
A  pilot  study  to  evaluate  the  usability  of  an  immersive 
virtual  reality  application  for  medical  training  in  acute 
appendicitis.

Estudio piloto para evaluar la usabilidad de una aplicación 
de realidad virtual inmersiva para la formación médica en 
apendicitis aguda.
Iñigo Alzaga Manso1,2*, Asier Legarreta Gaminde4, Verónica Tíscar-González1,2, Itsaso Villanueva 
Ibero4, Edorta A. Pérez García1, Ane Arcaraz Arnaiz4, Igor Alberdi San Román1,3,4, Alberto Loizate 
Totoricaguena1,3,4 

1 Biobizkaia Health Research Institute, Plaza Cruces 12, 48903 Barakaldo, Bizkaia, Spain. 
2 Osakidetza Basque Health Service, Basurto University Hospital, Research & Innovation Service, Avenida Montevideo 18, 

48013 Bilbao, Bizkaia, Spain.
3 Osakidetza Basque Health Service, Basurto University Hospital, General Surgery Service, Avenida Montevideo 18, 48013 

Bilbao, Bizkaia, Spain.
4Faculty of Medicine and Nursing, University of the Basque Country EHU-UPV, Leioa, Bizkaia, Spain.
* Correspondence: inigo.alzagamanso@bio-bizkaia.eus ; OSI Bilbao-Basurto, Avenida Montevideo 18, 48013 Bilbao, Bizkaia, 

Spain.

Recibido: 19/11/25; Aceptado: 9/12/25; Publicado: 11/12/25

Abstract. 
Introduction:  Virtual  reality  (VR)  is  transforming  medical  education  through  didactic  and 
interactive simulations of clinical cases. Immersive virtual reality (IVR) allows users to experience 
full immersion, creating the perception of being inside the simulated environment. Objective:  To 
evaluate the usability of an IVR application designed for medical students’ training in an acute 
appendicitis case. Methods: A pilot study was conducted with 20 sixth-year medical students. A 
questionnaire has been developed to assess usability, acceptability, and user satisfaction with the 
technology.  Each variable was analyzed independently.  Results: All  participants completed the 
simulation without technical issues. Only one participant (5%) reported feeling dizziness during the 
simulation. Participants manifested high levels of adaptation to handling the technology (95%) and 
understanding of the simulation panels and instructions (100%). There was strong acceptance of 
this  technology  for  acquiring  new  knowledge  (90%)  and  for  the  estimated  time  required  to 
consolidate clinical knowledge using this intervention (75%). Conclusions: Although IVR is still in 
its early stages of development, it is establishing new educational opportunities in medical training.

Keywords: Virtual Reality, Medical education, Pilot Study, Immersive Virtual Reality, Hospitals.

Resumen.
Introducción:  La  realidad  virtual  (RV)  está  transformando  la  educación  médica  mediante 
simulaciones didácticas e interactivas de casos clínicos. La realidad virtual inmersiva (RVI) permite 
que el usuario experimente una inmersión total haciéndole creer que se encuentra dentro de ese 
entorno ficticio. Objetivo: analizar la usabilidad de una aplicación de RVI destinada a la formación 
de estudiantes de medicina en un caso de apendicitis aguda.  Metodología.  Estudio piloto con 20 
estudiantes  de sexto año medicina.  Se ha diseñado un cuestionario para evaluar  la  usabilidad, 
aceptabilidad y satisfacción del personal usuario con la tecnología. Se analizaron cada una de las  
variables  de  forma  independiente.  Resultados: Todo  el  personal  participante  completó  la 
simulación sin problemas técnicos.  Una única persona (5%) manifestó sentir  mareos durante la 
simulación. Los/as participantes reportaron altos niveles de adaptación al manejo de la tecnología 
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(95%) y comprensión de los paneles e instrucciones de la simulación (100%). Se mostró una gran 
aceptación respecto al uso de esta tecnología para la adquisición de nuevo conocimientos (90%) y el 
tiempo estimado para asentar conocimientos clínicos con esta intervención (75%).  Conclusión: A 
pesar  de  que  la  RVI  se  encuentre  en  sus  fases  iniciales  de  desarrollo,  está  generando  nuevas 
oportunidades educativas en la formación médica.  

Palabras clave: Realidad virtual,  Educación médica,  Estudio piloto,  Realidad virtual  inmersiva, 
Hospitales.  

1. Introduction

In 2020,  Sakai  et  al.  (1),  explained that  Virtual  Reality (VR),  Augmented Reality (AR) and 
Mixed Reality (MR) were no longer futuristic inventions, but had become working tools that are  
undoubtedly changing and improving healthcare. These technologies have been introduced in the 
hospital environment with the clear goal of transforming traditional techniques through simulated 
environments that allow the interaction between virtual elements and the real environment. 

Clinical training goes from isolated procedures or techniques to full clinical scenarios (2). In 
this context, VR offers the capacity to simulate all kinds of clinical scenarios, including those that 
are difficult  to replicate.  Its  high scalability and adaptability are converting VR into a valuable 
educational  tool  for  undergraduate  medical  students  (3–5)  .  Furthermore,  compared  with 
traditional  teaching  methods,  such  as  standardized  patients,  simulation  manikins,  or  medical 
supplies, VR can provide a low-cost, time-efficient supplement for full-scale simulations (6-7).

While conventional VR displays virtual items on a computer screen, immersive virtual reality 
(IVR) is defined as a virtual interactive simulation projected onto head-mounted display, allowing 
for  360⁰  of  visual  immersion  (8) and inducing  the  stressful  experience  of  being  present  in  an 
emergency  department  or  clinical  setting  (9).  Although  numerous  systematic  reviews  have 
examined the efficacy of traditional VR systems (10), evaluating the effectiveness of IVR in medical  
education remains a complex task and the number of studies on this topic remains limited (11).

This study aims to address this gap by advancing knowledge of IVR technology in medical 
education through the development and evaluation of an IVR-based educational application for 
undergraduate medical students. The virtual game replicates the entire clinical pathway, from the 
patient’s arrival at the hospital until, due to its physical condition, it must undergo surgery. The 
IVR application has been assessed, focusing on usability, acceptability and users’ satisfaction with 
this technology.  

2. Methods

2.1. Study design and participants 

This study included the participation of 20 sixth-year medical students from the University of 
the Basque Country/Euskal Herriko Unibertsitatea (UPV/EHU). Data collection methods included a 
questionnaire  and  an  analysis  of  participants’  performance  during  the  training  scenarios.  The 
questionnaire consisted of 13 items rated on a 5-point scale, where higher scores indicated greater 
usability, acceptability, and satisfaction with the virtual environment. Each item has been assessed 
and analyzed individually.

2.2. Technological specifications

All the technological development was done using an HP Omen laptop 016 (x64 architecture),  
equipped with a Windows 11 operating system, an Intel Core Ultra 7-255H processor with 16 cores 
and 16 GB of RAM. The graphic processor is an NVIDIA® GeForce RTX™ 5060 Laptop GPU. The 
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VR application was designed using Unity® 3D software (11), a powerful free platform for creating 
games,  apps  and  immersive  experiences  in  real-time.  The  game  design  utilized  Virtualware 
Immersive  Room  (VIROO)  (12)  for  Unity  3D,  a  platform  that  enhances  the  creation  and 
management of VR environments. This platform further streamlines the process, making it more 
accessible and robust.  The immersive experience was delivered using Meta Quest 3S VR head-
mounted displays (13). 

2.3. Virtual game

The  game  is  divided  into  two  different  scenarios.  In  the  first  scene,  14  years-old  girl 
accompanied by her  father  arrives  at  the  hospital  emergency room due to  intense  pain in  her 
stomach.  Users must identify the patientś symptoms and her situation to decide which medical  
tests should be performed to obtain the correct diagnosis. All these decisions are made through 
multiple-choice question panels that guide users during the decision-making process. Since the final 
diagnosis of the patient is acute appendicitis, this one will require surgery. 

The  second  scene  takes  place  in  the  operating  room.  In  this  scene,  users  must  fulfill  all  
preoperative procedures in a structured sequence,  replicating the standard surgical  preparation 
protocol. This scene is also structured around multiple-choice question panels, although interactive 
surgical instruments have been configured allowing users to select the ones that are required for 
this surgery and after that, collocating them over the patient body.  As this is a critical step in the 
process, specific visual guides are designed to instruct users on the proper sequence, position and 
orientation of these instruments. After each question panel or action, supplementary information is 
added by means of videos and explanatory audios justifying why it is the correct response (see 
Figure 1).

Figure 1. A) First scene. The patient is in the emergency room accompanied by her father. B) Second 
scene. Transparent guides for instruments collocation. C) Second scene. Video of a real surgery as 
supplementary information.  D) Second scene. Interactive panel with multiple-choice question.

When the users fulfill all the surgical preparation procedures, a final panel appears showing 
the obtained final score. As a result, users can review both their correct and incorrect responses,  
allowing  them  to  assess  their  level  of  understanding  of  the  preparation  process  for  acute 
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appendicitis surgery. To give a bigger realism to the virtual experience one of the operating rooms 
of  the  hospital  has  been scanned with a  360⁰  camera.  All  the  surgical  equipment,  devices  and 
instruments  present  in  the  operating  room  –including  the  laparoscopy  tower,  operating  table, 
surgical  lights,  monitors,  anesthesia  carts,…-have  also  been  individually  scanned.  This  enables 
users to interact with them just as they would during surgery (see Figure 2). 

2.4. Ethical Considerations

This  study  received  ethical  approval  from  the  Bilbao-Basurto  Integrated  Health 
Organization  (IHO)  research  ethics  committee.  Participants  provided  informed  consent  before 
participating in the study, and their data has been kept confidential and anonymous. 

Figure 2. Second scene. Operating room.

3. Results

During the virtual session conducted with 20 students, all participants successfully completed 
the simulation without technical issues. An assistant supervised all IVR simulations but did not 
need  to  intervene  at  any  point  due  to  potential  technical  problems.  One  student  reported 
experiencing  dizziness  during  the  virtual  session;  however,  this  did  not  prevent  her  from 
completing the activity (Q2) (table 1). 

To  ensure  this  virtual  application’s  usability,  its  interfaces  must  be  intuitive  and  easily 
understandable for users, without requiring extensive prior training (14).  At the beginning of the 
session, all participants received basic instructions on how to use the joysticks and the HMD. After  
completing the virtual experience, all participants except one (95%) reported that the technology 
was easy to use (Q1) and all of them stated that the instructions received during the simulation 
were straightforward and made possible to fulfill the full clinical procedure effortlessly (Q3 & Q6) 
(table 1). 

Regarding the acceptability of this development as educational tool, 18 (90%) students strongly 
agreed that  the didactic  and interactive training offered through VR gamification facilitates the 
acquisition  of  new  clinical  knowledge  (Q7). Similarly,  15  (75%)  students  believed  that  this 
technology would reduce the time needed to consolidate new concepts compared with traditional 
learning methods (Q10). Finally, all participants (100%) indicated that they would recommend the 
use of this technology for acquiring new knowledge (Q11) (table1).
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Table 1. Usability, acceptability, and user satisfaction’s questionnaires results

Item Description
Totally 

disagree
n(%)

Disagree
n(%)

Neutral
n(%)

Agree
n(%)

Totally agree
n(%)

Q1 Easy to use 0 (%) 0 (0%) 1 (5%) 1 (5%) 18 (90%)
Q2 No discomfort 0 (%) 1 (5%) 1 (5%) 2 (10%) 16 (80%)
Q3 Clear instructions 0 (0%) 0 (0%) 0 (0%) 2 (10%) 18 (90%)
Q4 Level of realism 0 (0%) 0 (0%) 0 (0%) 7 (35%) 13 (65%)
Q5 Real-time interactions 0 (0%) 0 (0%) 0 (0%) 5 (25%) 15 (75%)
Q6 Understandable panels 0 (0%) 0 (0%) 0 (0%) 3 (15%) 17 (85%)
Q7 Knowledge acquisition 0 (0%) 0 (0%) 0 (0%) 2 (10%) 18 (90%)
Q8 Prior basic instructions 0 (0%) 0 (0%) 0 (0%) 2 (10%) 18 (90%)
Q9 Understand the full case 0 (0%) 0 (0%) 0 (0%) 6 (30%) 14 (70%)
Q10 Reduce training time 0 (0%) 0 (0%) 0 (0%) 5 (25%) 15 (75%)
Q11 Recommend IVR 0 (0%) 0 (0%) 0 (0%) 0 (0%) 20 (100%)
Q12 Practical application of 

knowledge
0 (0%) 0 (0%) 1 (5%) 8 (40%) 11 (55%)

Q13 Session global assessment 0 (0%) 0 (0%) 0 (0%) 1 (5%) 19 (95%)

4. Discussion

The literature reveals promising results in enhancing trainees’ awareness and confidence in 
applying  these  skills  in  clinical  practice  through  prior  VR-based  training  (15).  The  interactive 
education offered in these virtual simulations, where users not only acquire theoretical knowledge 
but also learn about how to apply it  into practice,  allows users to gain professional experience 
safely, without compromising patients’ quality of life (16). Likewise, this technology enables the 
development  of  multi-user  platforms in  which several  participants  can interact  simultaneously 
within the same virtual environment, as they would during real surgical procedures. Such settings 
promote interpersonal communication, collaborative learning, and teamwork (17-18).

IVR  is  predominantly  utilized  for  clinical  surgery  education  (19),  particularly  in  teaching 
complex scenarios (20) and situations that are difficult to replicate (21).  However, its use as an 
assessment instrument is still emerging and, therefore, it is essential to conduct validity studies that 
examine both the absence of technical issues during simulations and the users’ well-being (22), 
ensuring that no discomfort is experienced. Similarly,  understanding user feedback is essential to 
continue improving its educational impact.

The results obtained in this study reveal a strong interest among students in incorporating this  
educational tool into their professional training. Many participants expressed that having access to 
this  type  of  technology  before  entering  an  operating  room for  the  first  time  would  be  highly 
beneficial, as the initial experience in the surgical setting is overwhelming and it is often difficult to 
retain all the information provided on that day. In the same way, some participants recommended 
adding a feature in the application to enable users to repeat explanations and actions or review 
question  panels,  providing  an  opportunity  to  consolidate  understanding  and  re-experience 
essential procedures. 

Given  these  results,  the  next  step  should  be  to  assess  the  educational  relevance  of  the 
application. As has been done in other studies (23-24) this assessment will involve a controlled trial 
comparing the clinical knowledge of two groups: an intervention group, consisting of professionals 
who have used the application, and a control group, comprising those who have not participated in 
this training.
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VR  applications  are  highly  scalable  (25-26).  Although  this  article  describes  the  virtual 
application developed for simulating an acute appendicitis clinical case, the intention is to expand 
and adapt the environment to additional surgical procedures.  Furthermore,  these virtual scenes 
configurations  could  also  be  easily  adapted  to  the  surgical  and  educational  methods  of  other 
hospitals and integrated into other scenarios that render their operating rooms. 

The development of a virtual environment of this nature has required the close collaboration of 
a  multidisciplinary  team.  The  active  involvement  of  the  surgeons  from  the  General  Surgery 
Department at  Bilbao-Basurto Hospital  and undergraduate medical  students at  UPV/EHU have 
been crucial for the development of this educational game. As Lie et al. 2023 reported (27), engaging 
end users in the development process is a key factor for ensuring successful implementation in  
higher education settings.

5. Conclusions

 Immersive technologies, and IVR in particular, is fostering new possibilities for innovation in 
education and training. Traditional teaching methods are being left behind in favor of didactic  
and  practical  training.  However,  it  is  important  to  point  out  that  IVR  is  a  cutting-edge 
technology that is still in its early stages, and therefore its vast potential remains to be fully 
realized.

 This virtual development at Bilbao Basurto Integrated Health Organization is expected to be the 
first of many that will use IVR to train students, professionals and residents at the hospital. It is 
hoped that  this  will  open up new opportunities,  allowing a wide range of  procedures and 
clinical cases to be taught and practiced using virtual reality simulations.

Funding: The project received funding from BioBizkaia Health Research Institute for the scanning of a hospital 
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