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1. Introduction 
During the past few decades, global investments in healthcare innovations have significantly 

increased, especially in digital transformation (Zhang et al., 2024). On a global level, healthcare 

is transforming from traditional hospital-based patient care towards a virtual-based healthcare 

provision, which utilizes emerging and cutting-edge technologies such as “artificial 

intelligence, deep learning, data analytics, home-based healthcare, robotics, and three-

dimensional printing of tissue and implants” (Wehde, 2019). It is expected that in the future 

cardinal advancements and changes will completely reshape the healthcare industry (Wehde, 

2019).  

Despite the significant surge in digital medicine, many devices are still impractical to use in 

clinical settings. Most devices only provide two-dimensional visuals and can only be used 

through physical interaction, which is not suitable for the sterile conditions of hospitals, making 

the understanding of three-dimensional structures quite difficult (Andrews et al., 2019). 

Improvements in display technology and computing have led to the creation of new devices 

that are capable of overlaying digital data onto the real environment or incorporating certain 

components of the real environment into the virtual world. The merging of digital and real 

environments is commonly called extended realities (XR). Extended reality (XR) tools have 

various benefits for medical purposes such as three-dimensional visuals and touchless interfaces 

(Andrews et al., 2019). 

Extended reality (XR) technology can contribute to the enhancement of healthcare services to 

achieve more effective outcomes. Besides providing cheaper treatment and rehabilitation 

opportunities for patients, extended reality (XR) technology can decrease the cost of medical 

training and enhance the performance of medical professionals by 230% (Craven et al., 2021).  

As researchers have mentioned, extended reality (XR) technology is “an umbrella term for a 

variety of distinct concepts – most prominently augmented reality (AR) and virtual reality 

(VR)” (Rauschnabel et al., 2022). Augmented reality (AR) and virtual reality (VR) are different 

technologies, in augmented reality (AR) the digital data such as objects or instructions are 

projected on the real environment, while virtual reality (VR) provides a three-dimensional 

modelled simulation of a real environment (Daling et al., 2023). Figure 1 below gives a brief 

overview of the technologies that will be the focus of my paper. 
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Figure 1- Extended Reality (XR) technologies 

 

Source: U.S. Government Accountability Office (2022) 

This study explores the use of extended reality (XR) technologies in healthcare and aims to 

investigate how these technologies can increase efficiency and quality. The analysis techniques 

are unique in their eclectic approach to studying the application of extended reality (XR) 

technologies in medical training - both in anatomy learning and in skill-development - through 

research that combines qualitative and quantitative methodologies to identify processes and key 

benefits. The main question that I would like to answer in this paper is how extended reality 

(XR) technologies can improve the efficiency and quality of healthcare.  

2. Theoretical Background 

2.1. Innovation 
In today’s healthcare sector, continuous development of products and processes is crucial. A 

possible advancement area is the integration of extended reality (XR) technologies. Extended 

reality (XR) usage in the medical field, particularly in healthcare education can revolutionize 

the way how medical concepts are thought, understood, and bridge the gap between theory and 

practice (Rowan, 2024).  

The scholarship in innovation management has outlined that there are three innovation stages 

of processes: uncoordinated, segmental, and systematic (Utterback & Abernathy, 1975). The 

uncoordinated step is the early stage, which represents a period of significant market growth 

potential, ongoing enhancement, and diversifying competition. In this phase, the changes in 
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products and processes are rapid. The second stage, known as the segmental step, includes a 

more mature product that is already participating in price competition, where the competitors 

are focusing on efficiency. In this phase, processes become more specialized and controlled. 

Finally, in the systematic stage processes are highly developed and integrated which makes 

them resistant to rapid restructuring. However, as new technologies become developed, an 

increasing number of companies leveraging them in product and process innovation become 

“locked-in” (Utterback & Abernathy, 1975). 

In the context of my thesis, medical training is the “product” that goes through the innovation 

stages, aiming to enhance efficiency and quality through extended reality (XR) technological 

advancements. The utilization of extended reality (XR) in medical training is still in the primary 

stage, as this technology has not been formally integrated into the curricula of medical 

institutions, however, the continuous research and development of the technology indicates the 

potential value of extended reality (XR) for boosting learning outcomes and skill acquisition 

(Burian et al., 2023). As the industry advances and these technologies can smoothly be 

implemented into the already existing training processes, a more coordinated and standardized 

integration is expected, which also means continuing the transition in the segmental phase 

(Utterback & Abernathy, 1975). 

 The research on innovation management has distinguished two types of process innovation: 

efficiency and quality process innovation. Efficiency innovation focuses on maximizing the 

efficiency and minimizing the cost of already existing processes by simplifying the process, 

managing the resources more effectively and reducing operational costs (Peters, 2008). On the 

contrary, quality innovation focuses on differentiation and meeting customers’ needs by 

strengthening relationships with suppliers and customers. In most cases, a process can be put 

into either of these two subcategories (Miles, 2005). However, in the case of the analysed 

process innovation, the efficiency and quality process innovations are happening 

simultaneously. The driver of the development in healthcare is quality improvement (especially 

patient experience) and safety. In addition, it includes performance optimization, risk reduction 

and value maximization of medical professionals as well which is rather considered as 

efficiency innovation (DHI Insights, 2023). 

2.2 Education 

There have been significant changes in the education sectors in the past few years due to new 

technologies, especially since the pandemic, remote learning has risen exponentially, and new 

immersive learning environments have been created (GP Bullhound, 2023). Hardware and 
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software are implemented into training and classroom learning to enhance students' learning 

experiences by making them more engaging and inclusive especially in; educational institutions 

(schools, colleges, universities), business training, healthcare, information technology, 

manufacturing, transportation, and defence (Guze, 2015). In most industries, these improved 

training processes include different online learning platforms, virtual training modules, 

simulation (such as extended reality (XR)), virtual labs and webinars (Guze, 2015).  

Thanks to extended reality (XR) learners can experience and understand complex materials 

more practically and interactively. Additionally, this technology provides safer training 

alternatives in critical fields such as healthcare, fire departments and transportation where the 

real-life training could cost human lives (Team EMB, 2023). 

2.3. Description of Studied Technologies 
Extended Reality (XR) 

Extended reality is an umbrella term for immersive technologies: virtual reality (VR), 

augmented reality (AR) and mixed reality (MR). These immersive technologies provide an 

experience either by combining the real world with a virtual world or creating a completely 

virtual reality. Thanks to these realities, multiple users can interact at the same time with the 

same three-dimensional visuals in front of them. Users can navigate the visuals in two different 

ways: body movements in the real “physical space”, or gesture-controlled movements (such as 

pointing with fingers) in the “artificial space” (Wexelblat, 2014). 

Augmented Reality (AR) 

Augmented reality (AR) is the combination of the real and virtual world, it provides virtual 

images and information projected over the real-world base. This technology improves reality 

with additional digital details through glasses, screens, or smart devices. While using 

augmented reality (AR), users can still see and interact with the real environment around them. 

This technology supports everyday processes in different fields and industries such as medical 

training, tourism, manufacturing, marketing, service management, and architecture 

(Rauschnabel et al, 2022). 

Virtual Reality (VR) 

Virtual reality (VR) offers a completely virtual experience for people in a 360-degree view, it 

is a “computer-generated simulation of a real-life environment” (Zhao et al., 2023). Users need 

to use a VR headset or ‘head-mounted displays’ (HMDs) and motion-tracking devices to “fool 

their brain”, believing that the artificial reality is the real world (Rauschnabel et al., 2022). Users 
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can hear the audio through headphones and engage with the virtual elements using input devices 

such as joysticks, wands, and data gloves. This allows users to feel as if they are part of the 

simulated environment and they can look around and move within it (Li et al., 2017). This 

technology is mostly used in gaming and entertainment industries, however, other areas such 

as job training, prototyping, marketing, tourism, healthcare, engineering, fashion and military 

are also applying it with more and more success (Rauschnabel et al., 2022). 

Alternative technologies 

Mixed reality (or hybrid reality) is often defined differently; however, it generally means the 

“combination of AR and VR” as it uses both real and virtual details that co-exist with each other 

in real time. This technology enables the connection of digital elements to specific points in the 

real world hence users can engage with the digital object in different ways (they are not just 

digital overlays). During the past few years, the meaning of MR has gotten closer to” realistic 

AR” due to the launch of new devices, hence there might be a redefinition of the word “MR” 

in the upcoming years (Rauschnabel et al, 2022). In the following, Figure 2 shows the grouping 

of the previously mentioned technologies.  

 

 

 

Figure 2 – extended reality (XR) as an “umbrella term” 

 

Source: Ergomania (2022) 
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2.4. Benefits of Extended Reality (XR) Technologies 
There are different benefits of extended realities (XR) in different industries. In educational 

institutions, thanks to innovative technologies, especially virtual reality (VR), students can 

engage in diverse learning approaches beyond traditional in-person classes. Virtual reality (VR) 

makes learning materials accessible to everyone, including disabled or home-schooled students 

(Fussell & Truong, 2021).  

In manufacturing augmented reality (AR) can save a lot of time for the workers as it can 

recognize different objects and show crucial information over the real “view”, and in this way, 

the employees can read the most important information without going through numerous 

manuals. Furthermore, manufacturing training can be organized in a managed and protected 

virtual place, hence it can decrease the number of faults and improve productivity and quality. 

At the same time, extended realities (XR) play a crucial role in transportation, particularly in 

pilot training, offering cost-effective solutions and additional benefits by allowing learners to 

practice various manoeuvres safely without putting human lives at risk" (Fussell & Truong, 

2021). 

In healthcare extended realities (XR) can be used for different purposes including professional 

training and patient care in various fields such as radiology, surgeries and special procedures to 

improve results and reduce failure rate (Team EMB, 2023). The use of extended realities (XR) 

in medical universities includes e-learning opportunities which enable students to learn 

independently, self-direct their learning journey, study anytime and anywhere, and receive 

feedback immediately (Saffari et al., 2014). Moreover, thanks to the combination of extended 

realities (XR) and Artificial Intelligence (AI), students can gain knowledge and skills from 

simulations and interactive experiences that stimulate all the senses (listening, reading, and 

seeing), which is a remarkable advancement as the traditional education methods only involved 

reading and listening exercises. As the report of GP Bullhound shows, extended realities (XR) 

contribute to information retention and better understanding of complex materials, while also 

emphasizing student engagement which may not be possible through traditional teaching 

methods (GP Bullhound, 2023). 

As GP. Bullhound’s predictions mention, that even though the cost of investigating extended 

realities is notable, there is a continuously increasing interest in it. For instance, in the United 
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States, educational technology 1firms secured $5.2 billion in investment funding in 2022, 

largely due to the growing demand for personalized learning (GP Bullhound, 2023).  As the 

following Figure 3 shows, the investments in extended realities (XR) for training purposes are 

expected to be 7x higher than in the year 2018 (GP Bullhound, 2023).  

 

Figure 3 - Expected Investment for extended realities (XR) in training 

 

Source: GP Bullhound (2023) 

2.5. The Application Studied Technologies in Healthcare 
In the medical field, professionals need life-long learning even after the challenging medical 

education at universities. There is an ongoing need for more efficient patient care for which the 

only feasible way is digitalization. Furthermore, there is an increased emphasis on patient safety 

which impacts all the steps of medical education (Guze, 2015). By integrating new technologies 

including computer-assisted learning (such as checking the online lecture in advance of the 

seminars), medical apps (e.g. with medical questions), digital games (practising surgical steps), 

simulations and wearable technical devices, medical education and skill training can 

significantly be advanced (Guze, 2015). 

2.5.1. Simulations 

Simulations are one of the most prominent technological tools for education in healthcare as 

many devices have been created for simulating real clinical tasks, patients, and circumstances. 

 
1 “analysing, designing, developing, implementing, and evaluating the instructional environment, learning 

materials, learners, and the learning process in order to improve teaching and learning” (Loyola University 

Maryland, 2021) 
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By practising simulations, medical students and professionals can continuously receive 

feedback, choose the difficulty level of the task, experience a variety of clinical situations, 

personalize their learning and exercise in a controlled environment. Based on Issenberg’s 

statement the quality of already existing simulations needs to be further developed, however, 

they are already contributing remarkably to the skillset of medical professionals as simulation 

provides an effective way of practising and can successfully supplement hospital training 

(Issenberg et al., 2005). 

There are different types of simulations in medical training such as reproductions of separate 

body parts, whole body replications, Harvey simulator (for cardiac examination), Haptic 

systems (kinaesthetic replication), mannequins with controllable parameters and extended 

realities (VR, AR, MR). Augmented reality (AR) tools can project 3D anatomy pictures over 

2D illustrations that can help medical students understand the structure of the different human 

parts. Additionally, virtual reality (VR), which is considered among the most advanced 

simulations, provides a completely non-real environment for practice (Guze, 2015). In 

Appendix 1, 2 figures visualize the use of extended realities (XR) in medical settings. 

2.5.2. Current Uses of the Technologies in Healthcare 

The application of extended realities (XR) is getting more common in the medical field, and 

they are already used in “physical rehabilitation, pain management, surgery practices, anatomy 

education and psychiatric treatment”. In surgical practices, extended realities (XR) have an 

emphasis on the connection with the medical tools used during the surgery (Li et al., 2017). 

For a long time, medical students could only obtain surgical skills by observing and practising 

in the operating room supervised by the resident surgeon. However, due to the increasing 

number of junior doctors, there was not enough time for them to practise even though the senior 

surgeons stayed overtime. This led to the fact that trainee doctors didn’t receive sufficient 

practice hence they couldn’t gain enough skills, especially with the developing surgical 

techniques that would have required training (Li et al., 2017). 

 By implementing virtual reality (VR) training before the real operating room practices, 

institutions can save time and increase efficiency as well as precision. During virtual reality 

(VR) surgical training junior doctors can work with anatomical body parts and receive feedback 

on the performance. Due to this virtual reality (VR) technology no additional people (senior 

surgeon, patient) are needed for surgical practices. Furthermore, trainees can repeat the training 

as many times as they want and develop their skills based on their results, including information 
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on “time necessary to complete task, path length, number of collisions, injuries, number of 

anatomic landmarks identified, number of loose bodies found” (Li et al., 2017). 

2.6. Technology Training for Medical Professionals in the United States 

2.6.1. Training for Anatomy Learning 

In the University of Central Florida College of Nursing augmented reality (AR) and virtual 

reality (VR) technologies are integrated into the anatomy learning materials. Due to the 

capabilities of these immersive technologies medical students can “see inside and walk in the 

human body”, in this way the learners can see what happens within the body for instance during 

a heart attack. For instance, thanks to augmented reality (AR), students have the opportunity to 

witness both typical and problematic births, this firsthand experience enables learners” to 

identify abnormalities sooner and take early intervention measures, ultimately leading to 

improved patient outcomes” (Horowitz, 2022). 

2.6.2. Training for Skill-development 

The Johns Hopkins School of Nursing provides virtual reality (VR) training for different 

professionals at different levels, they focus for instance on CPR (cardiopulmonary 

resuscitation) and management after the surgeries both for children and adults. Their medical 

virtual reality (VR) training includes hand haptics; however, it emphasizes more on the 

cognitive decision-making of professionals. The artificial intelligence (AI) integrated into the 

training assures that decisions are made based on time-critical decisions (Horowitz, 2022). 

At Massachusetts General Hospital virtual reality (VR) headsets are used for training medical 

students and residents in motor skills that are essential for surgeries. Thanks to technology, 

professors/doctors can connect their computers to the VR glasses and see exactly what the 

learners see in their virtual reality (VR) headsets and instruct them. Additionally, this virtual 

reality (VR) equipment enables students to practise the procedures numerous times. For 

example, thanks to virtual reality (VR) orthopaedic students can learn precisely how to make 

certain procedures and shoot X-rays the correct way without practising on real patients 

(Horowitz, 2022). 

The Johnson & Johnson Institute established a global virtual reality (VR) training program to 

teach orthopaedic surgeons, nurses, and medical students how to perform numerous procedures 

by applying certain advanced digital equipment. Johnson & Johnson makes collaborations with 

hospitals that have residency programmes. The J&J virtual program includes numerous 

modules which take place in virtual operating rooms that are accessible by virtual reality (VR) 

headsets. The virtual 3D operating room has examination lights, instrument tables, a patient and 
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everything else which would be in a real-life operation room. As soon as the learners acclimatize 

to the virtual environment, the program starts to guide the learners through the procedure by 

explaining every step and instrument needed. The learners can re-do the procedure as many 

times as they want, and it is possible to turn off the directions. Additionally, the software 

immediately sends feedback about each step of the learner, it detects wrong steps, sequences or 

tool use immediately. Thanks to this programme and the infinite practising opportunities, 

medical students and professionals can “reduce real-life mistakes and surgery complications”. 

Learners can practice in a safe and controlled environment without experimenting on a human, 

additional they can study and practice at their own pace until they become precise enough in 

certain procedures (Arsene, 2018).  Additionally, as “the first pre-clinical study on the 

technology showed, the use of the technology resulted in 85% accuracy compared to 64% 

accuracy in the case of conventional techniques” (EOS Intelligence, 2018). 

2.7. Advantages of the Adoption of the Studied Technologies in Healthcare  
Thanks to extended realities (XR) hospitals can create calming and distracting experiences for 

patients undergoing medical procedures or dealing with chronic pain. This can significantly 

reduce pain, anxiety and stress experienced by the patients. Moreover, extended realities (XR) 

make remote consultations possible (without the need for physical presence) which can be 

valuable for individuals in remote areas or those with mobility issues (Jump Growth, 2022). 

Extended realities (XR) provide realistic and immersive simulations for medical training, 

allowing students and professionals to practice different procedures in a controlled 

environment. This hands-on experience enhances their skills and confidence and reduces the 

possibility of errors during in-hospital patient care. Furthermore, extended realities (XR) help 

medical imaging interpretation, by making better visualization and understanding of complex 

anatomical structures, which contributes to more accurate diagnoses and efficient treatment 

planning (Jump Growth, 2022). 

In the long term, virtual reality extended reality (XR) proves to be more cost-effective compared 

to traditional medical training due to its scalability. For instance, virtual reality (VR) requires a 

significant investment in the beginning but from that on it offers unlimited “repetition of 

training scenarios, remote access, customizable features”, and continuous development for all 

learners, at the same time with regular software improvements, the materials can always be up-

to date (UbiSim, 2023). As virtual reality (VR) devices for healthcare applications become more 

affordable, the initial investment cost will be reduced, which will further encourage the adoption 

of virtual reality (VR) technology within the sector (EOS Intelligence, 2018). Also, based on 
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UbiSim’s research after 3 years virtual reality (VR) trainings have financial advantages over 

traditional methods, as the yearly hospital, medical training costs per participant are $327.78 

with in-hospital exercises and only $115.43 with virtual reality (VR) training (UbiSim, 2023). 

3. Problem Definition  
Hungary, as most Central and Eastern European countries, mainly relies on its public healthcare 

which is funded from taxes and social security contributions of the citizens and is regulated by 

the government. At the same time, public healthcare is rapidly evolving in the country to 

provide faster access and more specialized treatment. (Łyszczarz, 2016). 

PESTEL Analysis of the Hungarian Healthcare Services 

Political:  

The local government policies and regulations heavily impact the Hungarian healthcare system. 

Additionally, the decisions made by the governments on healthcare funding and budget 

allocation influence the accessibility of resources to improve the infrastructure and technology 

of the health sector (Tambor et al., 2021). The regulatory environments (including European 

Union regulations) can approve certain medical devices and digital health solutions that can 

significantly contribute to the speed of technology adoption. Besides, collaborations with 

international organisations can increase the healthcare standards of Hungary. 

Economic: 

The economic stability of the country influences the healthcare’s capacity to invest in or adopt 

new technologies as economic downturns may constrain healthcare budgets and slow down 

technology adoption. For instance, the notable changes in exchange rates of the local currency 

can lead to the unaffordability of certain medical devices and pharmaceuticals.  

Social: 

As Hungary has an ageing population, the change in demographics also affects the need for 

healthcare and the demand for innovative healthcare solutions especially for elderly care and 

chronic disease management (Botev, 2012). Moreover, the perception of patients towards new 

technologies is crucial as without acceptance, trust and data privacy measures, integrating new 

technologies into healthcare can face notable difficulties. 

Technological: 
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The Hungarian healthcare system has already adopted digital health solutions to enhance the 

efficiency of data management and improve patient outcomes. Additional investments in R&D 

(Research and Development) can further contribute to healthcare development through new 

medical tools and treatments. 

Environmental: 

As a country, being prepared for emergencies such as pandemics is essential to healthcare 

system resilience. 

Legal: 

To have the trust of patients, the local government needs to have strict data privacy regulations 

and cybersecurity protocols, also these laws have to be compliant with the European Union 

regulations and general international standards. Additionally, emphasizing regulations 

concerning intellectual property rights can lead to broader availability of patented medical 

technologies. 

Based on this environmental analysis of Hungarian healthcare, this study has the primary 

objective of answering the question of how extended reality (XR) technologies can improve 

the efficiency and quality of healthcare. In addition, this research aims to provide insights as 

to how this technology improves skill development. 

4. Methodology  
This research is based on a collection of primary data using a qualitative and quantitative 

research methodology. The two research methodologies have been designed to complement 

each other, each contributing specific insights to address the research question. The primary 

research methodology of this study involved conducting interviews and collecting qualitative 

data from industry practitioners, for this research to explore new information and collect new 

relevant data to answer the research questions. The secondary methodology, although 

consecutively conducted, involved collecting quantitative responses by administering surveys 

from respondents, to validate propositions and information collected by primary research 

methodology.  As Ilona Ida Balog stated “Now it is hard to imagine any well-based research 

purely from a quantitative or qualitative point of view.  Qualitative methods without 

quantification and tests are simply not verifiable” (Balog, 2020).  Also, “mixed methods can 

address complex research questions with more accuracy due to their three main characteristics: 

generalizability, contextualization, and credibility” (Sardana et al., 2023). 
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As there is only limited research available on the topic of implementing extended reality (XR) 

technologies into medical training, and the majority of them seems to originate from the United 

States and focus on the health institutions of the United States, my goal was to investigate the 

topic in the Central and Eastern European region. As virtual reality (VR) and augmented reality 

(AR) haven’t been deeply implemented into the training of medical professionals yet, the 

possible efficiency and quality improvement impact of these technologies was important to 

analyse. My research started by first making interviews, hence gathering qualitative data which 

was followed by quantitative data collection for validating the findings of the quantitative 

approach. This mixed method enabled a comprehensive exploration of my research topic while 

ensuring the validation of findings across different data collection methods. 

4.1. Qualitative Research Methodology 
In my qualitative analyses, I applied the methodology of semi-structured interviews, which gave 

me the possibility to ask several closed and open-ended questions from the respondents, 

sometimes continuing with follow-up questions. This research methodology enabled 

respondents to freely articulate their thoughts and perspectives, provide additional insights and 

contribute to the broader context of the analysis. The sample of respondents was randomly 

selected from the population of professionals relevant to the analysis. For the sample to qualify 

for the qualitative research a respondent needed to be an entrepreneur who is working on a 

project, or start-up related to the application of extended realities (XR) in medical training. The 

sample consisted of 6, coming from various backgrounds such as medical surgeons, dentists, 

anatomy professors, engineers and economists, who provided 6 full observations. 

The interview protocol refinement ("IPR") framework was then applied to create and improve 

the interviews, which involved several phases: 1) verifying that interview questions were in line 

with the research questions, 2) building a dialogue around the questions, 3) gathering feedback 

on the interview protocol, 4) “piloting the interview protocol” (Shoozan & Mohamad, 2024). 

The aim of aligning themes with interview questions was to enhance the effectiveness of the 

questions and ensure valuable data collection within the limited timeframes of my research. The 

open-ended questions aimed to gather information on each topic during discussions, 

encouraging respondents to share and elaborate on their individual experiences and 

perspectives. After pre-testing the interview with one participant and analysing the comments 

from that session, the final interview was created and then launched to the sample of 

respondents. In appendix 2 my “Interview Protocol Matrix for Qualitative Research” is 

enclosed (Appendix 2: Interview Protocol Matrix for Qualitative Research). 
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The objective of the interviews was to collect insights and ideas from respondents in two areas 

of inquiry:  

- There are benefits of leveraging new technology in healthcare. 

- New technology can be integrated into professional training processes 

The semi-structured interviews were conducted to explore the motivation of professionals, their 

views on the advantages of the technology, potential factors enhancing quality and efficiency, 

the technology's impact on skill development, and methods for measuring its effectiveness. The 

interviews were conducted separately via video conference through Microsoft Teams 

application where respondents were asked five open-ended interview questions. The 

respondents received the interview questions before the online meeting, there no additional 

question was asked. Each interview lasted about 25-40 minutes and most of them were audio-

recorded (with participant consent) and in English. The online interviews were conducted 

between the 20th and 25th of March 2024. 

Afterwards, the recordings and notes were transcribed and manually coded based on key 

concepts and then reorganized into thematic categories. Appendix 2 contains an interview 

matrix where the interview questions are listed in rows, while the themes to be explored are 

listed in columns (Appendix 2: Interview Protocol Matrix for Qualitative Research). 

Additionally, an Excel sheet is attached to the appendix which shows the analysis and coding 

of the interviews (Appendix 3: Qualitative Observations).  

4.2. Quantitative Research Methodology  
For the follow-on quantitative research, an online survey was conducted with a convenience 

sampling, targeted population of medical students in hu who have already learned anatomy and 

participated in skill training. Convenience sampling was utilized to distribute the survey among 

students enrolled in medical programs across various institutions. The questionnaire was 

conducted in English and between the dates between the 2nd and 9th of April 2024.  

A total of 52 full observations were collected during the mentioned period. The survey was 

created based on the themes and insights from the interview findings and aimed to validate the 

qualitative data through the quantitative approach. Also, it provided quantitative information on 

experiences, preferences, and perceptions regarding medical education. The survey was created 

online using Google forms and contained only closed-ended questions with agree-scale 

responses. Later, the gathered quantitative data was analysed through statistical software, which 

summarized the data collected from participants. 
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The survey contained 3 introductory questions to affirm that the respondent is from a Hungarian 

medical university and has already participated in anatomy and skill training. The survey asked 

respondents about their perceptions of 10 unique statements relevant to the research questions 

(Appendix 4: Survey Questions). The results were collected by a Likert scale and were 

administered on a 5-point scale of strongly agree, somewhat agree, neither agree nor disagree, 

somewhat disagree, and strongly disagree. The survey that I created was drafted around 

variables that were based on the relevant thematic areas. The first thematic area was extended 

reality (XR) in learning which included the following variables: Use of technologies, 

Difficulties with anatomy, and Practicing. The second thematic area, namely extended reality 

(XR) in skill development included the “Learner’s performance, Additional information, 

Precision” variables. The survey included only focused questions to eliminate noise in the data. 

Since this profession is limited in the size of its population, I judged there was no need to 

conduct a robustness test to confirm the representativeness of the samples for the population 

studied.  

The first two questions of the survey were asked about the respondent’s background. (“Have 

you studied at a Hungarian medical university or are you currently enrolled at one?” and “Have 

you so far attended anatomy classes and its training sessions?”) As 100% of the participants 

answered these questions with a “yes”, they all met the criteria of my quantitative research. 

Considering there are currently four medical universities in Hungary, to gather information on 

which universities students have filled out the questionnaire from, the third question was: 

“Which university have you attended/are you attending?”. Based on the answers, the 

participants represented all the Hungarian medical institutions. The survey was filled out by 29 

students from Semmelweis University, 12 students from the University of Szeged, 7 students 

from the University of Pécs, 3 students from the University of Debrecen and 1 student from 

another institution.  

The following 10 statements of the survey were answers of the entrepreneur interviewees, and 

the medical students could rate them on a scale from agree to disagree. Overall, to each of the 

questions, at least 69,9% and a maximum of 94,3% of respondents answered with an agree or 

somewhat agree. Which means that they sympathized with the acknowledgements of the 

interviewees.  

As might be expected this mixed method can have some limitations since the research was 

conducted within the context of Hungary which may have unique cultural, and regulatory 

factors that influence the findings. Moreover, as the research was collected at one point in time, 
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it has some further limitations as technology changes rapidly hence the relevance and 

applicability of the findings can change over time.  Besides, respondents and sample biases 

might limit the research as well as it is always possible that respondents do not completely 

understand the question or that they find it difficult to answer certain questions. 

5. Problem Analysis 

5.1. Results of the Qualitative Research and their Interpretation 
The interviews were conducted to gather information on the use of extended realities (XR) in 

medical training in Hungary. 6 Hungarian entrepreneurs were asked to share their views on this 

specific market and the possible advantages of these technologies in health-related fields. 

5.1.1. Background and Motivation 

All participants were first asked about their interest and motivation to work on a project 

focusing on extended realities in healthcare.  

Four respondents stated that they come from a medical background, two of them are working 

as surgeons, one as a dentist, and one as an anatomy professor. From a surgeon’s perspective, 

they understood early in their career that new technologies would significantly improve 

healthcare. For surgeons, the first ten years are considered the start of their career because 

various slowly acquired skills are needed for the profession, however, they believe that thanks 

to these technologies, skills can be advanced and learned faster. From the anatomy professor’s 

viewpoint, extended realities (XR) are important to better visualize structures in three-

dimensional, and they could be an excellent B option for cadavers. Also, these immersive 

technologies can significantly impact the cost structure of healthcare. The other two participants 

came from engineering and economics and met with these technologies through university 

programmes and immediately felt the importance and the possibilities of these technologies in 

health-related fields.  

Overall, four respondents said that their curiosity and openness led them to explore this field 

on a deeper level as previously they had only worked in traditional, non-technology-based 

divisions. Additionally, two participants answered that they have already used the technology 

because they like computer games and three-dimensional modelling. Also, they knew that it has 

huge potential to improve education, however, it has not yet been deeply implemented in the 

European region. The third respondent has already worked at a research department in Norway 

and in Canada which was working on virtual reality (VR) technology for guided treatments and 
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operating theatres as surgical planning options, and he wanted to use his knowledge to 

implement the technology in the healthcare of Central and Eastern Europe.  

In the second interview section, all participants were asked to share their perspectives on the 

benefits of extended reality technology in medical training and healthcare. Overall, the 

respondents stated various areas, namely: telecommunication, anatomy learning, skill 

development, surgeries, complications, and cost where these technologies make the most 

beneficial impacts.  

5.1.2. Benefits in Anatomy Learning  

Five out of six respondents emphasized the importance of virtual reality (VR) in anatomy 

learning during the first years of medical university. Four respondents, who come from medical 

backgrounds, mentioned that in many subjects such as anatomy and molecular biology, students 

have to memorize huge amounts of learning material and visualize three-dimensional structures, 

that are only available in two-dimensional graphics in books.  

The second respondent pointed out that in Eastern Europe 45-50% of medical students drop out 

of medical school because of the anatomy exams”. Three respondents agreed that implementing 

virtual reality (VR) into medical training and hence providing opportunities for students to 

enhance their “three-dimensional way of thinking”, could significantly make the learning 

process easier and faster. Thanks to this technology students could not just watch the anatomical 

structures in three dimensions as in YouTube videos but could walk around the body parts, 

enlarge, unhide the details, rotate them, and could understand the connection points more 

effectively. In this way, students could understand the material on a much deeper level and learn 

the topics much faster.  

Two respondents emphasised the cadaver base of anatomy teaching in Eastern Europe. They 

detailed how in many countries; students learn anatomy structures on the same cadavers for 

years and then at the end of their studies the university pays for the funeral (which is quite 

expensive) that the whole class attends. The fifth respondent pointed out that because of the 

financials of the funeral, currently there is no shortage of cadavers in Hungary, however, in 

many countries, people cadavers are not available because of cultural and religious reasons 

hence students only minimally meet with human bodies before becoming doctors. Even in 

Hungary, a whole class has only one cadaver which means that there is not enough place and 

time for everyone to practice. Additionally, cadavers can get damaged easily, hence in many 

cases some body parts get lost, and the students must imagine that certain body parts are there.  
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By using virtual reality (VR) in anatomy seminars students could practice simultaneously with 

the goggles and cadavers. Moreover, as the first respondent mentioned, it would be possible to 

follow what the professor is doing by using their smartphones as displays. Students could see 

on their phones what the professor sees in his/her goggles even when there are numerous 

students in the seminar and if they cannot stand close to the cadavers. 

5.1.3. Benefits in Skill-development 

All the respondents pointed out the beneficial effects of applying extended realities (XR) in 

skill training both for medical students and professionals. Thanks to these technologies various 

medical situations and scenarios can be simulated and practiced before doing it on real patients. 

Additionally, two interviewees said that currently there are only two simulation centres in 

Hungary in Pécs and Budapest, but neither of them has extended reality (XR) technologies, 

hence these technologies would provide completely new opportunities in the country.  

Application of Augmented Reality (AR) technology 

All of the respondents agreed that generally medical students have a slow and long learning 

curve as even “easy tasks” need to be practiced for years. Before working in a medical role that 

requires refined manual skills such as suturing during procedures, the learners have to practice 

hundreds or even thousands of times, first on pig skin, then on artificial bodies and later on real 

patients under the supervision of professors. By applying augmented reality (AR) goggles, 

learners could see the correct angle and pressure needed to make the sutures projected over the 

skin which would make the skill acquisition easier. Also, the third respondent pointed out that 

during the practices through augmented reality (AR) goggles, the attendance of professors is 

not required as the software using Artificial Intelligence (AI) can objectively give feedback on 

the movements, and steps made by the learner. Furthermore, the second respondent stated that 

by receiving objective feedback, students could get suggestions about what should they 

improve, and they could further practice it at home as many times as they want. In the 

application, the learners can see their progress with numbers and can compare it to previous 

practices (such as how many minutes could they finish the procedure, in how many stitches 

they closed a wound).  

Application of Virtual Reality (VR) technology 

Regarding the benefits of using virtual reality (VR) in skill training, Besides, four respondents 

claimed that the use of virtual reality (VR) technology makes skill acquisition more efficient. 

As two respondents mentioned, the students can practice the same tasks such as blood taking 
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or cutting on different patients with tissue types and learn how much pressure they should put 

on different tools. Thanks to virtual reality (VR), students not only feel where they insert the 

needle but can see what kind of vessel is under their skin. In this way, it can significantly 

decrease the length of the procedures and the possibility of complications.  

Furthermore, half of the respondents said practising first on lifelike scenarios and not on real 

patients can decrease the stress and anxiety felt by learners and make them less stressed when 

first being in a similar real situation. In addition, it is also beneficial for the patient as students 

won’t attempt certain tasks on them for the first time. Furthermore, two respondents mentioned 

that by creating three-dimensional printed phantom models and integrating Artificial 

Intelligence (AI) into the virtual patient – hence creating personalized virtual patients - the 

learners could even practice communication, and question-asking during examination. 

Additionally, two participants emphasised the need for life-long learning for medical 

professionals. As renewing medical licences every 5 years is required in various countries, 

continuous learning and participation in training is necessary for medical professionals. Thanks 

to virtual reality (VR) technologies professionals who already have a general knowledge and 

skillset wouldn’t necessarily have to go to a hospital or to a simulation centre to practice, but 

they could exercise from home on simulations. The following Table 1 provides an overview of 

the benefits of extended reality (XR) technologies in anatomy learning and skill-development. 

 

Table 1 – Benefits in Anatomy Learning and Skill-Development 

 
Stress and 

anxiety 

Learning 

curve 

3D 

visualization 

Visual 

guides 

Obective 

feedback 

Lifelike 

scenarios 

Respondent 1 X X   X X 

Respondent 2  X X X X X 

Respondent 3  X X X X X 

Respondent 4  X X   X 

Respondent 5 X X X   X 

Respondent 6 X X X X X X 

Source: Own Research  

5.1.4. Benefits in Healthcare 

Regarding the benefits in healthcare, the respondents highlighted the following areas: 

telecommunication, telemedicine, complications, costs, surgical procedures, and patients. 

These areas are all connected and can be discussed as part of bigger topics. 
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Telemedicine 

Half of the respondents said that telecommunication, telemedicine is one of the most remarkable 

benefits of extended realities in healthcare. One respondent mentioned that thanks to these 

technologies when hiring a new surgeon, they could already show the interviewee the exact 

dimensions and equipment of the operating room before going to the hospital. Additionally, 

thanks to virtual reality (VR) doctors all around the world can learn together in a virtual 

environment such as Metaverse Zoom and can participate in the same training at the same time. 

Besides, as the sixth respondent observed when a doctor must perform a rare procedure, a 

specialist doctor can join him/ her in a virtual environment and show the surgery step by step 

and help him/her verbally during the whole procedure while seeing the ongoing surgery. Also, 

oncology teams where around 4-6 doctors must attend a meeting before starting a treatment, 

can discuss the treatment plan. 

Surgeries 

Four out of six respondents commented on the benefits of augmented reality (AR) in different 

surgical planning and during surgeries. They emphasized that thanks to medical imaging 

technology professionals can see the special anatomy of each patient which cannot be seen from 

outside. However, doctors have to constantly switch between the screen and the patient to make 

the correct diagnosis and surgical plan. By applying the goggles, professionals could see the 

projected MRI, and CT scans over the body parts and organs hence predicting the location of 

vessels precisely and preventing the damage to organs and vessels. In this way, surgeries can 

be more precise and safer which is extremely important for tumour surgeries.  Aside from that, 

as one of the respondents remarked “in certain surgeries the uttermost experience and mental 

stability are needed through operations” and with the navigation and guidance of the technology 

there is a decrease in possible risks. When only using the digital images of CT and MRI, it is 

possible to lose some important information which leads to higher risks and complications 

through the surgeries. 

In addition, the second respondent said that if all the information, preoperative surgical plans 

could be projected over the patient during tumour surgeries, surgeons would need to cut by 

following the visualized dotted lines which would make the task a lot easier and safer in this 

way as much health tissue could be prevented as possible. Thanks to this technology 

implementation hundreds or thousands of people could be treated without the need for second 

and third operations because of remaining tumours that could spread further. This leads to not 



21 
 

only the help of patients but society overall as it can preserve huge amounts of money for the 

government. Furthermore, the 5th respondent declared that if surgeons wore goggles during 

surgeries, the software would immediately alert the professional if there was an additional 

object left in the patient such as a towel. This would reduce the number of medical malpractices, 

which generally cost a lot of extra money for the hospital because of the unplanned follow-on 

surgeries, treatments, and legal expenses. In this way, extended realities could minimize the 

number of human errors and decrease the cost of hospitals. The following Table 2 shows and 

overview of the benefits of extended reality technologies (XR) in healthcare. 

Table 2- Benefits in Healthcare 

 Telemedicine 
Surgical planning, 

surgeries 
Patients 

Medical malpractices, 

complications 
Costs 

Respondent 1 X     

Respondent 2  X X X X 

Respondent 3 X    X 

Respondent 4  X  X  

Respondent 5  X  X X 

Respondent 6 X X X X  

Source: Own Research 

In the last segment of the interview, the respondents were questioned about the effectiveness of 

these extended reality (XR) technologies in medical training and methods for evaluating their 

efficacy. The topic regarding the measurement of effectiveness was accessed by the respondents 

from two different perspectives, from medical and technology based as well as from the 

subjective and objective approach. 

5.1.5. Efficiency in Anatomy Learning 

One of the interviewees said that he struggled a lot with learning for and passing the anatomical 

exams as they “had to sit down with thick books and memorize everything without 

comprehension or time to think during the exam”. He said that many of the medical students 

face difficulties with the anatomy subject and receive low grades. Also, the second respondent 

pointed out the emotional and psychological aspects faced by medical students during exam 

periods and when experiencing failures which could lead to doubts about their future skills as 

a professional. He highlighted that based on the comparison of traditional and emerging 

technological education in other fields, research shows significant differences in grades in 

favour of the digital one. Students can learn easier, faster and get better marks. The third 

interviewee responded that many people could learn better if they visually see the structures 

especially in three-dimension, hence for them, the hours needed to learn certain materials can 

be reduced remarkably by implementing extended realities. Additionally, the 4th respondent 
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emphasised that by providing visuals in three-dimesnion for students, they could easily 

understand the details and could receive better grades.  

Furthermore, the last respondent mentioned how important it is to maintain the attention of the 

students, and that nowadays the attention span is getting shorter hence it is harder to keep the 

students active during classes. Thanks to extended realities an addictive learning programme, 

similar to the Duolingo app could be created where students can walk within the virtual 

environment and learn with visuals, texts and sounds which would help them learn the concepts, 

structure faster and repeat the parts where their results were not sufficient. Also, walking within 

the virtual environment could contribute to the decrease in time needed to learn materials as 

doing repetitive movements while studying helps memorization. Traditional anatomy learning 

groups could be compared to ones that use extended realities based on their exam result and 

performance during the semester in this way the effectiveness of the technologies could be 

measured. 

5.1.6. Efficiency in Skill-development 

All the respondents agreed that it is not easy to measure the effectiveness of extended realities 

objectively in skill training. Based on two respondents’ answers, from a technological 

perspective, the efficiency of extended realities (XR) can be measured successfully in skill 

training if it is highly accurate and tracks the movements within a short distance quickly, for 

which a highly sensitive software is needed. The technology has already improved a lot in the 

past 5 years and is expected to exponentially develop in the following years.  

 One of the respondents answered that by integrating a ticking clock into the software, the result 

and improvement of learners could be measured objectively based on time. Generally, in the 

beginning, students may not be able to complete the task or need a lot more time than later. 

Additionally, efficiency can be also measured based on the pressure put on the medical tools 

and whether they would cut through real skin. The last respondent also mentioned that 

professors could subjectively compare students’ first stitches and check if the ones who already 

practised it virtually could perform more efficiently than those who had not. 

Three of the respondents claimed that possibly the best option to measure the effectiveness of 

these immersive technologies in skill training from a medical perspective is to collect data about 

surgeons from universities and speciality training. Based on this data an average learning curve 

can be created on how long it takes to become a surgeon. The learning curve of students who 

learned with the traditional methods can be compared to the students who learned with the new, 
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technological methods. All respondents agreed that this technology is not yet well spread, 

especially in Eastern Europe, hence there is no current data on its effectiveness. However, they 

all believe that this technology will become present in medical universities, hospitals, and other 

educational institutions within 5 or 10 years.  

Moreover, in older institutions, doctors who applied these technologies and those who learned 

traditionally can be compared to each other based on error rates, costs because of errors and the 

rate of operations that needed to be re-performed which all contribute to efficiency. Besides, 

four respondents pointed out the importance of tracking the well-being and feelings of learners. 

When first using immersive technologies, students tend to be more stressed however, as time 

goes by, learners feel less anxious and get used to the goggles. Also, it would be interesting to 

compare how professionals with different learning backgrounds feel after their first on-patient 

surgeries. The following Table 3 gives an overview of how the efficiency of extended reality 

(XR) technology can be measured in the medical field.  

Table 3 – Measuring efficiency in anatomy learning and skill-development 

 
Exam, excercise 

results 
Accuracy Time 

Comparing to 

traditional methods 
Well-being 

Respondent 1   X  X 

Respondent 2    X X 

Respondent 3 X X    

Respondent 4  X    

Respondent 5    X  

Respondent 6 X  X X X 

Source: Own Research 

5.2. Results of the Quantitative Research and their Interpretation 

5.2.1. Extended Reality (XR) in Anatomy Learning 

In the first segment of the survey, I collected data on the students’ openness and willingness to 

use extended reality tools in their education and training. As currently extended reality (XR) is 

not yet implemented at all in general medical education in Hungary, it was important to know 

how the students approach the topic. As all the following statements were focused on possible 

specialized impacts of these immersive technologies if most of the students had responded with 

a “disagree” to this section, the whole meaning of the survey would have been questionable. 

Fortunately, the majority of the respondents chose “agree”, 20 of the students chose “somewhat 

agree” and no one chose the answer “strongly disagree”. In this way, there is no doubt that 

Hungarian medical students have an interest in exploring and leveraging extended reality (XR) 

tools for educational purposes. Besides, they likely see the value and potential benefits that 
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these innovative technologies can offer for learners. Table 4 and Figure 4 below visualize the 

responses from the quantitative research.  

Table 4 - Collected Quantitative Data from Surveys 

 Percentage of respondents Number of respondents 

Agree 55,8 % 29 

Somewhat agree 38,5 % 20 

Neither agree nor disagree 3,8 % 2 

Somewhat disagree 1,9 % 1 

Strongly disagree 0 % 0 

Source: Own Research 

Figure 4 - Collected Quantitative Data from Surveys 

 

Source: Own Research 

The second segment of the survey included statements regarding the current difficulties of 

anatomy learning and possible learning process improvements. Currently, in Hungary, students 

can understand and practice the structure of the human body on cadavers during classes. Besides 

that, only 2dimensional non-realistic beautiful drawings are available for students in atlases to 

study at home. As 78,9% of the participants, 41 students answered that they find anatomy 

learning materials to be challenging, it is evident that some kind of change or development is 

needed in that area of education.  

It is quite challenging for students to understand the inner structure of the body parts as on the 

cadavers many times they cannot see the little details and in the anatomy books they only see 

the structures in 2D, hence it is difficult to imagine and understand them 3 dimensionally. Based 

on the answers of the students it is obvious that extended realities (XR) would help them 

understand the structures better and make their learning process faster. This conclusion comes 
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from 48 (92,3%) students selecting either "agree" or "somewhat agree" in response to the related 

statements. Table 5 and Figure 5 below visualizes the responses from the quantitative research. 

Table 5 - Collected Quantitative Data from Surveys 

 Percentage of respondents Number of respondents 

Agree 65,4 % 34 

Somewhat agree 26,9 % 14 

Neither agree nor disagree 3,8 % 2 

Somewhat disagree 3,8 % 2 

Strongly disagree 0 % 0 

Source: Own Research 

Figure 5 - Collected Quantitative Data from Surveys 

 

Source: Own Research 

Additionally, 47 survey takers stated that they would practice the anatomical structures from 

home even after the practical classes if extended reality (XR) tools were available. This 

indicates that for students, 3D visualization is crucial and contributes significantly to 

understanding complex concepts. Furthermore, one of the students added that it would be useful 

to have extended reality (XR) to help them study at home, however, as they have to present 

everything on dead bodies during anatomy exams, having not only “3D modelled structures” 

but images of dead bodies could further contribute to their better understanding. This 

information supports the idea that extended reality (XR) could provide additional help for 

students, however, could not entirely replace the use of cadavers - at least not in the current 

education system. 

5.2.2. Extended Reality (XR) in Skill-development 

The second half of the survey was focused on the possibilities of extended reality (XR) in skill 

development. In many cases, students cannot practice certain procedures on phantom models 
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or one another, but they must do it on a real patient. In these situations, they often feel the 

pressure that their actions can affect the health and well-being of the patient. Also, they may 

fear being judged by supervising clinicians. 39 of 52 respondents (75%) agreed at some level 

that practising these scenarios in a virtual place before on real patients would decrease their 

stress levels.  

At the same time, as students currently are not able to practice most of the procedures at home, 

the students have to practice during the classes and the professor has to give immediate 

feedback. However, as there are many students in a class, it is difficult for the professor to pay 

attention to everyone. The professor can compare the students’ results to each other’s; however, 

it is difficult to receive feedback on personal improvement as there is not enough capacity. This 

explains why 48 respondents agreed/somewhat agreed that receiving objective feedback 

compared to the previous attempt - which is possibly when using virtual reality (VR) tools - 

could be beneficial. Table 6 and Figure 6 below visualizes the responses from the quantitative 

research. 

Table 6 - Collected Quantitative Data from Surveys 

 Percentage of respondents Number of respondents 

Agree 57,7 % 30 

Somewhat agree 34,6 % 18 

Neither agree nor disagree 3,8 % 2 

Somewhat disagree 1,9 % 1 

Strongly disagree 1,9 % 1 

Source: Own Research 

 

Figure 6 - Collected Quantitative Data from Surveys 

 

Source: Own Research 
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In this way, students could better follow their development and if they feel a bit left behind, 

could practice more at home, hence it can also lead to better results in the exam. In addition, 

virtual reality (VR) also can be used to practice procedures on different patients and different 

tissue types which can be interesting for instance for blood vessel puncture. 36 students agreed 

and somehow agreed that these virtual simulations can prepare them for real-life situations.  

Moreover, many times students suffer from practising sutures, many times they practice at home 

on a banana skin, however, it takes a lot of time to learn the right angle especially if no professor 

can correct them. 45 out of 52 students responded that it would be helpful to have visual 

guidance of augmented reality (AR) such as the correct angle while practising or performing. 

It wouldn’t just improve their skills better, but it would decrease the number of errors and 

unsatisfied patients. Of course, usually during surgeries the suture is the least crucial part, 

however, it will be seeable on the patient forever, hence it is important for them that it is not 

just functional but aesthetic as well. Another visual help of augmented reality (AR) goggles is 

that CT and MRI scans can be projected over the patient and body parts, and according to 42 of 

the survey takers, it could help them better understand potential medical issues. Normally 

doctors have to put the medical images and the symptoms together in their hands to find the 

right diagnosis. 

Besides, numerous special surgeries are extremely rare and advanced knowledge is needed to 

perform them. However, sometimes it is not possible to bring the patient from one hospital or 

one country to another. In these situations, virtual reality (VR) can provide unique solutions to 

plan and go through the surgery with a specialized professional who is located on the other side 

of the World, also any other professional who is interested in the topic could follow the surgery 

in the virtual environment. 47 of the medical students remarked this opportunity advantageous 

as they could visually follow and understand the process step by step. This type of telemedicine, 

distant learning could prepare professionals for unexpected situations and deepen their 

knowledge in specialized areas. The Table 7 and Figure 7 below visualizes the responses from 

the quantitative research. 
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Table 7 - Collected Quantitative Data from Surveys 

 Percentage of respondents Number of respondents 

Agree 69,2 % 36 

Somewhat agree 21,2 % 11 

Neither agree nor disagree 5,8 % 3 

Somewhat disagree 3,8 % 2 

Strongly disagree 0 % 0 

Source: Own Research 

Figure 7 - Collected Quantitative Data from Surveys 

 

Source: Own Research 

6. Conclusion 
The qualitative and quantitative research indicated that by implementing virtual reality (VR) 

and augmented reality (AR) tools into a variety of medical training, the efficiency and quality 

of healthcare can be improved in terms of reduction of human errors, complications, re-

repeatable surgeries, amount of costs, and improving the wellbeing of both patients and 

professionals in the medical field. The results of the research also indicate that the further 

benefits of extended reality (XR) depend on how rapidly the technology can be improved in 

terms of accuracy and sensitivity. According to the findings collected from the interviews and 

administered survey, the key quality and efficiency improving perspectives of extended realities 

in healthcare in Hungary are presented as follows: 

 In the first year of university medical students have anatomy courses where besides attending 

seminars, where they can see the anatomical structures on the cadavers, students need to 

memorize a huge amount of learning materials from atlases that only contain two-dimensional 

drawings of body parts. Because of this, many students find the anatomy course challenging, 

and around half of the students even drop out of medical school, already in the first year, 
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because of this course. By integrating augmented reality (AR) tools into anatomy training, 

students would be able to see the anatomical structures in a three-dimensional view, even when 

studying at home as smart devices can be used as augmented reality (AR) displays. In addition, 

during the seminars students could simultaneously practice on cadavers and in augmented 

reality (AR) goggles. In this way, besides seeing for instance the location of the arteries on the 

cadaver, students could see the inner structure of the arteries in the augmented reality (AR) 

goggles.  

Furthermore, as all the respondents commented, medical professionals need continuous skill 

training and their learning curve is quite slow, especially in the beginning, as they have to 

practice even “simple” procedures for years before performing them without supervision on 

patients. During the practising period, professors have to supervise each student while also 

correcting them and giving them feedback, which is quite overwhelming. By implementing 

extended realities (XR) in skill training, students could have visual guides while practising and 

could receive continuous feedback about their progress in skill development. 

The adoption of extended reality (XR) technology can help students learn, practice the 

materials, and master skills in a much shorter time than previously. Also, the adoption of new 

technology would decrease the number of dropout students, while also helping the professors 

not only in providing feedback but also in keeping the student’s attention. In this way, extended 

realities (XR) would make the learning and practising of medical students more efficient and 

could increase the quality of medical training. Also, in the long run, it would make healthcare 

overall more efficient, as more medical students would graduate from medical programmes, 

with an additional number of new doctors entering hospitals, hence more patients could be 

treated.  

It is often said that people tend to make more mistakes when they feel stressed or anxious, and 

currently many professionals do their first practices on real patients, which makes the 

possibilities of human error quite high, both because of their missing experience and their high 

stress level. By providing an opportunity to practice life-like scenarios in a virtual environment, 

healthcare professionals would be more prepared and less stressed when facing surgery 

situations in real life. Higher skill levels would also improve patient experience, as a result, the 

overall quality and efficiency of healthcare would be higher. 

During visits and surgeries, many times CT and MRI scans are needed to make the proper 

diagnosis and treatment. However, the doctors always have to switch between looking at the 
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patient and looking at the screen which shows the medical images, which takes a lot of time. 

By wearing extended reality (XR) goggles, doctors could see the CT and MRI scans projected 

over the patients which could help them better understand the problem and start the treatment 

as well as save time. Besides, wearing the goggles during surgeries can be advantageous as they 

can show visual guides, such as “dotted lines” for cutting, which would make the surgeries 

more precise. Moreover, the software of extended realities (XR) can alert the doctors of any 

unknown object in the patient before closing the wounds, hence preventing certain human 

errors. In this way, extended realities (XR) can prevent possible medical malfunctions and 

reduce the number of secondary surgeries. The adoption of emerging technologies by hospitals 

would lead to cost savings for hospitals, as certain surgeries do not have to be repeated, hence 

resources can be retained, with a lower risk of legal actions against hospitals because of medical 

malpractices. Furthermore, the quality of the healthcare services would improve as more 

surgeries would be successful even at the first time, hence more patients would receive 

treatment than before during the same period, and in this way, more human lives would be 

saved.  

Using virtual reality (VR) for telecommunication and telemedicine can further improve the 

efficiency and quality of healthcare. Professionals would be able to help patients in distant, rural 

areas where advanced medical care is not available. Also, doctors could plan and practice 

surgeries in a virtual environment, even if they are not physically at the same place before the 

surgeries which would make them more prepared for any possibilities. Furthermore, rare 

operations could be done with the assistance of specialists from other countries, who have 

experience in the specific surgery or treatment and can help the surgeon step by step through 

the whole surgery. Additionally, doctors from all around the world could follow these operations 

from a virtual place and in this way, they could advance their knowledge in particular fields 

before facing similar situations the first time. This could be extremely beneficial for residents 

and professionals in later-stage skill training and would contribute remarkably to the quality of 

health institutions.  

All things considered, extended reality (XR) technologies would significantly improve 

healthcare provision in Hungary from university floors to the most special surgeries and 

treatments. These technologies would increase the number of graduate doctors and would 

ensure that they have a deep knowledge and understanding both in the theoretical and practical 

fields. Furthermore, it would decrease the costs of healthcare provision to the whole society and 

thus budget deficits too. Additionally, the expenses of hospitals would decline as well, 
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especially as legal and medical malpractices could be prevented. Compared to the legal costs 

of hospitals, the price of extended reality (XR) tools is negligible, hence even with the initial 

investment of the technology overall it would lead to a decrease in expenditure. In the long run, 

a higher number of patients could be treated which would be essential, considering that Hungary 

has an ageing population and there is a continuous increase in demand for healthcare services. 

It is appropriate to underline specific limitations of the diffusion of researched technologies in 

medical training. For instance, for smaller health institutions, especially in rural areas, extended 

reality (XR) tools are not yet affordable and fully accessible. Moreover, the adoption of 

extended reality (XR) technology is conditioned on diffused technical knowledge and openness 

towards technology adoption, which can be a barrier to adoption by older healthcare 

professionals. In addition, the use of researched technologies can raise certain ethical 

considerations, especially regarding data privacy, given the current absence of regulations 

governing their use. 

Also, as extended reality (XR) technology has already been implemented in various healthcare 

institutions in the United States, there are limited results on the short-term effectiveness of 

research technologies, which are quite promising. Last but not least, as there is no long-standing 

record of the potential consequences of the adoption of extended reality (XR) technologies in 

medical training, further research and clinical trials are needed to have a comprehensive 

analysis that will validate the efficiency and quality aspects of emerging technologies. 

7. Summary 
The focus of my paper is emerging technology-driven product and process innovation in 

medical training. The improvements in display technology and extended reality (XR) 

technology - which combine digital and real environments - provide a more engaging learning 

experience. Extended reality (XR) is an umbrella term for immersive technologies: virtual 

reality (VR), augmented reality (AR) and mixed reality (MR) technology. These emerging 

technologies provide an experience either by combining the real world with a virtual world or 

creating a completely virtual reality. Extended reality (XR) technologies can be adopted in 

medical training, for instance, in anatomy learning, skill development and surgeries. The 

extended reality (XR) technology enables students and healthcare professionals to practice in 

simulations that stimulate all the senses (listening, reading, and seeing) and provide continuous 

feedback on personal skill development. 
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Due to the limited research on the adoption of integrating extended reality (XR) technologies 

into medical training, and with a majority of resources originating from the United States, my 

objective was to explore this topic within the Central and Eastern European region, especially 

in Hungary. The primary objective of this study was to investigate how extended reality (XR) 

technologies can improve the efficiency and quality of healthcare. 

This research combined a methodology of collecting primary quantitative and qualitative data. 

The primary research methodology of my paper involved qualitative data collection through 

conducting semi-structured interviews with industry practitioners. In the secondary research, 

quantitative methodology involved administering a survey to validate the propositions of the 

qualitative research. 

The sample of the qualitative research consisted of 6 entrepreneurs with various backgrounds, 

and each interview was conducted online and lasted about 25-40 minutes. The follow-on 

quantitative research was conducted through an online survey which collected 52 full 

observations from Hungarian medical students.  

Both qualitative and quantitative research findings indicated that integrating virtual reality (VR) 

and augmented reality (AR) tools into medical training programs can enhance the efficiency 

and quality of healthcare services.  By implementing extended reality (XR) technologies into 

medical training, more medical students would graduate from medical universities, hence more 

doctors would practice at hospitals and more patients could be treated. Additionally, the quality 

of the healthcare services would improve as more surgeries would be successful even at the first 

time, hence more patients would receive treatment than before during the same period. 

Furthermore, the adoption of emerging technologies would reduce the healthcare costs for 

society as a whole, resulting in decreased budget deficits. This adoption would also lower 

hospital expenses, particularly by preventing legal and medical malpractice issues. Over time, 

a higher number of patients could receive treatment, which is crucial given Hungary's ageing 

population and the ongoing rise in demand for healthcare services. 

References (APA):  

 
Arsene, C. (2018, December 6). J&J’s Revolutionary Virtual Reality Program for doctors: All you need to know. 

Healthcare Weekly. https://healthcareweekly.com/johnson-and-johnson-virtual-reality/ 

Andrews, C., Southworth, M. K., Silva, J. N., & Silva, J. R. (2019). Extended reality in medical practice. Current 

Treatment Options in Cardiovascular Medicine, 21(4). https://doi.org/10.1007/s11936-019-0722-7 

https://healthcareweekly.com/johnson-and-johnson-virtual-reality/
https://doi.org/10.1007/s11936-019-0722-7


33 
 

Balog, I. I. (2020). Quantitative and qualitative methods in economic research in the 21st Century. The 

Challenges of Analyzing Social and Economic Processes in the 21st Century, 277–288. 

https://doi.org/10.14232/casep21c.20 

Botev, N. (2012). Population ageing in Central and Eastern Europe and its demographic and social context. 

European Journal of Ageing, 9(1), 69–79. https://doi.org/10.1007/s10433-012-0217-9 

Burian, B. K., Ebnali, M., Robertson, J. M., Musson, D., Pozner, C. N., Doyle, T., Smink, D. S., Miccile, C., 

Paladugu, P., Atamna, B., Lipsitz, S., Yule, S., & Dias, R. D. (2023). Using extended reality (XR) for medical 

training and real-time clinical support during Deep space missions. Applied Ergonomics, 106, 103902. 

https://doi.org/10.1016/j.apergo.2022.103902 

Common types of survey bias and how to avoid them. SurveyMonkey. (n.d.). 

https://www.surveymonkey.com/learn/survey-best-practices/how-to-avoid-common-types-survey-bias/ 

Craven, M. P., Bergin, A. G., Ticho, S., & Dalton, J. (2021). (PDF) the growing value of XR in healthcare in the 

United Kingdom. Research Gate. 

https://www.researchgate.net/publication/356129539_The_Growing_Value_of_XR_in_Healthcare_in_the_Unite

d_Kingdom 

Daling, L. M., Tenbrock, M., Isenhardt, I., & Schlittmeier, S. J. (2023). Assemble it like this! – is Ar- or VR-

based training an effective alternative to video-based training in manual assembly? Applied Ergonomics, 110, 

104021. https://doi.org/10.1016/j.apergo.2023.104021 

DHI Insights (2023, July 31). How efficiency innovation and quality improvement overlap in healthcare. Digital 

Health Insights. https://www.dhinsights.org/news/how-efficiency-innovation-and-quality-improvement-overlap-

in-healthcare 

EOS Intelligence (2018, August 16). Driving down healthcare costs with AR and VR Technology. EOS 

Intelligence - Powering Informed Decision-Making. https://www.eos-intelligence.com/perspectives/life-

sciences/driving-down-healthcare-costs-with-ar-and-vr-technology/ 

Fussell, S. G., & Truong, D. (2021). Using virtual reality for Dynamic Learning: An extended technology 

acceptance model. Virtual Reality, 26(1), 249–267. https://doi.org/10.1007/s10055-021-00554-x 

GP Bullhound. (2023, November 9). Ten trends to drive technology in 2024. GP Bullhound. 

https://www.gpbullhound.com/articles/ten-trends-to-drive-technology-in-2024/ 

Guze, P. A. (2015). Using Technology to Meet the Challenges of Medical Education. Transactions of the 

American Clinical and Climatological Association, 126, 260–270. https://pubmed.ncbi.nlm.nih.gov/26330687 

Horowitz, B. T. (2022, December 15). How AR & VR in healthcare enhances medical training. Technology 

Solutions That Drive Healthcare. https://healthtechmagazine.net/article/2022/12/ar-vr-medical-training-2023-

perfcon 

https://doi.org/10.14232/casep21c.20
https://doi.org/10.1007/s10433-012-0217-9
https://doi.org/10.1016/j.apergo.2022.103902
https://www.surveymonkey.com/learn/survey-best-practices/how-to-avoid-common-types-survey-bias/
https://www.researchgate.net/publication/356129539_The_Growing_Value_of_XR_in_Healthcare_in_the_United_Kingdom
https://www.researchgate.net/publication/356129539_The_Growing_Value_of_XR_in_Healthcare_in_the_United_Kingdom
https://doi.org/10.1016/j.apergo.2023.104021
https://www.dhinsights.org/news/how-efficiency-innovation-and-quality-improvement-overlap-in-healthcare
https://www.dhinsights.org/news/how-efficiency-innovation-and-quality-improvement-overlap-in-healthcare
https://www.eos-intelligence.com/perspectives/life-sciences/driving-down-healthcare-costs-with-ar-and-vr-technology/
https://www.eos-intelligence.com/perspectives/life-sciences/driving-down-healthcare-costs-with-ar-and-vr-technology/
https://doi.org/10.1007/s10055-021-00554-x
https://www.gpbullhound.com/articles/ten-trends-to-drive-technology-in-2024/
https://pubmed.ncbi.nlm.nih.gov/26330687
https://healthtechmagazine.net/article/2022/12/ar-vr-medical-training-2023-perfcon
https://healthtechmagazine.net/article/2022/12/ar-vr-medical-training-2023-perfcon


34 
 

Issenberg, S. B., Mcgaghie, W. C., Petrusa, E. R., Lee Gordon, D., & Scalese, R. J. (2005). Features and uses of 

high-fidelity medical simulations that lead to effective learning: A Beme Systematic Review. Medical Teacher, 

27(1), 10–28. https://doi.org/10.1080/01421590500046924 

Jump Growth (2022, December 15). AR & VR in healthcare: Benefits, use cases, cost. JumpGrowth. 

https://jumpgrowth.com/ar-vr-in-healthcare-benefits-use-cases-cost/ 

Li, L., Yu, F., Shi, D., Shi, J., Tian, Z., Yang, J., Wang, X., & Jiang, Q. (2017). Application of virtual reality 

technology in clinical medicine. American journal of translational research. 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5622235/ 

Logeswaran, A., Munsch, C., Chong, Y. J., Ralph, N., & McCrossnan, J. (2021). The role of Extended Reality 

Technology in healthcare education: Towards a learner-centred approach. Future Healthcare Journal, 8(1). 

https://doi.org/10.7861/fhj.2020-0112 

Loyola University Maryland. (2021). What is educational technology and why is it important?. What is 

Educational Technology - School of Education - Loyola Maryland. https://www.loyola.edu/school-

education/blog/2021/what-is-educational-technology 

Łyszczarz, B. (2016). Public-private mix and performance of Health Care Systems in CEE and CIS countries. 

Oeconomia Copernicana, 7(2), 169. https://doi.org/10.12775/oec.2016.011 

Peters, B. (2008). Innovation and firm performance. ZEW Economic Studies, 38. https://doi.org/10.1007/978-3-

7908-2026-3 

Péter, Dr. R. (2022, May 4). Mi Az Ar, MR, VR, XR a modern UX-UI világában: UX Design ügynökség - 

ergomania budapest. ergomania.hu | UX design ügynökség, usability és product design. https://ergomania.hu/ar-

mr-vr-xr-negy-rovidites-amit-szukseges-ismerni-a-modern-ux-ui-vilagaban/ 

Rauschnabel, P. A., Felix, R., Hinsch, C., Shahab, H., & Alt, F. (2022). What is Xr? towards a framework for 

augmented and virtual reality. Computers in Human Behavior, 133, 107289. 

https://doi.org/10.1016/j.chb.2022.107289 

Rowan, Neil J. (2024): „Digital technologies to unlock safe and sustainable opportunities for medical device and 

healthcare sectors with a focus on the combined use of digital twin and extended reality applications: A Review“. 

In: Science of The Total Environment. 926, S. 171672, DOI: 10.1016/j.scitotenv.2024.171672. 

Saffari, Z., Takmil, F., & Arabzadeh, R. (2014, October). The role of Educational Technology in medical 

education. Journal of advances in medical education & professionalism. 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4235561/ 

Sardana, N., Shekoohi, S., Cornett, E. M., & Kaye, A. D. (2023). Qualitative and Quantitative Research 

Methods. Substance Use and Addiction Research, 65–69. https://doi.org/10.1016/b978-0-323-98814-8.00008-1 

Shoozan, A., & Mohamad, M. (2024). Application of interview protocol refinement framework in systematically 

developing and refining a semi-structured interview protocol. SHS Web of Conferences, 182, 04006. 

https://doi.org/10.1051/shsconf/202418204006 

https://doi.org/10.1080/01421590500046924
https://jumpgrowth.com/ar-vr-in-healthcare-benefits-use-cases-cost/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5622235/
https://doi.org/10.7861/fhj.2020-0112
https://www.loyola.edu/school-education/blog/2021/what-is-educational-technology
https://www.loyola.edu/school-education/blog/2021/what-is-educational-technology
https://doi.org/10.12775/oec.2016.011
https://doi.org/10.1007/978-3-7908-2026-3
https://doi.org/10.1007/978-3-7908-2026-3
https://ergomania.hu/ar-mr-vr-xr-negy-rovidites-amit-szukseges-ismerni-a-modern-ux-ui-vilagaban/
https://ergomania.hu/ar-mr-vr-xr-negy-rovidites-amit-szukseges-ismerni-a-modern-ux-ui-vilagaban/
https://doi.org/10.1016/j.chb.2022.107289
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4235561/
https://doi.org/10.1016/b978-0-323-98814-8.00008-1
https://doi.org/10.1051/shsconf/202418204006


35 
 

Tambor, M., Klich, J., & Domagała, A. (2021). Financing healthcare in Central and Eastern European countries: 

How far are we from Universal Health Coverage? International Journal of Environmental Research and Public 

Health, 18(4), 1382. https://doi.org/10.3390/ijerph18041382 

Team EMB. (2023, September 29). The impact of virtual and augmented reality on industries. EMB Blogs. 

https://blog.emb.global/impact-of-virtual-and-augmented-reality/ 

Testa, G. (2023, November 15). What makes virtual reality in healthcare cost effective?. UbiSim. 

https://www.ubisimvr.com/blog/virtual-reality-healthcare-cost-effective 

U.S. Government Accountability Office (2022, January 26). Science & Tech spotlight: Extended reality 

technologies. Science & Tech Spotlight: Extended Reality Technologies | U.S. GAO. 

https://www.gao.gov/products/gao-22-105541 

Utterback, J. M., & Abernathy, W. J. (1975). A dynamic model of process and product innovation. Omega, 3(6), 

639–656. https://doi.org/10.1016/0305-0483(75)90068-7 

Wehde, M. (2019). Healthcare 4.0. IEEE Engineering Management Review, 47(3), 24–28. 

https://doi.org/10.1109/emr.2019.2930702 

Wexelblat, A. (2014). Virtual reality: Applications and explorations. Academic Press. 

Zhang, X., Shen, K. N., & Xu, B. (2024). Double-edged sword of knowledge inertia: Overcoming healthcare 

professionals’ resistance in innovation adoption. Technovation, 133, 103011. 

https://doi.org/10.1016/j.technovation.2024.103011 

Zhao, X., Ren, Y., & Cheah, K. S. (2023). Leading virtual reality (VR) and augmented reality (AR) in education: 

Bibliometric and content analysis from the Web of Science (2018–2022). SAGE Open, 13(3). 

https://doi.org/10.1177/21582440231190821 

 

 

  

https://doi.org/10.3390/ijerph18041382
https://blog.emb.global/impact-of-virtual-and-augmented-reality/
https://www.ubisimvr.com/blog/virtual-reality-healthcare-cost-effective
https://www.gao.gov/products/gao-22-105541
https://doi.org/10.1016/0305-0483(75)90068-7
https://doi.org/10.1109/emr.2019.2930702
https://doi.org/10.1016/j.technovation.2024.103011
https://doi.org/10.1177/21582440231190821


36 
 

Appendices 
 

Appendix 1: Visualization of extended realities (XR) 

a)  

Augmented reality (AR) to project 3D visuals over 2D atlases 

 

Source: Image credit: The Human Anatomy Atlas app (https://geenee.ar/webar-is-powering-a-new-era-of-

interactive-education/) 

 

b)  

Virtual reality (VR) to practice surgeries in a virtual environment 

 

Source: Fundamental VR ( https://vstream.ie/st-georges-university-hospital-introduces-vr-surgical-training/) 

 

 

https://geenee.ar/webar-is-powering-a-new-era-of-interactive-education/
https://geenee.ar/webar-is-powering-a-new-era-of-interactive-education/
https://vstream.ie/st-georges-university-hospital-introduces-vr-surgical-training/
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Appendix 2: Interview Protocol Matrix for Qualitative Research 

 

Background 

information  

Theme 1: There are 

benefits of leveraging new 

technology in healthcare 

Theme 2: New technology 

can be integrated into 

professional training 

processes  

Opening interview question 

Interview question 1:  

 

You have spent “x” number of years in a 

healthcare context, exploring various uses of 

Virtual Reality and Augmented Reality.  

 

What has motivated you to explore the role of 

Virtual reality and Augmented reality tools in 

professional training? 

 

X X  

Key interview questions 

Interview Question 2: 

 

In your opinion, what are the specific benefits 

of implementing Virtual Reality and 

Augmented Reality technologies in 

professional training? 

 

 X  

Interview Question 3:  

 

Can you explain how Virtual reality and 

Augmented reality technologies have improved 

the quality of healthcare services? 

 

Follow on: 

In what ways have these technologies 

contributed to the development of skills among 

medical students and professionals? 

 

 X  

Interview Question 4: 

 

In your experience, how have Virtual Reality 

and Augmented Reality technologies helped 

make training processes more efficient?  

 

  X 

Interview Question 5: 

 

How do you measure the effectiveness of 

Virtual Reality and Augmented Reality 

technologies in skill development? 

 

  X 
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Appendix 3: Qualitative Observations 

 

  

Thematic coding of qualitative research Codes respondent 1 respondent 2 respondent 3 respondent 4 respondent 5 respondent 6

You have spent “x” number of years in a 

healthcare context, exploring various uses 

of Virtual Reality and Augmented Reality. 

Interview question 1: What has motivated

you to explore the role of Virtual reality

and Augmented reality tools in professional

training? 6
1.1.Medical background 4
surgeon 2 Y spent many years as a surgeon and understood when these technologies were just breaking in that they will be the future of healthcare.Y As a surgeon 10 years is just a start of your career but thanks to these emerging and innovative technologies slowly acquired skills can be advanced and learned easier 
dentist 1 Y Studied Dental Medicine
anatomy professor 1 Y He is doing phd and teaching anatomy he believes that ar and vr has a huge impact on the cost structure in the health related field and he believs its important to visualize structures in 3d and b options for cadavars is important 
1.2.Engineer 1 Y Studied Engineering but somehow VR and AR innovative techologies weren't implemented into the curriculum. 
1.3.Economist 1 Y learned economics 
1.4. curiosity about the new technology 4 Y  His opennes and curiosity led him to explore this field deeper as before he only worked in non-IT based, traditional healthcare provisions. Y . However, after that when he heard about a project with this technology he wanted to be a part of it and learn about it.Y he is so interested in the topic he even started to study bioengineeringY she met with the technology and the idea of creating a startup in a university class regardign startups 
1.5.already used the technology in other field 2 Y as a male used it already from his childhood as a gaming device so was always ope to the technolgogies. At a conference met two researcher from Norway with first generations of HoloLens which enables mixed reality and it was an amazing experience to interact with them  he could spend some month in Norway at the research department Y She was already interested in this tehnology as she likes computer games and 3d modellin. the profession will be more efficient and better if the education is efficient as well, there is a huge potenciel in improving education, education technology. However in the european region is not yet developed
Interview question 2: In your opinion, what 
are the specific benefits of implementing 
Virtual Reality and Augmented Reality 
technologies in professional training? 6  
2.1.Telecommunication 1 Y new doctors wishing to join the company, at an interview in the office which is located further from the hospital. They can show them how the surgery room looks like, the dimensions.  
2.2.Anatomy learning 5 Y we do have 2dimensional books and but for instance for anatomical studies, cell biilogy  it is a must to enhance 3dminesional way of thinking and understanding the structures ( 45-50% of medical students dop out because on fanatomical exams in eastern europe). having more opportunities not just youtube videos but three dimensional objects, bodyparts where you can touch it , hide and unhide certain parts provides much easier task to understand itY Formany people it can be realy useful to see objects from different perspetives especieally if it really looks like real life. seing moderls in 3d without needing to physically touch it you just ( can ven be environemntally friendly) need a sofwtare and a hardwareY 3d visualization of anatomic structures --> studetns imagine structures better. Y theoritical - huge amount of learning material --y easier to process it, understand onnection points --> faster Y many subject at the unversity where you have to visualize structures that are showed only in 2d in the books. student could walk around these structures, could really see into the details and could modify rotate it
replacing cadaverse 2 Y instead of cadaverse Y replacing cadaverse 
2.3 Skill training 4 Y Can simulate different medical scenarios, random stressful medical scenarios where doctors have to find the cause of the deteriorating vital parameters. Can personalize patient with AI (chat gtp) so the virtual patient can actually answer the questions of the doctor during examination.Y as a medical professional you need lifelong learning  and for certain positions manual skillsets are essential where even for easy tasks you need years to practice ( such as sewturesafter surgeries ) - slow and long learning curve. also not just anatomy  but manual skills sucj as blood taking  which is one of the most basic but there are many different kind of patient and tissues --> offering a solution on real lifelike where you can see trhough the bodypart, not just feel where you insert it  Y precice procedures before certain surgeriesY students first 

wellbeing of learner 1 Y situational trainings VR can practice lifelike scenarios and decrease the stress when first being actually in a similar situation 
2.4. Complications 2 Y the patients would be harmed less Y prevention of damaging arteries or organs 
2.5.surgeries 3 Y chech the patient before surgery. able to see CT and MRI picture on the organ --> predict precise location of vessels. Y situational trainings VR can practice lifelike scenarios and decrease the stress when first being actually in a similar situationY in healthcare in every field they could implementet, especially into surgries and dental procedures. students learn the general structures of human body, however, many times each pesron differs a bit, and thanks to the képalkotó technoloy doctors can see these specialties however they have to constantly switch between the screen and the patiend but with tthe goggles they could overlay the scans over  the real patient
2.6. Cost 1 Y It is cheaper
Interview question 3: Can you explain how 
Virtual reality and Augmented reality 
technologies have/ can improved the 
quality of healthcare services? 6

3.1.Skill training 3 Y Continuous medical training is necessary because of legal requirements ( license have to be renewed every 5 years) in many countries. And during these trainings VR can be used for professionals whi already have an aestablished basic knowledge. They don't have to go to practice in a hospital on a real patient or go to a simulation center ( which is even less common). You can just do it from home Y Skill trainings it is possible to avoid the attendence of professional staff because we can just process the images from the devices using AI. can obejctuvely measure for examples movements ( for instace a persons can be  ore subjective9 Y if you practice procedure before doing it on real patients the chances of complication decreases significantly as well as could decrease the length of the procedures

3.2. Surgeries 2 Y more precise and safer surgeries of tumors Y precice sertain procedures before surgeries 

3.3.Complications 2 Y tumors for example without 2nd or 3rd  surgery needed ( preoperaive surgical plannings yous just apply like dotted lines and cut out through them   Y significantly decrease the number of medical malpractices  
3.4. Cost 2 Y preserving a lot of money for the governemtn andthe burden of the whole society  Y  derease the costs od secondary surgeries or juries 
3.5. Telemedicine 2 Y telcommunication, telemedicine possibilitites from different location people can practice together (both for skill training and for surgeries) Y telemedicine: if a doctor has to perform a new procedure and there is a professional in the field from another country who could join the doctor in the virtual environment, show the surgery step by step and help him verbally during the whole procedure while seeing what is he doing. oncology team - can discuss the treatment details in a virtual environment instead of needing to sit together in real environment
3.6. Not yet implemented on that level to be 
certain 1 Y this
Follow on: In what ways have these 

technologies contributed to the 

development of skills among medical 

students and professionals?

3.1.Skill training 5 Y are only two medical simulation centers currently in hungary at Pécs and at Budapest and they still don't really use VR and AR. what can be seen on the display can be alsoo seen on a separate screen for the other students, professors, colleagsue  so they can watch it at the same time Y the young resident can work on it as as real patient as well, and it it is giving feedbacks. you would get some hints about you should improve in this part of the of the procedure, for example. But if you would have like a certain solution which you could take home and you could practice at home and not just on, you know, the banana skins and stuff, but these almost real life scenarios and and The Phantoms.  As I mentioned previously and it it would shorten again all this skill acquisition  Y surgical -->improve skills Y fist practice not on a real patientY students could practice the same procedures on different tipes of skins, bodies and learn how much pressure should they put on different cutting tools
wellbeing of learner 2 Y they feel stressed and anxious and each time its gonna be a bit less stressful  Y there is no stress that you would make a mistake on a real patient
using the technology 1 Y Far better understanding of technology by the time they graduate also get use to wearing the goggles   
view

practicing students 1 Y every student can practices. even in locations when there is not cavaders 
overpojection 1 Y numerous procedures could be modelled in 3d such as in dental area sticthing procedures when the students are practicing on pig skin, the correct angle could be overprojected
learning curve 3 Y in the beginning at the medical university through the manual skill training as discussed previously you required or it is necessary to  try to certain skill sets.  The certain movements, hundreds and thousands of of of times. Repeatedly. pork legs or on self banana skins and stuff which are really good simulators of the human skin for example, but it would definitely shorten the learning curveY Learning curve: you can see how you are progressing, for instance with numbers, obejctive data ( you can receive feedback that is comparable to your previous practices)Y way of thinkin is the 3d visualization, better understaning the location of structures 
3.2. Surgeries 1 Y in certain surgeries uttermost experience and and mental stability are needed  through operations, because those are really difficult areas. with the navigation and guidance enhanced with with augmented and mixed realities . surgical enhancement with with these navigation and guidance 
3.7.Patient 1 Y the patient would also beneficial because of of of it is aware practiced movement, not the first or second try of young fellow 
3.3.Complicationss 1 Y if you have just a CT scans and MRI scans, you might lose some content, some some connections of of of of the operations.  Which of course always enlargening or giving higher risk of some kind of complications through the operation. 
3.8.Feedback 1 Y could give feedback on the made stitches and give recommandations to improve based on the results. student could re-do them as many times as they want
Interview question 4: In your experience, 

how have Virtual Reality and Augmented 

Reality technologies helped make training 

processes more efficient? 6
telemedicine 1 Y provide teamwork, work together even if physically not at the same place , metavrese zoom - do team trainings for poeple in different cities 
learing curve 5 Y previously just sit down next to a really thick book and and you know just memorize all of it virtual reality or even the augmented reality solutions, I'm certainly would have got better grades than at the period. statistical analysis yet You know the traditional learning methods and and the, let me say, emerging technological enhanced educational methods. significant difference between the the grades that students could get easier, better Marks and easier to pass on these exams. Y efficiency as for many people reading and listening is not enough, visualisation is important. it can decrease the hours needed to learn certain materialsY help students imagine the structures hence pass exams easierY makes communication and following classes easierY it is important to maintain the attention of the students, and nowadays the attention spam is getting shortet hence it is harder to keep the students active. it would be possible to create something addictive with thechnology something similar to duolingo to keep the students interest and attention. students could walk vithin the created reality and learn with visuals sound and textt as well ( as doing a repetitive movement during stud ying helps memorization anyway)
feeling 1 Y subjective how they are feeling through the situations, they are afraid they are fearful. the mental health of medical students and doctors as well. 
Interiew question 5: How do you measure 

the effectiveness of Virtual Reality and 

Augmented Reality technologies in skill 

development? 6
comparison 4 Y there is an implemented ticking clock so we can objectively measre the improvement and development of the trainees ( coudl they finish in a shorter time) also if they exceed the set timelimit, the software will pull them out of the simulation. They need longer time or they are not even able to solve the problem. They run out of time and then later they improve. It can be measure that they are a lot more stressy in the beginning and the more they use these tools the less stressy they will beY It is not easy to find objective descriptive numbers because all the students, all the surgeons, all the doctors are not the same. can highlight some kind of the the average learning curve, how many years it is. It is stay take umm it takes to to became a surgeon. averages of of of learning curves, you have some kind of of control group to to, to measure and and get contrasted with the newer generation. Umm. really improve the the the advancement of her or his skills and understanding in the three dimensional spaces and structures again. Maybe subjectively. Or maybe you shall follow certain groups where you in implemented this technologies. how the the the doctor, how the the student is feeling himself or herself through the the the the using of these devices Y loads of data needed. different comparisonsY it would take about 20 years to compare statistically people who learn the technological and traditional way. measure how stressful for them the first real patient procedure. measure the number of complications. subjectively give certain student the technology and copare their reults on the exam or compare the time they needed tot learn the materials
accuracy of technology 2 Y accuracy especially important for skill training and surgeries --> of course it is still not perfect a technology is imporivng it is getting more and more accurate. latency --> if the solution, reaction is too slow for instance the technology is tracking the movements slowy can ruin the experience and the resultsY It related problem. really small distances in skilled training --> digit puncture ( eas it deep enough). skill development for residents to practice skills as many times as they want  
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Appendix 4: Survey Questions 

Please answer the following questions by selecting yes or no as answers. 

1. Have you studied at a Hungarian medical university or are you currently enrolled at one? 

2. Have you so far attended anatomy classes and its training sessions? 

Please choose one of the options. 

3. Which university have you attended/are you attending? 

Please answer each of the following statements on a scale from strongly agree to strongly disagree. 

(agree, somewhat agree, neither agree nor disagree, somewhat disagree, strongly disagree) 

Thematic area Variables Statements 

XR in anatomy learning Use of technologies I am interested in using Virtual 

Reality and Augmented Reality 

tools in education and training. 

 Difficulties with anatomy I find anatomy learning materials 

to be challenging during my 

medical studies. 

 Difficulties with anatomy I believe that using Augmented 

and Virtual Reality to visualize 

anatomical structures in 3D would 

enhance my understanding of 

anatomy and make my learning 

process faster. 

 Practicing I am willing to practice anatomical 

structures from home in a virtual 

environment using VR 

technology, in addition to 

traditional cadaver-based learning. 

   

XR in skill development Learner’s performance I think practicing medical 

procedures in a virtual 

environment before real-life 

patient encounters would reduce 

my stress and anxiety. 

 Learner’s performance I believe that getting objective 

feedback on how I perform in 

virtual medical simulations, 

compared to my previous 

attempts, would be helpful. 

 Additional information I believe that using Augmented 

Reality goggles to overlay CT and 

MRI scans onto patients would 

assist me in better understanding 

potential medical issues. 

 Additional information I believe it could be advantageous 

to participate in or witness special 

surgeries or medical procedures in 

a virtual environment, if they're 

occurring in other parts of the 

World (as it allows me to visually 

follow and understand the process 

step by step). 

 Precision I think having visual guidance, 

such as the correct angle and 
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pressure for stitching through AR 

goggles while performing the 

sutures, will improve my skills. 

 Precision Practicing medical procedures, 

like blood vessel puncture, on 

different tissue types in a virtual 

environment will help me prepare 

for different real-life scenarios. 

 

 


