 
GPower software (G Power, 2020) gave us a sample of 21 subjects. A 
total of 22 healthy subjects were recruited. The Mini Mental State Ex-
amination (MMSE) test was used as a screening measure in the enroll-
ment phase. The inclusion criteria were: (a) ages between 18 and 65 
years old; (b) MMSE score greater or equal to 26 as suggested by Kukull 
et al. (1994); and (c) no physical limitations, especially in the hand they 
use most frequently. Initial training was given to the participants prior to 
the experiment to give them the opportunity to get familiar with the VR 
setup (understanding of controls and basic actions). The study was 
carried out according to the Declaration of Helsinki and was approved 
by the Institutional Review Board of Universidad Tecnológica Indoa-
merica (protocol code UTI-IIDI-054-2021, approval date 18 March 
2021). All the participants were volunteers and signed an informed 
consent previous to their participation in the research. The de-
mographics of the participants is depicted in Table 1. No significant 
differences were found in the sample with respect to gender (p = .394). 

3. Results 

We present the results obtained after the experiments for both tasks, 
as well as a comparison in terms of accuracy response. Table 2 shows the 
accuracy response results as a percentage for both tasks (memory palace 
and VR Cupboard). 

3.1. Memory palace 

The results obtained after applying the memory palace method 
collected the precision and reaction times of the 22 participants in 2 
levels of difficulty (with 2 rounds per level). Although a positive and 
high significant association (r = 0.477) was observed in the accuracy 
response in the two levels, the paired-samples t test did not reveal sig-
nificant differences between levels (t (21), p = 0.219). No association 
was found between performance and age (Pearson’s correlation not 
statistically significant) either. Regarding reaction times, we only found 
a significant positive correlation with age only in the case of 9 elements 
(r = 0.551, p = 0.008). 

3.2. Cupboard task 

The procedure to be carried out in the Cupboard task was similar to 
the previous one. With regard to the relationship between performance 
and age, a very high and negative Pearson correlation (- 0.751) signif-
icant at the 0.01 level was found. On the contrary, we did not find any 
association between performance and years of formal education (p >
0.05). There were no differences by sex in terms of performance at this 
level either (F (1.20) = 0.379, p = 0.545)). Regarding reaction times, 
three were recorded: the cupboard time (CT) or time to select the 
cupboard, the object time (OT) or time it takes to select the object, and 
the total time (TT), or sum of the previous times. 

On the other hand, and for level 1, we found a high and positive 
association (Pearson’s coefficient = 0.814) significant at the 0.01 level 
between the cupboard reaction time and the age of the participants. We 
repeated the calculation for the total reaction time of the task, and we 
find a very similar situation (Pearson’s coefficient high (0.831) and 
significant at the 0.01 level). We also had a negative and high associa-
tion between total reaction time and performance (Pearson’s coefficient 
= -0.928, p < 0.001), which indicates that the longer the reaction time, 
the worse the results. Regarding the relationship between performance 
and age, no significant Pearson correlation was found. Similarly, no 
association was found between performance and years of formal edu-
cation (p > 0.05). Therefore, the performance in the execution of the 
task (in the two levels of difficulty) does not depend on the educational 
level of the participants. We did not find differences by sex in terms of 
performance at this level (F (1,20) = 2.413, p = 0.136)) either. The 
paired-samples t test did not reveal significant differences between the 
accuracy response at the two levels (t (21), p = 0.795). 

In relation to reaction times (cupboard time) and age, we found a 
moderate and positive association (Pearson’s coefficient = 0.457) sig-
nificant. Although in the case of 9 objects the correlation is lower than in 
the case of 7, in both cases it is observed that the older the subject, the 
longer the response time is. We found a very similar situation (Pearson’s 
coefficient =0.504 and significant p = 0.017) after repeating the 
calculation for the total time. We also had a negative and high associ-
ation between total reaction time and performance (Pearson’s coeffi-
cient = -0.690, p < 0.001), which indicated that the longer the reaction 
time, the worse the results. 

Fig. 3. Participant performing the Cupboard task with the Oculus Go.  

Table 1 
Participant demographics.  

Demographics Value % Demographics Value 

Gender:   Age  
Male 9 40.91 Mean 36.64 
Female 13 59.09 SD 12.91 
Experience VR   Education years  
Yes 7 31.82 Mean 13.59 
No 15 68.18 SD 4.24 
Cognitive exercise     
Yes 17 77.27   
No 5 22.73    
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3.3. Accuracy response. Comparisons between methods 

In this section we compare the two methods for memory assessment. 
To assess the consistency of the measures made by both the Memory 
Palace method and the cupboard task and thereby validate the latter, we 
have reckoned the intra-class correlation coefficient with absolute 
agreement. This measure is much more robust than Pearson’s correla-
tion coefficient, since the latter does not assess agreement since it is not 
sensitive to differences of constant type or proportional type, 
respectively. 

For the first level (7 objects) an intra-class correlation coefficient of 
.614 was obtained, while for the second level (9 objects) an intra-class 
correlation coefficient of, 0.662 was obtained, which according to Cic-
chetti (1994), correspond to a good level of clinical significance (reli-
ability coefficient between .60 and .74). In addition, in both cases the 
result of the ANOVA analysis reflects the absence of bias because the 
means obtained with these two tools do not present significant differ-
ences (F = 0.507; p = 0.484) for the case of 7 items and (F = 0.917; p =
0.349) for the case of 9 items, respectively. 

To complement the validity analysis of our method, and since the 
differences in measurements between the two methods followed a 
normal distribution (Shapiro-Wilk test non-significant), we were able to 
apply the Bland-Atman graphical test (Bland-Atman plot), whose result 
is depicted in Figs. 4 and 5, respectively. We see that the mean difference 
is close to zero, -3.32 at the first level (see Fig. 4) and 3.2 at the second 
level (see Fig. 5), respectively, which indicates that both methods obtain 
similar means. For the first level (7 objects), the VR Cupboard method 
overestimates the results with respect to the Loci method (negative 
mean), since it measures 3.32 more units on average. On the other hand, 
in the second level (9 objects), the VR Cupboard method underestimates 
the results (positive mean), since it measures 3.2 units less (on average). 
Anyway, such value (systematic bias) is limited to ±3%, approximately, 
with respect to the maximum of the scale, which implies a good 
approximation of the methods. It is observed that 95% of the differences 
between both methods are located between the limits of agreement. 

Only a couple of outliers appear at level 2 (9 items), which may be due to 
the increased difficulty. These limits establish the range in which the 
differences will be found in the data of both methods (approximately 
95% of the time). Finally, it is important to mention that the variability 
is consistent throughout the range of values and around the bias line 
(mean difference line). 

3.4. Usability analysis 

To assess the feasibility of the application from the participants’ 
point of view, the USEQ (User Satisfaction Evaluation Questionnaire) 
(Gil-Gómez et al., 2017) satisfaction test was applied. The results 
showed us a high degree of participant satisfaction (see Table 3). In 
general, the participants approved the characteristics of the system and 
considered that the proposal may be helpful in cognitive rehabilitation. 
An additional question about their task preference (Memory Palace vs 
Cupboard Task) was asked to the participants, and 86.36% of them 
showed preference for the Cupboard Task. 

Table 2 
Accuracy response results (%) for both tasks (Memory Palace and VR Cupboard).    

Memory Palace [%] VR Cupboard task [%]  
Measure Round 1 Round 2 All Round 1 Round 2 All 

Level 1 Mean 62.5 71.99 67.24 71.38 70.86 71.12 
SD 25.61 27.81 26.85 20.91 17.47 19.04 

Level 2 Mean 69.7 76.26 72.98 70.48 70.66 70.57 
SD 24.77 20.94 22.91 16.32 14.99 15.49  

Fig. 4. Bland-Altman plot for both Memory Palace and VR Cupboard task in the 
first level of difficulty (7 objects). Horizontal axis: mean of both methods. 
Vertical axis: differences between methods (paired values). Lower and upper 
limits of agreement mean 95% CI for differences between methods. 

Fig. 5. Bland-Altman plot for both Memory Palace and VR Cupboard task in the 
second level of difficulty (9 objects). Horizontal axis: mean of both methods. 
Vertical axis: differences between methods (paired values). Lower and upper 
limits of agreement mean 95% CI for differences between methods. 

Table 3 
USEQ test results for the VR Cupboard task.  

Question Mean SD 

Q1. Did you enjoy your experience with the system? 4.82 0.49 
Q2. Were you successful using the system? 4.43 0.53 
Q3. Were you able to control the system? 4.91 0.29 
Q4. Is the information provided by the system clear? 4.95 0.21 
Q5. Did you feel discomfort during your experience with the 

system? 
4.82 0.49 

Q6. Do you think that this system will be helpful for 
rehabilitation? 

4.95 0.21 

Total: 28.89/ 
30 

0.37  
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4. Discussion 

4.1. Construct validity 

Our hypothesis regarding the construct validity of the VR-based 
designed task was that the memory performance in the Cupboard task 
would have a great deal of concordance to that obtained via a traditional 
assessment method, such as the method of loci. The results obtained 
(accuracy response) after comparison of the developed system with a 
conventional memory measurement system (method of memory palace 
or loci), attest to this. The measure of consistency or concordance (with 
absolute agreement) of both methods, performed through the intra-class 
correlation coefficient, has revealed a good level of clinical significance, 
according to Cicchetti (1994). This was true for the two levels of diffi-
culty implemented in the task. Moreover, no bias was observed between 
the means obtained by both methods and both levels of difficulty. The 
choice of this measure of concordance, through ICC (instead of Pearson’s 
correlation), together with the verification through the Bland-Atman 
diagram, provide us with a high degree of validity in the confirmation 
of our hypothesis. Although our results align with previous studies 
pointing out that VR can measure similar constructs as those measured 
by clinical or experimental measures, we find some differences with 
them. 

Taking into account similar studies identified in the literature, some 
of them do not make any comparison between the performance of both 
methods (VR task versus traditional cognitive tests) to validate the 
experimental method (Goverover et al., 2010; Lamargue-Hamel et al., 
2015; Plechatá et al., 2021). Other studies use the Pearson’s correlation 
to see the degree of association between the cognitive performance 
achieved with the virtual tool and some traditional cognitive tests 
(Ouellet et al., 2018; Moffat et al., 2001; Parsons and McMahan, 2017). 
For example, Moffat et al. (2001) found moderate to low correlations 
between navigation performance in the virtual task and traditional 
psychometric measures of cognitive aging. Parsons and McMahan 
(2017) only found moderate correlations with the traditional neuro-
psychological memory scores in her Virtual Environment Grocery Store 
task for both conditions imposed in their study (low distraction and high 
distraction on the virtual task). Ouellet et al. (2018) only found mod-
erate correlations in the scores for correct recall in the Virtual Shop task 
compared to traditional neuropsychological measure of episodic mem-
ory (r=0.35). However, they found no association between performance 
on the measure of episodic memory and the Multifactorial Memory 
Questionnaire (Troyer et al., 2006). Therefore, the degrees of associa-
tion found by the aforementioned studies were moderate to low, 
whereas our study found a good clinical validity in our comparison 
through an ICC greater than 0.6. 

We also think that the good results obtained by our task could have 
come from the fact that the task, as occurs with the loci method, re-
inforces an object-location binding behavior during encoding (Reggente 
et al., 2020). This is one of the strengths that we have tried to exploit in 
the VR Cupboard task, which reinforces theoretical memory models that 
emphasize spatial context in encoding as the core of mnemonic function 
(Reggente et al., 2020) and adds evidence to the fact that spatial context 
has influence on event memory (Robin et al., 2018). Some authors such 
as Wallet et al. (2011) have suggested that spatial knowledge from 
virtual environments could be transferable to the real world. 

Another aspect that has been widely discussed in the literature and 
that has been able to contribute to obtaining good results in our study 
lies in the fact that the assessment task is based on an instrumental ac-
tivity of daily living (IADL). Our results may have been influenced 
(positively) by the inclusion of a more meaningful environment as evi-
dence suggests that memory for real-life objects is more efficient when 
the objects are in a context (Pflueger et al., 2018). This makes this type 
of memory assessment tasks closer to the functioning of everyday 
memory and therefore can better predict problems related to memory 
than clinical tests, as pointed out by Pflueger et al. (2018). Also the 

elicitation of a strong sense of “being physically present”, as well as the 
induction in the observer of virtual embodiment that these immersive 
systems provide, has also been able to contribute to the good results of 
our task. 

4.2. Age-related differences 

In addition to the above, we wanted to demonstrate that the task 
would be sensitive to typical age-related differences effect observed on 
episodic memory tasks. In fact, our task was sensitive to age, as younger 
adults performed better than older adults as far as the accuracy response 
was concerned. This means that the VR task thus designed is sensitive to 
typical memory impairment (Craik, 1986). These results align with 
other recent and related studies on VR tasks for memory assessment 
(Corriveau Lecavalier et al., 2020; Pflueger et al., 2018). The study of 
Plechatá et al. (2021) implemented the same task (shopping task) in two 
systems (immersive and non-immersive) and found age-related differ-
ences in terms of both assessed performance and user experience, 
respectively, when dealing with episodic memory. Other studies have 
corroborated this same age-related decrease in performance when 
dealing with spatial memory (Moffat, Zonderman, and Resnick, 2001; 
Maidenbaum et al., 2019; Coutrot et al., 2018). Regarding reaction 
times, the observed correlation between age and reaction times on our 
task aligns with other visual working memory tasks (García-Magariño 
et al., 2020). In the work of Armstrong et al. (2013) there was also a 
positive correlation of age with the average response times for the two 
VR conditions in their experiment. Ouellet et al. (2018) also found 
longer completion times in older adults compared to younger ones. 

4.3. Influence of the type of virtual environment 

Another noteworthy issue that we have not addressed because it was 
not the subject of study, deals with the influence of the type of virtual 
environment used (immersive vs. non-immersive) on performance in 
memory tasks. Krokos et al. (2019) found that the participants in the 
immersive condition performed 8.8% higher compared to the 
non-immersive condition as far as the overall average recall perfor-
mance was concerned. Similarly, Huttner et al. (2019) concluded that all 
the average scores in the immersive condition were approximately 5 to 
7% higher than those in the non-immersive condition. However, Maid-
enbaum et al. (2019) found that humans display similar spatial memory 
performance in a spatial memory task both when performing it via a 
standard computer screen and via an HMD. In our case, we have not 
found significant differences in performance between the two methods 
(loci vs. VR Cupboard task) and conditions (immersive vs. 
non-immersive). We realize that the studies carried out to date are not 
conclusive in this matter and therefore the debate is still open and de-
serves due attention. 

4.4. Usability 

Finally, the usability analysis of the proposal yields satisfactory re-
sults meeting the expectations of the researchers (USEQ = 96.3%), 
because the application was designed with practical and easy-to-use 
features, including clear and reduced information, and limiting move-
ments within the virtual environment to avoid discomfort in the user. 
These results are consistent with other proposals for immersive VR via 
HMD, such as that of Hassandra et al. (2021) focused on older people 
with MCI symptoms. Plechatá et al. (2021) also reported a very good 
user experience with the immersive tool, although they used an ad hoc 
developed usability questionnaire. 

4.5. Limitations 

The study carried out has numerous limitations that should be taken 
into account when interpreting the results. First, the experiment took 
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place during the covid-19 pandemic, which resulted in a very hard 
recruiting process and it took a lot to get the final number of partici-
pants. Since all the participants were volunteers, this detail could 
introduce some selection bias. On the other hand, the dose used in each 
task might have not been sufficient to achieve a greater improvement in 
performance of participants. In addition, each task was performed only 
once by each participant. Participants could have repeated the task after 
an interval of 3 weeks, thereby making some assessment of reliability 
through test-retest analysis. Another limitation that could be addressed 
in further studies is that the recall process was tested immediately after 
the encoding period, so we do not have a measure of long-term memory 
durability. As far as technical aspects of the system are concerned, some 
of the participants experienced some difficulties in handling the small 
joystick that comes with the VR googles. Hence, the reaction times have 
been longer. To overcome this limitation, we are working in a new 
version of the system by using the Oculus Quest 2, a new generation of 
HMDs. that allow the user interact with the VR environment with his/ 
her hands, yet they provide full hand tracking. On one hand, the par-
ticipants would not be worried and focused on pressing the right button 
anymore, and at the same time kinematics parameters such us reaction 
times will improve as they would be lower. 

4.6. Applications and future work 

The low cost and simplicity of our solution, together with the auto-
mation of data collection immediately, open the doors to its use as a 
routine memory task for the early detection of cognitive decline, not 
only in home-based environments, but in clinical settings. In a very 
simple way, and with the designed task included in a rehabilitation 
program, a routine that sends data to the occupational therapist to know 
the cognitive status of each patient can be easily programmed. By 
contrast, we have found in literature virtual tasks that are not easy to 
perform in clinical practice, since they require specific facilities such as 
sleep laboratories facilities. We found an example of such tasks in the 
one designed by Lamargue-Hamel et al. (2015) (Driving Simulator Dual 
Task), in which, in addition, some participants experienced motion 
sickness and were not able to complete the task. 

Future work deals with the design of proposals for both cognitive 
assessment and training using immersive VR systems, to elucidate the 
ability of these systems to improve the cognitive performance of popu-
lation. We also want to investigate of the effects of active navigation in 
virtual environments on memory performance. The term active navi-
gation (mainly in virtual environments) refers to the idea of navigating 
through an environment in an active, self-directed way, or by per-
forming a free exploration. Research in this area suggests that VE 
exploration by means of an active navigation enables superior spatial 
learning compared with a more passive, or observational encounter of 
the same environment (von Stülpnagel and Steffens, 2012). According to 
Wilson et al. (1997), active navigation in VE can be divided into physical 
activity (motor control) and psychological activity (decision-making). 
The processes involved in active navigation constitutes a type of 
enactment that can lead to memory performance enhances both in 
spatial (Brooks, 1999) and episodic memory (Jebara et al., 2014). 
Finally, we plan to carry on a randomized control trial (RCT) including 
participants with some cognitive impairments such as people suffering 
from Alzheimer’s disease. Such study could show us more evidence 
about the discriminant ability of our task in the cognitive aspect. 

5. Conclusions 

This work showed that it is possible to use an IVR application to 
successfully assess everyday memory. The results of our study have 
demonstrated a good level of clinical significance, in addition to the fact 
that the task maintains the characteristics of traditional memory tasks 
(e.g. age-related differences). We have also demonstrated the potential 
of IVR to establish a new methodology to develop valid tests that assess 

memory functions reliably and efficiently and within ecologically valid 
contexts. The results obtained open the door to its use in clinical settings 
for cognitive training (and promoting cognitive health) of patients with 
MDI, DCI, Alzheimer, etc. with full guarantees of application, although it 
must first be validated through a randomized control trial (RCT). 
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Plechatá, A., Nekovářová, T., Fajnerová, I., 2021. What is the future for immersive 
virtual reality in memory rehabilitation? A systematic review. NeuroRehabilitation 
1–24. https://doi.org/10.3233/nre-201534. Preprint.  

Reggente, N., Essoe, J.K.Y., Baek, H.Y., Rissman, J., 2020. The method of loci in virtual 
reality: explicit binding of objects to spatial contexts enhances subsequent memory 
recall. J. Cogn. Enhanc. 4, 12–30. https://doi.org/10.1007/s41465-019-00141-8. 

Reggente, N., Essoe, J.K.Y., Baek, H.Y., Rissman, J., 2020. The method of loci in virtual 
reality: explicit binding of objects to spatial contexts enhances subsequent memory 
recall. J. Cogn. Enhanc. 4, 12–30. https://doi.org/10.1007/s41465-019-00141-8. 

Robin, J., Buchsbaum, B.R., Moscovitch, M., 2018. The primacy of spatial context in the 
neural representation of events. J. Neurosci. 38, 2755–2765. https://doi.org/ 
10.1523/JNEUROSCI.1638-17.2018. 

Rouaud, O., Graule-Petot, A., Couvreur, G., Contegal, F., Osseby, G.V., Benatru, I., 
Giroud, M., Moreau, T., 2006. Apport de l’évaluation écologique des troubles 
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Abstract: Few works analyze the parameters inherent to immersive virtual reality (IVR) in applications
for memory evaluation. Specifically, hand tracking adds to the immersion of the system, placing the
user in the first person with full awareness of the position of their hands. Thus, this work addresses
the influence of hand tracking in memory assessment with IVR systems. For this, an application
based on activities of daily living was developed, where the user must remember the location of the
elements. The data collected by the application are the accuracy of the answers and the response time;
the participants are 20 healthy subjects who pass the MoCA test with an age range between 18 to
60 years of age; the application was evaluated with classic controllers and with the hand tracking of
the Oculus Quest 2. After the experimentation, the participants carried out presence (PQ), usability
(UMUX), and satisfaction (USEQ) tests. The results indicate no difference with statistical significance
between both experiments; controller experiments have 7.08% higher accuracy and 0.27 ys. faster
response time. Contrary to expectations, presence was 1.3% lower for hand tracking, and usability
(0.18%) and satisfaction (1.43%) had similar results. The findings indicate no evidence to determine
better conditions in the evaluation of memory in this case of IVR with hand tracking.

Keywords: immersive virtual reality; hand tracking; memory assessment; presence; usability; satisfaction

1. Introduction

Virtual reality (VR) can be presented differently depending on the degree of immersion:
non-immersive, semi-immersive, and fully immersive. Non-immersive VR offers virtual
environments from a conventional computer where users control their movements through
a joystick or other control device [1]. Desktop applications have been used in psychological
research for decades, although this term is not applied uniformly across studies [2]. On
the other hand, to provide the user with a series of experiences similar to real ones, VR
has evolved by implementing immersive virtual reality (IVR) environments, offering the
perspective of living in a simulated reality [3]. This type of VR promises a wealth of
experiences, combining sensations for training tasks and learning new skills, even helping
healthy people redesign themselves for a more meaningful and exciting life [4].

An immersive system can consist of concrete surrounding projection surfaces, or even
VR glasses, which virtually place the user within the virtual environment for a high level of
immersion [5]. A system that uses VR glasses known as a Head-Mounted Display (HMD) is
considered immersive since the user sees only the computer-generated image, and the rest
of the physical world is blocked from view [6,7]. A total immersion system can incorporate
a wide field of view, high resolution, HMD, and auditory, tactile, or force feedback [6,8].

VR systems contain parameters, such as immersion and presence, which are two terms
to consider in the user’s performance when executing virtual tasks [7,9]. Immersion is related
to technology, while presence is a cognitive, perceptual, and psychological consequence of
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immersion. On the other hand, presence can be understood as the psychological perception
of “existing in” the virtual world [10]. The use of HMD devices could affect the sense of
presence and immersion, directly impacting participant performance and motivation. On the
other hand, hand tracking is a component that has not been studied in the field of cognitive
evaluation and rehabilitation, promising benefits in users’ learning processes [11]. VR-based
tools represent an alternative for the diagnosis and cognitive rehabilitation, which can
be comparable to conventional procedures [12]. Different studies have endorsed an im-
provement in cognitive abilities in people suffering from trauma, Alzheimer’s disease,
Parkinson’s disease, after suffering a stroke, among others [13,14], also demonstrating
benefits for neurocognitive assessment and significant ecological validity [15,16]. VR in
treating cognitive processes is a thematic axis that has been booming in recent years. Tech-
nological progress, reduced hardware costs, and software support allow new applications
to be developed that improve the quality of life of human beings. Cognitive problems can
affect all audiences, including young people [17] and people who have suffered previous
illnesses [18–20]. However, older adults tend to present the greatest affectations, which is
why it is necessary to take preventive measures to anticipate this reality [21–23].

This work compares two interaction methods with a VR application for memory
assessment; specifically, hand tracking is compared versus standard controls; both methods
are used throughout training and evaluation. This research’s objectives include analyzing
different variables to determine the interaction method that favors the VR experience
in memory assessment. This analysis addresses the variables of interest of accuracy in
the responses, response time, presence, usability, and satisfaction. The study expects
better results for the interaction with hand tracking since this element complements the
first-person experience, involving the user more actively. In addition, the naturalness of
the movements when selecting an object can facilitate the interaction and, therefore, the
memorization of the objects.

2. Related Works

Related works are presented in the following order: VR applications for cognitive
activities, IVR applications in cognitive activities, IVR studies involving participants with-
out a diagnosis of neurodegenerative diseases, and applications with hand tracking as an
interaction method.

VR applications for cognitive activities—The found bibliography shows many appli-
cations of VR in cognitive evaluation and rehabilitation. In [24], a virtual environment
is presented that allows the person to train sensory memory and space orientation with
excellent results. Something similar is described in [25], where a museum is shown, in [26]
an airport is shown, and in [27] a virtualized city is shown. Likewise, spatial orientation
can be merged with working memory, as in [28], which allows the user to navigate the
environment and remember images. Similarly, in [29] a virtual store is presented, and
in [30], a town where patients must remember objects. In this application, the working
memory, sensory-visual memory, spatial orientation, and executive function are being
trained in an integral way.

There are experimental studies that have used VR to assess various cognitive func-
tions. The authors in [31] used a VR application with six daily activities to evaluate 18
patients with Alzheimer’s disease. The cognitive functions examined were episodic mem-
ory, prospective memory, visuospatial orientation, executive functions, attention, and
general processing speed, finding significantly worse results in the participants with diag-
nosis compared to a control group concerning the percentages of achievement and the times
required to complete the game. The research was also applied a usability questionnaire,
where participants found the game easy to use, enjoyed playing it, and had no problems
interacting. Another recent study used a virtual supermarket VR application installed on a
tablet to assess the cognitive performance of patients with mild cognitive impairment, in
addition to measuring brain activity using a portable electroencephalogram and comparing
the results with a traditional test [32]. The authors concluded that the experimental tool
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is helpful for the detection of mild cognitive impairment and cognitive evaluation in an
accessible and pleasant way for older adults.

More and more VR-based studies are introducing simulations of ADLs in cognitive
deficits. Using these virtual environments has shown significant improvements in general
cognitive functioning concerning traditional methods [33]. In [34], the authors found a
case in which training in a virtual kitchen allowed a subject with Alzheimer’s disease to
relearn cooking activities, and said learning remained stable over time. For its part, the
study by [35] found that the cognitive functions of adults with mild cognitive impairment
showed greater neuronal efficiency. All this background invites us to think about the need
for a methodological framework for designing VR tasks involving ADL with different
cognitive impairment levels.

IVR applications in cognitive activities—For several years there has been a growing mo-
tivation to develop IVR applications oriented to human cognition to achieve a higher level
of immersion [36]. The degree of immersion is important when developing VR applications
since it has even been considered a dimension in clinical neuropsychology when evaluating
spatial cognition and executive functions. The degree to which participants feel present in
the virtual environment has implications for task performance, positively benefiting users’
cognitive performance when recalling facts or memorizing elements [37,38]. A systematic
review of studies addressing the efficacy of VR-based rehabilitation reviews the relevant
literature on the role of immersion in memory assessment and rehabilitation [39]. This
review concludes that there are some theoretical advantages of IVR over non-immersive
technology, but there needs to be more evidence to draw definitive conclusions.

IVR studies involving participants without a diagnosis of neurodegenerative diseases—
Virtual environments have different immersion levels, so there are divided criteria for the
effects produced in the evaluation and cognitive rehabilitation processes. On the one hand,
the results obtained by [40] mention that greater immersion offers better performance,
while [41,42] describe that there is no significant relationship. Therefore, there is a need to
develop more investigations that allow the analysis of the elements that contribute to the
immersion of the system. In this sense, hand tracking contributes to the immersion of the
system; in this way, it seeks to generate an authentic experience for the user, who, while
performing an evaluation, can interact with the environment and feel comfortable. More
visual stimuli are offered, emphasizing the emphasis on establishing objects as similar to a
real environment. The elements used in the activity are found in a conventional kitchen,
contributing to the familiarity of the user while carrying out the diagnosis process.

Regarding the influence of immersion in VR applications for memory training, the
question is whether the accuracy of memory retrieval is better in systems with hand
tracking compared to the application with controllers. Some works, such as [43,44], have
shown significant improvements when the exercises have been carried out in immersive
environments. However, changes within this level of immersion still need to be analyzed.
In the first case, significant differences were found in the performance of a memory test by
the experimental group using IVR. In contrast, in the second study, the results showed an
improvement in episodic memory performance in the group that performed the memory
exercise in the desktop application condition. Thus, there is still a long way to go to
determine whether the degree of immersion guarantees better performance in the different
memory tasks.

On the other hand, few studies analyze active navigation in a virtual environment
and its effect on memory performance. This includes the user’s physical and psychological
activity, that is, motor control and decision-making. In this way, we have the effect of virtual
enactment, defined as the influence provided by active navigation or another component
on memory retrieval, compared to passive virtual observation [45]. An association or
analogy is produced here between the representation effect [46] and active virtual naviga-
tion, since both selectively impact specific object processing, such as recognition, but not
relational processing. Some studies have shown that this effect can improve spatial memory
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performance [47] and episodic memory [48]. However, more recent studies did not find
significant differences in spatial learning when comparing both navigation methods [49].

Memory-oriented IVR applications have been tested primarily on healthy people and
patients with mild cognitive impairment. Another work used an immersive virtual store
using the HMD Nvisor ST50 device to assess episodic memory in healthy patients who
had to memorize 12 items [30]. The results indicate high levels of presence and motivation,
and memory performance on the IVR task is positively correlated with performance on
the traditional memory task for both age groups. In addition, the system in this proposal
is sensitive to notable age-related differences because older adults omit more items than
younger ones. Other authors presented an immersive system using the HMD nVisor
ST50 device, with a virtual environment made from a virtual store to assess everyday
memory [50]. The participants were 20 healthy young people, 19 healthy older adults,
and 35 older people with subjective cognitive impairment who performed the virtual
store task. The results obtained with the healthy group allowed researchers to know if
the proposal showed adequate levels of difficulty, as well as the effects of the task on
age, while the results of the group with cognitive impairment allowed the researchers to
relate the performance in the immersive task with the performance of memory in two
traditional activities. The conclusions indicate that the accuracy of the responses in the
experimental activity was sensitive to age due to obtaining better performance in young
people. Furthermore, this performance was correlated with the assessment obtained in
the traditional tool, specifically with episodic memory functions and processing speed.
On the other hand, in [25], the authors developed a highly immersive application for a
virtual museum with two rooms. This was validated with young participants who had
to walk through the virtual environment while memorizing the details of each room. The
results showed that the participants more easily remembered the objects that had a shorter
spatiotemporal distance from each other.

Applications with hand tracking as an interaction method—Regarding works that
use hand tracking in cognitive activities, no studies were found in important sources that
allow establishing a point of reference for this research. For example, in [51], the authors
investigated the user performance in a memory puzzle task using VR. The experiment was
carried out with 30 participants under three conditions: hand tracking, controller without
haptics, and controller with haptics. The results of this study indicate better performance
for hand tracking in solving the task with hand tracking but not better in the initial selection
time. On the other hand, in [52], the authors used VR for endotracheal intubation training
with the two interaction modalities (hand tracking and controllers) to analyze usability. The
results measured in this study indicate that interactions with hand tracking or controllers
were not significantly different. Therefore, in this research, an immersive system was used
to assess memory and to analyze the influence of hand tracking. Our proposal is based
on the application of [53], where four virtualized cabinets are proposed, with objects to be
memorized inside. The user must memorize the elements and identify in which cabinet
they are located. The parameters analyzed are accuracy, response time, presence, usability,
and satisfaction, and better performance for control using hand tracking was established as
a hypothesis compared to the traditional method of manual controllers.

3. Materials and Methods

There are many innovative proposals for the evaluation of memory, and as presented
in the literature, experimental methods involving technology have been contrasted with
traditional methods to guarantee their validity. Specifically, VR has raised expectations,
promising better tools to diagnose neurodegenerative diseases on time. In this new context,
the resources available for the screening process are multiple, including immersion tech-
nology such as hand tracking. Although access to these resources is still limited, further
growth in VR technologies is expected.

The cost of HMD devices has been reduced in recent years, appearing as independent
devices that do not require an additional computer for their operation. These options
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include sensors and cameras that allow scanning of the device’s environment, including
hand tracking. This has prompted the development of first-person view VR applications
where users interact with their hands [54,55]. Specifically, Meta’s Oculus Quest 2 is a low-
cost HMD device that includes this technology as a second option to interact with the virtual
world [56]. These features engage users more actively, dispensing additional controls to
interact with applications. Although positive effects are expected in the evaluation of
memory, no studies contrast this assumption. This work compares the results of a VR
application to evaluate using hand tracking with respect to classic controllers. Figure 1
shows the general scheme of the methodology used.
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Figure 1. General outline of this research.

The method begins with selecting participants through a cognitive assessment exam;
this allows for the discrimination of participants with low memory performance and for
working only with healthy participants. The selected participants are trained in virtual
reality to avoid biases related to the lack of experience with the technology used. Next,
the memory training and evaluation phases were performed using a VR application with
controllers and hand tracking. This application collects data automatically (Performance
and response time), and other data were collected manually through instruments (Presence,
usability, and satisfaction) for analysis and comparison.

3.1. Application

The application designs an activity of daily living (ADL) based on cabinets that
have been previously evaluated [53,57]. The activity consists of cabinets and kitchen
elements, where the user must remember the location of the elements within the cabinets.
In training, the user visualizes the elements inside the cabinets, and the number of elements
is configurable according to the required difficulty. The elements are located automatically
and randomly inside the shelves, and the doors open for a specific time of waiting for
learning. In the evaluation, the user must select the correct cabinet door; this is done with
the controllers or the user’s hands, as the case may be. The user has a time limit to choose a
door and an element; otherwise, an error is recorded, and the evaluation continues.
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Each door conceals a section of cabinet elements and is designed to contain a maximum
of 4 elements. In total, four sections are proposed; that is, the capacity is 16 elements. The
number of elements can be configured through a menu and corresponds to the required
difficulty level. On the other hand, the elements to remember are commonly consumed
foods. For this, a database was created with 20 foods: bananas, blueberries, carrots, cereal
box, cheese, juice pack, watermelon, mushrooms, skinned chicken, soda can, tomato,
yogurt, pizza, kiwi, ice cream, hamburger, ham, cherries, acorn, and cake. A kitchen’s
essential components are required for the virtual environment’s design, such as table, chair,
stove, glasses, dishes, refrigerator, broom, and clock.

At startup, all the elements of the virtual kitchen are loaded, including the menu that
allows user data to be entered and the difficulty level to be set using a laser pointer. The
difficulty of the task is limited from 1 to 10, because a larger number of elements is too
complicated to remember. When starting the activity, the food is instantiated inside the
cabinets, and the training stage begins opening each cabinet door to show the food with
a 10 s pause; the doors open one after the other. In the evaluation stage, the question of
each element to be remembered is shown. If the wrong door is selected or the waiting time
expires (10 s), an error is recorded. On the contrary, if the selection is correct, a success
is registered, and each door chosen opens and shows the elements it contains so that the
user selects the element in the established time. In the selection of the elements, errors and
successes are also required. Depending on the experiment, the user selects the door and
the cabinet element using the controllers or the hands.

The training time is 40 s plus the animation time of the doors opening and closing;
total, the training time is approximately 65 s. The average evaluation time is 26 s plus
the animation time of the doors opening and closing; the average evaluation time is
approximately 57 s.

The virtual environment is built in three development layers as shown in Figure 2—
a first construction and configuration layer, then a layer that provides the interaction
properties to the environment components, and finally a scripting layer that gives it
functionality to GameObjects.
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Layer 1—In the creation of the 3d models, the basic construction components provided
by Unity are used, using plans, cubes, lights, and others to assemble the room of the scene
and the empty cabinets. On the other hand, the more complex elements such as table,
chair, dishes, and other kitchen elements are imported from the As-sets of the Unity store,
including the foods that are created as prefabs to be instantiated inside the As-sets. cabinets
when required. Additionally, it is necessary to prepare these elements to incorporate the
movements and other actions of the game; for this, the pivot to the doors is configured, the
food is oriented with a view towards the user, and the hierarchies are established.

Layer 2—The interaction of the user with the system components is carried out using
a laser pointer, requiring the insertion of a Box Collider component in the cabinet doors
and foods, and in this way a collision with the object is detected, which allows the desired
actions to be activated. The user menu is laid out within a Canvas with text labels and
buttons for entering information, including an alphabetic keyboard for entering the user’s
name. To insert the GameObject that represents the tracking camera of the Oculus Quest 2,
the OVRCameraRig prefab from the Oculus Integration library was used, which is linked
directly to the hardware, and the laser aiming was implemented using a RayCast object
that was synchronized with the movements of the controller and hands, as the case may be.

Layer 3—The game procedures are programmed using the rules of the previously
described activities, and everything starts when the user presses the start button, destroying
and instantiating the food according to the selected difficulty level, opening and closing
the doors sequentially with fixed waiting time. Although the activities do not require the
locomotion of the player, the automated translation of the main camera is programmed
to focus the view towards the middle of each cabinet according to the training sequence.
Below are the text labels of the game questions and prompts, and the counters record
the successes and failures based on the user’s decisions. Finally, the collected data were
grouped into plain text files and sent to the remote server using the SSH:NET library.

3.2. Participants

Regarding the participants, healthy candidates with gender equality and with different
ages between 18 and 60 years were sought, and all recruited candidates passed the cognitive
assessment test. For cognitive assessment, the Montreal Cognitive Assessment (MoCA) test
was used, since the group of participants has a high level of education, and only participants
who obtain 26 points or more pass. In total, a group of 20 participants was obtained,
whose demographics are described in Table 1. Overall, 50% of the participants declare the
masculine gender, and another 50% declare the feminine gender. The mean age of the group
is 36.05 years with a standard deviation (SD) of 9.69 years, the youngest is 20 years old, and
the oldest 56 years old. The mean education time is 19.4 years with an SD of 2.85 years, the
shortest time is 15 years, and the maximum is 25 years. In the MoCA test, there is a mean
group score of 27.75 with an SD of 1.37, with values between 36 and 30 points.

Table 1. Participant demographics.

Demographics Value Demographics Value

Age
Gender: Mean 36.05

Male 10 SD 9.69
Female 10 Min 20

Max 56
MoCA Education years

Mean 27.75 Mean 19.4
SD 1.37 SD 2.85
Min 26 Min 15
Max 30 Max 25
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3.3. Procedures

All the procedures carried out in this study have the approval of the ethics committee
of the Universidad Indoamérica of Ecuador. Figure 3 details the processes to be carried out
in this research. To evaluate the proposal, two main activities were designed with a VR
application, with the controller and with hand tracking, in that order. Participants must
perform a cognitive assessment using the instrument called MoCA, which was done prior to
the selection of suitable participants for the tests. On the other hand, the cabinet’s application
has a preliminary evaluation phase that allows errors to be corrected before the actual tests.
Likewise, the group of participants has a training stage in the use of virtual reality with the
Oculus Quest 2 to proceed with the application of the cabinets, at the end of each experimental
period the participants complete the presence, usability, and satisfaction test of the application.
At the end of the procedures, the results were analyzed and compared.
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3.4. Instruments

The instruments used to collect data from the participants before and after the experi-
ments with the VR application using the controllers and hand tracking independently are
presented below:

MoCA—This simple test assesses multiple cognitive domains, including memory,
language, executive functions, visuospatial abilities, calculation, abstraction, attention,
concentration, and orientation. MoCA memory tests involve multiple words, some learning
tests, a long delay in the recall, and demanding numerical tasks [58]. This instrument was
developed in a clinical memory setting and standardized in a highly educated population.
Results with 26 points or more are considered to indicate normal cognitive status, and
participants with less than 12 years of education have an additional point [59]. In this work,
the MoCA test was used as a discriminant to access the experiments as participants because
they have a high level of education.

Presence questionnaire (PQ)—This test was used to assess the sense of presence in
virtual environments and is made up of 32 questions with seven response levels [60]. The
evaluation items consider the factors of control, sensation, distraction, and realism. Only
29 questions were considered in this investigation because the questions related to haptic
and sound interaction (Q15–Q17) were discarded [61]. Scores for questions Q14, Q17, and
Q18 were calculated by subtracting the value of 7, and scores for all remaining items were
calculated by subtracting 1 from the value chosen by the user.
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Usability Metric for User eXperience (UMUX)—It is a 4-question instrument used for
the subjective evaluation of the usability of an application. The responses have 7 levels
of selection, from strongly disagree to strongly agree. The results of this test have been
validated with respect to the 10-question usability scale, and they were organized accord-
ing to ISO 9241-11 [62]. The usability measures provided by this tool allow for a broad
understanding of the user experience based on a compact instrument.

User Satisfaction Evaluation Questionnaire (USEQ)—It is a 6-question questionnaire to
assess satisfaction with virtual rehabilitation systems. Question Q5 has a negative answer; it
must be subtracted from the maximum value plus one to obtain its real score [63]. Although
the original tool has a 5-level Likert scale, in this work, a 7-level scale was used to match the
rest of the post-experimentation instruments, allowing for the expansion of the instrument’s
sensitivity level.

The data are processed through statistics; the significant statistical difference was
analyzed using the Student’s t-test for paired samples. Since both data come from the same
group of individuals, a significance level of 5% (α = 0.05) was established.

4. Results

The experiments using the VR application based on an ADL were carried out in the
following order. On the first session, the application was evaluated using the traditional
Oculus Quest 2 controllers, and on the second session, hand tracking was used to assess
the application. Our research is based on [64], where the participants used mouse, hand
tracking, and controller in VR without altering the order of use of the technology. Although
there is research using randomization [55,65], this has not been demonstrated to produce
different results. Figure 4 shows photos of the participants using the Oculus Quest 2 with
the controllers and hand tracking, respectively. The view of the virtual environment from
the user’s perspective was monitored from a phone screen to verify the correct development
of the tests. The duration times of each session were approximately 25 min, including data
entry, breaks, training, evaluation, and answering tests.
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In this research, the application was configured for a difficulty level of 7 elements
because classical studies establish a range of 5 to 9 elements as the appropriate number
to assess memory [66]. Figure 5 shows images of the virtual environment, observing the
whole room setup and the cupboards from a first person view, where the user is in a central
position of the room visualizing each element that provides realism to the scene. Users can
move freely in the virtual environment; they use locomotion in both stages, in training to
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better visualize the objects and in the evaluation to get closer to the selected element. When
using the controllers, the user only sees the control devices that are synchronized with the
real movements, and in the case of hand tracking, the hands are presented according to the
user’s movements. In addition, the images show the cabinets, food, and information texts
incorporated into the application.
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4.1. Accuracy

The performance of the participants in the virtual activity was determined from the
accuracy of the answers (success/(success + errors)). Figure 6 shows the comparison of the
accuracy between both use cases of the VR application (Controllers vs. Hand Tracking),
where 11 participants had a better performance using the controllers and 9 participants
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improved their accuracy when using hand tracking. In addition, the mean accuracy with
controllers (U = 79.55%) was higher than the mean with hand tracking (U = 72.47%), which
is evidenced in the box and whisker plot of Figure 7. Regarding the dispersion, the accuracy
with controllers has a lower SD (13.72%) with respect to the accuracy using hand tracking
(SD = 17%). Furthermore, the statistical analysis determines a p-value = 0.085.
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Figure 6. Comparison of VR app activity and the accuracy of the answers.
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Figure 7. Box-and-whisker plot of accuracy of the answers in VR app activity.

4.2. Response Time

To analyze the response time of the participants, all the cumulative times of the
door selection and the selection of food inside the cabinet were averaged in a complete
experiment. Figure 8 shows the comparison of response times between both cases of
the activity, where 13 participants had a faster response when using the controllers and
7 participants were faster when using hand tracking. In addition, the mean response time
with controllers (U = 3.33 s) was faster than the mean with hand tracking (U = 3.6 s), which
is evidenced in the box and whisker plot of Figure 9. Regarding the dispersion, the response
time with controllers has a lower SD (1.3 s) compared to the accuracy using hand tracking
(SD = 1.5 s). Furthermore, the statistical analysis determines a p-value = 0.29.
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4.3. Presence

The results obtained from the PQ instrument were scaled by being converting to
percentages to analyze the perception of presence of the participants when using the
application with both interaction methods. Figure 10a shows the comparison of the presence
score assigned by the participants, where 10 participants indicate a higher score for hand
tracking, 9 participants indicate a higher score for controllers and 1 participant has exactly
the same score for both methods. In addition, the mean presence score with controllers
(U = 80.74%) is slightly higher than the mean with hand tracking (U = 79.43%), which can
be seen in the box-and-whisker plot of Figure 10b. Regarding dispersion, the presence
score with controllers has a lower SD (6.85%) compared to presence using hand tracking
(SD = 9.95%). Furthermore, the statistical analysis determines a p-value = 0.21.
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Figure 10. Results of the participants in the PQ instrument: (a) Radial diagram of the comparison
between the scores of presences in the activity of the VR application; (b) Box-and-whisker plot of
presence scores in VR app activity.

In relation to the items evaluated in the PQ instrument, Figure 11 shows the compari-
son of the presence scores organized by questions obtained with the mean of the answers
of all the participants.
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Figure 11. Comparison of the mean scores assigned by the participants in the questions of the PQ
instrument when using the application with different interaction methods.

4.4. Usability

The results obtained from the UMUX instrument were scaled by being convertedto
percentages to analyze the perception of usability of the participants when using the appli-
cation with both interaction methods. Figure 12a shows the comparison of the UMUX score
assigned by the participants, where 8 participants indicate a higher score for controllers,
7 participants indicate a higher score for hand tracking, and 5 participants have exactly
the same score for both methods. In addition, the mean presence score with controllers
(U = 85%) was almost the same as the mean with hand tracking (U = 84.82%), which can
be seen in the box-and-whisker plot of Figure 12b. Regarding the dispersion, the usability
score with controllers has a lower SD (13.1%) compared to the presence using hand tracking
(SD = 14.24%), although the former has an atypical value. Furthermore, the statistical
analysis determines a p-value = 0.45.
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Figure 12. Results of the participants in the UMUX instrument: (a) Radial diagram of the comparison
between the usability scores in the activity of the VR application; (b) Box-and-whisker plot of usability
scores in the VR app activity.

In relation to the items evaluated in the UMUX instrument, Figure 13 compares the usability
scores organized by questions obtained with the mean of the answers of all the participants.
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Figure 13. Comparison of the mean scores assigned by the participants in the questions of the UMUX
instrument when using the application with different interaction methods.

4.5. Satisfaction

The results from the USEQ instrument were scaled by being converted to percentages
to analyze the participants’ satisfaction when using the application with both interaction
methods. Figure 14a shows the comparison of the satisfaction score assigned by the
participants, where 10 participants indicate a higher score for controllers, 9 participants
indicate a higher score for hand tracking, and 1 participant has the same score for both
methods. In addition, the mean USEQ score with controllers (U = 89.64%) is slightly higher
than the mean with hand tracking (U = 88.21%); this can be seen in the box-and-whisker plot
of Figure 14b. Regarding the dispersion, the SD of the satisfaction scores with controllers
and hand tracking have similar values (11.6% and 11.36%, respectively), although there are
outliers for both cases. Furthermore, the statistical analysis determines a p-value = 0.15.
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Figure 14. Results of the participants in the USEQ instrument: (a) Radial diagram of the comparison
between the satisfaction scores in the activity of the VR application; (b) Box-and-whisker plot of VR
app activity satisfaction scores.

In relation to the items evaluated in the USEQ instrument, Figure 15 compares the satisfac-
tion scores for each question obtained with the mean of the answers of all the participants.
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Figure 15. Comparison of the mean scores assigned by the participants in the questions of the USEQ
instrument when using the application with different interaction methods.

5. Discussion

Our research uses two interaction methods for active navigation without finding a big
difference in response precision and response time. Although there is a certain advantage
in the mean accuracy of the answers using controllers, similar to [55,64,65], in [67] the
users described greater physical and cognitive effort when performing tasks with their
hands in the virtual environment. In [51] the results indicate the opposite, obtaining a
better performance when using hand tracking in a cognitive task, requiring more studies
analyzing user performance with different interaction methods. In our case, a difference of
7.08% was not decisive to establish which was better, and the statistical value indicates no
statistically significant difference. On the other hand, in response times, the participants
were faster using the controllers, similar to [51]. However, a difference of 0.27 s is not
decisive to establish which is better, considering that 35% of the participants were faster
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when using hand tracking. Furthermore, the statistical value confirms that there is no
statistically significant difference. It is evident that studies are lacking clarification on
these uncertainties, so future work should incorporate tests with multiple levels of active
navigation and evaluate the types of memory to show more explicit evidence about such
effects of virtual recreation.

A term closely related to and inherent to the immersion of VR systems is presence.
In [68], the authors developed a VR application with two variants for different levels of
presence. The group that used the application with the highest level of presence remem-
bered 28% more objects than the other variant of the application, which could imply a
positive relationship between the degree of presence and cognitive performance on the
test. Other findings raise the question of whether this benefit only occurs in cases where
immersion manipulation affects elements of the environment that are directly relevant to
the subsequent assessment of memory [69]. Therefore, it is interesting to investigate this
question, especially when no clear methodology allows for evaluating the levels of presence
in the different VR systems. So far, questionnaires have been designed to obtain these
levels [70–72]. In our work, the difference in the mean value between interaction methods
is minimal (1.3%), which does not allow for determining the best presence experience.
Moreover, the statistical value indicates that there is no statistically significant difference.
The questions with the greatest difference between interaction methods in the presence
rating are Q1, Q2, Q11, and Q30. In Q1, the use of the application with controllers is higher
by 8.57%. This question is related to the level of control that the user had with the system,
indicating that the participants had less control with hand tracking. In Q2 the controllers
are higher by 9.29%, and this question is related to the level of sensitivity of the virtual
environment, indicating that the participants perceive the interaction method with hand
tracking as less sensitive. In Q11, hand tracking is higher by 7.14%, and this question is
related to the consistency coming from the senses, indicating that the participants prefer
the sensory perception produced by this method of interaction. In Q11 the controllers
are 6.43% higher, and this question is related to how well the user can concentrate on the
activities instead of the control mechanisms, indicating that the participants concentrate
better using the controllers than with hand tracking. The latter is important because the
activity requires concentration to improve the accuracy in the answers, although the dif-
ference is minimal, and a certain preference for traditional controls is evident. In general,
we found no evidence of a better sense of presence by varying the method of interaction,
which should be considered in future work to clarify related hypotheses.

Regarding usability and satisfaction, these works have contributed to the universe
of research that has proven the benefits of VR in cognitive assessment [29]. The results
were favorable both in the use of controllers and the use of hand tracing for the interaction
with the application of this research, since high scores were obtained for the UMUX and
the USEQ. In usability, the difference in the mean value between interaction methods was
negligible (0.18%), which does not allow us to determine the best usability experience,
similar to [52]. Moreover, the statistical value indicates that there is no statistically signifi-
cant difference. In the analysis of the questions, Q3 has the most considerable difference
between interaction methods in usability rating. This question is related to the ease of use
of the application; in this case, the application with controllers was 2.14% easier to use than
the application with hand tracking. In the literature there is a related work that determined
a similar result [73]. In this case, the improvement was 7%.

In satisfaction, the difference in the mean value of the USEQ between interaction
methods is minimal (1.43%), which does not allow for determining the best alternative
regarding satisfaction. Moreover, the statistical value confirms that there is no statistically
significant difference. In the analysis of the questions, Q3 and Q6 have the largest difference
between interaction methods in the satisfaction rating. Question Q3 of the USEQ is related
to application control, confirming that the user has better control when using the controllers.
Something similar occurs in question Q6 of the USEQ; this item is related to the use of
this application in memory evaluation; in this case, the application with controllers is
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2.86% more preferred for this purpose than the application with hand tracking. Although
it is a minimal difference, this implies that the participants prefer to use the controllers
to assess memory when performing this cognitive activity. In most cases, the indicators
are not conclusive, but there is a slight trend toward using controllers to interact with the
application from this research. These findings are supported by [73], where there was
greater satisfaction with VR controllers, but its conclusions also indicate that the differences
are not significant.

The limitations of this study are the interference effect caused by a possible repetition
of objects, the lack of randomization in the experiments, and the absence of a control group.
Future work could consider these limitations in their studies. The participants limit this
work; future research should address the validation of this tool with larger groups of
participants who are older or diagnosed with a neurodegenerative disease. In this way,
we will have more evidence to elucidate if the tasks developed can be sensitive in the
accuracy of the answers or in the execution times, with the purpose of early diagnosis of
neurodegenerative diseases [74] reinforcing the validity of the results obtained. These tools
have demonstrated their importance in detecting cognitive dysfunctions that traditional
tests have been unable to detect [75].

6. Conclusions

This research analyzes the influence of hand tracking in an IVR application developed
to assess the memory of 20 healthy participants with homogeneous characteristics. The
hardware used was the Oculus Quest 2 standalone HMD device, which has two controllers
and the hand tracking function. The application is based on an ADL that has been previ-
ously evaluated with respect to traditional methods. The factors analyzed are the accuracy
of the answers, the response time, the presence, the usability, and the satisfaction of the
participants. Contrary to expectations, in all these factors, there is a certain tendency for
worse results using hand tracking as a method of interaction with the application. Still,
these results are inconclusive because the differences are minor, and none were found to
have a statistically significant difference that supports this assumption. On the other hand,
the indicators had high scores that guaranteed the acceptance of this type of proposal as a
memory evaluation tool, especially in the satisfaction (USEQ) of the participants, which
denotes values close to 90%.

In practice, these results imply that using hand tracking technology in immersive VR
applications for memory evaluation does not favor or impair performance, reaction speed,
perception of presence, usability, and user satisfaction, although these results should be
interpreted with caution. On the other hand, in the literature, only some investigations
support and refute the findings of this work, which prevents establishing definitive conclu-
sions with the results obtained in this study. Finally, this work is limited by the number or
type of participants, which is why new studies are required with a larger population or
participants with a diagnosis of a neurodegenerative disease that complements the results
of this research.
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REVIEW

Virtual reality applications based 
on instrumental activities of daily living (iADLs) 
for cognitive intervention in older adults: 
a systematic review
Jorge Buele1,3, José Luis Varela‑Aldás2 and Guillermo Palacios‑Navarro3* 

Abstract 

Background In recent years, the use of virtual reality (VR) as a complementary intervention in treating cognitive 
impairment has significantly increased. VR applications based on instrumental activities of daily living (iADL‑VR) could 
offer a promising approach with greater ecological validity for intervention in groups with cognitive impairments. 
However, the effectiveness of this approach is still debated.

Objective This systematic review aims to synthesize the effects of iADL‑VR interventions to rehabilitate, train, 
or stimulate cognitive functions in healthy adults and people with mild cognitive impairment (MCI) and different 
types of dementia.

Methods A systematic search was performed in the Scopus, PubMed, IEEE Xplore, Web of Science, and APA PsycNet 
databases until September 2022 and repeated in April 2023. The selected studies met the search terms, were peer‑
reviewed, included an iADL‑VR intervention, and were written in English. Descriptive, qualitative studies, reviews, 
cognitive assessment, non‑intervention studies, those unrelated to VR or iADL, those focused on motor aspects, 
and non‑degenerative disorders were excluded. The PEDro scale was used to assess the methodological quality 
of the controlled studies. To present and synthesize the results, we organized the extracted data into three tables, 
including PEDro scores, participant characteristics, and study characteristics.

Results Nineteen studies that met the inclusion and exclusion criteria were included. The total sample reached 
590 participants, mostly women (72.67%). Approximately 30% were diagnosed with Alzheimer’s disease or demen‑
tia, and 20% had mild cognitive impairment. Variables such as authors and year of publication, study design, type 
of intervention and VR applied, duration of the intervention, main findings, and conclusions were extracted. Regard‑
ing demographic characteristics, the sample size, age, sex, years of education, neurological diagnosis, dropouts, 
and the city and country where the intervention took place were recorded. Almost all studies showed improvements 
in some or all the outcomes after the intervention, generally greater in the iADL‑VR group than in the control group.

Conclusion iADL‑VR interventions could be beneficial in improving the performance of cognitive functions in older 
adults and people with MCI and different types of dementia. The ecological component of these tasks makes them 
very suitable for transferring what has been learned to the real world. However, such transfer needs to be confirmed 
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Introduction
Cognition encompasses various intellectual functions 
and processes, including perception, attention, con-
sciousness, language, memory, emotions, and executive 
functions [1, 2]. These cognitive functions work in con-
junction with visuospatial abilities, which make it pos-
sible to identify stimuli necessary for movement, depth 
perception, and environmental navigation [3]. These 
cognitive abilities are essential for individuals to carry 
out their routine tasks and maintain normal function-
ing in their environment. Everyday life tasks and routines 
are called activities of daily living (ADLs) and are essen-
tial for self-care and independence [4]. They can be clas-
sified into two subgroups: basic activities of daily living 
(bADL) and instrumental activities (iADL) [5]. Personal 
care activities such as bathing, dressing, toileting, and 
functional mobility (the ability to move from one place 
to another) are in the bADL group [6]. Instrumental 
activities are based on more complex skills that require 
multiple cognitive processes, such as food preparation, 
medication management, and financial management.

According to the American Occupational Therapy 
Association (AOTA), there are 11 iADLs that are more 
complex and, as such, may present a challenge for some 
older adults [7]. These include tasks such as (i) care of 
others; (ii) care of pets and animals; (iii) child rearing; (iv) 
communication management; (v) driving and community 
mobility; (vi) financial management; (vii) home estab-
lishment and management; (viii) meal preparation and 
cleanup; (ix) religious and spiritual expression; (x) safety 
and emergency maintenance; and (xi) shopping [7]. A 
decrease in the ability to perform iADLs is linked to the 
initiation of cognitive decline, which can be a component 
of the natural aging process. The decline in iADL perfor-
mance becomes increasingly noticeable as MCI emerges 
and becomes even more pronounced in cases of demen-
tia [8–10]. As the world’s population ages, the incidence 
of dementia increases, a term that encompasses a variety 
of clinical diagnoses, including Alzheimer’s disease (AD), 
Parkinson’s disease, vascular dementia (VaD), frontotem-
poral dementia (FTD), Huntington’s disease and Lewy 
Body Dementia (LBD), each with their own causes and 
specific risk factors. As pointed out by Iribarnea et  al., 
[11] AD is the most common cause of dementia, account-
ing for 80% of cases in people over 65 years of age, fol-
lowed by VaD, FTD and LBD. Zhang et al. [12] pointed 
out in their review that Mild AD is the leading cause of 

dementia, accounting for 50–70% of cases. In another 
study, Iadecola et  al. [13] highlighted that although 
AD prevails as the leading cause of clinically diagnosed 
dementia in Western countries, VaD might be more 
prevalent in East Asia. Furthermore, several vascular fac-
tors emerge as important factors in the pathogenesis and 
clinical manifestation of AD [14].

Alzheimer’s disease is believed to be linked to an 
abnormal buildup of proteins in the brain, such as beta-
amyloid and tau protein, which leads to degeneration of 
brain cells [15]. This disease progresses in stages, begin-
ning with the impairment of episodic memory, followed 
by deficits in areas such as semantics and attention, and 
later, with deficits in visuospatial and auditory-verbal 
memory [16]. The increase in the prevalence of neuro-
degenerative diseases, such as Alzheimer’s disease, has 
become a global phenomenon. In 2019, more than 50 
million people worldwide were estimated to be living 
with dementia, and this number is expected to increase 
to 150 million by 2050, posing a significant burden on 
healthcare systems and society in general [17].

Given the increasing prevalence of neurocognitive dis-
orders, interventions to improve cognitive functions and 
iADL are of great importance [18]. These interventions 
include cognitive training (CTR), which focuses on the 
systematic practice of specific tasks to improve cognitive 
performance [19]; cognitive rehabilitation (CRE), which 
addresses specific cognitive difficulties through compen-
satory and adaptive strategies [20]; and cognitive stimu-
lation (CST), which involves participation in a variety of 
cognitive and social activities to maintain and improve 
overall cognitive functioning [21]. Paper-and-pencil 
therapies represent traditional cognitive treatments that 
have been used for several decades to address cognitive 
deficits in older adults. Although they are beneficial and 
clinically validated, they present difficulties in maintain-
ing patient motivation and adherence to these processes 
[22]. In addition, the lack of ecological proposals in clini-
cal neuropsychology interventions has been criticized 
because they do not always reflect the actual functional 
performance of the individual [23]. Ecological validity is 
used in this context to express generalizability (the level 
to which the findings of an evaluation relate to and/or 
predict behaviors beyond the testing environment) and 
representativeness (the plausibility or degree to which 
the evaluations resemble situations of daily life in which 
such behaviors will be necessary) [24].

by further studies with larger and more homogeneous samples and longer follow‑up periods. This review had no pri‑
mary funding source and was registered with PROSPERO under registration ID: 375166.

Keywords iADL, Mild cognitive impairment, Cognitive rehabilitation, Cognitive functions, Older adults, Virtual reality
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VR has emerged as a potentially valuable tool in the 
field of cognitive intervention, offering real and eco-
logically valid demands to stimulate neuroplasticity and 
enhance regenerative processes, as established by Mag-
gio et al. [25]. In this sense, neuroplasticity refers to the 
brain’s ability to change and adapt in response to environ-
mental experiences and stimuli [26]. Stimulation of these 
areas can strengthen neural connections and improve 
information processing capacity, which can lead to 
improvements in cognitive performance and the ability 
to perform iADLs. Therefore, understanding neuroplas-
ticity is essential to explain how behavioral interventions 
and VR can improve cognitive functions in older adults 
with cognitive impairment. Shah et al. [27] mention that 
cognitive training can stimulate neuroplasticity, thus 
increasing cognitive reserve.

The existing literature suggests that VR could be ben-
eficial in the evaluation and intervention of dementia 
and MCI [28]. Skurla et  al. [29] investigated the rela-
tionship between VR and mental health in older adults 
and mentioned that it can be used as a training tool, 
although there are still areas for potential improvement. 
Coyle et  al. [30] presented a systematic review show-
ing that computerized and VR training had consistent 
improvements in attention, executive function, memory 
(visual and verbal), and memory strategy. There were also 
favorable psychological effects, including a reduction in 
depressive symptoms and anxiety. Papaioannou et al. [31] 
reviewed the efficacy and moderators of VR for cogni-
tive training in people with dementia and mild cognitive 
impairment, suggesting that VR is an effective treatment 
in this population. Maggio et al. [28] presented a scoping 
review that highlighted the opportunities and challenges 
in the implementation of VR technology. They empha-
sized the possibility of increasing motivation and partici-
pation, which could improve the effects of conventional 
therapies. Likewise, Yu et al. [32] investigated the use of 
virtual and augmented reality technologies in neuropsy-
chological rehabilitation and underlined the potential of 
these technologies to improve quality of life and cogni-
tive performance in older adults.

It is important to mention that VR can come in differ-
ent degrees of immersion, such as non-immersive, semi-
immersive, and fully immersive. At the non-immersive 
level, virtual environments are presented from a con-
ventional computer, and users control their interaction 
through devices such as joysticks or other controllers 
[33]. There is an intermediate category of VR known as 
semi-immersive VR, where users interact with the vir-
tual environment, but are still aware of their surround-
ing physical environment. Although perception of the 
real world is not completely blocked, semi-immer-
sive systems can offer an immersive experience with 

interactive features [34]. This type of VR can come with 
more sophisticated graphics and larger flat screens or 
a large screen projector [35], although we can also find 
the use of the IREX system, which combines a monitor, 
video camera, virtual objects, and data gloves to recog-
nize the movement of patients [36]. On the other hand, 
fully immersive VR allows users to experience a simu-
lated reality in an immersive way, giving them the feeling 
of living inside the virtual world [37]. Fully immersive VR 
systems can include projections on surrounding physi-
cal surfaces or even head-mounted displays (HMDs) that 
completely immerse the user in the virtual environment, 
achieving a high degree of immersion [38].

However, excessive use of HMD can lead to unwanted 
effects, including visual disturbances, disorientation, 
postural instability, nausea, headache, and postural dis-
comfort, among others [39]. These effects are explained 
by conflicts in sensory and spatial integration. In the way 
virtual environments are designed, there is often a mis-
match between the visual system, the vestibular system, 
and the individual’s movement or posture system. The 
user receives visual signals of movement, while their ves-
tibular system indicates that there is no change in pos-
ture or actual movement. When the individual cannot 
quickly integrate this information, which differs from 
his or her experience in the real world (even if it is simu-
lated), discomfort and physiological problems may arise. 
Furthermore, the lack of synchronization between vir-
tual images, motion detection through the helmet and 
integration with corresponding visual feedback can lead 
to orientation problems and dizziness [40]. Importantly, 
when users have health problems, such as a history of 
epileptic seizures, the risk of adverse effects increases sig-
nificantly. Therefore, it is essential to evaluate the health 
history of participants before including them in an inter-
vention that involves the use of VR.

The review carried out by Corregidor-Sánchez et  al. 
[41] analyzed the effectiveness of virtual systems (not 
specifically ADL-based interventions) in improving the 
performance of older people in carrying out their daily 
activities. They analyzed 23 studies and found a slight 
improvement effect on iADL, although not significant. It 
is also mentioned that the quality of the evidence from 
these studies is very low, and therefore, their true contri-
bution is uncertain, motivating the development of stud-
ies with higher quality and methodological rigor. Kurz 
did something similar, dividing VR applications into three 
categories: stimulation, training, and cognitive reha-
bilitation [42]. He concluded that further randomized 
controlled trials (RCTs) are needed to validate delayed 
cognitive decline and its positive influence on ADLs and 
quality of life. On the other hand, in the review carried 
out by Romero-Ayuso et  al. [43], VR applications based 
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on iADL were used in cognitive screening and assess-
ment. The authors highlighted several key advantages of 
VR, including its cost-effectiveness, safety features, abil-
ity to authentically replicate real-world scenarios (ecolog-
ical validity), versatility in addressing diverse conditions, 
and the convenience it offers in terms of seamless data 
collection and scoring [44].

Although there are challenges and limitations associ-
ated with VR, its use in interventions could significantly 
improve the quality of life for affected individuals and 
their caregivers. The literature search did not identify any 
previous reviews that specifically focused on the analysis 
of VR applications that simulate activities of daily liv-
ing in interventions for older adults with degenerative 
cognitive disorders. Given the importance of iADL for 
older adults and the need to find effective interventions 
to maintain and improve their cognitive functions, it is 
relevant to address this research topic. The purpose of 
this systematic review is to synthesize existing evidence 
regarding the effectiveness of cognitive intervention 
strategies that use VR to simulate iADL for interven-
tion in healthy older adults, those with MCI, or those 
with dementia. We hypothesize that continuous training 
with iADL-based VR applications will have a satisfactory 
effect on improving comprehensive cognitive function. 
As secondary objectives and considering the knowledge 
acquired in this review, we will seek to provide guidelines 
or instructions for clinical practice and the implications 
that this review may have in future research, indicating 
where future research on iADL based on VR should be 
directed.

Methods
Search strategy
One of the authors (JB) conducted a systematic com-
puterized search in the electronic databases: Scopus, 
PubMed, IEEE Xplore, Web of Science, and APA Psyc-
Net. The keywords and search syntax were adapted to 
the characteristics of each database. The exact search 
terms are included in Additional file 1: Annex 1. A com-
prehensive search of the English-language literature was 
performed, and the range of years was considered from 
inception to April 20, 2023. This review was registered in 
PROSPERO (Registration ID: 375166).

Inclusion criteria
Studies were included if they a) were original peer-
reviewed articles, including controlled studies or single-
group studies; b) involved an iADL-VR intervention for 
training, rehabilitation, and/or stimulation of cognitive 
functions; c) had at least one outcome measure related to 
the clinical effects obtained after the intervention; and d) 
were published in English.

Regarding VR systems, all types were admitted; how-
ever, immersive, semi-immersive, and non-immersive 
systems were differentiated. According to the literature, 
applications based on immersive VR systems could have 
greater ecological validity [45, 46]. There were no restric-
tions on the age, sex, years of formal education, dropouts, 
or nationality of the selected study participants. There 
were no limitations regarding the program’s administra-
tion, frequency, duration, intensity or sessions. For inter-
ventions that included an experimental group (EG) using 
VR and a control group (CG), both active (ACG) (other 
interventions) and passive (PCG) (no procedure) controls 
were included.

Exclusion criteria
We established the following exclusion criteria for 
study selection: a) studies solely focused on theoretical, 
descriptive, or qualitative research without providing any 
type of intervention; b) studies focused solely on motor 
rehabilitation or if they aimed at cognitive-motor rehabil-
itation; c) studies that considered cognitive disorders that 
are not degenerative in nature, such as stroke or trau-
matic brain injury (TBI); d) studies involving cognitive 
screening or diagnosis; e) interventions not aimed at cog-
nitive training and rehabilitation; f ) studies not involving 
the use of VR or not including ADLs in the intervention; 
and g) any type of review, including both systematic and 
narrative reviews, as well as meta-analyses.

Data extraction
Data from the included articles were extracted by two 
reviewers (JB and JV-A) who worked independently. The 
general characteristics and results of the studies were 
recorded, including the author’s name, the year of publi-
cation, the study design, the type of intervention and VR 
applied, the task or place simulated virtually, the dura-
tion of the intervention, main results, and conclusions. 
Regarding the demographic characteristics of the partici-
pants in the different studies, the following variables were 
recorded: sample size, mean age and standard deviation, 
sex, years of formal education, neurological diagnosis, 
number of dropouts, and the city and country where the 
intervention took place.

Methodological quality assessment
Authors JB and JV-A assessed the methodological qual-
ity of the controlled studies using the Physiotherapy 
Evidence Database (PEDro) rating scale [47]. Any disa-
greement between the two reviewers about the methodo-
logical quality of the studies was resolved by consensus 
with the help of a third reviewer (GP-N). The PEDro 
scale consists of 11 items for evaluating the methodo-
logical quality of a study, although one of them (eligibility 
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criteria item) does not contribute to the total score [47]. 
A score of 1 is obtained if the criterion is satisfied. There-
fore, the PEDro total score ranges from 0 to 10, and the 
higher the score is, the better the methodological quality 
of the clinical trial. The PEDro scale was chosen based on 
its reliability, validity, and ease of use for evaluating ran-
domized clinical trials and other controlled study designs 
in cognition-related interventions [48]. A PEDro score of 
9–10 is considered “excellent,” 6–8 as “good”, and 4–5 as 
“fair”, whereas any score below 4 indicates a “poor” qual-
ity study [49].

Results
Data synthesis
The initial search yielded a total of 5568 articles from 
five databases. After removing 1779 duplicates, 3782 
abstracts were further examined, and 3830 articles 
were excluded. Three hundred twenty-one articles were 
selected for full-text reading. After excluding 301 that 
met the eligibility criteria, 19 articles were included in 
the final review. The study selection process was con-
ducted taking into account the PRISMA guidelines [50], 
and its results are summarized in Fig. 1.

Fig. 1 Consort diagram of study selection
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Methodological quality assessment
The PEDro scores for all controlled trials studies are pre-
sented in Table 1. They are not yet available in the PEDro 
database [47], so we had to evaluate them. Their final 
score was obtained by consensus between the authors. 
The twelve assessed studies ranged from 4 to 8 (out of 
10), with an average score of 6.16 ± 1.14, which suggests 
that the included studies were of “good” methodological 
quality. The eligibility criteria were satisfied in all of the 
studies except that of Yamaguchi et al. [51]. All the stud-
ies included in our review satisfied the baseline compara-
bility criteria. However, it is worth noting that, due to the 
nature of VR-based interventions, it can be challenging 
to apply some items of the PEDro scale, such as subject 
blinding and therapist blinding, as well as concealed allo-
cation. This last item was not fulfilled in any of the stud-
ies we reviewed. Therefore, we considered studies with 
PEDro scores of 4 or higher to be of reasonable quality in 
our review [52]. However, it is important to acknowledge 
that applying concealed allocation and other criteria of 
the PEDro scale in VR intervention studies can be inher-
ently challenging, and this should be considered when 
interpreting the results of our review and planning future 
research in this field.

Overview of interventions
Participant characteristics
A total of 590 participants across nineteen studies were 
included in this review. The study of Foloppe et  al. [53] 
considered only one person, whereas in Tarnanas et al.’s 
study [54], 105 people were included. The average num-
ber of participants per intervention was ≈ 31 (23). The 
age of the participants in all the studies was over 60 years, 
with an average age of 75.25 (5.55). A total of 165 men 
(28.01%) were included in the studies, on average ≈ 9 (9) 
per intervention and 424 women (71.99%), on average ≈ 
24 (16) per intervention. Regarding the years of formal 
education, five studies did not report any information 
[54–58]. Man et  al. [59] made a classification by years 
of study (0, 1–2, > 2) and Oliveira et  al. [60] classified 
people according to their educational level. In the rest 
(n = 12), there was an average of 8.5 (2.05) years of formal 
education.

Concerning the cognitive diagnosis, patients with MCI 
(n = 4) were included [54, 61–63]; AD or dementia (n = 6) 
[51, 55, 57, 58, 60, 64]; healthy (n = 2) [56, 65]; MCI and 
healthy (n = 2) [66, 67]; MCI and mild dementia (MD) 
(n = 1) [68]; probable AD (pAD) (n = 2) [53, 59]; AD, 
depression and healthy (n = 1) [69] and MCI and memory 
deficit (n = 1) [70]. In (n = 8) [54, 57, 60, 61, 66–68, 70], 
dropouts were reported. Table 2 summarizes the demo-
graphic characteristics of the participants for each of the 

included studies. For each study, the following are shown: 
the authors and year of publication, the size of the sample 
and that of the experimental and/or control groups, the 
participant diagnosis, age, gender, years of formal educa-
tion, number of dropouts, and the city and country where 
the intervention took place.

Characteristics of interventions
Of the 19 studies in our review, one case study, six 
pilots, six clinical trials, and 6 randomized controlled 
trials (RCTs) were identified. The case study provided 
a detailed view of a specific case [53], while the pilots 
offered preliminary information on the effectiveness and 
feasibility of VR interventions in iADL [51, 55, 57, 58, 
63, 68]. Clinical trials (CTs) evaluated the effectiveness 
in larger groups of participants [56, 64–67, 69], and the 
RCTs provided methodological rigor by randomly assign-
ing participants to intervention and control groups [54, 
59–62, 70].

In one study [62], a passive control group (PCG) was 
used. Seven studies [56, 58–61, 63, 70] used an active 
control group (ACG). Tarnanas et  al. [54] used both 
a PCG and an ACG. Ten studies [51, 53, 55, 57, 64–69] 
involved only virtual therapy.

a) Intervention type. Regarding the type of interven-
tion, three groups were identified: cognitive training 
(CTR), cognitive rehabilitation (CRE), and cognitive 
stimulation (CST). Thirteen studies [57–59, 61–64, 
66–70] presented a CTR intervention. Two studies 
[53, 55] described that their interventions are within 
the CRE. Four studies [54, 56, 60, 65] carried out a 
CST, and in [51], a relearning program was imple-
mented. Eleven interventions [51, 53–55, 57, 58, 62, 
66–68, 70] simulated a single task, while the others 
simulated multitasking.

b) Cognitive domain. A total of 32 different cogni-
tive domains were identified across the 19 studies 
included in this review. Of these, 12 studies focused 
on executive functions [54–56, 60–63, 65–68, 70], 10 
on attention [53–56, 62, 63, 65–68], and 8 on visuos-
patial processing [54, 57, 61, 62, 64, 67, 69, 70]. Other 
domains evaluated included memory (n = 6) [53, 54, 
66–69], iADLs (n = 6) [53, 56, 60, 62, 64, 70], general 
or global cognition (n = 5) [56, 60, 64, 68, 70], verbal 
memory (n = 4) [61, 63, 64, 70], and working memory 
(n = 4) [55, 56, 63, 65].

c) Simulated task. VR applications that simulated 
iADLs were highly heterogeneous. Five studies [62, 
66–69] simulated purchases in a store/supermarket. 
In two studies [58, 63], VR tasks were performed in 
an apartment. One study implemented kitchen tasks 
[51], and Foloppe et al. [53] alternated between a real 
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kitchen and a virtual kitchen. A driving simulator 
was described in [57], a museum in [54], and audi-
tory training in everyday places in [70]. There are also 
combined tasks (kitchen and apartment) [59], virtual 
supermarket, kitchen and apartment [55], and vari-
ous tasks (including supermarket and kitchen tasks) 
in five studies [56, 60, 61, 64, 65].

d) Level of immersion. Regarding the levels of immer-
sion with which VR is applied, seven studies [57, 61, 
63, 66–68, 70] used immersive environments, while 
in the rest of the studies, tasks were performed in 
non-immersive environments [51, 53–56, 58–60, 62, 
64, 65, 69]. One of the negative effects that immersive 
virtual environments can produce is cybersickness, 

Table 2 Characteristics of the participants of the included studies

H: Healthy, Dt: Dementia, pAD: Probable Alzheimer’s Disease, Dp: Depression, sCD: Subjective Cognitive Impairment, Un: Below than primary school, Pri: Primary 
education, DNM: Does not mention, Mdf: Memory deficit, SD: standard deviation, Sec: Secondary Education

Authors and year 
of publication

Sample (n) Diagnosis Mean Age 
(Years) (SD)

Male/Female Years of study 
(Years) (SD)

Dropouts City, Country

Foloppe et al. 
(2018) [53]

1 pAD 79 0/1 6 DNM Angers, France

Schreiber et al. 
(1999) [58]

14 (EG: 7; ACG: 7) AD EG: 80.86 (4.6); 
ACG: 78.86 (6.72)

EG: 2/5; ACG: 1/6 DNM DNM Düsseldorf, 
Germany

Zhu et al. (2022) 
[68]

31 (MCI: 18; MD: 
13)

MCI, MD MCI: 82.94 (6.44); 
MD: 85.76 (4.67)

MCI: 6/12; MD: 
3/10

MCI: 11.00 (3.97); 
MD: 11.23 (4.71)

4 (MD: 1; MCI: 3) Hong Kong, China

Man et al. (2012) 
[59]

44 (EG: 20; ACG: 
24)

pAD EG: 80.30 (1.21); 
ACG: 80.28 (1.31)

EG: 3/17; ACG: 
2/22

EG: Un: 16; 1 year: 
2; more: 2; ACG: 
Un: 14; 1 year: 4; 
more: 6

DNM Hong Kong, China

Panerai et al. 
(2021) [64]

42 (EG. 24; AGC: 
18)

AD EG: 68.5; ACG: 64.0 EG: 13/11; ACG: 
6/12

EG: 8; ACG: 8 DNM Troina, Italy

Masoumzadeh 
et al. (2020) [57]

10 (H: 2; MCI: 4; 
AD: 4)

Dt H: 85 (6); MCI: 79 
(10.5); AD: 69 (7.1)

3/7 DNM 1 (H) Winnipeg, Canada

Fasilis et al. (2018) 
[55]

10 Dt 73.6 DNM DNM DNM Athens, Greek

Hofmann et al. 
(2003) [69]

28 (AD: 9; D: 9; 
H: 10)

AD, Dp AD: 68.1 (14.7); D: 
67.3 (9.4); H: 69.3 
(5.8)

AD: 2/7; D: 2/7; 
H: 3/7

AD: 11.9 (5.4); D: 
12.0 (5.7); H: 12.1 
(5.2)

DNM Basel, Switzerland

Kang et al. (2021) 
[61]

41 (EG: 23; PCG: 
18)

sCD, MCI EG: 75.48 (4.67); 
PCG: 73.28 (6.96)

EG: 6/17; PCG: 
6/12

EG: 7.7 (4.1); PCG: 
8.56 (4.83)

4 (EG: 2; PCG: 2) Incheon, South 
Korea

Yamaguchi et al. 
(2012) [51]

4 (AD: 2; H: 2) AD AD: 78.5; H: 82.5 AD: 0/2; H: 1/1 8 DNM Angers, France

Park (2022) [62] 32 (EG: 16; PCG: 
16)

MCI EG: 72.3 (5.13); 
PCG: 70.9 (4.51)

EG: 9/7; PCG: 6/10 EG: 7.56 (3.93);
PCG: 7.50 (2.89)

DNM Asan, South Korea

Maeng et al. 
(2021) [66]

47 (MCI: 24; H: 23) MCI, H MCI: 73.2 (7.3); H: 
71.6 (4.4)

MCI: 8/23; H: 3/22) MCI: 9.5 (4.7); H: 
8.9 (3.4)

9 (MCI: 7; H: 2) Incheon, South 
Korea

Kim et al. (2021) 
[67]

44 (MCI: 22; H: 22) MCI, H MCI: 74.23 (7.5); H: 
71.45 (3.95)

MCI: 5/17; H: 2/20 MCI: 8.68 (4.61); H: 
8.91 (3.16)

11 (MCI: 9; H: 2) Incheon, South 
Korea

Park et al. (2019) 
[63]

21 (EG: 10; ACG: 
11)

MCI EG: 70.5 (4.2); ACG: 
72.6 (5.3)

EG: 2/8; ACG: 2/9 EG: 7.09 (3.36); 
ACG: 7.09 (3.36)

DNM Daegu, South 
Korea

Gamito et al. 
(2019) [65]

25 H 74 (5.27) 4/21 6 (2.42) DNM Benfica, Portugal

Gamito et al. 
(2020) [56]

43 H 75 (5.43) 9/34 DNM DNM Lisbon, Portugal

Optale et al. 
(2010) [70]

31 (EG: 15; ACG: 
16)

MCI y Mdf EG: 78.5 (10.9); 
ACG: 81.6 (5)

EG: 5/10; ACG: 
5/11

EG: 5.3 (2.4); ACG: 
6 (3.5)

5 (EG: 3; ACG: 2) Venetia, Italy

Tarnanas et al. 
(2014) [54]

105 (EG: 32; ACG: 
39; PCG: 34)

MCI EG: 70.5; ACG: 
69.7; PGC: 70.9

EG: 12/20; ACG: 
16/23; PCG: 13/21

DNM 9 (EG: 7; PCG: 2) Kozani, Greek,

Oliveira et al. 
(2021) [60]

17 (EG: 10; PCG: 7) AD 83.24 (5.66) EG: 3/7; EG: 2/5 EG: Un: 2, Pri: 6, 
Sec or more: 2; 
CG: Un: 0, Pri: 5, 
Sec or more: 2

EG: 1 Lisbon, Portugal
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which includes dizziness, disorientation, headaches, 
eye pain, and other related pain. Four studies [57, 
61, 66, 68] reported the presence of these symptoms 
(mostly mild).

e) Number of sessions and duration. The average num-
ber of sessions was 17.6 (14.74), with a minimum of 
2 [51] and a maximum of 60 [70]. One intervention 
[64] was conducted in group sessions (with 5 par-
ticipants), and in the study of Park [62], it is unclear 
whether it was individual or group-based. The dura-
tion of each session was not mentioned in the study 
of Hofmann et al. [69], resulting in an average session 
time of 12.81 (13.79) hours per person on average. 
Regarding the type of VR applied, the duration of the 
sessions in interventions with immersive VR ranged 
from 20/30  min to 50/60  min. Interventions with 
non-immersive VR had a duration ranging between 
30 and 90 min. The interventions ranged from a min-
imum of 3 [51] and 4 [61] hours, to a maximum of 
60  h [54]. Interventions lasting less than 10  h were 
proposed in eleven studies [51, 56–61, 63, 65–67], 
while four studies [53, 55, 62, 64] used between 10 
and 19 h, and three studies [54, 68, 70] used 20 h or 
more. Medication use (pharmacotherapy) during the 
intervention was reported in three studies [61, 64, 
69]. Follow-up or maintenance evaluations were not 
performed in 18 studies, while in [53], two follow-up 
assessments were conducted (at one month and six 
months later), and Hofmann et al. [69] conducted a 
follow-up after three weeks.

f ) Administrators of the interventions. Occupational 
therapists administered the intervention in eight 
studies [51, 53, 58, 59, 62, 63, 66, 70]. In five studies, 
the treatment was administered by a clinical psy-
chologist [54, 56, 64, 65, 68], whereas in two studies, 
a clinical neuropsychologist was responsible [60, 61] 
Finally, four studies did not mention who conducted 
the intervention [55, 57, 67, 69].

g) Country. South Korea had the most interventions 
(n = 5) [61–63, 66, 67], followed by Portugal (n = 3) 
[56, 60, 65]. Other countries, such as France [51, 53], 
Greece [54, 55], Italy [64, 70] and China [59, 68], con-
tributed two studies each. Canada [57], Germany [58] 
and Switzerland [69] contributed one study each.

Table 3 shows the main characteristics of the interven-
tions, including who administered the interventions, the 
design, type of intervention and level of immersion, vir-
tually simulated place, duration of treatment, outcome 
measurements, main findings, and conclusions. Since 
some tasks (e.g. supermarket) can include different sub-
tasks, we also include in Table  4 all the subtasks corre-
sponding to these high-level activities.

Discussion
This systematic review focused on evaluating the use 
of VR as a therapy in cognitively healthy older adults 
and those with cognitive disorders, specifically, MCI 
and different types of dementia, which are degenera-
tive processes that gradually evolve over time. The rea-
son for including healthy older adults was to provide a 
comprehensive perspective of the impact of virtual real-
ity on both normal and pathological cognitive aging. 
This review brings important evidence about iADL-VR 
applications that report improvement in the cognitive 
domains involved in these activities and even in moti-
vational and behavioral aspects. Previous studies have 
already reported moderate to large improvements in 
global cognition, memory, and executive function in VR 
interventions [31]. Furthermore, VR has been found to 
promote the reactivation of some areas of the cortex by 
boosting the processes of neuroplasticity, language, exec-
utive function, short-term and working memory, atten-
tion, movement, and balance [28]. According to Vallejo 
et al. [71], studies that also simulate everyday tasks could 
have a greater effect on executive functions, prospective 
memory, and retrospective memory.

Cognitive improvement
Virtual environments that simulate activities of iADL 
can increase ecological validity and have positive effects 
on general cognitive function [68] and learning new 
information [66]. In the context of aging, tasks related 
to shopping maintain and improve independent daily 
functioning, planning, and problem-solving abilities [45]. 
These tasks are more complex and require participants to 
plan, organize, problem-solving, and multitask in a spa-
tial and visual context, making them particularly relevant 
for autonomous daily living [72]. The review included 
studies that reported shopping, food preparation, and 
cleaning as the most common iADL performed by older 
adults. However, some complex iADLs were not consid-
ered in the interventions, possibly because they require 
more skill or resources [73]. Gamito et al. [56] simulated 
several ADLs and found a 14% improvement in global 
cognition in the intervention group, while Foloppe et al. 
[53] reported greater autonomy and reduced need for 
instructions.

Increased retention of visual-figurative material [58], 
general memory [68], visuospatial memory [56, 57, 63] 
and working memory [57, 63] has been identified. Addi-
tionally, improvements have been observed in executive 
functions [57, 68], retention, rigid thinking [55], cogni-
tive flexibility [66], attention [68] and specifically selec-
tive attention (shopping list in a virtual supermarket) 
[66]. Improvements have also been reported in total 
and episodic encoding, total and directed recall [59, 61], 
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constructive recall [63], verbal learning [57, 70] and pho-
netic fluency [61]. With regard to the transfer of knowl-
edge to real life and even to other ADLs, several scales 
have been used, such as the Lawton scale [74], which 
was the most commonly used in the reviewed studies. It 
is worth mentioning that this scale uses a questionnaire 
rather than performance observation, which could lead 
to overestimation or underestimation of a skill. However, 
the cognitive domains developed in the different inter-
ventions are necessary for the functional development 
of ADLs. For example, the cognitive, visual-perceptual 
processing, and attention that were developed in simu-
lated household tasks in the work of Fasilis et al. [55], or 
the improvements in cognitive flexibility, attention, and 
memory achieved by participants in the work of Gamito 
et al. [63]. A recent meta-analysis concluded that cogni-
tive training achieves little transfer to functions that have 
not been trained [75].

Regarding performance on the different memory tasks 
included in the review, most research emphasizes that 
cognitively healthy individuals perform better [27, 76], 
followed by those with mild cognitive impairment [30, 
77, 78], due to the typical learning difficulties associated 
with the disease [64]. For example, in virtual supermar-
ket tasks, it was shown that patients with AD have worse 
performance and longer execution times [69], which are 
frequent in patients with neurological problems when 
executing ADLs [79]. In line with the meta-analysis of 
Kim et al. [80], the positive effects of VR are more notice-
able in people with cognitive impairments. It has also 
been mentioned that VR could promote the activation 
of the intuitive system and the transfer of knowledge to 
another context but in the early stages of Alzheimer’s 
disease [64]. This was also confirmed by Hofmann et al. 
[69], where AD patients reduced errors as the train-
ing program progressed. It is important to note that the 
effectiveness ceiling may be a factor to consider in ana-
lyzing the results, especially in improving specific cogni-
tive tasks already at high levels in the target population. 
Further studies are needed to assess whether there are 
significant differences in cognitive improvement between 
healthy individuals and those diagnosed with a cognitive 
disorder.

Level of immersion in VR
The level of immersion in VR interventions for mem-
ory training remains a topic of debate. In our review, 
almost half of the interventions were immersive, and 
almost all were developed within the last four years. 
This contrasts with the review conducted by Kim et al. 
in 2019, which included only one immersive study [80]. 
The authors concluded that semi-immersive technol-
ogy was more effective than fully immersive technology 

based on the effect sizes of the different studies. How-
ever, the low presence of interventions with immersive 
systems makes it difficult to generalize these findings 
to the present day, where the technology is further 
developed. Regarding performance in memory tasks, 
studies such as that of Krokos et  al. [81] and Huttner 
et al. [82] reported better results using immersive envi-
ronments compared to non-immersive ones. However, 
both Maidenbaum et al. [83] and Varela-Aldás et al. [9] 
found no significant differences in spatial memory per-
formance between using a standard computer screen 
and a VR device (HMD). These results indicate that, 
to date, findings are inconclusive; therefore, there is 
a need for future research in this constantly evolving 
field.

VR immersion provides a distraction-free environment 
for participants to focus on completing the activity [70]. 
Additionally, a purely immersive environment provides a 
playful aspect that can motivate patients to participate in 
training [84]. When designing VR interventions, the rela-
tionship between presence and immersion in virtual envi-
ronments should be considered. Immersion, understood 
as the feeling of “being inside” the virtual environment, 
measures how much a user feels involved in the environ-
ment. On the other hand, presence refers to the percep-
tion of “being there” in the virtual environment. Several 
studies have shown that immersion is closely related to 
presence, i.e., the more immersive the experience is, the 
more presence the user experiences [85, 86]. It has been 
suggested that high levels of presence, related to the level 
of immersion, explain the effectiveness of training in vir-
tual environments [46]. VR has a high potential to help 
people overcome mental health problems if high levels 
of presence are achieved in  situations that capture their 
attention, as described in [87].

Patients with impaired cognitive functions may have 
a different sense of presence in virtual experiences than 
healthy people. Low immersion in a VR application was 
identified as one of the reasons for not obtaining signifi-
cant improvements in AD patients in one of the stud-
ies included in this review [60]. However, the effect of 
immersion on training outcomes may be weak, as no 
differences in presence were observed between healthy 
and MCI groups in the virtual supermarket training con-
ducted by Maeng et al. [66]. This agrees with what Wit-
mer and Singer expressed [88]; a weak but consistent 
positive relationship exists between presence and task 
performance in VEs. Considering Howard’s model [89], 
in VR, presence can increase users’ autonomous moti-
vation by making tasks more meaningful and satisfy-
ing, which, in turn, can increase their engagement with 
the activity. Despite this, more studies are still needed to 
demonstrate this and present commensurate results.
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Visual or auditory help messages have been identified 
to increase immersion in VR applications and improve 
iADLs [66, 68]. Auditory cues were provided in a virtual 
apartment training study [51], while visual cues such as 
arrows and landmarks were found to assist AD and MCI 
patients during navigation exercises in a virtual environ-
ment [90]. Written and/or verbal instructions have also 
been shown to be successful in patients with disorgani-
zation problems [91], and feedback through verbal rein-
forcement increases confidence during exercises [64] and 
motivates the participant [53]. In the study of Park et al. 
[63], several ADLs were simulated with mixed reality, to 
which sensory feedback and proprioception were added.

Immersive VR systems include head-mounted displays 
(HMDs) and hand controls that may cause discomfort to 
some participants. Non-immersive systems are less likely 
to cause discomfort in older adults [92], but some studies 
have reported difficulties using a computer mouse to per-
form cooking tasks in non-immersive VR interventions 
[51]. This is related to cybersickness, a potential prob-
lem with highly immersive VR interventions, as reported 
by Zhu et al. [68]. A usability test (SSQ) administered at 
the beginning of the experiment could help identify par-
ticipants with increased sensitivity and exclude them 
from the study [68]. Gradual increases in the duration 
and difficulty of VR training sessions have been recom-
mended to reduce the incidence of cybersickness [93, 
94]. According to the study of Kourtesis et  al. [95], the 
maximum duration for an immersive VR session should 
range between 55 and 70 min, to avoid experiencing VR-
induced symptoms and effects. The session duration of 
the studies included in our review did not exceed 60 min. 
No study reported adverse effects except the study of Zhu 
et al. [68]. In the study, although the duration of each ses-
sion was 30  min, eight participants had mild cybersick-
ness symptoms in the first 4 activities (measured via the 
Simulator Sickness Questionnaire [96]), but after the fifth 
intervention, there were no reports of simulator disease.

Nevertheless, strategies can be applied to mitigate these 
effects. For example, HMD manufacturers suggest tak-
ing short breaks to alleviate the effects of VR, although 
evidence supporting this recommendation is limited. 
The study of Szpak et al. [97] does not support the idea 
that short pauses are effective in mitigating after-effects, 
as participants reported that these pauses negatively 
affected their perceived performance in VR compared to 
longer continuous exposures. More research is needed to 
determine optimal break durations and improve training 
programs. Cargenie et al. [98] suggested modifying visual 
motion cues in VR environments. For example, by tilting 
visual content on the VR screen, users have to tilt their 
head and maintain proper viewing while interacting with 
the app. Haptic feedback, such as vibrations or haptic 

resistance, could be a consideration to improve interac-
tion and minimize these effects and even redesign HMDs 
depending on user needs[99].

Limitations
Based on the studies reviewed, VR interventions have the 
potential to improve cognitive function in people with 
mild cognitive impairment and dementia. However, there 
are several limitations to consider when interpreting 
the results. One limitation is the variability in the num-
ber of sessions, duration, and weekly frequency, making 
comparing results between studies difficult. In addition, 
the different instruments used to assess the cognitive 
domains in the studies also make it difficult to analyze 
and generalize the results.

Although the interventions have positive effects, they 
have not been reflected in significant changes in one of 
the most commonly used scales to assess iADLs, such as 
the Lawton scale [74]. However, this may be due to the 
low sensitivity of the test and the ceiling effect reported 
in other studies [64, 74, 100]. Additionally, long-term fol-
low-up studies to assess the lasting effects of these inter-
ventions are lacking. The few studies that have conducted 
follow-up evaluations, such as the study of Foloppe et al. 
[53], reported sustained effects up to 6 months after the 
intervention.

The studies reviewed included individuals with dif-
ferent diagnoses (MCI, MD, AD), which may affect the 
effectiveness of the interventions. Therefore, caution 
should be exercised when generalizing results to other 
populations. Despite these limitations, the evidence sug-
gests that VR interventions may be a promising tool for 
cognitive training in people with mild cognitive impair-
ments. Future studies with larger sample sizes, standard-
ized cognitive assessments, and longer follow-up periods 
are needed to further evaluate the effectiveness of these 
interventions.

Another limitation to be considered in VR interven-
tions for cognitive training is the need for more analysis 
of the type of motivation that interventions simulating 
iADLs generate in the participant. Howard’s Self-Deter-
mination Theory (SDT) [89] proposes that motivation 
to engage in a task can be autonomous or controlled. 
Autonomous motivation occurs when an individual feels 
that he or she has choices and personal relevance to the 
task, whereas controlled motivation is based on external 
pressure or rewards. Studies have shown that interven-
tions that align with autonomous motivation are more 
effective and have longer-lasting effects than those that 
rely on controlled motivation. Therefore, it is essential to 
design VR interventions that provide a sense of auton-
omy, choice, and personal relevance, such as those that 
allow users to select and customize tasks or goals.
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Implications for practice
The implications for the practice of VR interventions 
in cognitive rehabilitation are multifaceted. Motivat-
ing participants to engage in tasks is critical for suc-
cess, as previous studies have shown a high likelihood 
of dropout [66], possibly due to discomfort or a lack 
of openness to treatment [101]. It is also important to 
personalize and tailor interventions to each partici-
pant to increase satisfaction, quality of life, and affect 
[61] while reducing stress, depression, and apathy [61, 
68]. The involvement of caregivers is also crucial, as 
they can promote active participation during and after 
these types of interventions [53]. As previously men-
tioned, information on the efficacy of VR interventions 
is provided in Howard’s Self-Determination Theory 
(SDT) [89], as studies have shown that interventions 
that align with autonomous motivation, such as those 
that provide a sense of autonomy, choice, and personal 
relevance, are more effective and have longer-lasting 
effects than those that rely on controlled motivation 
[53]. Therefore, it is essential to promote and motivate 
participation, possibly through lectures and demon-
stration meetings, to reduce the number of dropouts 
and increase engagement [68].

Another noteworthy aspect is that occupational thera-
pists, psychologists, and clinical neuropsychologists per-
formed most of the interventions in the studies included 
in this review, ensuring that participants receive appro-
priate cues and corrections tailored to their clinical con-
dition and based on technical criteria. Although many 
VR-based applications do not require the intervention 
of a therapist or family member, studies have shown 
that satisfaction with cognitive function performance is 
higher with therapist guidance and accompaniment [59, 
102].

Postintervention evidence has demonstrated a likely 
direct transfer of knowledge to real-life settings, under-
scoring the potential benefits of VR-based interventions 
for improving activities of daily living [58]. However, it 
is important to note that transfer to other daily activi-
ties may not always be clear-cut [53]. The Lawton scale, 
which was used in several reviewed studies, has shown 
low sensitivity for assessing changes in ADLs. There-
fore, the use of other tests, such as the Bayer ADL scale 
(B-ADL) or the Interview for the Assessment of the 
Quality of Life in Dementia (QoL-AD), may be more 
appropriate for this purpose [103]. These scales show 
greater discrimination than the MMSE in diagnosing 
dementia in a population with low cultural status and are 
not influenced by age, education, sex, or country of origin 
[103]. In addition, the Pfeffer Functional Activities Ques-
tionnaire, which assesses each activity on a scale of 0 to 3, 
may allow greater sensitivity in assessing ADL changes.

Implications for research
As a common note to many of the reviews found in the 
literature, we insist on the need for studies of higher 
methodological quality (RCTs), together with an increase 
in sample size. There are studies [55, 104] that recom-
mend the use of a passive control group (PCG), since its 
absence does not allow evaluation of the true therapeutic 
effect of the variable throughout the period of training or 
clearly establish its feasibility, acceptability, and tolerabil-
ity [68]. On the other hand, other studies, such as that of 
Kang et al. [61], also recommend including an active con-
trol group (ACG) to help confirm the clinical efficacy of 
the intervention. We must also note the need for homo-
geneous outcome measures in the different studies to 
perform meta-analyses that give us a better quantitative 
measure of effect sizes. All this will undoubtedly provide 
us with more scientific evidence on the role of iADL-VR 
in cognition.

The neuropsychological tests used to evaluate the par-
ticipants in the studies have been very heterogeneous, 
and not all of them have focused on the measurement 
of EFs, which seem to play a crucial role in the correct 
performance of iADLs. For this reason, studies should 
use tests that measure cognitive improvements in EF. 
However, as Marino noted, it is difficult to perform an 
adequate neuropsychological evaluation of EFs due to the 
many functions and capacities involved [105]. That is why 
we recommend establishing adequate follow-up periods 
to determine if there is real transfer of knowledge of the 
skills learned within the experimental set-up. On the 
other hand, although the studies include a wide variety of 
measures related to cognition, such as functional mem-
ory, memory retention, attention, problem solving, exec-
utive functions and cognitive flexibility, spatial cognition, 
verbal memory, working memory, etc., they have not 
included measures for the evaluation of personality, soci-
oemotional functioning or adaptive behavior, just as the 
practice guidelines of the American Academy of Clinical 
Neuropsychology recommend [106]. According to these 
guidelines, assessments should also include measures to 
assess personality, social-emotional functioning, adaptive 
behavior, etc. Only Kang’s study [61] measured (as sec-
ondary outcomes) psychiatric symptoms such as affect, 
apathy, quality of life (QoL) and depression. Masoumza-
deh and Moussavi [57] also included measures of depres-
sion, showing a decreasing trend of the participants’ 
depression scores from baseline to post-intervention. 
Zhu’s evaluation [68] also found significant improve-
ments in perceived stress and depression in both groups 
at the end of the intervention. Different studies have pre-
viously demonstrated the effectiveness of this type of 
cognitive rehabilitation for improving mental health [107, 
108] and for relieving anxiety and depression [109].
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Something that the practice guidelines [106] suggest 
and that has not been done in the included studies, is the 
conduct of interviews with family members, especially 
in MCI or MD participants, to achieve a comprehensive 
neuropsychological evaluation. These interviews would 
also be of great importance when verifying the transfer 
of learned knowledge to real life, since many studies have 
reported that the effects of the intervention do not trans-
late into greater patient autonomy (based on measures 
such as the Lawton IADL scale, for example).

Another very interesting line is the development of 
interventions using VR applications (immersive or not) 
specifically focused on a certain cognitive disorder and 
thus verifying their effectiveness [63]. The development 
of iADL-VR applications is also proposed for the reha-
bilitation of other sudden cognitive disorders, such as 
the presence of a stroke or traumatic brain injury [110]. 
It has been verified in this systematic review that some-
times the applications designed are complicated for the 
groups with greater cognitive deterioration, for which we 
suggest that the pathology of the patients be taken into 
account, and tailor-made applications be carried out, 
considering both personal and clinical characteristics 
[64] to maximize the cost–benefit. For example, Maeng 
et al. [66] recommended that easy-to-operate devices and 
interfaces be developed to improve the usability level of 
applications. This ensures that the intervention focuses 
on cognitive stimulation, not sensorimotor or psycho-
sensometric coordination. Otsuka et  al. [111] showed 
that the adequate adjustment of the difficulty of the tasks 
and the motivational incentives reduces the frustration of 
patients with MD, contributing to the benefits of rehabili-
tation. Based on the -decomposition hypothesis-, all daily 
tasks are complex, but if they are broken down, they can 
be executed more easily [112]. Varela-Aldás et  al. [113] 
proposed some improvement ideas, especially for purely 
immersive systems, such as hand tracking incorporated 
in the most recent models of HMDs, to improve the usa-
bility and concentration of participants.

Regarding the participants’ level of education and per-
formance in the different memory tasks implemented, 
there is no clear evidence of a discernible relationship 
between them, in the different studies included in the 
review, so it seems reasonable to conduct studies fully 
focused on the effects that education can have on per-
formance on memory tasks. For example, in one of the 
works included in this review [65], no association was 
found between performance and education, perhaps 
because the population was healthy. Other studies that 
have implemented memory tasks in healthy people [9, 
114] did not find differences in performance based on 
the level of formal education either. Participants with 
more years of education are expected to have greater 

processing and conceptualization capacity since the vol-
ume of gray and white matter in the brain is greater [115]. 
In one of the studies included in this review [67], signifi-
cant differences were found with respect to education, 
taking into account the results of the Cognitive Reserve 
Index (CRQ) questionnaire. Those adults with a higher 
CRI-Education score improved more than those with 
lower CRI-Education (between pre- and post- interven-
tion). However, Man et al. [59] found evidence that those 
with less education and MD could benefit more from 
ADL training. This last idea is related to the study con-
ducted by Mondini et  al. [116], where the authors con-
cluded that those with low cognitive reserve can benefit 
more from rehabilitation. Other factors that may influ-
ence the neuropsychological evaluation process should 
also be taken into account. They include socioeconomic, 
cultural, linguistic or disability issues, among others 
[106]. For example, Tarnanas et al. [54] indicated in their 
study that interindividual genetic variability modulates 
the transfer of training to untrained tasks. Therefore, 
individual differences in cognitive training outcomes 
should be addressed in future works.

Although many studies affirmed that the use of VR con-
textualized in IADLs contributes to improving the moti-
vation of the participants and to retaining patients during 
the interventions, in none of them has an evaluation of 
motivation and effort been carried out. Failing that, the 
introduction of common sense methods to optimize the 
participant’s performance is interesting. In this sense, 
only one study [70] included activities (for both groups), 
such as reading/discussing newspapers and magazines, 
watching TV documentaries, and creative and painting 
workshops. The inclusion of such activities can minimize 
anxiety, physical discomfort, and other factors that may 
interfere with optimal motivation and effort [106].

It would also be convenient to incorporate the use of 
fMRI in these investigations to explore the neuronal 
plastic changes that can positively affect a person’s cog-
nition. The positive findings found by Optale et  al. [70] 
support the theories of plasticity in the neuronal system 
in patients with impaired cognitive functions. Similarly, 
there is evidence of these processes in cognitively healthy 
elderly individuals [117] and those with AD [118]. Fur-
thermore, multidomain training may be more effective in 
improving neuroplasticity mechanisms [119].

Finally, an aspect that can be analyzed and has not been 
considered so far deals with people’s social activity as an 
extension of an iADL (social participation) since these 
activities are also performed daily [9]. The study con-
ducted by Tomioka et al. [120] found a strong association 
between participation in social groups and the execution 
of iADLs independently by the participants. Perhaps the 
design of VR tasks based on this type of activity would 
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give us a new dimension on the path towards improving 
independence in performing these tasks [78].

Conclusions
In recent years, VR has gained popularity as a comple-
mentary intervention for treating cognitive impairment. 
Specifically, VR applications based on instrumental activ-
ities of daily living (iADL-VR) have emerged as a promis-
ing approach to train, rehabilitate, or stimulate cognitive 
functions in people with cognitive impairment, Alzhei-
mer’s disease, or healthy adults. This systematic review 
aimed to synthesize the effects of iADL-VR interventions 
on cognitive function in older adults and people with 
cognitive impairment. The results of this review indi-
cate that iADL-VR interventions have the potential to 
improve cognitive function, with almost all studies show-
ing improvements in some or all of the outcomes after 
the intervention, generally being greater in the iADL-VR 
group than in the control group.

Furthermore, the ecological component of these 
tasks makes them suitable for transferring what has 
been learned to the real world, emphasizing the poten-
tial benefits of these interventions for improving activi-
ties of daily living. However, further research with larger 
and more homogeneous samples and longer follow-up 
periods is needed to confirm the transferability of these 
interventions to the real world. The limitations of the 
current studies must be addressed in future research, 
including variability in the number of sessions, duration, 
and frequency of intervention, as well as the use of differ-
ent instruments for assessing cognitive domains. Future 
studies should also consider the potential role of factors 
such as motivation and autonomy support in enhancing 
the effectiveness of these interventions.

This systematic review highlights the potential of iADL-
VR interventions as a promising approach to cognitive 
rehabilitation, training, and stimulation in older adults 
and people with cognitive impairment. However, further 
research is needed to better understand the mechanisms 
underlying the efficacy of these interventions and opti-
mize the design and implementation of iADL-VR inter-
ventions to maximize their effectiveness.
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Non-invasive, non-pharmacological interventions utilizing virtual reality (VR)

represent a promising approach to enhancing cognitive function in patients with

degenerative cognitive disorders. Traditional “pen and paper” therapies often lack

the practical engagement in everyday activities that older individuals encounter

in their environment. These activities pose both cognitive and motor challenges,

underscoring the necessity of understanding the outcomes of such combined

interventions. This review aimed to assess the advantages of VR applications

that integrate cognitive-motor tasks, simulating instrumental activities of daily

living (iADLs). We systematically searched five databases–Scopus, Web of Science,

Springer Link, IEEE Xplore, and PubMed, from their inception until January

31, 2023. Our review revealed that motor movements, coupled with VR-

based cognitive-motor interventions, activate specific brain areas and foster

improvements in general cognition, executive function, attention, and memory.

VR applications that meld cognitive-motor tasks and simulate iADLs can offer

significant benefits to older adults. Enhanced cognitive and motor performance

can promote increased independence in daily activities, thereby contributing to

improved quality of life.

KEYWORDS

cognitive disorders, daily living, instrumental activities, motor intervention, virtual reality

1. Introduction

Human life expectancy has seen a significant increase in recent decades (van Leeuwen
et al., 2019). However, aging is accompanied by notable physical and cognitive changes that
necessitate consideration (Elliott et al., 2021). Emerging technologies, including artificial
intelligence, robotics, big data, telematics, and virtual and augmented reality, offer promising
tools in health sciences to enhance individuals’ quality of life (Palacios-Navarro et al., 2016;
Baig et al., 2019; Wildenbos et al., 2019; Hülür and Macdonald, 2020). VR systems have
been leveraged for diagnosing age-related diseases and abnormalities in older adults (Varela-
Aldás et al., 2022). Beyond diagnosis, VR has revolutionized therapeutic, training, and
rehabilitation processes by providing immersive three-dimensional experiences aimed at
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restoring or maintaining a wide range of cognitive functions often
compromised in older adults (Appel et al., 2020).

Executive functions (EF) are responsible for mental
manipulation of information, concept formation, problem
solving, and cue-directed behavior (Weintraub et al., 2012).
They entail advanced cognitive skills such as working memory,
inhibitory control, cognitive flexibility, planning, reasoning, and
problem-solving (Cristofori et al., 2019). Reduced performance of
these functions is quite evident when Mild Cognitive Impairment
(MCI) is already present. Alzheimer’s disease (AD) in its early
phase is particularly characterized by a diminished ability to
mentally manipulate information (Elosúa et al., 2021). EF, related
to working memory and attention, develop fully in adulthood and
have direct links to cognitive efficiency, knowledge acquisition,
academic performance, and autonomy (Baragash et al., 2022).

The reduction of autonomy generates problems in the person
as it limits their ability to carry out their activities of daily living
(ADL) (Tornero-Quiñones et al., 2020). EF interact with long-
term memory in the episodic buffer, enabling the retrieval of
previously learned information essential for problem-solving and
new information processing for long-term storage (Oosterman
et al., 2021). iADL demand greater effort from older adults,
requiring continuous problem-solving related to their self-care
(Cornelis et al., 2019). Key iADLs include meal preparation, budget
planning, basic mathematical operations, and transportation use,
necessitating active phonological loops to maintain auditory
information in consciousness for immediate use (Weintraub et al.,
2012). Patients with MCI or AD show significant impairments in
long-term memory, EF, and spatial orientation (Murman, 2015).

Older adults often face physical limitations due to reduced
motor and sensory system functionality (Khan et al., 2022),
complicating both self-care activities (basic ADL or bADL) and
mobility exercises such as walking, marching, or maintaining
balance (Osoba et al., 2019). Research indicates that aerobic
and balance physical training can increase muscle strength, thus
reducing falls (Sherrington et al., 2019). It is important to note
that while young and cognitively healthy adults generally do not
exhibit postural and gait control problems, older adults or those
with cognitive issues are vulnerable to cognitive distractions (dual
or additional tasks) that may compromise postural control (Zhang
et al., 2019). Studies like that of Sato (2017) have shown that
EF partly governs the motor and sensory system, meaning that
its malfunctioning is linked to falls. These findings underscore
the need for cognitive interventions that also incorporate physical
exercises, aiming for a comprehensive approach (Tromp et al.,
2015).

Conventional cognitive therapies, or "paper and pencil"
therapies, have long been used to treat cognitive impairments
in older adults. These cost-effective, easily accessible, and
clinically validated therapies include tabletop activities like puzzles,
wooden blocks, card games, and mazes (Bernini et al., 2019).
However, these therapies often struggle to assess patients’ cognitive
levels systematically and keep them engaged. Computer-based
cognitive interventions, on the other hand, have emerged as a
promising alternative, demonstrating effectiveness in improving
cognitive function in both healthy older adults and those with
neuropsychological disorders (Thapa et al., 2020; Zuschnegg
et al., 2023). Unlike conventional therapies, these computer-based
interventions are capable of systematically adjusting task difficulty

according to the individual’s cognitive level, offering a more
diverse and engaging range of programs and activities (Wollesen
et al., 2020). These interventions surpass static and straightforward
training, providing interactive and immersive experiences.

While computer-based cognitive interventions offer many
advantages, it is crucial to establish specific guidelines to assist
healthcare professionals in determining the appropriate activities
and clinical conditions for implementation (Goldstein and McNeil,
2012). Standardizing these guidelines can enhance the effectiveness
and efficiency of computer-based interventions in clinical practice.
Given the existing digital divide between younger and older adults,
it’s vital to consider how this might impact older individuals’ access
to modern technologies like VR. VR-based cognitive interventions,
leveraging advancements in information technology, have shown
great promise (Liao et al., 2020). While some older adults
have successfully used these technologies for social interaction
and cognitive enhancement (Gao et al., 2020), others may face
social exclusion due to a lack of necessary skills and equipment.
Addressing this digital divide is essential to ensure older individuals
can fully benefit from VR/AR-based interventions for cognitive
enhancement and overall wellbeing.

Research shows that VR can significantly enhance cognitive-
motor interventions in older adults (Kwan et al., 2021). For
instance, the study of Pichierri et al. (2012) incorporated
traditional physical exercise and dance video games into cognitive-
motor training. This dual-task exercise led to VR system users
taking quicker steps than the passive control group, potentially
preventing falls in real-life situations. Another study (Torpil
et al., 2021) featured various serious games, including activities
such as a boxing trainer, a running game controlled by jumping
and body movements, a penalty kick game, and a skydiving
game controlled by body and shoulder movements. The results
showed improvements in visuospatial perception, organization,
orientation, attention, and concentration compared to the control
group. The study of Cameirão et al. (2016) demonstrated
how mood and cognitive functioning can supplement physical
rehabilitation, as post-stroke participants had to locate a target
image within a set of 15 distractors for attention and memory
training.

Several reviews have analyzed VR’s effect on cognitive and
motor functions. A systematic review conducted by Zhu et al.
(2021) included 11 randomized controlled trials (RCTs), revealing
a moderate impact of VR interventions on cognitive and motor
function, including attention/execution, memory, global cognition,
and balance in patients with mild cognitive impairment (MCI)
and dementia. Gao et al. (2021) analyzed six VR interventions
combined with traditional rehabilitation, showing significant
improvements in general cognition, attention, and mood, though
not in global cognition, motor function, and ADLs. In the review
of Pichierri et al. (2011) computerized interventions (mostly VR)
showed positive effects on various physical abilities in older
adults with TBI and stroke compared to non-VR proposals.
Participants displayed greater motivation and compliance with the
computerized environment compared to regular physical training
programs. A similar approach was used in the study of Schoene
et al. (2014), where the use of technological tools in cognitive-
motor rehabilitation was analyzed. The two studies that used a VR
environment with a treadmill reported improvements in balance
and mobility.
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The benefits of VR in training older adults are evident based
on the existing evidence. However, the heterogeneity of activities
simulated in VR environments makes analysis challenging.
Therefore, this review focuses solely on VR applications in which
participants perform iADLs and motor tasks (iADL-m) to assess
their impact on the cognitive functions of older adults.

2. Methods

2.1. Eligibility criteria

This review adheres to the PRISMA (Preferred Reporting
Items for Systematic reviews and Meta-Analyses) guidelines
for systematic reviews. Inclusion criteria encompass: (i) articles
published in English; (ii) studies without temporal or spatial
restrictions; (iii) interventions employing VR-iADL and motor
applications; (iv) clinical trials and pilot studies; (v) studies
involving healthy older adults with MCI or dementia; (vi)
immersive and non-immersive systems; and (vii) studies both with
and without a control group.

2.2. Exclusion criteria

Exclusion criteria include: (i) theoretical or descriptive studies;
(ii) non-peer-reviewed articles and preprints; (iii) studies not
employing VR; (iv) applications that do not simulate an iADL;
(v) interventions solely cognitive in nature; (vi) literature reviews;
(vii) interventions for disorders other than those specified; (viii)
diagnostic or screening investigations; and (ix) interventions
without a pretest and posttest.

2.3. Data sources and search strategy

Relevant articles were identified in Pubmed, Scopus, IEEE
Xplore, Apa PsycNet, and the Web of Science databases, from their
inception until January 2023. The search terms included keywords
relating to virtual reality (e.g., “virtual,” “computer”), cognitive-
motor interventions (e.g., “cognitive,” “motor,” “memory,”
“executive,” “rehabilitation,” “training,” “stimulation”), iADL
(e.g., “daily,” “ADL,” “iADL,” “store,” “shopping,” “supermarket,”
“cook,” “cooking,” “kitchen”), and cognitive disorders [e.g., “mild,”
“Alzheimer,” “dementia,” NOT (“stroke,” “brain injury,” “TBI”)].

2.4. Study selection

Search terms were tailored to each database. The titles and
abstracts of articles in each database were screened independently
by two authors (JB and GP-N) in line with the specified inclusion
and exclusion criteria. Duplicate studies were removed, and
additional studies cited in the identified articles were included.
The selected articles were then stored, organized, and assessed
using the Mendeley bibliographic manager v1.19.8 (Mendeley Ltd.,
Elsevier, Netherlands).

3. Results

Upon identifying articles that met the inclusion and exclusion
criteria, data were extracted from each article. This included the
authors, the study design, the sample, the motor and cognitive
intervention applied, and the main findings. Table 1 presents the
characteristics of each study.

4. Discussion

With advancing age, the ability to perform motor-related
activities becomes increasingly challenging. As noted by Muir et al.
(2012), elderly individuals with MCI demonstrate a reduction
in gait speed and an elongated stride completion time when
transitioning from a single task to a double one. Older adults
with cognitive difficulties are at a higher risk of falls compared
to their healthy counterparts, and this risk escalates when the
walking speed drops below 1 m/s (Abellan Van Kan et al., 2009).
Furthermore, elderly people with MCI are likely to make risky
decisions when crossing streets (Rizzo et al., 1997). An increase
in latency at the onset of a journey and a slower pace are also
reported (Bahureksa et al., 2016), indicating a correlation between
gait issues and the onset of Alzheimer’s Disease (AD) due to
associated visuospatial deficits (Fukui and Lee, 2009; Rosso et al.,
2019). A reduction in walking speed is perceived as an indicator of
cognitive frailty that impacts wellbeing and survival (Duan-Porter
et al., 2019; Van Schooten et al., 2019; Beltz et al., 2022). From
a cognitive standpoint, memory and executive functions (EF) are
most frequently impacted by AD.

4.1. Benefits in cognitive functions

Cognitive-motor interventions have demonstrated potential as
an effective method to boost cognitive functions and alleviate
frailty. Evidence indicates that these interventions can enhance
physical performance, brain functionality (as determined by resting
functional magnetic resonance imaging), and cognitive capacities
(Raichlen et al., 2020; Yue et al., 2020). The use of VR for such
interventions has been successfully demonstrated in both healthy
elderly individuals and those suffering from dementia (Yi et al.,
2022).

A recent review highlighted that VR cognitive training can exert
moderate to large effects on global cognition, attention, memory,
and motor performance in individuals with Mild Cognitive
Impairment (MCI), with additional benefits for executive function
seen in people with dementia (Papaioannou et al., 2022). The
VR-integrated ADL motor studies explored in our review have
successfully motivated individuals to utilize learned skills in real
life, with encouraging knowledge transfer outcomes (McDaniel
et al., 2014). Several studies (Healy et al., 2005; Dahlin et al., 2008)
propose that transferable skills are only developed through practice,
suggesting that other non-iADL applications may not yield the
same benefits. More specifically, evidence suggests that practicing
an activity can facilitate the transfer of coordination skills in dual
tasks, as demonstrated in the study by Schubert et al. (2017).
The review conducted by Joubert and Chainay (2018) indicated
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a slight superiority for combined physical and cognitive training
over training conducted separately. However, separate training
also influences different cognitive functions, warranting further
research. The links between cognitive and motor processes are not
new, and they likely share a similar evolutionary history (Leisman
et al., 2016).

The study carried out by Liao et al. (2020) reported that the
stimulation of dual tasks (physical and cognitive) simulating ADL
in virtual environments can impact various cognitive functions,
notably executive functions (EF) and memory (Lauenroth et al.,
2016). In previous work, the authors (Liao et al., 2019) created
a VR application simulating iADL-m, which aided in training
divided attention and cognitive flexibility (aspects of EF), targeting
individuals to achieve between 50 and 75% of their maximum
heart rate. Concurrently, the results of the study of Mrakic-Sposta
et al. (2018) revealed improvements in attention, EF, and memory
in patients with MCI. Similar improvements in EF and walking
speed were also observed in Kwan et al. (2021)’s study, consistent
with a recent review (Papaioannou et al., 2022). These applications
provide real-time feedback, leading to long-term benefits, such as
the transfer of knowledge to the real world (Ross et al., 2016).

McDaniel et al. (2014) combined virtual food preparation, table
setting, and flexibility exercises, showing benefits for prospective
memory. This involves spontaneous recovery and care processes
that enable defining the actions to be carried out based on the place
and situation. High levels of physical activity correlated directly
with the proper functioning of EF, suggesting a potential palliative
measure (Galle et al., 2022). The study of Galle et al. (2023) showed
that those who increased their physical activity by more than
30% displayed improvements in gait speed, aerobic capacity, EF,
and global cognition compared to those who did not. Significant
enhancements in spatial cognition were also reported, implying
that orientation practice could potentially forestall the cognitive
decline of the elderly. Applications simulating a virtual city and
requiring street crossings could be beneficial to users (Waddington
and Heisz, 2023).

According to the study of Doniger et al. (2018), dual processing
speed (mobility) training offered protection against dementia. As
demonstrated in the longitudinal study carried out by Edwards et al.
(2016) cognitive-motor training reduced the experimental group’s
chances of developing dementia after 10 years by 33%. Although
this study primarily aimed to improve cognitive function with
simultaneous walking being an incidental action inherent to the
shopping task, the results indicated that cognitive training benefited
physical performance (PE) while physical training benefited
memory. The study of Kwan et al. (2021) reported improvements
in cognitive function as a result of virtual cognitive-motor training,
which can be attributed to neural plasticity. This effect could
be due to the super additive synergistic effects created by the
multitasking requirement of simultaneous physical and cognitive
exercises. This aligns with the findings of Herold et al. (2018), who
suggested that motor training incorporating a cognitive task has the
highest ecological validity. Interventions that encourage significant
physical exercise, offer variable levels of difficulty, and maintain a
task-focused approach have shown to be more effective in adapting
to related tasks (Stanmore et al., 2019; Wollesen et al., 2020). This
suggests that a comprehensive, multifaceted approach can be more
beneficial for cognitive health and physical function.

4.2. Changes in brain function

Numerous research studies have underscored the advantages
of physical exercise as a complementary approach in cognitive
rehabilitation. Liao et al. (2020) reported that such exercise
promotes the release of brain-derived neurotrophic factor,
enhancing blood flow and exerting beneficial metabolic effects. Park
et al. (2020) further emphasized this in a virtual cognitive-motor
intervention study, indicating that physical exercise stimulates
the hypothalamic-pituitary-adrenal axis, thereby increasing cortisol
levels and enhancing learning and memory (Luger et al., 1987).
Doniger et al. (2018) observed that groups engaged in cognitive-
motor training demonstrated increased cerebral blood flow in the
prefrontal, middle, and posterior cingulate cortices. This could be
indicative of heightened brain activity, even though the motor
task was mild, potentially sparking neuroplastic changes given the
brain’s cognitive reserve (Esiri and Chance, 2012; Chapman et al.,
2015). This hypothesis aligns with animal studies demonstrating
new neuronal and synaptic connections in advanced age, increased
cortical thickness, enhanced brain weight, and changes in blood
flow (Mora, 2013). Contrastingly, groups engaged solely in
motor exercise exhibited changes in the hippocampus without
modifications in cerebrovascular reactivity (Chapman et al., 2016).

Theories of brain plasticity have been at the forefront of recent
research (Chiu et al., 2017; Yamada and Sumiyoshi, 2021). The
combination of increased cerebral blood flow and its synergistic
response on global cognitive function could foster the nervous
system’s ability to reorganize neuronal activity and function, a
process known as neuroplasticity, thereby enhancing cognitive
learning (Kwan et al., 2021). Diminished activation of prefrontal
areas is linked with greater neural efficiency, while reduced
activation of frontoparietal areas suggests improved cognitive
performance post-training (Schättin et al., 2016; Vermeij et al.,
2017). In a similar vein, Park et al. (2020) asserted that cognitive-
motor interventions stimulate brain neurotransmitters, particularly
the cholinergic and dopaminergic systems, thereby bolstering
concentration and memory in older adults (Hwang et al., 2021;
Yang et al., 2022). The literature consistently highlights the impact
of physical exercise on cognitive functions, particularly executive
functions, due to the release of brain-derived neurotrophic factor
and increased hippocampal blood flow, both of which result in
favorable metabolic effects (Liao et al., 2020).

4.3. Implications for practice

Traditional cognitive tests, primarily pencil-and-paper based,
have received criticism for their inherent limitations, including
the omission of key factors such as an individual’s education
level (Kessels, 2019; Palacios-Navarro et al., 2022). However,
the emergence of VR and ecological momentary assessments
through wearable devices present innovative alternatives capable of
enhancing precision and sensitivity in cognitive assessments (Chan
et al., 2018; Hartle et al., 2021). These methods not only supplement
traditional tests but also pave the way for a new direction in
rehabilitation interventions. The landscape of cognitive treatment
methodologies is evolving, with both traditional and VR-based
techniques demonstrating efficacy. Both conventional cognitive
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training programs and VR-based interventions have induced
improvements in cognition and executive functions among older
adults. Specifically, VR interventions shine in their capacity to
simulate ADLs, thereby emerging as a promising tool for cognitive
rehabilitation in early stage cognitive disorders (Wollesen et al.,
2020; Matsangidou et al., 2023).

Immersive VR offers a stimulating and engaging experience
for seniors, enhancing their motivation and enjoyment. Besides
its adaptability and high level of automation, these features can
alleviate the workload for caregivers and medical professionals
(Bauer and Andringa, 2020). Immersive VR also fosters a sense
of autonomy in older adults, which is vital for their emotional
and cognitive wellbeing. The current review and recent studies
suggest that older adults can tolerate and significantly benefit from
immersive VR regarding cognitive and physical health (Yi et al.,
2022; Matsangidou et al., 2023), as highlighted by Słyk et al. (2019)
in their systematic review. However, it is of utmost importance to
tailor these interventions to the individual needs and capabilities
of participants, necessitating adjustments in task difficulty, session
duration, and supervision during training.

Virtual reality, particularly when simulating iADLs, is carving
a niche in cognitive-motor rehabilitation (Arlati et al., 2017). Such
training programs are well received by patients and can be applied
across various clinical environments, including community centers
and senior care facilities (Kwan et al., 2021). Patient safety is
paramount, requiring careful evaluation before inclusion in these
programs and vigilant monitoring for symptoms of VR-induced
dizziness post-training (Kwan et al., 2021). VR exhibits significant
flexibility in its implementation, suitable for a range of clinical
contexts from neurology clinics and rehabilitation centers to home
care settings (McDaniel et al., 2014). Successful implementation,
however, hinges on the availability of appropriate equipment and
trained personnel. In conclusion, VR holds immense potential
to revolutionize the treatment of cognitive disorders, offering a
personalized and motivating approach to rehabilitation.

4.4. Future implications

When designing future studies that utilize iADL-m based VR
interventions, it is imperative to consider the sociodemographic
characteristics of participants. Factors such as age, education level,
family history, and cognitive disorders should be accounted for, as
these variables could potentially influence the results. Moreover,
interventions need to be tailored to each participant’s physical
condition to avoid injury or loss of motivation. To this end,
maintaining a heart rate between 50 and 75% of the maximum
is suggested, which some may perceive as moderately intense.
Notably, most participants in the reviewed studies were primary-
educated women, highlighting the need to consider these variables
when designing effective interventions for older adults.

The duration of interventions also requires careful
consideration. The systematic review conducted by Kelly et al.
(2014) evaluated training and cognitive stimulation in older
adults and their influence on cognition and daily functioning.
They identified that studies lasting at least 10 sessions and whose
exercises are adapted to the conditions of the population using
level advancements or hints have higher skill maintenance effects.

It is important to consider that a high number of sessions could
generate a repeated learning effect that promotes disinterest
and unreliable results, as mentioned by Cooley et al. (2015).
Furthermore, McDaniel et al. (2014) suggested that, although
aerobic exercise can enhance certain tasks, repeating the same
exercise for an extended period might decrease interest and
motivation.

In terms of experimental design aimed at improving cognitive
and physical health, the inclusion of an active control group is
recommended for more accurate comparisons. It is also important
for participants to follow similar training routines, either through
comparable interactive applications or by conducting physical and
cognitive exercises at home using accessible interactive headsets.
Ensuring that the application is specially designed for the study
population and adapts the difficulty levels to each individual’s
characteristics is crucial. Strategies such as incorporating clues or
positive feedback in the systems, as suggested by Arlati et al. (2017),
can help maintain participants’ motivation. In the same vein,
including distractors, like presenting several brands of the same
product in a simulated supermarket task, can test the participants’
concentration. However, it is essential to consistently use and
position the same elements to prevent information bias (Arlati
et al., 2017).

As mentioned by Wollesen et al. (2020), traditional
interventions that combine cognitive and motor aspects, along
with technology-based exercise games, have shown favorable
impacts on general cognition and inhibitory capacity in older
adults. However, due to the heterogeneity of studies concerning
interventions, measurements, and results, caution is needed when
interpreting these results. Future research may explore the benefits
and challenges of a hybrid approach that combines "pencil and
paper" activities with an exercise program, enhanced by interactive
technology. Some proposals have suggested a training program that
merges both real and virtual environments (Foloppe et al., 2018).
This approach could potentially be replicated in a more diverse
and representative sample. These integrated approaches have the
potential to optimize cognitive and physical outcomes in older
adults by leveraging the benefits of conventional therapies–which
are accessible, affordable, easy to use, and clinically validated–and
the personalization and motivation offered by interactive-based
interventions.

By considering the unique needs and capabilities of older
individuals, comprehensive interventions that combine physical
and cognitive exercises can be developed. This holistic approach
optimizes the potential for cognitive function improvement,
promotes independence, and enhances older adults’ overall
quality of life. In particular, new technologies can supplement
unsupervised home training methods, providing older individuals
with a handy tool for conducting appropriate training sessions
independently. By offering immersive and stimulating experiences,
interactive technology can boost older adults’ motivation and
engagement, which may, in turn, positively impact their training
outcomes and quality of life.

5. Conclusion

This review provides compelling evidence that iADL-based
VR cognitive-motor interventions can notably enhance both
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cognitive function and motor skills in individuals with Mild
Cognitive Impairment (MCI) and dementia. These interventions
hold significant promise, particularly in enhancing independence,
functional ability in ADL, cognitive functions, and reducing
frailty among older adults. Moreover, these VR-based interventions
potentially offer a more engaging and motivational alternative
to conventional therapies, which could improve treatment
adherence and outcomes.

The literature suggests that the relationship between cognitive
exercise and motor functions is bidirectional–cognitive training
can positively impact motor performance, and conversely, motor
training can have beneficial effects on cognitive function.Moreover,
practicing specific activities can enhance coordination skills in
dual tasks, contributing to the training of divided attention
and cognitive flexibility. Thus, VR cognitive-motor interventions
centered on iADLs can effectively aid in the transfer of acquired
skills to the performance of daily activities. However, the
choice of the appropriate intervention should be tailored to
each individual, considering their needs, personal goals, and
physical and motor conditions. Combining physical and cognitive
training may yield slightly better results than training these areas
separately. Nonetheless, further research is needed to deepen
our understanding of how each training type affects different
cognitive domains.
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Abstract
Background The increase in cases of mild cognitive impairment (MCI) underlines the urgency of finding effective 
methods to slow its progression. Given the limited effectiveness of current pharmacological options to prevent or 
treat the early stages of this deterioration, non-pharmacological alternatives are especially relevant.

Objective To assess the effectiveness of a cognitive-motor intervention based on immersive virtual reality (VR) 
that simulates an activity of daily living (ADL) on cognitive functions and its impact on depression and the ability to 
perform such activities in patients with MCI.

Methods Thirty-four older adults (men, women) with MCI were randomized to the experimental group (n = 17; 
75.41 ± 5.76) or control (n = 17; 77.35 ± 6.75) group. Both groups received motor training, through aerobic, balance and 
resistance activities in group. Subsequently, the experimental group received cognitive training based on VR, while 
the control group received traditional cognitive training. Cognitive functions, depression, and the ability to perform 
activities of daily living (ADLs) were assessed using the Spanish versions of the Montreal Cognitive Assessment 
(MoCA-S), the Short Geriatric Depression Scale (SGDS-S), and the of Instrumental Activities of Daily Living (IADL-S) 
before and after 6-week intervention (a total of twelve 40-minutes sessions).

Results Between groups comparison did not reveal significant differences in either cognitive function or geriatric 
depression. The intragroup effect of cognitive function and geriatric depression was significant in both groups 
(p < 0.001), with large effect sizes. There was no statistically significant improvement in any of the groups when 
evaluating their performance in ADLs (control, p = 0.28; experimental, p = 0.46) as expected. The completion rate in 
the experimental group was higher (82.35%) compared to the control group (70.59%). Likewise, participants in the 
experimental group reached a higher level of difficulty in the application and needed less time to complete the task 
at each level.

Effects of a dual intervention (motor 
and virtual reality-based cognitive) 
on cognition in patients with mild cognitive 
impairment: a single-blind, randomized 
controlled trial
Jorge Buele1,4, Fátima Avilés-Castillo2,4, Carolina Del-Valle-Soto3, José Varela-Aldás2 and Guillermo Palacios-Navarro4,5*
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Introducction
In recent decades, the increase in human longevity has 
been notable, with significant transformations in the 
physical and cognitive domains of aging that demand in-
depth analysis [1]. This phenomenon brings significant 
transformations in the physical and cognitive aspects 
associated with aging, which requires detailed analysis 
[2]. Among the cognitive functions affected are percep-
tion, attention, language, memory, executive functions, 
among others [3]. These cognitive skills are essential for 
people to perform their routine tasks and maintain nor-
mal functioning in their environment [4]. The tasks and 
routines of daily living are called activities of daily living 
(ADL) and are essential for self-care and independence 
[5]. There are 11 activities that are considered instru-
mental (iADL) [6], since they contemplate a greater com-
plexity than the basic activities of daily living (bADL). 
The decline in iADL performance becomes increasingly 
notable as MCI emerges [7], which presents a decline in 
cognitive functions as part of a human pathological state 
[8, 9].

MCI, also known as mild neurocognitive disorder [10], 
involves a decline in cognitive abilities that is more pro-
nounced than expected for the individual’s age [11, 12]. 
Those affected may have difficulties in memory, lan-
guage, attention and other cognitive functions, but still 
maintain the ability to carry out daily activities, with 
less impairment than patients with dementia [13]. How-
ever, this review also mentions that cognitive decline is 
not normal and is a stage prior to the onset of demen-
tia [13], which could generate medical and social reper-
cussions [14]. The risk of MCI and dementia increases 
in adults over 65 years of age due to exposure to several 
adverse factors and conditions, including neurodegenera-
tive diseases, dietary changes, and chronic diseases [15, 
16]. Furthermore, elements such as gender and ethnicity 
influence the onset and severity of cognitive impairment 
[17]. For example, a higher prevalence of diseases such as 
Alzheimer’s Disease (AD) has been observed in women 
and in certain ethnic groups [18, 19]. Early identification 
and intervention are critical to slowing or preventing 
further cognitive decline [20]. Addressing these disor-
ders from their early stages can significantly improve 
quality of life, helping people manage the emotional and 

cognitive challenges that arise, such as frustration, anxi-
ety and depression [21].

Depression in the context of neurodegenerative pro-
cesses presents complex and significant characteristics. 
The affective disorders can manifest in various ways in 
patients with neurodegenerative diseases, exacerbating 
the clinical and emotional challenges of those who expe-
rience them. Depression not only affects patients’ mood, 
but can also profoundly influence their cognitive abil-
ity, daily functioning, and quality of life [22]. Depressive 
symptoms may include persistent sadness, lack of interest 
in previously pleasurable activities, changes in appetite 
and sleep, as well as feelings of worthlessness or exces-
sive guilt. These symptoms can be difficult to distinguish 
from the emotional and cognitive changes themselves 
associated with neurodegeneration, further complicat-
ing diagnosis and treatment [23]. From a neurobiologi-
cal perspective, neurodegenerative processes have been 
observed to affect brain regions involved in mood regu-
lation, such as the hippocampus and prefrontal cortex 
[24]. The complex interplay between neuronal degenera-
tion and neurotransmitter systems, such as serotonin and 
dopamine, may contribute to both depressive symptoms 
and neurodegenerative disease progression. Comprehen-
sive management of depression in patients with neuro-
degenerative diseases is crucial, not only to improve the 
patient’s quality of life, but also to optimize cognitive and 
functional outcomes. Therapeutic strategies that include 
psychological, pharmacological and rehabilitative inter-
ventions may be necessary to adequately address both 
depressive symptomatology and the specific challenges 
of the neurodegenerative disease, thus offering a compre-
hensive and multidisciplinary approach to patient care 
[25].

Depression is a common comorbidity in people with 
neurodegenerative disorders, including MCI, often exac-
erbating cognitive symptoms and affecting overall quality 
of life. According to the study conducted by Lyketsos et 
al., depression is one of the neuropsychiatric symptoms 
that most frequently appear in people diagnosed with AD 
or MCI [26]. Malhi and Mann [27] mentioned that one 
out of five individuals experiences an episode of depres-
sion during their lifetime, with clinical depression being 
the third cause of disease burden worldwide according 

Conclusions The application of a dual intervention, through motor training prior to a cognitive task based on 
Immersive VR was shown to be a beneficial non-pharmacological strategy to improve cognitive functions and reduce 
depression in patients with MCI. Similarly, the control group benefited from such dual intervention with statistically 
significant improvements.

Trial registration ClinicalTrials.gov NCT06313931; https://clinicaltrials.gov/study/NCT06313931.

Keywords Activities of daily living (ADL), Cognitive rehabilitation, Depression, Mild cognitive impairment (MCI), 
Motor rehabilitation, Virtual reality
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to the World Health Organization (WHO). Addition-
ally, older individuals are more vulnerable to the harmful 
effects of depression [28, 29]. However, figures reflect-
ing the prevalence of depression in adults present sig-
nificant variations, influenced by various factors such as 
the underlying cause, the living environment, the inten-
sity of the disorder, as well as gender and age differences 
[30–32]. Despite these discrepancies in the figures, it is 
clear that depression is a common phenomenon in the 
senile stage, showing a prevalence in depressive disor-
ders [33]. A notable finding is that middle-aged women 
are almost twice as likely to experience an episode of 
depression compared to men [34]. This trend continues 
until advanced age, evidenced by studies such as the one 
conducted by Curran et al. [28] that indicated that 12% 
of women present depression as a comorbidity, compared 
to 8% of men. As Alblooshi et al. indicated, menopause 
increases vulnerability to depression and anxiety, perhaps 
through estrogen fluctuations that affect serotonin and 
gamma-aminobutyric acid (GABA) [35]. Furthermore, 
decreased estrogen and neurological deterioration after 
menopause increase women’s vulnerability to developing 
AD [36].

Given this situation, studies have shown that expo-
sure to cognitively and mentally stimulating activities 
throughout life protects against cognitive decline, and 
that engaging in these activities in old age is associated 
with better cognitive function [37]. Lifestyle factors such 
as exercise, diet, social participation, having a purpose in 
life, and cognitive activities can reduce the risk of demen-
tia and improve cognitive function [38, 39]. Advances in 
computer science and information and communication 
technologies (ICT) have resulted in increased availability 
and accessibility of computerized cognitive training [40]. 
The integration of motor activities in therapeutic inter-
ventions has been shown to expand functional capacities 
in individuals. A systematic review conducted by Zhu 
et al. [41] included 11 randomized controlled trials that 
showed a moderate impact of VR-based interventions on 
improving cognitive and motor function. These improve-
ments included aspects such as attention/execution, 
memory, global cognition and balance in patients with 
MCI impairment and dementia.

In aging research, VR emerges as a promising approach 
for dementia treatment in individuals with cognitive 
impairment [42]. VR immerses users in virtual environ-
ments, delivering visual, auditory, and sensory stimuli 
via a head-mounted display (HMD) [43]. The recent 
review by Chan et al. [44] indicated that most interven-
tions utilized traditional desktop computers, followed 
by touchscreen computers and immersive VR, with 
the latter accounting for only 5.7% of the total. Despite 
VR technology not being entirely new, there is a press-
ing need for further expansion in the literature through 

new implementations. Gao et al. [45] analyzed six VR 
interventions combined with traditional rehabilitation, 
showing significant improvements in general cognition, 
attention, and mood, although not in global cognition, 
motor function, and ADL. Recently, cognitive-motor 
applications have been developed using VR to simulate 
iADL. A recent review [46] demonstrated that VR-based 
cognitive-motor interventions activate specific brain 
areas and improve general cognition, executive function, 
attention, and memory. While significant progress has 
been made in understanding VR’s effects on cognition 
and physical functioning, there remains a notable gap in 
knowledge regarding its impact on mental health.

Studies such as those carried out by Liao et al. [47], 
Mrakic-Sposta et al. [48] and Kwan et al. [49] used VR to 
simulate iADL, examining the combined benefits of VR 
on physical and cognitive function. However, they did 
not evaluate the impact VR could have on mental health. 
Park et al. [50] simulated hygiene and driving activities 
using VR, highlighting that it could be used to increase 
motivation, fun and interest, which would improve feel-
ings of depression and lethargy. Doniger et al. [51] con-
ducted an experiment with a virtual supermarket and 
concluded that VR could not only delay the onset of 
depression but also standardize and monitor partici-
pants’ responses effectively. Liao et al. [52] highlighted 
the effectiveness of VR in improving ADL performance, 
although they acknowledged that a significant limita-
tion of their study was the lack of analysis of the impact 
on depression. These findings highlight the therapeutic 
potential of VR beyond its physical and cognitive applica-
tions, as well as the current limitations in the evaluation 
of associated variables such as mental health.

All previously presented research analyzing the effects 
that cognitive and motor VR applications can gener-
ate were carried out in high-income countries such as 
Italy, Taiwan, China, the Republic of Korea and Israel. 
The literature indicates that cognitive interventions can 
not only improve cognitive functions but also mitigate 
depressive symptoms due to the bidirectional relation-
ship between these two domains. However, when analyz-
ing studies that also seek to reduce mental disorders, the 
trend is similar [53–55]. The concentration of studies in 
high-income contexts leaves a gap in knowledge about 
how these interventions could work in regions with dif-
ferent socioeconomic and cultural contexts, such as Latin 
America (LATAM). This region, composed mostly of 
upper-middle-income countries, faces unique challenges 
such as income inequality [56], violence [57], mistreat-
ment of the female gender [58], increased migration and 
deficiencies in health systems [59, 60].

Increasing life expectancy in the region also implies an 
increase in the elderly population [61], making the need 
to develop and adapt effective interventions to improve 
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both cognitive and emotional health even more urgent. 
The analysis presented by Vigo et al. [62] showed that in 
South America, investment in mental, neurological and 
behavioral disorders is lower than the world average. Of 
the total government budget for the treatment of health 
conditions, less than 5% is allocated to mental health. 
This is supported by the literature, where only one VR 
application was found for detecting Alzheimer’s symp-
toms but none for cognitive training [63]. In 2021, Brito 
et al. [64] carried out a sensorimotor intervention based 
on VR to reduce depression and anxiety in older adults, 
in Talca, Chile. Trueba et al. [65] presented a VR applica-
tion, where the elderly were subjected to different nature 
scenes with the aim of reducing anxiety and depression 
levels in Quito, Ecuador.

In contrast, our study presents a VR system that fuses 
physical and cognitive training, simulating a daily life 
activity. Previous studies have demonstrated that this is 
the first trial that contrasts the effects of a VR-based cog-
nitive-motor training program with an equivalent pencil 
and paper program, in a Latin American country. Based 
on recent studies that used VR to simulate iADL, it was 
hypothesized that the experimental group will have a sig-
nificant improvement in cognitive functions post-train-
ing. However, uncertainty persists regarding its impact 
on depressive symptoms and the transfer of skills to daily 
life. Since these variables are considered secondary in the 
purpose of the study, we hope to generate novel results 
that can serve as a starting point for future research 
focused specifically on depression or on the transfer of 
skills to daily life, exploring the combination of VR with 
traditional techniques.

Materials and methods
Participants
Recruitment
Participants were recruited at a senior community cen-
ter day care center for older adults in Patate, Ecuador. 
The center provides social and recreational services for 
people over 65 years. The center staff invited participants 
through advertising posters, in-person conversations and 
through social networks. Subsequently, the research team 
selected potential participants according to the proposed 
eligibility criteria.

Inclusion criteria
The inclusion criteria were: (1) age equal to or greater 
than 65 years; (2) attend a day care center without being 
institutionalized in a geriatric center; (3) maintain physi-
cal functionality (absence of any disability); (4) ability 
to understand the purpose of the study and voluntarily 
agree by signing the consent form; (5) present MCI; (6) 
have a Montreal Cognitive Assessment (MoCA) score 
between 19 and 25 points [66].

Exclusion criteria
We excluded patients who presented (1) clinical diag-
nosis of dementia; (2) probable dementia, with a MoCA 
score equal to or less than 18 points [66]; (3) neurologi-
cal disorders, including stroke or traumatic brain injury 
(TBI) in the past 12 months; (4) history of mental or psy-
chiatric disorders; (5) addiction to medication, drugs or 
alcohol; (6) difficulties using an HMD and operating the 
controller equipment; (7) medical conditions that could 
interfere with effective participation in and completion of 
the study; (8) visual and/or hearing impairment; (9) com-
munication difficulties.

Ethics
This preliminary study was designed as a randomized 
controlled trial (RCT) with parallel groups, conducted 
at a single center and with single blinding. The objectives 
and requirements of the study were explained in detail 
to the participants, who voluntarily gave their consent 
by signing an informed consent form. Ethical approval 
was obtained from the Institutional Review Board of the 
Universidad Tecnólogica Indoamérica, under the code 
UTI-IIDI-074-2023, approval date May 25, 2023, before 
starting the study. The trial was registered with Clinical-
Trials.gov (identifier number NCT06313931) on March 
8th, 2024.

Randomization
Once baseline data was collected from all participants, 
the recruitment team evaluated and developed a list of 
subjects eligible to participate in the study. For their ran-
dom assignment into groups, they were given a unique 
number. An independent research assistant then gen-
erated a sequence of random numbers (1 for the con-
trol group and 2 for the intervention group), using a 
spreadsheet. Based on this sequence, one author (FA-
C) assigned participants to the respective intervention 
or control groups. This process ensured concealment 
of the allocation, thus guaranteeing the integrity of the 
allocation procedure. The person in charge of evaluating 
the results did not know which group each participant 
belonged to. However, it was not feasible to maintain 
anonymity in group assignment, both for those in charge 
of applying the interventions and for the participants 
themselves.

Intervention
Study design
This study used a pre-post experimental design with a 
control group to evaluate the impact of the VR-based cog-
nitive-motor training program on cognitive function and 
depression. Older adults over 65 years who voluntarily 
expressed interest in participating and met the speci-
fied selection criteria were recruited. Two interventions 
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were used: motor training and VR-based cognitive train-
ing (n = 17) and motor training and traditional cognitive 
training (n = 17), through randomization after taking 
initial measurements. Previous studies involving VR-
based cognitive-motor training used similar samples [47, 
50–52]. Five participants were excluded from the study, 
because they stopped attending the senior center (n = 4) 
and one participant lacked of motivation. In the experi-
mental group three participants stopped attending the 
senior center. Therefore, the study was completed with 
a sample of 26 older adults (Fig. 1). Considering that the 
participants returned to their homes, the usual devel-
opment of other daily activities was not prohibited. The 
evaluations were carried out before the start of the motor 
training program based on VR or pencil and paper (base-
line) and after the interventions. Both interventions were 
conducted twice a week for six weeks, and each session 
lasted approximately 40 min.

Outcome measurements
All training and coaching activities in this study were 
carried out by researchers with solid knowledge of the 
subject. To evaluate the effects of the motor-cognitive 
training programs in both groups, standardized tests 
were used.

Cognitive function was assessed using the Spanish 
version of the Montreal Cognitive Assessment (MoCA-
S), adapted for use with Spanish-speaking older adults 
and which was validated in Latin America [67], based 
on the original MoCA developed by Nasreddine et al. 
[66]. The evaluation covered attention, verbal fluency, 
executive functions, short-term memory, visuospatial 

memory, language, temporal and spatial orientation, and 
calculations.

Depression was assessed using the Spanish version of 
the Short Form of Geriatric Depression Scale (SGDS-
S), an adaptation designed to assess depression in older 
adults based on the Geriatric Depression Scale, origi-
nally developed by Yesavage et al. [68] and validated in 
the Ecuadorian population by Erazo et al. [69]. The gen-
eral emotional state, interest, motivation, perspective, 
specific concerns and future comparisons were analyzed 
by means of this scale. The score on the SGDS-S scale 
ranges from 0 to 15, where a score less than 5 indicates a 
normal state, whereas a score from 5 to 9 points indicate 
moderate depression and a higher score indicates moder-
ate to severe depression [69].

Functional ability was assessed using the Spanish ver-
sion of the iADL scale (IADL-S) was used, an adaptation 
designed to evaluate the performance of iADL in older 
adults, validated by Vergara et al. [70]. This test is based 
on the iADL Scale, originally developed by Lawton and 
Brody, which is also known as the Philadelphia Geriatric 
Center-Instrumental Activities Daily Living (PGC-IADL) 
[71]. Thus, communication, self-care, financial manage-
ment, mobility, health administration and daily activi-
ties were evaluated. Each of the eight items on the scale 
is coded with a score of 0 (unable or partially capable) 
or 1 (capable), and responses are summed to obtain a 
total score. The score range varies from 0 (low function, 
dependent) to 8 (high function, independent) [71].

Fig. 1 Consort diagram
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Experimental group
The training sessions were carried out in a senior com-
munity center. These activities complied with the recom-
mendations of the American College of Sports Medicine 
and the American Heart Association for the older adult 
[72]. To stimulate the motor system, collective social 
interaction activities that included conversations between 
therapists and participants were carried out, promot-
ing non-verbal language, the exchange of thoughts and 
jokes. Participants were instructed to actively participate 
in these conversations, use gestures, and share personal 
anecdotes to enhance interaction. Balance exercises were 
then performed such as walking in a straight line, placing 
one foot directly in front of the other, maintaining coor-
dination. Participants were also instructed to focus on 
a fixed point ahead and maintain an upright posture to 
ensure stability. In addition, resistance exercises such as 
squats were performed, with an effort regulated accord-
ing to the individual capabilities of each person. Partici-
pants were reminded to perform squats slowly, keeping 
their back straight and knees in line with their toes to 
avoid injury. Finally, a series of whole-body aerobic exer-
cises were performed, such as brisk walking, an acces-
sible exercise for older adults, going up and down stairs, 
and social dancing individually and in pairs. They were 
encouraged to maintain a constant rhythm and coordi-
nate their movements with the rhythm of the music dur-
ing social dancing.

Subsequently, individual cognitive training was per-
formed using an immersive VR-based system that sim-
ulates a task of searching for ingredients in a kitchen 
cupboard. It includes an application that uses VR to sim-
ulate an instrumental activity of daily life (iADL), which 
was developed with the Unity game engine. The hard-
ware consisted of the Oculus Quest 2 VR goggles and two 
wireless handheld controllers that allow interaction with 
the system. Participants were conveniently instructed on 
the correct use of the VR googles and holding the con-
trollers. They were guided through the VR environment, 
with clear instructions on how to select and manipulate 
virtual objects. Since for some of the participants it was 
their first experience with VR, each session was super-
vised by a member of the research team, who also solved 
any technical problems that arose. Figure  2 depicts the 
intervention phase.

Figure 3 illustrates the dynamics of this serious game. 
At the beginning, the participant understands the com-
mands to follow and visualizes the ingredients inside 
every cupboard compartment (registration and coding 
phase). The items are automatically and randomly placed 
inside the shelves and the doors are opened individu-
ally, with a learning waiting time set at 10 s (storage and 
consolidation phase). Finally, the participant locates the 
ingredients randomly requested, selecting both the door 
and the desired item (retrieval or evocation phase), for 
which he/she has 10 s per object or an error will be con-
sidered and the task will go on by asking a new question. 

Fig. 2 General description of the intervention phases

 



Capítulo 2. Artículos Publicados

119Jorge Luis Buele León

Page 7 of 17Buele et al. Journal of NeuroEngineering and Rehabilitation          (2024) 21:130 

This task tests various cognitive functions such as visuo-
spatial functions (orientation within the virtual environ-
ment), attention (registration phase), working memory 
(storage phase), executive functions (planning of activi-
ties), reaction time (responding within the set time).

Given the population under study, it was considered 
appropriate to start with level 4, which requests memo-
rizing 4 cooking ingredients. Each participant performed 
the task twice, to prevent possible fatigue or boredom 
due to monotony. The randomization in the location of 
the objects allowed the participants to remain active and 
avoided biases in the performance results. When the par-
ticipant completed the activity without any error for two 
consecutive times, the level was increased, i.e., one more 
item to memorize. The video game has auditory messages 
that indicate an error or congratulate the user when he/
she found a hit. The goal of this design was to ensure that 
participants had enough time to learn through repeated 
practice, while at the same time feeling challenged to 
increase the level, while maintaining their motivation, 
through a sense of fun.

Control group
The intervention for the control group was performed 
under the same conditions as the experimental group 
maintaining the same sequential design, since the 

participants of this group also participated in the motor 
training through social activities, balance, resistance and 
low intensity aerobic exercises. After that, the individual 
cognitive training consisted of a task similar to that of the 
experimental group, but without the use of VR. Cards 
containing graphical representations of the same cooking 
ingredients as the virtual application were presented. A 
member of the research team was in charge of explaining 
the dynamics of the game to the participants and subse-
quently delivering the intervention. For 10 s the partici-
pant was allowed to memorize the picture of each of the 
cards and then the card was flipped over. In the recovery 
phase, the participant was asked to identify which card 
contained the requested ingredient and to turn it over to 
check that he/she got it right. Keeping the same instruc-
tions, the game started at level four and when the patient 
had no errors for two consecutive times, the level and 
therefore the number of elements to memorize increased. 
Considering that the reaction time could not be collected 
automatically as in the virtual application, another mem-
ber of the team was in charge of taking these times with 
a stopwatch and recording them manually on a card. Like 
the experimental group, the participants played twice in 
each session, with the same weekly frequency and for the 
same total time period. Figure 4 shows some participants 

Fig. 3 Cupboard task implemented in the VR application
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developing the task in both groups, together with mem-
bers of the research team.

Statistical analysis
Data were analyzed with SPSS version 24.0. Descrip-
tive statistics, including mean, standard deviation (SD), 
were used to summarize the dependent variables within 
each group. Data normality was assessed with the Sha-
piro-Wilk’s test and homoscedasticity with Levene’s 
test. After checking the assumptions of normality and 
homoscedasticity, to evaluate the changes in cognitive 
function and depression status in older adults before and 
after the interventions, a paired t-test was performed to 
check within group differences whereas and independent 
sample t test was used to check for between groups dif-
ferences. A one-way ANOVA with repeated measures 
was performed to check for differences in scores in each 
of the dependent variables at the two moments of time 
(pre and post intervention). The IADL-S scale data did 
not follow a normal distribution, so nonparametric tests 
were used to evaluate differences between measure-
ments. The Wilcoxon signed-rank test (W) was used to 
analyze within-group changes over time, while the two-
tailed Mann-Whitney (MW) test was used to compare 
differences between groups. As a complementary analy-
sis, the Pearson’s correlation was used to analyze the 
degree of association between the MOCA-S and SGDS-S 
scores. The relationship between the level of education 
and the MOCA-S test scores will also be analyzed. The 
relationship between the level of education and the level 
achieved in the VR-based cognitive task will be also ana-
lyzed for the experimental group. The significance level 
was set at 0.05.

Results
Baseline data
The mean ages of the control group (n = 17) and the 
experimental group (n = 17) were 77.35 ± 6.75 years (range 
65–84 years) and 75.41 ± 5.76 years (range 65–86 years), 
respectively. In the control group, the majority of the 
population was women (13/17), while in the experimental 

group the percentage of women was 58.82% (10/17). The 
level of education (measured in years) was on average 
4.76 ± 3.25 years in the control group and 5.53 ± 3.18 years 
in the experimental group. In the control group, no one 
had previous experience using VR, while in the experi-
mental group only one person had previously used VR. 
Two (11.8%) participants with arthritis were identified 
in both groups. In the experimental group, two (11.8%) 
people were observed with thyroid-related problems, 
prostate problems and diabetes. In the control group, 
high blood pressure was observed in five (29.4%) partici-
pants and in three (17.6%) of the experimental group. In 
summary, both groups were homogeneous with respect 
to gender, age, education, VR experience and presence 
of illnesses, respectively. Table 1 shows the demographic 
characteristics of the participants.

As far as the results at baseline in MoCA-S, SGDS-
S and IADL-S, there were no significant differences 
between the groups in any of them (see Table 2).

Table 1 Demographic characteristics of the groups
Variables All (N = 34) Control 

(n = 17)
Experi-
mental 
(n = 17)

P-
value

Gender, n (%) 0.271*
Male 11 (32.4) 4 (23.5) 7 (41.2)
Female 23 (67.6) 13 (76.5) 10 (58.8)
Age, n, SD (range) 76.38, 6.25 

(65–86)
77.35, 6.75 
(65–86)

75.41, 5.76 
(66–84)

0.373

Education, n, SD (range) 5.15, 3.19 
(0–12)

4.76, 3.25 
(1–12)

5.53, 3.18 
(0–12)

0.493

VR experience, n (%) 0.142*
Yes 1 (2.9) 0 (0) 1 (5.9)
No 33 (97.1) 17 (100) 16 (94.1)
Number of pre-existing 
illnesses, n (%)

0.76*

0 19 (55.9) 11 (64.7) 8 (47.1)
1 10 (29.4) 4 (23.5) 6 (35.3)
2 or more 5 (14.7) 2 (11.8) 3 (17.6)
*Χ2 test

Fig. 4 Participants performing the pencil and paper task (a) and the virtual task (b)
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Post intervention results
Once the intervention was completed, the pre-posttest 
scores were analyzed and, depending on the distribu-
tion of the data, parametric or non-parametric tests were 
used. For the MoCA-S and SGDS-S tests (see Table  3), 
the paired samples t test was used, and the Wilcoxon test 
was used for the IADL scale (see Table 4).

The MoCA-S test scores showed an improvement in 
the cognitive functions of both groups, with a minimally 
greater effect in the control group (Fig.  5). The within 
group effect of cognitive function was significant in both 
groups (p < 0.001). When analyzing the SGDS-S scores, it 
was identified that both groups had a reduction in feel-
ings related to depression, with a greater effect in the 
control group, showing a within group effect also sig-
nificant. After intervention, the changes in the IADL-S 
test scores were slightly higher in relation to baseline in 
both groups (but not significant). Nevertheless, Mann-
Whitney test revealed statistically significant differences 
between groups (in favor of the experimental group) 
(p = 0.002).

Task level of achievement
The intervention was completed by 70.59% (n = 12) in 
the control group and 82.35% (n = 14) in the experimen-
tal group, respectively. During the intervention period, 
each participant increased the level of difficulty within 
the task. At the end of the intervention, the maximum 
level reached by each participant was identified and 
these results were presented in Fig.  6. As can be seen, 
the majority (n = 7) of participants in the control group 
reached level 6 (memorizing up to 6 elements) and (n = 2) 
reached level 7. In the experimental group, the majority 
of the participants (n = 7) reached level 7 and even (n = 1) 
reached level 8.

At the same time, the time it took each participant to 
complete the task in each of the sessions was analyzed. 
An average of the time used to perform the task by level 
was reckoned, whose results are presented in Fig.  7. As 
it can be seen, at level 4 the total completion time of the 
task was similar in both groups. The control group had an 
average time of 37.76 s and the experimental group had 
30.37  s on average. As the level increases, increasingly 
significant differences can be seen in the average time of 
each group. At level 7, the control group spent 94.48 s on 
average, while the experimental group spent 58.88 s. The 
only participant who reached level 8 spent 99.07  s (on 
average).

Gender differences
The MoCA-S test scores showed a statistically significant 
improvement in cognitive functions for both males and 
females in the experimental group (with very large effect 
sizes) and only for females in the control group (with an 
extra-large effect size). The SGDS-S scores showed a sta-
tistically significant reduction in depressive symptoms 
for females in both groups. The changes in the IADL-S 
test scores were slightly higher in relation to the baseline 
in both groups, but not significant. See Table 5 for details.

Correlational analysis
Considering that the data of the MOCA-S and SGDS-S 
variables met the criteria of normality and homosce-
dasticity, a Pearson bivariate analysis was performed to 
examine the relationship between both variables. In the 
control group, analyses revealed a statistically significant 
association between scores obtained on the MOCA-S 
and SGDS-S after the intervention (Pearson r = -0.583, 

Table 2 Neuropsychological evaluation tests score at baseline
Variables All (N = 34) Control 

(n = 17)
Experi-
mental 
(n = 17)

P 
value

MoCA-S, n, SD 
(range)

21.74, 2.12 
(19–27)

21.12, 1.73 
(19–25)

22.35, 2.34 
(19–27)

0.090

SGDS-S, n, SD (range) 5.00, 2.50 
(1–10)

5.82, 2.16 
(2–9)

4.18, 2.6 
(1–10)

0.053

IADL-S, n, SD (range) 6.74, 1.58 
(1–8)

6.47, 1.42 
(3–8)

7.00, 1.73 
(1–8)

0.12

MoCA-S: Spanish version of the Montreal Cognitive Assessment; SGDS-S: 
Spanish version of the Short Form of Geriatric Depression Scale; IADL-S: Spanish 
version of the Instrumental Activities of Daily Living Scale

Table 3 Cognitive function and geriatric depression scores for 
both experimental and control group
Group, 
outcomes

Pre, mean 
(SD)

Post, mean 
(SD)

t 
value

P value Cohen 
d

Control (n = 12)
MoCA-S 20.83 (1.8) 23.67 (2.74) -7.75 < 0.001 2.24
SGDS-S 5.58 (2.07) 2.75 (1.42) 7.34 < 0.001 2.11
Experimental (n = 14)
MoCA-S 22.36 (2.59) 25.29 (2.56) -5.77 < 0.001 1.54
SGDS-S 3.93 (2.81) 2.29 (1.38) 3.37 0.005 0.90
MoCA-S: Spanish version of the Montreal Cognitive Assessment; SGDS-S: 
Spanish version of the Short Form of Geriatric Depression Scale

Table 4 Scores for iADLs performance for both experimental and control group
Group, outcomes Pre, mean (SD) Pre, median (min-max) Post, mean (SD) Post, median (min-max) Z value P value Cohen d
Control (n = 12)
IADL-S 6.42 (1.08) 6 (5–8) 6.50 (1.00) 6 (5–8) -1.00 0.317 0.28
Experimental (n = 14)
IADL-S 7.43 (0.85) 8 (5–8) 7.71 (0.47) 8 (7–8) -1.63 0.102 0.46
IADL-S: Spanish version of the Instrumental Activities of Daily Living Scale
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p = 0.047). This result could indicate that improvement 
or deterioration in cognitive function is associated with 
changes in depression levels. Additionally, level of educa-
tion was found to correlate significantly with MOCA-S 
scores after the intervention (r = 0.706, p = 0.010). In the 
experimental group, there was no association between 
level of education and the maximum level achieved in 
the virtual task (r = 0.492, p = 0.074), suggesting that edu-
cation does not have a positive impact on the cognitive 
task performance. By contrast, there was a statistically 

significant association between level of education and 
MOCA-S scores before (r = 0.610, p = 0.009) and after the 
intervention (r = 0.799, p = 0.001).

Discussion
The increasing incidence of AD emphasizes the need 
to address its complexity, caused by the interaction of 
genetic and environmental factors [48]. Given the lim-
ited effectiveness of pharmacological treatments in their 
initial phases or in their prevention, the importance of 

Fig. 6 Distribution of the maximum level achieved by participants in the task in both groups

 

Fig. 5 Pre- and post- intervention scores for control and experimental groups, respectively. (a) cognitive function; (b) geriatric depression; (c) perfor-
mance of iADLs
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exploring non-pharmacological alternatives arises [51]. 
Our study presented a behavioral intervention that, 
unlike pharmacological interventions, has broader eligi-
bility criteria, which contributes to the generalization of 
results. This approach aligns with previous research con-
ducted in Europe and Asia demonstrating that VR could 
be used as a preventive measure against dementia [47, 
48].

This study was carried out in a Latin American popu-
lation, seeking to contrast its findings with previous 
research in contexts where the use of virtual environ-
ments could be more common. We remark the good 
adherence and successful training in the sample. This 
approach also appears to be safe, as participants reported 
no adverse effects during the intervention. Preliminary 
results indicate that this program could be an effective 
tool to improve cognitive function in older adults with 
MCI. It is also suggested that there is efficacy in reducing 
depressive symptoms in this population. However, the 
results do not show a direct transfer of skills to everyday 
life situations, pointing out the need for more research to 
explore this aspect.

Effects on cognitive functions
Our study has shown that a dual intervention (sequen-
tial motor and cognitive training) can generate signifi-
cant improvements in people with MCI. MoCA-S test 
scores reflected significant improvements in the cogni-
tive functions of both groups. The control group showed 
notable progress, increasing its average score from 20.83 
to 23.67, approaching the threshold of cognitive normal-
ity. Although there are studies such as that of Manser et 
al. [73], who mention that virtual environments could be 
a limitation due to the difficulty of using the system, our 
study showed promising results. The experimental group, 
which received the cognitive training via VR technology, 
increased MoCA-S test scores from 22.36 to 25.29, very 
close to normal cognitive performance. These improve-
ments, in addition to being clinically significant, highlight 
the potential of VR-assisted cognitive rehabilitation.

The methodology used improved specific cognitive 
functions, including executive function, spatial naviga-
tion and memory. Our study was based on recent litera-
ture indicating that combined cognitive-motor training 
can exceed the effectiveness of isolated cognitive or 
motor training, as demonstrated by notable improve-
ments in cognitive performance metrics [46, 74]. Doniger 
et al. [51] highlighted that cognitive and physical training 

Table 5 Performance scores in cognitive functions, geriatric depression and iADLs performance in both groups classified by gender
Group, index Male (n = 9) Female (n = 17)

Pre, mean (SD) Post, mean (SD) p-value Cohen d Pre, mean (SD) Post, mean (SD) p-value Cohen d
Control
MoCA 20.33 (1.53) 23.33 (3.06) 0.095 1.73 21.00 (1.94) 23.78 (2.82) < 0.001 2.31
SGDS 5.67 (3.06) 3.67 (2.08) 0.184 1.15 5.56 (1.88) 2.44 (1.13) < 0.001 2.67
IADL 5.67 (0.58) 5.67 (0.58) 1.00 0 6.67 (1.12) 6.78 (0.97) 0.317 0.33
Experimental
MoCA 21.67 (1.51) 25.5 (2.07) 0.005 1.97 22.88 (3.18) 25.13 (3.00) 0.007 1.35
SGDS 4.83 (3.49) 3.17 (1.6) 0.105 0.94 3.25 (2.19) 1.63 (0.74) 0.035 0.92
IADL 7.17 (1.17) 7.67 (0.52) 0.180 0.60 7.63 (0.52) 7.75 (0.46) 0.317 0.34

Fig. 7 Average performance time categorized by level of difficulty and group
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exert distinct but complementary neurobiological ben-
efits. Cognitive training has been shown to increase exec-
utive function by increasing cerebral blood flow (CBF) in 
the prefrontal cortex and medial/posterior cingulate cor-
tex. On the contrary, physical training has been associ-
ated with improved memory, correlating with an increase 
in CBF in the hippocampus. These findings corroborate 
the premise that each training modality uniquely con-
tributes to neurorehabilitation processes and promotes 
neuroplasticity, thereby facilitating brain repair and func-
tional recovery [75].

The ability to strengthen cognitive reserve and stimu-
late neuroplasticity makes individuals with MCI ideal 
participants for this study [76]. Despite the neural 
declines associated with aging, different models have 
proposed explanations for how the brain can maintain 
optimal cognitive functions. One of these, the compensa-
tory model, indicates that the brain achieves this through 
increased activation of certain specialized areas [77]. In 
this sense, virtual environments provide constant visual 
and spatial stimuli, via HMD, achieving interaction with 
real-time visualization. This not only increases CBF in 
the previously mentioned areas, but could also explain 
the improvement in neural efficiency observed in [78], 
suggesting better post-training cognitive performance. 
This impact has the potential to strengthen cognitive 
abilities and slow the progression of cognitive decline in 
older people at risk of developing dementia [48].

To achieve the expected results in any intervention, 
adherence to the training program is very important. In 
our intervention, there was a higher completion rate of 
participants in the experimental group, which shows the 
relevance of motivation for adherence to the program. 
This observation is consistent with the results of a meta-
analysis highlighting the importance of motivation to 
increase active participation in this type of program [79]. 
The inclusion of VR technologies, by providing immedi-
ate feedback and generating a stimulating training envi-
ronment, can overcome the demotivation frequently 
observed in cognitively impaired older adults [80]. It is 
argued that the increased engagement, motivated by the 
interest and enjoyment elicited by VR, activates neural 
mechanisms that promote concentration and memory 
through stimulation of neurotransmitter systems, such 
as cholinergic and dopaminergic systems [81]. It can also 
be added that using VR to simulate an everyday environ-
ment could be more effective in increasing motivation 
and thus achieving significant cognitive improvements, 
which is consistent with our study [52]. In contrast, tra-
ditional physical and cognitive training programs do not 
usually offer these motivational aspects.

In our research, we observed a statistically significant 
and positive relationship between the level of education 
of the participants and their MoCA-S scores, suggesting 

that a higher level of education is associated with bet-
ter cognitive performance [82]. It is worth noting that, 
within our sample, only two participants completed their 
high school education, while the majority did not com-
plete their basic education. However, they possess basic 
reading and numeracy skills. This observation aligns with 
the findings of Man et al. [83], who reported that indi-
viduals with lower educational level and mild dementia 
could derive greater benefits from training focused on 
ADL. Complementarily, Mondini et al. [84] concluded 
that those with lower cognitive reserve may be particu-
larly susceptible to improvement through cognitive reha-
bilitation. Future research could focus on assessing the 
influence of additional factors, such as socioeconomic, 
cultural, linguistic context or disabilities.

Effects in depression
Depression in the geriatric population is a condition that 
can negatively affect cognitive function and quality of life. 
Although the main focus of the study was the improve-
ment of cognitive functions, depressive symptoms are 
related and our results could provide relevant informa-
tion [55]. The results of this study are encouraging, as 
they indicate that both traditional and VR-assisted inter-
ventions may be useful in reducing depressive symp-
toms. Initially, the control group was in the range of mild 
depression and, after the intervention, it was in a normal 
state (GSDS test from 5.58 to 2.75). While the experi-
mental group had a reduction from 3.93 to 2.29, which, 
although it was already within the normal range, now 
presents even more reduced depressive symptoms. Both 
results are statistically significant (p < 0.001 for the con-
trol and p = 0.005 for the experimental), indicating that 
both intervention modalities were effective in reducing 
depression, although the improvement was slightly more 
pronounced in the control group.

Despite the benefits observed with the use of VR that 
highlight its potential as a complementary tool, the 
most significant results in terms of mental health were 
recorded in the control group. One interpretation of this 
phenomenon suggests that the pencil and paper task 
promoted a closer interaction between the therapist and 
the participant, favoring a communicative bond through 
conversations during breaks, aspects not contemplated in 
the original design of the study, but inherent to the thera-
peutic process. This agrees with [85] who mentions that 
cognitive training based on card games and accompanied 
by social interaction improves executive control in older 
adults. In the study of Langoni et al. [86], group exercises 
improved balance, mobility, and depressive symptoms in 
community-dwelling older adults with MCI. This find-
ing highlights the positive impact of social integration 
and family support on the well-being of older adults, 
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highlighting the importance of considering the environ-
ment in the design of the intervention.

The methodology of this study was designed to over-
come the limitations of previous research, where the use 
of an inactive or low-contact control group has been crit-
icized [87]. Previous studies, such as those carried out by 
Brito et al. [64] and Trueba et al. [65], did not incorporate 
active controls, which limits the interpretation of their 
findings. This omission restricts the ability to determine 
the genuine impact of their interventions. Our research 
chose to compare the use of VR with a control group that 
participated in active cognitive training accompanied 
by social interaction exercises. Additionally, analysis of 
the data by gender revealed that women in both groups 
showed a greater reduction in depressive symptoms 
compared to men. This finding is consistent with recent 
studies, such as that of Kim et al. [88], which showed 
the significant potential of VR applications to positively 
impact the female population.

The initial inclusion of motor, balance, and aerobic 
exercises not only promoted social interaction between 
participants and therapists in a real-world environment, 
but also established a foundation for effective social inter-
action [89, 90]. The use of VR in cognitive training added 
a unique dimension by providing visual and auditory 
feedback that recognized participants’ achievements, 
fostering a sense of accomplishment and mitigating lone-
liness. This tool was especially valuable for those partici-
pants who, due to their advanced age or limitations, had 
distanced themselves from everyday activities such as 
food preparation, allowing them to interact in a virtual 
environment that simulated these tasks. This is relevant 
in developing countries, where, according to the meta-
analysis by Zenebe et al. [32], the prevalence is almost 
three times higher compared to developed countries.

Another factor that could explain the difference in out-
comes deals with the choice of an immersive system. A 
previous systematic review notes that older adults experi-
ence more positive effects when using commercial gam-
ing systems such as Nintendo Switch or Xbox Kinect. 
This is attributed to the level of interaction, entertain-
ment, and fun they offer, making them more engaging 
and potentially more effective in reducing depressive 
symptoms [55].

Effects in IADLs
A recent review highlighted how virtual environments 
that simulate iADLs could have greater ecological valid-
ity and foster autonomy in daily life [91]. The importance 
of these applications lies in their complexity and rel-
evance, motivating participants to plan, organize, solve 
problems and manage multiple tasks simultaneously 
within a spatial and visual context [51]. This approach 
not only improves specific skills, but could ensure that 

learning is directly applicable to real situations, thus 
facilitating greater independence in daily activities [92]. 
Our intervention, based on the cupboard task, differs 
from applications that simulate more traditional IADL 
such as preparing food or shopping. Participants had to 
remember objects, for which they planned future actions, 
but the locations changed in each experiment to avoid 
monotony in the game. This approach trained partici-
pants in updating and managing dynamic information in 
their working memory, a relevant component of prospec-
tive memory, supporting cognitive flexibility and execu-
tive functions [93].

Despite the ecological validity of VR and the theoreti-
cal basis for real-life skill transfer, results did not dem-
onstrate significant improvement on subsequent IADL 
tests, which can be interpreted as a lack of improve-
ment in functional independence. This finding is consis-
tent with the study of McDaniel et al. [87], who suggest 
a limit on the potential for improvement, due to a pos-
sible functional ceiling among some participants, who 
already have a high level of performance and, therefore, 
have less room to show significant improvements. On 
the other hand, some elderly people are under the care 
of relatives so they have lost autonomy to carry out tasks 
such as shopping or preparing food [94]. Fjordside and 
Morville [95] highlighted that older people have internal 
motivation to preserve their independence within their 
homes. This independence is compromised as the person 
becomes more dependent on the assistance of their care-
givers. Therefore, people institutionalized in a geriatric 
center did not participate. The perception of autonomy 
of older people is closely related to their social relation-
ships, the care practices of their caregivers and the resi-
dential environment, respecting their needs [96]. This 
context suggests that improving these skills in a short 
period may not be feasible.

Furthermore, Lawton and Brody’s IADL scale may not 
have been sensitive enough to capture significant changes 
in participants’ daily lives, given that the study was not 
designed to induce changes of such magnitude [97]. 
However, a specific improvement in smartphone use was 
observed, indicating an increase in comfort and motiva-
tion towards the use of smart devices among participants 
in the experimental group. The recent study of Wei and 
Guo [98] found that smartphone use had a positive effect 
on the health status of older adults. This specific result 
suggests that, although the intervention was not able to 
broadly improve IADL skills, it was able to positively 
influence specific aspects of interaction with technology.

Limitations
A systematic review suggested that to achieve maxi-
mum therapeutic efficacy, interventions should last at 
least six weeks [55]. Another meta-analysis stated that 
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interventions should have a minimum of 10 sessions to 
facilitate transfer of learning [99]. Although our study 
complies with these conditions, we consider that a pos-
sible limitation was its duration and that a longer period 
would have allowed for greater consistency in the results. 
Our sample size is consistent with previous studies, but 
is still small, which limits confidence in the observed 
effects.

Another limitation is related to the lack of a follow-up 
evaluation, which was considered within the initial study 
to be carried out four months later. However, some par-
ticipants stopped attending the senior community center 
and others did not wish to participate in the evaluations, 
which made this process impossible. In addition, the 
study was conducted exclusively in a senior center, thus 
limiting the generalizability of the results. The question 
arises as to whether the observed effects would be con-
sistent in populations that do not frequent these cen-
ters, suggesting the need to expand the scope of future 
research to include diverse settings and populations.

An important aspect that should be controlled in 
future studies is the effect that social interaction can have 
on final performance. In our intervention, greater social 
interaction was revealed by the control group, which 
could have favored this group and justified the results 
obtained.

Conclusions
This study presented a VR-based intervention that 
obtained significant improvements in executive func-
tion, navigation and memory, as well as in the reduction 
of depressive symptoms. The results were comparable to 
those obtained with a traditional intervention that was 
provided by a therapist, which opens the door to the use 
of VR-based cognitive therapies in community-dwelling 
older adults provided by family members or caregivers, 
and without the permanent need of a therapist. The high 
rate of adherence to the program in the experimental 
group highlights the relevance of designing motivating 
and attractive VR interventions.

Future research should address the limitations of this 
study, such as its duration and sample size, to consolidate 
the current findings. Additionally, long-term follow-up 
evaluations should be conducted, as well as expand the 
scope of the research to a broader variety of contexts 
and populations. Investigating the effectiveness of VR in 
improving depressive symptoms and transferring cog-
nitive skills to daily activities is promising field, which 
requires further exploration to maximize the therapeutic 
potential of this technology in healthy aging.
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3.1. Cribado cognitivo 
3.1.1. Evaluación física basada en AVD 

Los hallazgos de esta tesis promueven el potencial de las soluciones tecnológicas 
basadas en AVD para el cribado cognitivo en adultos mayores. Los resultados de la 
implementación de la tarea de los armarios físicos muestran su utilidad para detectar 
signos asociados a un deterioro cognitivo, ya que los pacientes con EA muestran un bajo 
rendimiento en aplicaciones que involucran AVD [71]. El enfoque que utilizamos basado 
en la tarea del armario aprovechó la inclusión de un contexto espacial y la simulación de 
una AIVD. Este enfoque es consistente con investigaciones que señalan que los entornos 
significativos (en este caso una cocina) permiten una evaluación más representativa del 
funcionamiento cognitivo cotidiano [72]. 

Además, actividades como abrir las puertas de los armarios y seleccionar objetos podrían 
ser sensibles a los cambios cognitivos tempranos característicos de un deterioro 
cognitivo patológico [50], [73]. Este diseño consolidó el vínculo entre el contexto espacial 
y la codificación de la memoria, por la asociación entre objeto y ubicación. Este elemento 
es importante en modelos teóricos de memoria que presentan la importancia del 
contexto espacial tanto en la función mnésica como en la evaluación de la memoria 
episódica y visoespacial [74], [75]. 

La tarea de los armarios se correlacionó significativamente con la escala MEC-35 (rho = 
0,71, p = 0,010), una herramienta tradicional. Esto concuerda con investigaciones previas 
que han encontrado asociaciones similares entre pruebas innovadoras y métodos 
tradicionales, como el SDMT [41] y MoCA [76]. A diferencia de pruebas convencionales, 
que carecen de validez ecológica, nuestra tarea evaluó habilidades directamente 
relacionadas con la cotidianidad, lo que respalda su aplicabilidad clínica. La confiabilidad 
del test-retest (ICC = 0,757 para el grupo con EA y 0,821 para el grupo sano) muestra 
estabilidad en nuestra propuesta. Además, nuestro estudio concuerda con el de Baker et 
al. [77], donde los pacientes con EA presentaron menor rendimiento en una tarea de lista 
de compras, lo cual se asoció con problemas en la memoria episódica y espacial [78]. Sin 
embargo, se identificó el efecto techo en el grupo de participantes sanos. Dicho efecto 
suele presentarse en personas sanas, como lo indica Drolet et al. [79], al aplicar la RAVLT. 
ES por ello que en la siguiente aplicación se planificó implementar más elementos y 
niveles de dificultad para mejorar esta limitación. Además, al ser una actividad que se 
realiza de pie, los participantes con problemas de movilidad, como aquellos que 
utilizaban bastón, registraron tiempos de respuesta más altos. Vriendt et 
al. [80] reconoce que la pérdida de autonomía puede generar tiempos de reacción más 
prolongados y menor eficiencia. En la aplicación futura se propuso el desarrollo de las 
tareas en posición sedente, lo cual reducirá este inconveniente, asegurando que la 
evaluación de tiempos de reacción se centre en el desempeño cognitivo. 

3.1.2. Aplicaciones inmersivas en AVD 

Considerando las limitantes de la primera versión física, la tarea del armario en RVI reveló 
una alta concordancia con el método tradicional del palacio de la memoria (método de 
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Loci), alcanzando un ICC de 0,614 para el nivel 1 y 0,662 para el nivel 2. Estos valores, que 
representan un buen nivel de significancia clínica según los criterios de Cicchetti [81], 
muestran la confiabilidad del sistema desarrollado como una herramienta válida frente 
a las pruebas tradicionales, con potencial para su uso en contextos clínicos. Estos 
resultados muestran una ventaja significativa en comparación con otros estudios 
similares. Por ejemplo, trabajos como los de Moffat et al. [82] y Parsons y McMahan [57] 
reportaron correlaciones moderadas entre las tareas virtuales y las pruebas psicométricas 
tradicionales, utilizando coeficientes de Pearson. Por otro lado, Ouellet et al. [50] 
informaron una correlación moderada (r = 0,35) entre el recuerdo correcto en su tarea 
de tienda virtual y test tradicionales para la medida de la memoria episódica, sin 
encontrar asociaciones con cuestionarios como el MMQ [83]. 

El desempeño observado en la tarea del armario también fue sensible a las diferencias 
relacionadas con la edad, con adultos más jóvenes superando en precisión a los mayores, 
una tendencia común en tareas de memoria episódica y espacial [84]. Asimismo, los 
tiempos de reacción mostraron una correlación positiva con la edad, lo que es 
consistente con investigaciones que han encontrado tiempos de respuesta más 
prolongados en adultos mayores durante tareas en entornos virtuales [85], [86]. Por otro 
lado, el uso de un entorno virtual inmersivo pudo haber contribuido al buen desempeño 
general, ya que estudios recientes han indicado que los entornos inmersivos pueden 
mejorar la codificación y el recuerdo al ofrecer una experiencia más dinámica y realista 
en comparación con entornos no inmersivos [87], [88].  

La evaluación de usabilidad del sistema se realizó con el cuestionario USEQ [70]. El 
resultado de 96,3% fue muy positivo, los participantes reportaron que la tarea del 
armario fue intuitiva y fácil de manejar, incluso para aquellos con poca experiencia en 
RV. Estos resultados coinciden con el estudio de Hassandra et al. [89] que utilizó RVI 
mediante HMD y tuvo una buena satisfacción por parte de personas mayores con 
síntomas de DCL. Sin embargo, uno de los comentarios recurrentes de los participantes 
fue la posibilidad de usar sus manos durante el desarrollo de la tarea, en lugar de los 
controles tradicionales. 

3.1.3. Seguimiento de manos en el cribado cognitivo 

Teniendo en cuenta lo anterior, se motivó que en el siguiente estudio evaluáramos el 
rendimiento cognitivo en la tarea del armario virtual utilizando el seguimiento de manos 
y lo comparáramos con el uso de controles, con el objetivo de identificar diferencias en 
la interacción y posibles mejoras en el desempeño. Los resultados mostraron diferencias 
no significativas en términos de precisión y tiempo de respuesta entre ambos métodos 
de interacción. La precisión promedio con controles fue un 7,08% superior y el tiempo 
de respuesta 0,27 segundos más rápido en comparación con el seguimiento de manos. 
Esto sugiere una ligera ventaja para los controles tradicionales en esta aplicación, lo que 
coincide con los hallazgos de Jamalian et al. [90]. 

La percepción de presencia, medida a través del cuestionario de presencia (PQ) [91], 
tampoco mostró diferencias significativas entre métodos (p = 0,21). Sin embargo, ciertas 
preguntas específicas destacaron diferencias importantes: los usuarios percibieron un 
mejor control (8,57% superior) y sensibilidad (9,29% superior) al usar controles, mientras 
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que el seguimiento de manos se valoró más alto en consistencia sensorial (7,14% 
superior). Aunque ambos métodos obtuvieron puntuaciones altas en la prueba de 
usabilidad para la experiencia del usuario (UMUX) [92] y satisfacción en el USEQ [70], los 
controles tradicionales mostraron una ligera ventaja en facilidad de uso (2,14% superior) 
y precisión, demostrando su robustez en entornos de RVI. Estos hallazgos coinciden con 
García-Magariño et al., [86] y Robin et al. [74], que asocian la percepción de control con 
un mejor desempeño en tareas de memoria. Ouellet et al. [50] mencionaron que los 
controles tradicionales tienen una alta fiabilidad y son de fácil uso. 

Aunque no se encontraron diferencias significativas en el desempeño cognitivo, la 
implementación del seguimiento de manos como método de interacción en tareas de 
memoria inmersiva presenta nuevas posibilidades. Este método facilita una experiencia 
más natural y por ello tanto las investigaciones futuras como los desarrolladores de 
hardware deberían centrarse en mejorar su sensibilidad y precisión. Esto permitiría su 
implementación en contextos clínicos y de evaluación cognitiva [88]. 

3.2. Entrenamiento cognitivo-motor 
La simulación de AIVD en entornos virtuales se presenta como enfoque innovador en la 
intervención cognitiva, ya que permite replicar con alta fidelidad las actividades 
cotidianas que realiza el adulto mayor. Nuestro último estudio analizó el impacto de una 
intervención cognitivo-motora basada en RV y AIVD, comparada con una actividad de 
lápiz y papel. Se utilizó la tarea del armario en RV y se diseñó un ensayo controlado 
aleatorio simple ciego en adultos mayores con DCL. Tuvimos una alta tasa de adherencia 
al programa (82,35% en el grupo experimental) y ausencia de efectos adversos durante 
las sesiones, lo cual demuestra la viabilidad y seguridad de la intervención en este 
contexto. El uso de tecnología RVI, mantuvo el interés y compromiso de los participantes. 
Este hallazgo se alinea con lo reportado por Park et al. [67], quienes demostraron que 
los sistemas inmersivos promueven la participación y potencian los resultados cognitivos 
mediante la estimulación de neurotransmisores asociados con la motivación. 

El grupo experimental mostró una mejora significativa en la evaluación de funciones 
cognitivas a través del MoCA-S, incrementando su puntuación promedio de 22,36 a 
25,29 (p < 0,001). Esto es consistente con la literatura existente, ya que muestra los 
beneficios de implementar intervenciones donde se recrean AIVD en entornos virtuales. 
Estas intervenciones promueven mejoras notables en la atención, memoria general y 
memoria visoespacial, lo que refuerza la capacidad de los usuarios para procesar y 
recordar información visual [93], [94], [95]. Asimismo, favorece el desempeño de la 
memoria de trabajo, ya que son tareas que requieren manipulación constante de 
información [96], [97]. 

La tarea de los armarios se enfoca en entrenar la memoria, pero también fomenta el 
desarrollo de funciones ejecutivas, como la planificación, la organización y la toma de 
decisiones. La selección de objetos en este tipo de tareas estimula procesos cognitivos 
complejos, lo que fomenta mejoras en la capacidad de los participantes para estructurar 
y ejecutar actividades de manera eficiente [95], [98]. Estudios como los de Man et al. [99] 
y Yamaguchi et al. [100] también reportaron mejoras en la codificación total y dirigida, 
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así como en la memoria episódica, funciones importantes para realizar actividades 
cotidianas.  

La neuroplasticidad parece ser un mecanismo que explica estos beneficios. La exposición 
a escenarios virtuales fomenta la reactivación cortical, mejorando la conectividad 
neuronal y el procesamiento de información. Gamito et al. [121] documentaron un 
aumento del 14% en la cognición global tras intervenciones que combinaban diversas 
AIVD. Además, la integración de estímulos audiovisuales resultó eficaz para mejorar la 
codificación de información en memoria episódica, tanto inmediata como diferida [99]. 

Nuestros resultados mostraron una correlación positiva entre el nivel educativo y las 
puntuaciones en el MoCA-S. Los participantes con mayor educación lograron mejores 
resultados tanto antes como después de la intervención (r = 0,799, p = 0,001). Este 
hallazgo concuerda con el estudio de Mondini et al., [101] que sugieren que un mayor 
nivel educativo puede fortalecer la reserva cognitiva, lo que permite a las personas 
compensar el deterioro funcional asociado con el DCL.  

Ambos grupos experimentaron una reducción significativa en los síntomas depresivos, 
con una disminución promedio en el SGDS-S (p < 0,001) y en el grupo experimental (p 
= 0,005). Sin embargo, la mejora fue más pronunciada en el grupo control. Una posible 
explicación es que las actividades tradicionales con lápiz y papel permitieron una mayor 
interacción directa con el terapeuta, fomentando un vínculo comunicativo y social que 
podría haber contribuido a la reducción de los síntomas depresivos. Este efecto ha sido 
descrito por Langoni et al. [102], quienes demostraron que los ejercicios grupales y las 
interacciones sociales pueden ser particularmente efectivos para mitigar la depresión en 
adultos mayores. Fjordside y Morville [103] describen que la percepción de autonomía y 
la interacción social contribuyen en su bienestar emocional. 

El análisis por género mostró que las mujeres en ambos grupos experimentaron mejoras 
significativamente en el nivel de depresión y en las funciones cognitivas. Esto es 
consistente con el estudio de Kim et al. [104] que sugirieron que las mujeres pueden 
beneficiarse más de las intervenciones cognitivas y sociales debido a diferencias en la 
percepción emocional y en el procesamiento cognitivo. 

Aunque las mejoras en las funciones cognitivas y motoras fueron evidentes, la 
transferencia de habilidades a las AVD no mostró diferencias estadísticamente 
significativas en las evaluaciones post-intervención. McDaniel et al. [105] sugieren que 
las intervenciones más prolongadas tienen un mayor potencial para promover 
transferencias funcionales a contextos cotidianos, lo que podría explicar esta mejoría 
limitada. Además, el metaanálisis de Nguyen et al. [106] se señaló que hay una limitada 
transferencia de los beneficios del entrenamiento cognitivo a funciones no entrenadas 
directamente, lo cual coincide con nuestros resultados. 

Aunque la escala de Lawton es una de las herramientas validadas más utilizadas para 
evaluar la funcionalidad en las AIVD, pudo no ser lo suficientemente sensible para 
detectar cambios en el corto plazo de nuestra intervención, lo que coincide con el estudio 
de Panerai et al. [107]. No obstante, se observó una mejora específica en el uso de 
dispositivos como teléfonos inteligentes, lo que refleja un impacto positivo en la 
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adaptación a nuevas tecnologías. El estudio de Wei y Guo [108] mostró que la adopción 
de tecnología puede tener efectos positivos en la salud y la autonomía del adulto mayor. 

3.3. Consideraciones para el diseño de intervenciones 
3.3.1. Diseño del protocolo 
El protocolo debe estructurar la intervención considerando la duración de las sesiones, 
la frecuencia y el tiempo total del programa, buscando maximizar los beneficios 
cognitivos y físicos [109]. Nuestros hallazgos exponen que cada sesión en la que se usen 
aplicaciones inmersivas podría durar entre 30 y 60, mientras que las no inmersivas 
podrían durar entre 30 y 90 minutos. De acuerdo con Kourtesis et al. [110], una sesión 
RVI no debería exceder entre 55 y 70 minutos, con el objetivo de prevenir la aparición 
de síntomas o efectos adversos asociados a su uso. Este tiempo es suficiente para que el 
participante se involucre en la actividad sin llegar a experimentar fatiga. Es por esto que 
en el último artículo de esta tesis [111] se realizaron sesiones de 40 minutos 
aproximadamente, sin reportar incomodidad en los participantes. 

Con respecto a la frecuencia, se pueden realizar 2 a 3 sesiones por semana, lo cual 
permite que el cerebro y el sistema motor asimilen y consoliden las habilidades 
aprendidas, garantizando un ritmo sostenido sin sobrecargar al usuario. Esto coincide 
con el estudio de Laver et al. [112], el cual señala que las sesiones de entrenamiento 
cognitivo asistido realizadas de 2 a 3 veces por semana, con una duración de 30 a 60 
minutos y en grupos pequeños, resultaron ser efectivas. 

En cuanto a la duración total, se sugiere que la intervención dure entre 10 y 12 sesiones, 
un periodo suficiente para observar mejoras significativas en las habilidades cognitivas y 
físicas. Según la revisión sistemática de Kelly et al. [113], diez sesiones pueden ser un 
número adecuado, ya que los estudios que analizaron indicaron que extender el periodo 
no necesariamente garantiza mejores resultados. No obstante, un mayor número de 
sesiones podría favorecer la formación de hábitos saludables en las personas 
participantes. En la intervención que se realizó en esta tesis, se ejecutaron dos sesiones 
semanales, acumulando un total de 12 sesiones, con resultados satisfactorios en la 
población de estudio. 

3.3.2. Nivel de inmersión 

Las intervenciones de RV dirigidas a adultos mayores deben considerar cómo el nivel de 
inmersión afecta la experiencia y los resultados terapéuticos. Los entornos inmersivos, 
que emplean HMD y simulaciones en 360 grados son adecuados para tareas que 
demandan planificación y resolución de problemas, es decir, funciones ejecutivas y 
memoria. Estos entornos recrean situaciones cotidianas de manera realista, por lo que se 
recomienda su uso para mejorar funciones ejecutivas, memoria y atención selectiva [88], 
[95]. El modelo de Howard [114] plantea que la sensación de presencia en entornos 
virtuales puede aumentar la motivación, lo que mejora el compromiso del usuario con el 
programa. Sin embargo, estos hallazgos deben considerarse con cautela debido a sus 
posibles efectos adversos, como desorientación y fatiga visual, que pueden limitar su uso 
en personas con mayor deterioro cognitivo o sensibilidad sensorial [97]. 
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Por otro lado, los entornos semi-inmersivos se recomiendan para los adultos mayores 
con susceptibilidad a mareos o problemas para adaptarse a las tecnologías inmersivas, 
como sugieren Romero-Ayuso et al. [115]. Se pueden usar para tareas con menos 
exigencia cognitiva, como el manejo de medicamentos o ejercicios de memoria visual. 
Mientras que las aplicaciones no inmersivas son útiles para el entrenamiento cognitivo 
en etapas iniciales de deterioro o para usuarios con limitaciones motoras y sensoriales. 
A pesar de ello, en el estudio de Yamaguchi et al. [100] se informaron dificultades al usar 
un mouse de computadora para realizar tareas de cocina en una intervención de RV no 
inmersiva, lo cual demuestra que cada nivel tiene consideraciones que deben analizarse. 

3.3.3. Ejercicios combinados 

La integración de ejercicios cognitivos y motores demostraron resultados positivos, en 
parte debido al aumento del flujo sanguíneo asociado. No obstante, es relevante 
comprender mejor la contribución del componente motor en la intervención. Liao et al. 
[116] describieron que los participantes que alcanzaron entre el 50 y el 75% de su 
frecuencia cardíaca máxima durante las intervenciones experimentaron mejoras 
significativas en la flexibilidad cognitiva, la atención dividida y las funciones ejecutivas. 
Se evidenció una menor activación de áreas prefrontales, lo que puede interpretarse 
como una señal de mayor eficiencia cognitiva general. Este efecto se atribuye a la 
liberación de factores neurotróficos derivados del cerebro (BDNF), los cuales están 
asociados con mejoras en la plasticidad neuronal y el aprendizaje. La revisión de Raichlen 
et al. [117] respalda estos hallazgos, indicando que los ejercicios aeróbicos en este rango 
de esfuerzo optimizan el flujo sanguíneo cerebral y la conectividad en regiones asociadas 
con la memoria y la atención. 

Galle et al. [118] reportaron que los participantes que incrementaron su actividad física 
mostraron mejoras en la velocidad de marcha, la capacidad aeróbica y las funciones 
ejecutivas. Estos cambios no solo reducen el riesgo de caídas, sino que también 
potencian la memoria de trabajo y la cognición global. Este efecto positivo también se 
relaciona con una mayor densidad sináptica y cambios en el grosor cortical, como 
señalan Chapman et al. [119]. Por su parte, Park et al. [67] reportaron que las 
intervenciones cognitivas-motoras estimulan el eje hipotalámico-pituitario-adrenal, lo 
cual mejora la memoria y el aprendizaje. Según Kwan et al. [120], al mejorar su 
independencia, también se reduce la carga emocional y logística sobre sus familias, 
creando un impacto positivo en la dinámica familiar. 

3.3.4. Diseño según el estado cognitivo del paciente 

La intervención debe diseñarse según el estado cognitivo de los participantes. En adultos 
mayores sanos, las intervenciones deben centrar en tareas que ejerciten la memoria y 
atención. Estudios como los de Gamito et al. [121] y Zhu et al. [95] demostraron mejoras 
significativas en la memoria de trabajo y la atención selectiva, con un aumento del 14% 
en la cognición global tras intervenciones que incluían múltiples tareas de AIVD. Esto 
puede utilizarse como una medida preventiva para retrasar la aparición de síntomas de 
deterioro cognitivos relacionados con la edad. 
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En participantes con DCL, las intervenciones deben abordar entrenar la memoria 
episódica y funciones ejecutivas como la planificación. Zhu et al. [95] reportaron que las 
tareas inmersivas como compras virtuales generaron avances significativos en funciones 
ejecutivas y memoria episódica, mostrando una efectividad superior en comparación con 
el grupo de control. Kwan et al. (2021) reportaron que los participantes con fragilidad 
cognitiva percibieron mejoras en tareas reales, como cruzar calles o gestionar compras, 
gracias al entrenamiento combinado en RV.  

Para personas con demencia, las intervenciones se deben enfocar en mantener 
habilidades funcionales y reducir la carga cognitiva asociada a los entornos inmersivos. 
Las tareas simples, como organizar elementos o preparar alimentos, permiten reforzar la 
memoria episódica y la orientación visuoespacial. Masoumzadeh et al. [97] reconocen 
que las intervenciones en este grupo deben priorizar tareas con alto valor funcional y 
bajo riesgo de sobrecarga cognitiva. Foloppe et al. [44] encontraron que los entornos 
virtuales facilitaban el aprendizaje asistido en tareas como la cocina, promoviendo una 
mayor autonomía. Un estudio longitudinal realizado por Edwards et al. [122] demostró 
que el entrenamiento cognitivo-motor puede reducir significativamente el riesgo de 
desarrollar demencia. En este estudio, los participantes que realizaron ejercicios 
combinados un 33% menos de probabilidades de desarrollar Alzheimer tras un periodo 
de 10 años, por el efecto neuro protector asociado.  

Las intervenciones actuales aún mantienen ciertas limitaciones como la falta de 
transferencia a otras AIVD no entrenadas, por ello se sugiere combinar estas 
intervenciones con programas complementarios en entornos reales. Los participantes 
con demencia en etapas más avanzadas podrían enfrentar mayores desafíos para 
beneficiarse de entornos inmersivos debido a efectos adversos como mareos o náuseas 
[95]. Recomendamos administrar el cuestionario de mareo por simulador (SSQ) al inicio 
del experimento para identificar a los participantes más sensibles y excluirlos si es 
necesario. También se puede implementar un aumento gradual en la duración y 
dificultad de las sesiones de entrenamiento en RV para reducir la incidencia de molestias 
[123], [124]. Las intervenciones deben ajustar los niveles de inmersión y las tareas según 
las capacidades cognitivas y físicas de cada grupo.
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4.1. Conclusiones Principales 
La primera publicación, “Cognitive Decline Detection for Alzheimer’s Disease Patients 
Through an Activity of Daily Living (ADL)”, ha demostrado que es posible desarrollar 
tareas de cribado basadas en AVD que proporcionen una evaluación precisa y 
ecológicamente válida para la detección temprana del deterioro cognitivo en adultos 
mayores. Este estudio contribuye a superar las limitaciones de las pruebas 
convencionales al ofrecer un entorno de evaluación que emula situaciones de la vida 
cotidiana, lo cual incrementa la precisión y la representatividad de los resultados para su 
aplicación clínica. 

La segunda publicación, “The Cupboard Task: An Immersive Virtual Reality-Based System 
for Everyday Memory Assessment”, presentó una aplicación de RVI diseñada para evaluar 
la memoria en un contexto que simula una actividad diaria. Este estudio confirmó la 
viabilidad de utilizar un entorno virtual como herramienta para la evaluación de 
funciones cognitivas. Se validó que "Cupboard Task" es un método efectivo para medir 
la memoria y atención en una muestra controlada de adultos mayores, demostrando su 
utilidad para una implementación práctica en el cribado cognitivo. 

La tercera publicación, "Influence of Hand Tracking in Immersive Virtual Reality for 
Memory Assessment," analizó cómo el seguimiento manual podría afectar la evaluación 
de memoria en entornos de RVI. Aunque se esperaban beneficios de la interacción con 
seguimiento manual, los resultados indicaron que la precisión, el tiempo de respuesta, la 
presencia, la usabilidad y la satisfacción no mostraron diferencias estadísticamente 
significativas frente al uso de controladores tradicionales. Este hallazgo sugiere que el 
método de interacción puede no ser un factor determinante en la evaluación cognitiva 
mediante RV y aun se requieren investigaciones futuras para explorar en mayor 
profundidad cómo el nivel de inmersión y la interacción impactan en el rendimiento 
cognitivo. 

La cuarta publicación, “Virtual Reality Applications Based on Instrumental Activities of 
Daily Living (iADLs) for Cognitive Intervention in Older Adults: A Systematic Review”, 
proporcionó una revisión sistemática de las aplicaciones de RV que simulan AIVD en la 
intervención cognitiva de adultos mayores. Los resultados demostraron el potencial de 
la RV para mejorar funciones cognitivas como memoria, atención y funciones ejecutivas. 
También se destaca la importancia de la transferencia del conocimiento adquirido a 
situaciones de la vida diaria. 

La quinta publicación, “Cognitive-Motor Interventions Based on Virtual Reality and 
Instrumental Activities of Daily Living (iADL): An Overview”, ofreció una visión general de 
las intervenciones cognitivo-motoras en RV, enfocadas en mejorar tanto las habilidades 
físicas como cognitivas de los adultos mayores. Este estudio muestra como las 
intervenciones que combinan entrenamiento motor y cognitivo en RV pueden 
incrementar la independencia funcional y reducir los riesgos asociados a la movilidad 
limitada. Un enfoque dual potencia la rehabilitación integral al incorporar las ventajas de 
cada tipo. 
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La sexta publicación, “Effects of a Dual Intervention (Motor and Virtual Reality-Based 
Cognitive) on Cognition in Patients with Mild Cognitive Impairment”, presentó los 
resultados de una intervención dual en RV diseñada para mejorar la cognición en adultos 
mayores con deterioro cognitivo leve. Los hallazgos demostraron que esta intervención 
no solo mejora el rendimiento en funciones cognitivas, sino que también reduce 
significativamente los síntomas depresivos. Esto fortalece la perspectiva de que el 
entrenamiento combinado puede favorecer la independencia funcional de los 
participantes. 

4.2. Impacto de la tesis y contribución al conocimiento 
Los resultados obtenidos en esta tesis doctoral demostraron que las aplicaciones de RV 
basadas en una AIVD puede ser una herramienta eficaz para la detección y rehabilitación 
cognitiva en adultos mayores. Al implementar intervenciones que combinan el 
entrenamiento motor y cognitivo (en un entorno de RV), se refuerza la utilidad de un 
enfoque dual tanto para la práctica clínica como para la investigación académica en el 
ámbito de la geriatría y la neurorrehabilitación. A continuación, se detalla el impacto 
específico en distintos ámbitos. 

4.2.1 Ámbito clínico 

Uno de los impactos principales de esta tesis doctoral es su aplicación en el ámbito 
clínico, donde el deterioro cognitivo en adultos mayores plantea retos significativos para 
la atención y la rehabilitación. En el diagnóstico, las tareas de cribado diseñadas a partir 
de AVD en entornos virtuales permiten una evaluación más contextualizada del 
desempeño cognitivo. Los resultados obtenidos con la tarea de armarios físicos (primera 
publicación) y su adaptación al entorno virtual (segunda publicación) demostraron 
correlaciones significativas con herramientas estándar, validando su capacidad para 
detectar deterioro cognitivo en etapas tempranas. Este enfoque no solo evalúa dominios 
cognitivos, sino que también incorpora elementos funcionales que reflejan la capacidad 
de los adultos mayores para interactuar con su entorno, ofreciendo una base sólida para 
intervenciones tempranas y personalizadas. 

Las intervenciones que combinan componentes cognitivos y motores, como las 
desarrolladas en esta investigación, destacan por su efectividad. La evidencia respalda 
que el aumento del flujo sanguíneo cerebral derivado de la actividad física mejora la 
neuroplasticidad y la capacidad de aprendizaje del cerebro, predisponiendo a los 
participantes a un mayor aprovechamiento de las tareas cognitivas. Esto se traduce en 
mejoras significativas en memoria, atención, planificación y autonomía funcional. Estos 
diseños basados en intervenciones cognitivo-motoras no solo mejoran el rendimiento 
mental, sino que también tiene un impacto emocional positivo al reducir síntomas de 
depresión y ansiedad, fomentando una mayor adherencia al tratamiento. Este modelo 
integrado de diagnóstico y rehabilitación refuerza el papel de la RV como una 
herramienta clave en la geriatría, proporcionando un puente entre la evaluación precisa 
y la intervención efectiva, con beneficios sostenibles en la calidad de vida de los adultos 
mayores.  
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4.2.2 Instituciones de cuidados y rehabilitación 

Esta tesis doctoral presenta información relevante para instituciones de cuidados a largo 
plazo y centros de rehabilitación, donde el uso de tecnologías innovadoras puede 
mejorar las prácticas de atención. El enfoque propuesto combina evaluación, prevención 
y rehabilitación, adaptándose a las necesidades individuales de cada residente. La RV 
ofrece un entorno seguro y controlado que minimiza riesgos, como caídas o lesiones, 
durante las actividades terapéuticas. La simulación virtual de la gestión de medicamentos 
o la organización de tareas domésticas, pueden ajustarse para mantener un nivel de 
desafío adecuado, lo que incrementa la adherencia y motivación de los usuarios.  

La integración de estas tecnologías en las rutinas diarias de cuidado tiene el potencial de 
reducir la dependencia de intervenciones farmacológicas. Al ofrecer una alternativa no 
invasiva y con efectos secundarios mínimos, las aplicaciones de RV contribuyen a un 
manejo más integral del deterioro cognitivo. Esta tecnología presenta la posibilidad de 
recopilar datos cuantitativos en tiempo real, lo que permite al personal de salud 
monitorear el progreso de los pacientes y ajustar el tratamiento de manera más precisa, 
mejorando las consideraciones terapéuticas y personalizando las intervenciones según 
las necesidades individuales. 

4.2.3 Academia e investigación 

Esta investigación amplía el conocimiento sobre la validez ecológica de las evaluaciones 
realizadas en entornos virtuales, siendo una alternativa más representativa en 
comparación con las metodologías tradicionales basadas en pruebas de laboratorio. Al 
integrar tareas simuladas con un alto nivel de realismo, se disminuyen las brechas en la 
evaluación clínica, al ofrecer una visión más contextualizada del desempeño cognitivo y 
funcional. 

Además, se contribuye a la línea de investigación relacionada con el uso de la RV basada 
en AVD para la neurorrehabilitación, promoviendo el desarrollo de estudios 
experimentales y longitudinales que profundicen en los efectos a largo plazo. Este 
estudio plantea interdisciplinariedad que refuerce la colaboración entre ingenieros, 
terapeutas e investigadores, para generar soluciones innovadoras y accesibles. 

4.3. Limitaciones de la tesis 
Aunque se ha demostrado la viabilidad de estas aplicaciones en contextos controlados y 
se han obtenido resultados prometedores, existen algunas limitaciones inherentes que 
deben considerarse para futuras investigaciones y aplicaciones en entornos reales. Los 
ambientes virtuales que simulan AVD han mostrado alta validez ecológica en entornos 
controlados, pero aún se requiere su validación en ambientes no clínicos. Los resultados 
obtenidos en este estudio pueden variar al aplicarse en centros de cuidado de adulto 
mayor o en hogares. 

Este estudio se enfocó en adultos mayores con deterioro cognitivo leve, lo que puede 
restringir la generalización de los hallazgos a individuos en etapas más avanzadas de 
deterioro, como la demencia moderada o severa. Para estos casos, las intervenciones 
podrían requerir adaptaciones significativas para atender sus necesidades específicas o 
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estar restringidas. También se debe considerar que algunas personas no sienten 
familiaridad y comodidad con el uso de esta tecnología, afectando los resultados. Futuras 
investigaciones deberían considerar formas de adaptar la experiencia de RV para mejorar 
la accesibilidad y la aceptación en esta población. 

La implementación de las intervenciones de RV requiere acceso a equipos especializados, 
lo cual puede representar una barrera en ciertas instituciones de salud o en hogares que 
carecen de la infraestructura necesaria y los recursos económicos. Además, dado que las 
pruebas de la aplicación desarrollada fueron realizadas en un período limitado, no se ha 
podido evaluar el impacto a largo plazo de estas intervenciones en la cognición y 
funcionalidad de los adultos mayores. Es posible que algunos efectos beneficiosos se 
disipen con el tiempo, por esto se motiva al desarrollo de estudios longitudinales que 
exploren la efectividad sostenida de estas intervenciones. 

4.4. Trabajo futuro 
Los hallazgos y perspectivas en esta investigación doctoral permiten establecer una serie 
de propuestas para futuras investigaciones. Desde el punto de vista tecnológico, los 
avances en la electrónica y la computación están permitiendo el desarrollo de 
aplicaciones funcionales. Los trabajos futuros deberían enfocarse en perfeccionar 
dispositivos de entrada y salida de RV, como HMD y controles hápticos, que posibiliten 
interacciones más naturales y fluidas con los entornos virtuales. Con el lanzamiento de 
nueva tecnología como el dispositivo Apple Vision Pro a inicios del 2024 se prevé que 
las aplicaciones de RV tengan un mayor alcance. Durante el desarrollo de esta tesis se 
utilizó la funcionalidad de seguimiento de manos, observándose que, aunque no se 
encontraron diferencias significativas en comparación con el uso de controles, esta línea 
de trabajo tiene el potencial de reducir barreras tecnológicas, especialmente en 
poblaciones que enfrentan limitaciones motoras. 

Estas herramientas deben ajustarse a las necesidades específicas de los adultos mayores, 
integrando estrategias como las señales/pistas (cues en inglés). Estas señales actúan 
como guías durante la interacción con los entornos virtuales, ayudando a los usuarios a 
comprender y ejecutar las tareas de manera más eficiente [125]. Al reducir la carga 
cognitiva, las señales facilitan el aprendizaje, mejoran la ejecución y promueven la 
transferencia de habilidades adquiridas a contextos reales. Para maximizar la efectividad 
de estas herramientas, se debe optimizar la experiencia del usuario. Esto incluye 
considerar la inmersión sensorial mediante estímulos visuales, auditivos, táctiles e incluso 
olfativos y gustativos, creando entornos virtuales envolventes y convincentes. Como se 
menciona en una reciente revisión [126], existe poca información sobre los estímulos 
distintos a los audiovisuales hasta el momento, por lo que se abre una interesante línea 
en la simulación y evaluación de estos. Asimismo, elementos como la latencia, el realismo 
y la interactividad son determinantes para fortalecer la sensación de presencia del 
usuario en el entorno virtual. Estos factores, al integrarse adecuadamente, no solo harán 
que la experiencia sea más fluida y atractiva, sino que también mejoran el compromiso 
del usuario, aumentando la efectividad y adherencia a las intervenciones propuestas.  
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En este contexto, los avances en computación e inteligencia artificial (IA) han abierto 
nuevas oportunidades para optimizar la interacción humano-máquina. Estas tecnologías 
permiten un análisis detallado del comportamiento del usuario, lo que facilita la creación 
de sistemas más intuitivos y adaptables. Los estudios futuros deberán estudiar la 
personalización y usabilidad que las aplicaciones de RV pueden brindar mediante el uso 
de algoritmos de IA. Estas tecnologías tienen el potencial de transformar la experiencia 
del usuario al permitir ajustes dinámicos en la complejidad de las tareas, adaptándose 
en tiempo real al progreso, las capacidades y las necesidades específicas de cada 
individuo. Por ejemplo, un algoritmo de IA podría identificar patrones en el desempeño 
del usuario y ajustar automáticamente parámetros como el nivel de dificultad, la duración 
de las sesiones o la frecuencia de las pistas. Como han indicado Oumaima et al. [127] se 
podrán personalizar los mundos virtuales, lo que podría mejorar los resultados 
terapéuticos al proporcionar desafíos adecuados para cada etapa del tratamiento, 
fomentando la adherencia. Sin embargo, para comprobar el verdadero impacto obtenido 
es necesario evaluar cómo los usuarios perciben y utilizan estas tecnologías. 

La inclusión de elementos que conecten emocional y cognitivamente con el usuario 
puede mejorar los resultados terapéuticos. Una narrativa bien estructurada en las 
actividades simuladas dentro del entorno virtual permitirá que el usuario se involucre de 
manera significativa. La simulación de AVD, aunque prometedora, aún necesita 
explorarse para diversificar y personalizar las tareas. Futuros estudios podrían centrarse 
en simulaciones que integren varias AIVD con la planificación de actividades sociales, ya 
que la evidencia menciona que los problemas cognitivos pueden promover el 
aislamiento social [128]. La inclusión de escenarios culturalmente relevantes podría 
contribuir a la transferencia de habilidades al entorno real. Esto es particularmente 
importante en poblaciones mayores, donde las diferencias culturales pueden influir en la 
percepción y efectividad de las tareas simuladas. Esto fomenta un sentido de pertenencia 
y compromiso, incrementando la posibilidad de tener resultados sostenibles en el 
tiempo. 

Por otro lado, la combinación de AVD con el análisis de biomarcadores muestra una línea 
de investigación poco explorada [129]. Al integrar tecnologías de monitorización en 
tiempo real, como sensores portátiles o dispositivos de RV habilitados para la 
recopilación de datos fisiológicos, se puede evaluar simultáneamente el impacto 
cognitivo y físico de las tareas realizadas. Esto permitiría identificar patrones relacionados 
con el esfuerzo mental, la atención y las respuestas emocionales, ofreciendo una visión 
más integral del efecto de las intervenciones. Además, este enfoque podría ayudar a 
personalizar aún más las aplicaciones, ajustando dinámicamente la dificultad de las 
tareas en función de las respuestas fisiológicas del usuario, contribuyendo a la 
efectividad terapéutica y minimizando riesgos asociados como la fatiga o el estrés [130].  

Aunque hay evidencia que respalda los beneficios potenciales de la RV en el adulto 
mayor, pocos estudios abordan si estas herramientas son realmente accesibles, intuitivas 
y aceptadas. Para garantizar que los sistemas desarrollados generen la experiencia 
deseada, los trabajos futuros deben diseñar y aplicar pruebas específicas que midan 
aspectos como usabilidad, facilidad de interacción y percepción del usuario. La 
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usabilidad incluye factores como la facilidad de uso, la claridad de las instrucciones y la 
adaptación de las interfaces a las capacidades cognitivas y motoras de los adultos 
mayores. Por ejemplo, pruebas como la escala de usabilidad del sistema (SUS) o el 
cuestionario de usabilidad del sistema posterior al estudio (PSSUQ) podrían ser 
adaptadas para evaluar la experiencia específica de esta población [131]. Además, la 
aceptación tecnológica, evaluada a través de modelos como el modelo de aceptación de 
tecnología (TAM), permitirá identificar barreras y facilitadores en la adopción de estas 
tecnologías. Esto incluye el análisis de factores como la percepción de utilidad, la 
facilidad percibida y la intención de uso continuo [132]. Por otro lado, instrumentos 
cualitativos como entrevistas y grupos focales podrían complementar estas evaluaciones, 
proporcionando información detallada sobre las expectativas, preocupaciones y 
preferencias de los usuarios. 

Desde el punto de vista clínico, la mayoría de los estudios previos se centraron en 
entornos controlados, como laboratorios [105], [133], [134] o centros de cuidado [116], 
[120], [135]. Como mencionan Miller et al. [136], los sistemas de RV y juegos serios tienen 
viabilidad para trasladarse al entorno doméstico. Este enfoque podría beneficiarse del 
diseño de intervenciones basadas en RV que permitan la interacción del participante 
tanto de manera autónoma como con el apoyo de sus familiares. Al integrarse en la 
rutina diaria, estas tecnologías no solo amplían su accesibilidad, sino que también 
favorecen la continuidad del tratamiento, fomentando el auto entrenamiento y la 
independencia funcional. Para ello, se deben desarrollar interfaces intuitivas que faciliten 
su uso independiente, así como sistemas de monitorización remotos que permitan a los 
profesionales de la salud supervisar el progreso de forma efectiva y ajustar las 
intervenciones según sea necesario [137]. 

En paralelo, se debe atender a poblaciones con alta fragilidad, como los pacientes con 
demencia, quienes podrían beneficiarse significativamente de las aplicaciones 
tecnológicas. Aunque la evidencia actual respalda la seguridad y eficacia de estas 
herramientas para fomentar un estilo de vida activo en esta población, coincidimos con 
Sortino et al. [138], en que se requieren investigaciones adicionales para maximizar su 
utilidad y accesibilidad. Estas investigaciones deberían enfocarse en adaptar las 
tecnologías a personas con demencia moderada o avanzada, una población cuya 
prevalencia sigue en aumento a nivel mundial. Estas condiciones representan un desafío 
significativo, pero también una oportunidad para explorar la viabilidad de las 
intervenciones en etapas avanzadas del deterioro cognitivo.  

Los futuros estudios deberán abordar la pertinencia de estas aplicaciones en dichas 
etapas, definiendo ajustes específicos para minimizar la carga cognitiva, adaptarse a las 
limitaciones motoras y sensoriales, y maximizar los beneficios terapéuticos. Las 
actividades podrían centrarse en objetivos emocionales y funcionales, priorizando tareas 
que promuevan la conexión social, la estimulación sensorial y la mejora del bienestar 
general. Por ejemplo, simular actividades sencillas de la vida diaria, como organizar 
objetos o identificar colores y formas, puede facilitar la interacción con el entorno virtual 
sin generar frustración. Además, se podría explorar el impacto de la RV en la reducción 
de síntomas conductuales y psicológicos asociados con la demencia, como la ansiedad.  
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En esta tesis se obtuvo una mejora en la escala de depresión por medio de una 
intervención cognitivo-motora, por lo que se contribuyó a la generación de herramientas 
basadas en RV para el manejo integral de estas condiciones.
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Virtual Reality Applications 
Based on Instrumental 
Activities of Daily Living 

Journal of Neuroengineering 
and Rehabilitation 

2023 5,2 Engineering, 
Biomedical 

Q1 5 7 13 
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(iADLs) for Cognitive 
Intervention in Older Adults: 
A Systematic Review 

Neurosciences Q1 

Rehabilitation Q1 

Cognitive-Motor 
Interventions Based on 
Virtual Reality and 
Instrumental Activities of 
Daily Living (iADL): An 
Overview 

Frontiers in Aging Neuroscience 2023 4,1 

Geriatrics & 
Gerontology Q2 

3 5 7 

Neurosciences Q2 

Effects of a Dual Intervention 
(Motor and Virtual Reality-
Based Cognitive) on 
Cognition in Patients with 
Mild Cognitive Impairment: A 
Single-Blind, Randomized 
Controlled Trial 

Journal of Neuroengineering 
and Rehabilitation 2024 5,2 

Engineering, 
Biomedical Q1 

3 3 4 
Neurosciences Q1 

Rehabilitation Q1 

Nota: El factor de impacto y el cuartil corresponden al indicador Journal Citation Reports (JCR) 2023, ya que los datos del año 2024 todavía no 
han sido publicados. Los datos sobre número de citas están actualizados a diciembre de 2024. 

*El factor de impacto corresponde al indicador indicador SCImago Journal Rank (SJR) 2023.
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Apéndice 2: Justificación de la contribución del doctorando 
I. Título: Cognitive Decline Detection for Alzheimer’s Disease Patients Through an 
Activity of Daily Living (ADL) 

El doctorando participó en la conceptualización de la investigación, el desarrollo de la 
metodología y la construcción del armario físico equipado con componentes 
tecnológicos avanzados, integrando microcontroladores como Raspberry Pi para 
capturar y procesar datos en tiempo real. Esta infraestructura permitió monitorizar y 
registrar las interacciones de los usuarios con el sistema. Asimismo, el doctorando 
contribuyó en la recolección de datos, análisis estadístico y redacción del artículo 
original, contribuyendo en las revisiones solicitadas por los evaluadores para su 
aceptación final. 

II. Título: The Cupboard Task: An Immersive Virtual Reality-Based System for 
Everyday Memory Assessment 

En este artículo, el doctorando participó en el del desarrollo de la aplicación de RVI 
“Cupboard Task,” desde la fase inicial hasta su implementación final. Colaboró en la 
validación de la aplicación mediante pruebas empíricas y la recolección de datos 
experimentales. La contribución incluyó la redacción del manuscrito, además de realizar 
las revisiones solicitadas por los revisores para su aceptación final. 

III. Título: Influence of Hand Tracking in Immersive Virtual Reality for Memory 
Assessment 

El doctorando participó en el desarrollo de la aplicación de RVI para la evaluación de la 
memoria, investigando el impacto del seguimiento de manos frente a los controles 
tradicionales. La contribución incluyó el diseño experimental, la implementación del 
sistema, y la configuración de los parámetros de dificultad. Además, participó en la 
recolección de datos de precisión y tiempos de respuesta, así como en la evaluación de 
la percepción de presencia, usabilidad y satisfacción con otro autor. El doctorando 
también participó en la redacción del manuscrito y en las revisiones necesarias hasta su 
aceptación final. 

IV. Título: Virtual Reality Applications Based on Instrumental Activities of Daily 
Living (iADLs) for Cognitive Intervention in Older Adults: A Systematic Review 

El doctorando participó en la búsqueda, selección y análisis crítico de estudios sobre 
aplicaciones de RV basadas en AIVD para intervención cognitiva. Contribuyó al desarrollo 
metodológico y al análisis formal de los datos, organizando y sintetizando los hallazgos, 
destacando los beneficios y limitaciones de dichas intervenciones en el contexto de los 
adultos mayores. Además, colaboró en la redacción del artículo y en las revisiones 
solicitadas por los revisores para su publicación. 

V. Título: Cognitive-Motor Interventions Based on Virtual Reality and Instrumental 
Activities of Daily Living (iADL): An Overview 

En este artículo de revisión, el doctorando contribuyó a la concepción y diseño del 
estudio, recopilando y analizando literatura relevante sobre intervenciones cognitivo-
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motoras en RV basadas en AIVD. Además, organizó la base de datos de estudios 
seleccionados y evaluó la viabilidad de estas intervenciones para mejorar la 
independencia funcional en esta población. También colaboró en la redacción del primer 
borrador del manuscrito y en las revisiones necesarias para responder a los comentarios 
de los evaluadores. 

VI. Título: Effects of a Dual Intervention (Motor and Virtual Reality-Based 
Cognitive) on Cognition in Patients with Mild Cognitive Impairment 

El doctorando participó en la conceptualización y diseño de la intervención dual basada 
en RV basado en los aprendizajes previos de la revisión de la literatura. Se encargó de la 
organización y visualización de los datos, implementó el protocolo de intervención, 
recolectó y realizó análisis estadísticos, y contribuyó a la interpretación de los resultados. 
Además, participó en la redacción del borrador original del manuscrito y en las revisiones 
y ediciones necesarias para su aceptación final.
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Apéndice 3: Artículos adicionales en revistas y conferencias 
Además de los artículos publicados en revistas de alto impacto, se presentaron hallazgos 
complementarios del estudio en revistas y congresos internacionales. 

Artículo de revista 1 

Título: Memory rehabilitation during the COVID-19 pandemic 

Autores: José Luis Varela-Aldás, Jorge Buele, Doris Pérez y Guillermo Palacios-Navarro 

DOI: 10.1186/s12911-023-02294-1 

Revista: BMC Medical Informatics and Decision Making 

Año: 2023 

Base de Datos: JCR  

Editor: BMC 

Resumen: Background: Loss of cognitive and executive functions is a problem that 
affects people of all ages. That is why it is important to perform exercises for memory 
training and prevent early cognitive deterioration. The aim of this work was to compare 
the cognitive performance of the participants after an intervention by using two 
mnemonic techniques to exercise memory functions (paired-associate learning and 
method of loci). Methods: A longitudinal study was conducted with 21 healthy 
participants aged 18 to 55 years over a 2-month period. To assess the impact of this 
proposal, the NEUROPSI brief battery cognitive assessment test was applied before and 
after the intervention. In each session, a previous cognitive training was carried out using 
the paired-associate learning technique, to later perform a task based on the loci 
method, all from a smart device-based application. The accuracy response and reaction 
times were automatically collected in the app. Results: After the intervention, a 
statistically significant improvement was obtained in the neuropsychological assessment 
(NEUROPSI neuropsychological battery) reflected by the Wilcoxon paired signed-rank 
test (P < .05). Conclusion: The task based on the method of loci also reflected the well-
known age-related effects common to memory assessment tasks. Episodic memory 
training using the method of loci can be successfully implemented using a smart device 
app. A stage-based methodological design allows to acquire mnemic skills gradually, 
obtaining a significant cognitive improvement in a short period of time. 

  

https://doi.org/10.1186/s12911-023-02294-1
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Artículo de conferencia internacional 1 

Título: Virtual Reality applications based on activities of daily living (ADL) for cognitive 
diagnosis and rehabilitation 

Autores: Jorge Buele; José Varela-Aldás; Guillermo Palacios-Navarro 

DOI: 10.1109/TAEE54169.2022.9840591 

Congreso: XV Technologies Applied to Electronics Teaching Conference 

Lugar: Teruel, España 

Año: 2022 

Editor: IEEE 

Resumen: Traditionally, screening tools are available to help diagnose a person's 
cognitive problem. Therefore, rehabilitation techniques are lab exercises that lack 
adequate ecological validity. In this paper, we propose to establish the projection of a 
methodology for the development of serious games based on activities of daily living 
(ADL). Both for real and immersive environments, to assess what provides better results 
when applied in healthy patients at first, but with a focus on those suffering from 
Alzheimer's disease. It is expected that when this research is completed, precedents will 
be established for the development of new proposals based on virtual environments. 

  

https://doi.org/10.1109/TAEE54169.2022.9840591
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Artículo de conferencia internacional 2 

Título: Advancements in Virtual Reality for Elderly Care: A Two-Decade Journey 

Autores: Jorge Buele; Verónica Elizabeth Labre-Tarco; Mónica Anahí López-Albuja; 
Valentina Tapia-Ramos; Guillermo Palacios-Navarro 

DOI: 10.1109/ETCM58927.2023.10309039 

Congreso: 2023 IEEE Seventh Ecuador Technical Chapters Meeting (ECTM) 

Lugar: Ambato, Ecuador 

Año: 2023 

Editor: IEEE 

Resumen: In the context of the global aging population, there is a critical need for 
effective and innovative care strategies for older adults. Virtual reality (VR) has emerged 
as a promising tool for improving the lives of older adults. However, the scope and 
direction of research in this field have not been fully explored. This bibliometric study 
aims to analyze the development and current trends in research on the use of VR in 
elderly care over the past 20 years. A systematic search was conducted in Scopus, 
applying inclusion and exclusion criteria, resulting in the selection of 1622 articles. Using 
VOSViewer software, these articles were analyzed, revealing significant patterns in 
keywords, authors, citations, and publication venues. The findings indicate a growing 
interest in this topic, with a notable focus on aging, cognition, therapeutic exercise, and 
randomized controlled trials. Future directions for VR research include spatial navigation, 
neuropsychological testing, and physical exercises. Notably, the journals Frontiers in 
Aging Neuroscience and Journal of NeuroEngineering and Rehabilitation have high 
citation rates for their VR-related articles. This study provides a comprehensive overview 
of VR research in elderly care, identifying emerging trends and highlighting areas that 
warrant further attention. 

https://doi.org/10.1109/ETCM58927.2023.10309039
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