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Summary 
 

Extended Reality (XR) Head Mounted Displays (HMDs) are used across various healthcare 

pathways for staff/student education and training, and for improving patient experiences. As 

XR HMDs become affordable, accessible and their acceptance increases, it is critical to 

document the techniques used for evaluating the technology, processes of user engagement 

and immersion, and outcomes. At present there is limited research on evaluation techniques 

used to evaluate XR HMDs.  

This manuscript presents findings from 104 clinical studies that use XR HMDs. The aim of 

this review is to give the user an insight into the current healthcare XR HMD landscape by 

presenting the different HMDs used, variety of XR interventions and their applications across 

medical pathways and intended research outcomes of the XR applications. The manuscript 

further guides the reader toward a detailed documentation of evaluation techniques used to 

investigate antecedents and consequences of using XR and delivers a critical discussion and 

suggestions for improvement of XR evaluation practices. This paper will be of excellent use 

to clinicians, academics, funding bodies and hospital decision makers who would like 

suggestions for evaluating the efficacy and effectiveness of XR HMDs.  The authors hope to 

encourage discussions on the importance of improving XR evaluation practices. 
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Introduction 
 

Healthcare education, training and patient experiences have undergone revolutionary 

transformation over the past two decades as a result of wide spread adoption of immersive 

virtual technologies in healthcare education and training are growing rapidly. However, the 

research investigating evaluation methods within the context of healthcare XR HMDs is still 

at an early stage.  

XR technology is still new, and access is limited to healthcare and educational organisations 

that are pioneers in this space. There may be healthcare educators and practitioners who are 

keen on adopting XR and may require additional information to help them make their 

decision. Moreover, many educators and practitioners may be questioning the scalability of 

XR across other pathways and need guidance on evaluation metrics to measure research 

outcomes. To establish an understanding of the current XR HMD based interventions and 

evaluations landscape, this research aims to investigate existing literature and answer the 

following research questions, 

1. What kind of XR devices have been used in literature? 

2. What are the XR interventions and which healthcare pathways have they been used? 

3. What are the intended research outcomes of XR applications? 

4. What are the evaluation techniques used to investigate the antecedents and 

consequences of using XR in healthcare? 

To answer the research questions, this paper presents findings from a short literature review 

of healthcare XR HMD based interventions used for education and training of healthcare 

workers/students, and improvement of patient experiences. This literature review is based on 

a search conducted on the PubMed database. Search was conducted for articles published 

between 2012-2020. Accessible standalone HMDs like Google Cardboard and Samsung 

Galaxy VR started to gain popularity within healthcare education and training during early 

2012, making this a reasonable year to set search range. XR HMDs have existed prior to 

2012, with significant use in industries like aeronautics, defense, and computing/gaming. 

However, there is a noticeable trend that shows a rise in healthcare publications involving XR 

HMDs post 2011. Search terms used were broad, to encompass all possible interventions that 

may fall under the definition of XR HMDs- Virtual Reality, VR, Augmented Reality, AR, 

Mixed Reality, MR, Extended Reality, XR, Head Mounted Displays, HMD, including names 

of popular headsets HoloLens, Oculus, HTC Vive. These terms were searched in population 

settings for healthcare, medical, medicine, surgical and surgery. 

Articles written in English have been included in the review. Interventions used in this review 

range across patients (adults and children), and healthcare workers and students’ education 

and/or training. This paper does not include any grey literature. A total of 104 articles were 

selected as a final sample. 

The characteristics of the articles selected for this review were recorded using a template with 

the categories- Title, Authors, Journal, Publication Year, Intervention, Type of Intervention, 
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Sample and Research Design, XR Device, Measurements/Metrics, Result, Conclusion and 

Additional Notes. Coding in this manner has helped in exploring all aspects of the 

interventions, providing a better understanding of the XR healthcare landscape.  

 

Principle Findings 
 

XR HMDs in the market 
 

At present there are a variety of XR headsets in the global market, ranging from high-end 

expensive headsets like the Microsoft Hololens, Varjo, HTC Vive Focus to the budget 

friendly and more accessible Meta (previously Oculus) Quest and Pico Neo. Headsets like the 

Quest and HTC Vive use VR technology that transports users into entirely virtual worlds, 

where their physical reality is blocked out. Microsoft HoloLens and Moverio BT-200, use 

AR technology with see-through glasses that display augmented layers placed on physical 

reality. Headsets like the Varjo XR 3 combine AR and VR technologies to provide a blended 

experience with pass through between physical and digital world. AR and VR technologies 

have been on their unique development paths. However, lately there appears to be a greater 

interest in convergence between both worlds with the Quest and Pico VR headsets also 

focusing on delivering AR experiences like the Varjo.  

Higher end headsets that provide significantly greater quality of experiences, like the Varjo 

and Valve Index are tethered and require a VR ready computer to run the applications. Others 

like HTC Vive Focus 3, Meta Quest and Microsoft HoloLens are untethered. Older headsets 

like the Google Cardboard and Samsung Gear VR (pre-2021), require smart phones to deliver 

immersive VR experiences. The XR HMD market is under continuous transformation and 

able to deliver more usable, affordable, and technologically advanced HMDs. Meta Quest 

and Pico Neo are good examples of headsets becoming affordable, accessible, ergonomic, 

and capable of delivering immersive experiences of a higher quality. Most headsets 

mentioned require hand-held controllers for movement through virtual worlds, which have a 

dual function of providing haptics feedback. However, the HoloLens relies on user’s hand 

gestures and the Varjo incorporates both hand gestures and eye movements. With the recent 

updates on the Quest 2, there appears to be a growing interest in hand and eye-tracking for 

user movement. Furthermore, technologies such as full body trackers and omni-directional 

treadmills can be paired with the available XR HMDs to enhance the immersion in the virtual 

worlds. 

 

XR HMDs and pathways in healthcare literature 
 

Within selected healthcare literature, 29 different XR HMDs that provide a mix of VR and 

AR experiences have been used (Figure 1). Seven papers do not mention the name of the XR 

HMD used but they have been included in the research for insights into evaluation 
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techniques. Approximately 26% of the selected studies use Microsoft Hololens, followed by 

Oculus Rift (23%) and, Samsung Gear VR and HTC Vive (9% each). Microsoft Hololens is 

an AR HMD, Oculus Rift 1 and 2, Gear VR and HTC Vive are VR HMDs. For additional 

information on headsets corresponding with the authors, please refer to Table 1 in 

Supplementary Material.  

 

 

Figure 1: HMDs used in literature. 

Figure 2 displays healthcare pathways that have used the more commonly used headsets. The 

size of text displays the frequency of use of the headset in that pathway. Microsoft Hololens 

has been used frequently in the pathways of Neurology, followed by Cardiology and 

Urology. Oculus Rift 1 and 2 have been used commonly in Psychology and Neurology. 

Samsung Galaxy VR is often used in Psychology. HTC Vive is used in Psychology and 

Orthopaedic pathways.  
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Figure 2: Popular headsets and pathways with frequent use. 

 

Figure 3 shows the pathways and intervention types found in the selected literature. Detailed 

information about the interventions has been compiled under 26 different healthcare 

specialisations in Table 2 (Supplementary Material). There are two categories under which 

the interventions fall- healthcare staff and students, and patients. The healthcare staff and 

student interventions are aimed toward education and training. Patient interventions are for 

educating patients and distracting them from pain and anxiety. Majority of the interventions 

in the selected literature focus on patient interventions (62%). The remaining 36% are 

interventions in the domain of healthcare workers and students. Two interventions fall in the 

category of both, patients and healthcare workers and students’ domains.  

As Figure 3 shows, the greatest number of healthcare staff and student education and training 

interventions can be found in the Surgery pathway (7%). Large variety of patient-based 

interventions can be found in Neurology (12%), Psychology/Psychiatry (19%) and Nursing 

(6%). 
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Figure 3: Intervention pathways, domains, and frequency of occurrence. 

 

 

Evaluation metrics 
 

Figures 4 and 5 show that priorities for both domains differ, and so do evaluation techniques. 

Please refer to Table 3 in Supplementary Material for additional information on domains, 

pathways, authors, outcomes, and evaluation techniques used. In the domain of healthcare 

workers and students (Figure 4), XR HMDs are often used to educate and evaluate technical 

competencies and knowledge retention. Other areas of evaluation are usability, user 

experience (UX), feasibility, acceptability, applicability, motivation, and confidence gained 

after using XR HMDs. 

Figure 5 shows that the key evaluations in the patient’s domain focus on pain, anxiety and 

fear distraction, improvement in post procedure outcomes, usability, UX, cybersickness, user 

immersion and presence in the virtual experience, and cost-effectiveness. 

In this review, evaluation types within selected literature have been categorised under three 

themes based on antecedents and consequences of XR, 1. HMD technology and XR 

experience, 2. the process of immersion and engagement afforded by the HMD and XR 

experience, and 3. the evaluation of the actual outcomes. The categorisation results will assist 

in gaining better understanding of the evaluation landscape, especially the gaps in healthcare 

XR HMD evaluation literature. Figures 4 and 5 present the types of evaluations (rectangle 
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shape) and techniques used to evaluate (ellipse and circle shapes). The size of the text in the 

ellipse represents the frequency of use of the evaluation technique.  
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Evaluations in Healthcare workers and students domain 

 

Figure 4 presents evaluation techniques used in healthcare workers and students domain. 

Approximately 71% of the studies in the healthcare workers and students domain have 

focused on evaluations that can be categorised under technology evaluations. The System 

Usability Scale has been used in two studies, along with custom designed opinion surveys to 

investigate user experience and usability. Suitability, risk, cybersickness, accuracy, 

acceptability and feasibility are evaluated through custom questionnaires (Table 3 in 

Supplementary Material). To evaluate motivation, the validated scale Instructional Materials 

Motivation Survey (IMMS) has been used once. Largely, qualitative approaches have been 

used to conduct technology user assessments. 

Process evaluation in this domain focuses on investigating presence, confidence, and 

motivation as antecedents to outcomes (Figure 4). Variety of custom opinion surveys are used 

to investigate various aspects of processes that may contribute toward users engagement in 

the experience. However, within the healthcare workers and students domain, only 10.5% of 

the total studies focus on factors that can be categorised under process evaluations.   

Approximately 71% of the evaluations also fall in the category of outcomes evaluation. The 

validated NASA Task Load (NASA -TLX) questionnaire has been used multiple times (8%) 

to assess the task, system, and user’s performance. Another 8% of the studies use Objective 

Structure Assessment of Technical Skills (OSATS)/Objective Structured Clinical 

Examination (OSCE)/Global Rating Scales (GRS) to assess technical competencies. These 

scales are popular within healthcare education and used commonly. Custom questionnaires 

and assessments have been used to evaluate pathway specific technical competencies and 

knowledge retention. Mostly quantitative approaches have been used to evaluate outcomes. 

Evidence from the literature review shows that the focus of research in the domain of 

healthcare staff and students is largely on technology and outcomes evaluations. Technology 

evaluations mostly use a qualitative custom questionnaire approach. Within healthcare, 

outcomes evaluations are preferred as they provide quantitative task specific metrics. 

However, the low focus on process evaluations can be noticed (Please refer to Table 3 for 

additional information).  Factors that act as antecedents to outcomes are not investigated 

clearly. The domain will also benefit from using mixed methods instead of focusing solely on 

either qualitative custom questionnaires or quantitative metric specific data.  

 

 

Evaluations in patients domain 

 

Figure 5 presents the different evaluation techniques used to evaluate XR interventions in the 

patients domain. In the category of technology evaluations, approximately 45.5% of the 

evaluate factors such as user experience and usability, acceptance, cost-effectiveness of 

implementing XR, and cybersickness experienced by patients while using the XR HMDs. 

Patients’ UX and usability of the XR HMD and experience has been measured using 
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validated scales, Quality of Recovery Survey (QoR-40) and Hospital Consumer Assessment 

of Healthcare Providers and Systems (HCAHPS). Several other studies have developed 

custom questionnaires to study patients’ opinions. Questions based on the Technology 

Acceptance Model (TAM) have been used by one study to investigate user acceptance, but 

the popular method of assessing acceptance is through custom questionnaires. For evaluating 

user motivation, the Intrinsic Motivation Inventory has been used by two studies. 

Approximately, 16% of the studies evaluate user cybersickness, 13% of these use the 

Simulator Sickness Questionnaire (SSQ). Others use custom simulator sickness 

questionnaires to measure the same (Table 3 in Supplementary Material).  

Process evaluations in patient literature focus on immersion, and presence. Approximately 

13% of the studies have investigated user presence, and two of these studies also investigate 

immersion. For assessment of user’s presence and immersion, the validated Witmer and 

Singer Presence Questionnaire, Gatineau Presence Questionnaire (GPQ), and the 

International Television Commission Sense of Presence and Inventory scales have been used.  

About 41% of the studies in the patient domain literature use XR to focus on outcomes of 

pain and anxiety reduction. As this section contains many scales, Figure 5 only includes those 

scales which have been referenced multiple times. The Visual Analogue Scale (VAS) is a 

validated scale that has been used often within literature, followed by the Graphic Rating 

Scale (GRS), Numeric Rating Scale, State Trait Anxiety Inventory (STAI), Amsterdam 

Preoperative Anxiety and Information Scale, Anxiety Sensitivity Index 3 (ASI-3), and 

Inventory of Depression and Anxiety Symptoms (IDAS). Researchers have also developed 

custom questionnaires to evaluate changes in pain and anxiety levels pre-and-post XR 

intervention. For paediatric patients’ pain and anxiety assessment, validated scales such as the 

Childhood Anxiety Sensitivity Index, Coloured Analogue Scale (CAS), Children’s Fear 

Scale, Child-rated Faces Pain Scale-Revised (FPS-R), Modified Yale Preoperative Anxiety 

Scale -Korean version of mYPAS and Wong and Baker FACES scale are used. These scales 

are used commonly in healthcare as they are easy for younger patients to understand.  

Approximately 50% of the studies evaluate patient outcomes. Most studies have used 

customised outcome testing questionnaires to evaluate patient’s education and skills of 

symptom management. One study has used the validated NASA Task Load Index (NASA-

TLX) to assess task training. This scale is also used in healthcare workers and student’s 

domain for skills assessment. 

Within patients domain, there is a wider variety of evaluation techniques. One of the primary 

reasons for this is the greater use of XR for patient interventions. The various validated scales 

and custom questionnaires used for technology, process, and outcome evaluations, generate a 

mix of quantitative and qualitative data. Immersion and presence are evaluated as antecedents 

to patient behaviour change (mostly pain and anxiety distraction). Application of validated 

scales for the evaluation of immersion and presence show that these complex topics can be 

investigated. As evidenced from the selected literature, there is an opportunity to improve 

process evaluations in both patient and healthcare workers and students domains.   
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Figure 4: Healthcare workers and students XR HMD evaluation
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Figure 5: Patient XR HMD evaluations.
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Summation of evaluation practices in both domains 

 

Evaluation techniques presented in this literature review (Table 3) suggest a variety of 

quantitative, qualitative and mixed methods approaches. Often, researchers’ pair multiple 

quantitative and qualitative tools to draw a better understanding of the effectiveness, efficacy, 

feasibility, usability, and user experience of XR experiences and HMDs. A variety of 

different aspects of the XR HMD technology, process of engagement and immersion and 

intervention outcomes are evaluated in the literature. These categories are introduced by the 

authors with the aim to assist the reader in understanding the gaps in evaluation literature.  

 

Figure 6: Summation of evaluation practices 

 

The one theme that repeats itself across studies is that of the emphasis on outcomes of the 

interventions, in both domains. This is valid; however, such evaluations present a very 

narrow perspective. Equally, there appears to be an interest in investigating the technology 

context through users’ perceptions and opinions about the XR HMD user experience and 

usability. These investigations are pursued in both domains. However, enquiries into the role 

of process through evaluations that investigate user’s presence, engagement, immersion, or 

any other antecedents to the intervention, are less commonly pursued. Specifically, in the 



Evaluation Techniques Used to Evaluate Extended Reality (XR) Head Mounted Displays (HMDs) Used in Healthcare: A 

Literature Review 

 
 

15 
 

domain of healthcare workers and students, process evaluations are rarely pursued. When 

process is investigated, generally, a custom designed questionnaire has been used instead of 

validated scales. Some presence and immersion scales are used in the domain of patients. 

However both domains may benefit from higher quality investigations into understanding 

how users engage with the XR HMD, factors that affect the engagement and/or experience to 

facilitate intervention outcomes. Presence and immersion may play an important role. These 

two factors may be linked to better task performance; however, most evaluations do not 

present an in-depth picture of this relationship.  

 

Discussion  
 

XR HMDs are used quite widely by healthcare educators and practitioners. In the past 

decade, XR HMDs have undergone immense transformation, which has made the headsets 

affordable, usable, and highly experiential. Several literature reviews and systematic reviews 

have been published, all documenting various uses of VR technology across different 

healthcare pathways [13,40,41]. However, there still exists a gap in healthcare XR HMD 

evaluation literature. Furthermore, XR HMDs may still only be accessible to few healthcare 

workers and educators who are pioneers in technology adoption, and more importantly may 

have access to larger funds. A stronger evaluation evidence base is required to build use cases 

that can inspire, provide measurable data on the effectiveness and efficacy, and present 

additional information to guide investment decisions.  

This review aims to provide answers to questions that may be on the minds of healthcare 

educators and practitioners who have not used XR or they may be in the early stages of using 

XR. This paper provides a glimpse into healthcare XR literature by condensing information 

regarding the various XR HMDs used, the interventions and pathways where they have been 

applied, the research outcomes pursued and most importantly, the evaluation tools and 

metrics used.  
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Figure 7: Discussion Points 

 

XR as a tool for education and training of healthcare workers and students 

 

The findings from this paper show that XR HMDs are used in healthcare workers and 

students domain, to teach technical skills, improve learning outcomes and competencies. 

Studies selected for this paper mostly focus on technical skills, but XR can also be used to 

teach non-technical skills [4] of communication, empathy and decision making. HMDs 

deliver immersive experiences that let users operate in virtually realistic, simulated 

environments with no real-world consequences [5]. Users can practice their skills multiple 

times until they gain confidence and can successfully transfer the knowledge to real-world 

situations [42,43]. Along with teaching technical skills, findings (Table 2) show that XR 

HMDs can also be used for assessing users skills[17,44]. Figure 3 shows that Surgery and 

Urology are two pathways with significant and varied use cases for XR HMDs for skills 

training and assessment.  
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XR as a non-pharmacological intervention adjunct to traditional patient therapies 

 

XR HMDs are used to improve patient’s experiences before, during and after clinical 

procedures. Findings from this research show that XR HMDs are popular for treating patients 

(including children as patients) pain and anxiety, pre-post procedures. Experiences offered 

through XR HMDs have been used successfully to distract patients from pain, anxiety, and 

fear[20,32,45]. XR HMDs are not a replacement for clinical therapies, but they may work in 

adjunct to these therapies, contributing toward improvement of patient outcomes. 

 

XR for patient education and rehabilitation 

 

Immersive visuals offered through XR HMDs can engage users and help them gain a better 

understanding [43,46] of their condition, procedures, management of symptoms etc. Findings 

from this research (Table 2) show that XR interventions are used to educate patients about 

their health conditions (e.g. consequences of arterial fibrillation and stroke prevention, self-

administration of sedation, improving sleep quality, smoke cessation and phobias). XR 

HMDs have been used successfully for physical rehabilitation and psychological therapies 

[47,48]. Rehabilitation is another area where XR HMDs have been used in literature, 

specifically in stroke rehabilitation, exposure therapy, daily tasks training and balance/gait 

improvement. There are countless applications of XR in patient domain, however for them to 

be scaled up and adopted nationally, long term empirical evidence is required[16]. 

 

Presence and Immersion 

 

Drawing upon Witmer and Singer’s presence questionnaire [17] it has been suggested by [18] 

that increased immersion improves task performance. According to [39,50] immersion can be 

considered a quantified description of virtual reality. Immersion considers the vividness, 

extent, and inclusiveness of the technology. On the other hand, presence is the user’s state of 

consciousness, it is the psychological sense of existing in virtual reality[18]. Users who are 

highly present are likely to become more engaged in the experience. The highest degree of 

presence is attained when the user behaves in the exact same manner as they would in 

everyday reality. Presence itself may lead to higher immersion, however [18]believe that 

presence may not directly be associated with improved task performance in Virtual 

Environment (VE).  

Within the selected literature,[20] compared involvement of presence in motor skills transfer 

between a computer screen and VR HMD. The findings suggest that presence was similar 

across both devices. In the paper, [20] explain that user performance in VR environment may 

be related to levels of presence, and it could suggest a better transfer of skill acquisition. The 

limitations of subjective measures of presence have been documented by [20], highlighting 

the need to use objective measures such as physiological responses. A similar view has been 

stressed by [21]. Paired with a larger sample size, physiological measures may present a 
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detailed analysis of presence during VR exposure. A potential link between presence and 

experience enjoyment has been documented by [22]. Along with an investigation of the 

implications cybersickness may have on user presence, [23] have also studied presence and 

sense of enjoyment. Findings from [23] suggest that perceived interactivity and realism may 

help in predicting spatial presence, there by showing them to be strong predictors of 

enjoyment. It has been determined by [24] that the sense of spatial presence is affected by 

interactivity and realism, and directly influences enjoyment of a VR experience. 

Quality of the user interface may also independently predict the improvement in motor skill 

transfer, supporting the involvement of presence in transfer of skills [20]. When a user is 

fully present in the XR environment, there are fewer things that may distract them, thereby 

forcing the user to concentrate on what they are visualising, hearing and acting on with the 

help of haptics [25]. Within this literature review, Witmer and Singer’s presence 

questionnaire [17], Gatineau presence questionnaire [21]  and the International Television 

Commission Sense of Presence Inventory [26] are used to investigate the role of XR on user 

presence. It has been suggested by [27] that measures of presence from Witmer and Singer’s 

questionnaire might contribute toward evaluation in terms of realism and overall UX, but it 

cannot help in diagnosing design flaws for formative evaluation. The Slater, Usoh and Steed 

presence questionnaire [18] is a set of heuristics and evaluation method, similar to Nielsen’s 

heuristics, which can help in evaluating UX design as part of presence measurement. 

Increased levels of immersion and presence suggest that a person is less likely to be able to 

distinguish between the real and the virtual world. Immersion and presence in the context of 

XR can be described as how closely the experience reflects the real world. Furthermore, 

higher sense of presence, lowers the risk of experiencing cybersickness [25] It has been 

suggested by [28] that immersion must increase user motivation, however, other aspects such 

as usability, usefulness, and acceptability should also be evaluated, alongside.  

Findings from this review show limited investigations into processes that nudge and support 

users in achieving or completing intended outcomes. To improve XR evaluation practice, it is 

essential that future studies expand their research designs beyond investigations of the 

technology and outcomes by applying mixed methods approaches to study antecedents such 

as immersion and presence.  

 

Usability evaluations 

 

Findings from this literature review present several usability evaluations, which are 

conducted using custom questionnaires or opinions of users. In terms of validated scales, the 

System Usability Scale (SUS) [29]  has been used by [9,31]. Literature on XR usability 

evaluations focuses on heuristics based approaches. Nielsen’s heuristics may be a good fit to 

address usability concerns during early development stage of VR [32]. Nielsen’s heuristics  

are ten heuristic evaluations (visibility of system status, match between system and real 

world, user control and freedom, consistency and standards, error prevention, recognition 

rather than recall, flexibility and efficiency of use, aesthetic and minimalist design, help users 

recognise, diagnose and recover from errors, help and documentation) from usability 
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engineering. Small group of usability experts evaluate the user interface using these ten 

guidelines. Nielsen’s ten heuristics have been extended by [27] who have added two more 

VE specific principles designed by [33]VE specific heuristics recommended by [27]are 

natural engagement, compatibility with the user’s task and domain, natural expression of 

action, close coordination of action and representation, realistic feedback, faithful viewpoints, 

navigation and orientation support, clear entry and exit points, consistent departures, support 

for learning, clear turn taking, sense of presence. Usability testing of different XR 

environments is crucial to the success of the interventions. Designers competent in HCI 

knowledge could address usability issues early on in during the development phase [27], [33].  

At present no specific guidelines exist on the best practices for usability testing of XR HMDs. 

A variety of different XR HMDs are currently in use. Future usability testing must take into 

consideration the different hardware and software set ups, along with additional usability 

research into XR environments and tasks. This requires an inclusive co-creation driven 

approach, which will take into consideration views of different users of the technology.  

 

HMD hardware evaluations 

 

Usability evaluations also tie into technical hardware and software evaluations, which are 

missing within the selected healthcare literature. Visual performance of the HMD display is 

key to an immersive experience [34]. However, evaluation of image quality is a challenge 

because of the diversity of XR HMDs, rapidly evolving technology and frequent software 

updates. Parameters such as luminance, contrast, field of view, refresh rate, temporal and 

spatial resolution, dynamic range, and connectivity can all affect the quality of the image 

[34,35]. Deciding upon a suitable image quality evaluation methodology would depend on 

the specific hardware technology [35]. Evaluation challenges are likely to be more evident in 

AR due to room-lighting and wall colours. Ambient lighting can impact the contrast and 

colour perception [35], making AR best suited as a tool that can be used in adjunct with 

traditional methods. Both, VR and AR HMDs require different hardware evaluation 

approaches due to the challenges created by the technologies. Focusing on hardware 

evaluations can help in identifying and improving HMD hardware through the creation of 

standards that HMD makers need to incorporate in the design process [34] Furthermore, 

healthcare researchers could explore computer sciences literature to borrow knowledge on 

best practices for hardware evaluations.  

 

Economic investigations 

 

Further analysis of the evaluation metrics used makes it evident that economic investigations 

on the cost-effectiveness, cost-benefit, and cost-utility of XR HMDs is missing in literature. 

For public health organisations like the National Health Service (NHS) UK, it is important to 

know the benefit of investing in XR technology. This data will be useful for mid to lower 

income countries as well, where educators may need to present a stronger data driven case to 

justify the use of XR HMDs. Within literature, [36] have suggested the importance of 
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establishing economic value of XR, which is critical to its wide spread adoption. A cost-

effectiveness analysis of VR for CBT in patients experiencing paranoid delusions has been 

conducted by [37]. The authors found that VR is a viable cost-effective option over a 6-

month period, however long-term economic benefits should be researched. Similarly, 

[21]have studied cost-effectiveness of VR exposure in CBT for Social Anxiety Disorder 

(SAD). The authors have mentioned that cost analysis, is a practical factor that must be part 

of VR studies.  

Economic analysis studies are lacking within the papers selected for this review. A theoretical 

framework has been developed by [38] for hospital administrators to evaluate Return on 

Investment (ROI) associated with implementation of VR. Specific to opioid utilisation, the 

authors analysed cost-savings from reduction in demand to reduction in length of stay, along 

with increased patient satisfaction. The authors found potential cost-savings may occur when 

length of stay is reduced, however, in isolated events of reduction in opioid utilisation, cost-

savings may not make up for costs associated with implementing VR.  

 

3D modelled Virtual Environments (VE) versus 360-degree films 

 

Comparisons between 3D modelled VEs and 360-degree films are missing within the selected 

papers. Most studies have used a randomised controlled trial approach that involves 

comparison of control (standard education or treatment approach) with experimental XR 

group. 360-degree filmed scenarios can be experienced on VR HMDs, 3D modelled VEs can 

be experienced on VR, MR, and AR HMDs. 360-degree filmed scenarios are time and cost-

effective when compared with 3D modelled VEs that require more time, money, and 

advanced computing power for development [39]. 360-degree films can depict real-world 

scenarios, however, the interactivity is limited or non-existent. Although, 3D modelled VEs 

can provide greater interactivity, the computational costs involved are high which means 

photorealism is often sacrificed. Lack of photorealism makes experiences appear clunky [39] 

There is continuous advancement in 360-degree filming and production technology, as well 

as software packages (Unreal Engine, Unity, and Blender) used for the development of 3D 

modelled VEs. Furthermore, the 3D development and rendering software packages are free to 

use. Yet, healthcare XR experiences are not at par with gaming experiences due to lack of 

knowledge, costs, and time constraints. To gain a better understanding of the advantages and 

drawbacks of using 360-degree filmed and 3D modelled VEs, healthcare XR researchers 

must widen their research focus.  

 

Additional suggestions for future evaluations 

 

This paper aims to build an understanding of the utilization of the some of the XR HMDs 

across healthcare pathways, the popularity of HMDs within specific pathways, intervention 

types, and the evaluation methods used to analyse the effectiveness the HMDs. Based on the 
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findings, some suggestions are made to improve future XR research design and evaluation 

approaches. 

1. Studies within this review tend to focus on evaluating feasibility, acceptability, 

usability, efficacy, and effectiveness of one type of HMD. XR HMDs offer different 

experiences in the form of VR, MR and AR. Each type of technology has its pros and 

cons and will require different approaches for evaluation. In the future, researchers 

could compare functionalities afforded by different XR HMDs.  

 

2. Most papers present user feedback and/or assessment of healthcare workers and 

students, or patients. Few papers combine both healthcare providers and patients’ 

responses toward XR intervention, which could be a good step toward improving our 

knowledge base. XR is still in its early days; development, adoption, scaling up and 

research priority setting are heavily guided by developers, hospital decision makers 

and government funding bodies. Including these additional views can present a well-

connected picture of the challenges and barriers to XR implementation. This is 

currently missing from literature. 

 

3. Diversity and inclusion of different samples is missing from the researched literature. 

XR aims to improve patient outcomes or, patient quality of care because of health 

worker’s improved competency and knowledge retention. Patient perspectives are 

integral to the development and must include participants representing diversity. This 

can be achieved through collaborations between different universities and inclusion of 

multiple hospital sites, specifically ones placed in culturally and economically diverse 

regions. Issues such as XR accessibility or effect of XR induced motion sickness on 

different genders can be studied further by including under-represented patient 

groups.    

 

4. Longitudinal approach toward data collection has not been practiced in any of the 

studies referenced in this review. XR experiences could be novel and have a one-off 

effect that cannot be replicated once uniqueness fades or experiences may need to be 

offered at regular intervals to maintain retention, competence, and distraction.  

 

5. Customised questionnaires are often used within the researched literature. Several 

studies investigate factors relating to technology perception, process involvement and 

outcomes through opinions/feedback surveys. This generates qualitative data. Overall 

usage of validated mixed or quantitative scales is less frequent, especially in user 

experience and usability evaluations. Validated scales produce reliable, accurate 

results, and can be easily replicated by others, thereby improving empirical research. 

Furthermore, user outcomes have not been studied from a behavioural science 

perspective. The primary aim of XR interventions is to nudge the user toward 

changing their behaviour. Theoretical models such as Fogg’s Behaviour Change Grid, 

Elaboration Likelihood Model (ELM), Persuasive System Design (PSD) Model, 

Theory of Planned Behaviour (TPB) and Theory of Reasoned Action (TRA), can be 

used to design and evaluate XR experiences as behaviour change support systems. To 
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explore other applicable theoretical models and scales, the recommendation is to 

research persuasion, user behaviour, neuroscience, and psychology literature. In 

addition to traditional mixed methods data collection, eye-tracking and brain wave 

technologies which can be paired with XR HMDs, could provide further insights into 

user behaviour. 

 

6. XR HMDs can be paired with omni-directional treadmills, haptics gloves and body 

suits for feedback. The role of these XR HMD add-ons should be studied in more 

depth. 

 

7. Altspace VR, Horizon World and Engage VR are some examples of social VR 

learning platforms that are used for education and training. These platforms are easy 

to operate, often free to use and offer tools for novice users to build virtual worlds 

(e.g. Horizon World). The implications of these platforms and issues of data privacy 

must be evaluated within the context of healthcare.  

 

 

Limitations 

 

This review consists of limited number of studies. Healthcare XR research is a growing field 

with applications across several different pathways. It is recommended that a systematic 

review can contribute greatly to the XR evaluation knowledge base. This manuscript does not 

explore papers through cross tabulation. Future studies can include cross tabulation to 

establish relationship between variables.  

 

Conclusion 
 

A wide selection of XR HMDs have been used across several different clinical pathways. 

These interventions are used to improve healthcare workers/students’ skills, and patient 

experiences through pain/anxiety distraction. Various evaluation techniques have been used 

across literature. This paper categorises the techniques into technology, process, and 

outcomes evaluations. In the domain of healthcare workers/students, most evaluations are 

technology or outcome based, qualitative approaches toward assessing usability, feasibility, 

user experience, and quantitative approaches for measuring competencies and knowledge 

retention. In the patient’s domain, variety of mixed-methods approaches are used to evaluate 

UX, usability, cybersickness, immersion, presence, distraction, and improved outcomes. 

Overall, process evaluations are lacking within selected literature. Understanding the process 

of immersion and engagement afforded by the XR HMD and experience can help in building 

effective interventions. Future research in the form of systematic reviews is essential to 

improve evidence based XR evaluation practices.  
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Supplementary 
 

Appendix A 
 

Appendix A presents HMDs corresponding with papers and authors.  

Headset Papers 
Samsung Gear VR [29], [65–71]  

HTC Vive [13], [54], [69], [72–77]  

Oculus Rift 1 and 2 [6], [8], [16], [19], [29], [42], [51], [53], [65], [76], 

[78–90] 

Oculus Quest [69] 

Microsoft Hololens [9], [17], [18], [26], [28], [31], [34], [41], [45–47], 

[92–106] 

Google Glass [88], [89]  

Google Cardboard [90], [91] 

Google Daydream [92] 

Merge VR [41] 

Moverio BT-200 [70], [93], [94] 

ODG R-7 [70] 

Noon VR [95] 

Voxin VR [96] 

Sony HMZ T1/T2/T3 [37], [97] 

Oncomfort [98] 

Moog Simodont [99] 

Xiaozhai V4 [100] 

nVisor ST50 Head-Mounted Display for AR [101] 

eMagin Z800 3D [11], [21], [102], [103] 

NJIT RAVR [104] 

VR Box [105] 

Illusion Mask 3D [103] 

Visbox [106] 

NVIS MX90 VR [107]  

HooToo 3D [74] 

Revelation 3D [108] 

AR5DT [109] 

Vuzix iWear VR920 [109], [110] 

Sony Glasstron [111] 

Headset not mentioned [7], [32], [128–131] 
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Appendix B 
 

Appendix B: Pathways and Interventions 

Healthcare 

Pathway 

Healthcare staff and student interventions Patient interventions 

Anatomy 

Education 

1. MR for improving understanding of liver anatomy [117] 

 

2. MR for teaching respiratory gross anatomy [87] 

 

3. Immersive virtual reality as a teaching tool for neuroanatomy 

[58] 

 

 

 

Cardiology 1. Feasibility of novel visualization techniques: 3D printing (3DP) 

and augmented reality (AR) in planning transcatheter pulmonary 

interventions [84] 

 

2. -Feasibility of an augmented reality cardiopulmonary 

resuscitation training system for health care providers [6]  

 

3. Proof of concept and examine the feasibility and initial user 

experience of a new MR hologram platform for diagnosis and 

treatment plan in complex congenital heart disease [86] 

1. Reduce pre-operation anxiety [46], [98] 

 

2. Sleep quality in cardiac ICU[95] 

 

3. Teaching patients about the consequences of Arterial Fibrillation and pharmacological 

stroke prevention [7] 

 

 



Evaluation Techniques Used to Evaluate Extended Reality (XR) Head Mounted Displays (HMDs) Used in Healthcare: A Literature Review 

 
 

25 
 

Chiropractic 1. Accuracy and repeatability of projected anatomically correct 

X-ray images on to a person’s skin [75] 

 

Dental 1. Use of VR within the pre-clinical curriculum in the direct 

restoration module of the operative dentistry course [99] 

1. Pain distraction [10] 

Emergency 

medicine 

1. Augmented reality to teach triaging and telemedicine assistance 

during mass casualty incident [118] 
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ENT 1. AR system for accurate, intraoperative localization of 

pathology and normal anatomic landmarks during open head and 

neck surgery [83] 

1. Smartphone based Virtual Reality Epley Maneuver System (VREMS) for home use 

[74] 

Exercise Science  1. Pain distraction during high intensity biking [51] 

Gastroenterology 1. Real world usability analysis of two augmented reality headsets 

in visceral surgery [30] 

1. Pain distraction and procedure satisfaction during colonoscopy [93] 
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Gerontology  1. Mobility assessment [15] 

Gynaecology 1. Train novice surgeons in Africa to perform a virtual radical 

abdominal (open) hysterectomy (RAH) [63] 

 

2. Virtual Reality Anatomic Model to test Resident Knowledge of 

Female Pelvic Anatomy [106]  

1. Pain distraction during hysterosalpingography [32] 

 

2. Pain distraction during labor [119] 

ICU 1. Deliver remote bedside teaching during covid [120] 1. Visual and acoustic stimulation in ICU [25] 
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Neurology 1. Feasibility of using a low-cost commercially available head-

mounted holographic AR device (the Microsoft Hololens) in the 

operating room when surgeon is fully dressed in PPE [80] 

 

2. Holographic computer for guiding external ventricular drain 

insertion at the bedside [73] 

 

1. Transfer of motor skills-Sequential Visual Isometric Pinch Task (SVIPT) [20] 

 

2. Training for spatial attention after stroke [69]  

 

3. Patient education before epilepsy surgery and stereotactic implantation of DBS or 

stereo-EEG electrodes [13] 

 

4. Visual cues taught through hololens to parkinsons patients to improve freezing of gait 

[14] 

 

5. Tea making task [82] 

 

6. Functional improvements, motivation aspects and clinical effectiveness when using 

immersive 3D virtual reality versus non-immersive 2D exergaming for patients with 

parkinsons [52]  

 

7. Effectiveness of immersive VR on upper extremity function in patients with ischemic 

stroke [116] 

 

8. Intensive virtual reality and robotic based upper limb training compared to usual care, 

and associated cortical reorganization, in the acute and early sub-acute periods post-

stroke [104] 

 

9. Safety and Feasibility of a First-Person View, Full-Body Interaction Game for 

Telerehabilitation Post-Stroke [60] 

 

10. Embodiment and neuropathic pain caused by spinal cord injury [113] 

 

11. Gaming task procedure maximizes effects of vestibular rehabilitation in unilateral 

vestibular hypofunction [108] 

 

12. Walking in fully immersive virtual environments: an evaluation of potential adverse 

effects in older adults and individuals with Parkinson's disease [57] 

 

13. Virtual reality as a tool for evaluation of repetitive rhythmic movements in the 

elderly and Parkinson's disease patients [110] 

 

14. Pre operative neurosurgical planning[72] 
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Nursing  1. Pain, fear, and anxiety distraction in children undergoing blood draw [40] 

 

2. Distraction during peripheral intravenous catheter [12], [40], [92], [100], [112]  

 

 

Opthalmology  1. Visual training for patients with Anisometric Amblyopia [66] 

 

2. Enhanced Depth Navigation Through Augmented Reality Depth Mapping in Patients 

with Low Vision (Retinitis Pigmentosa) [76]  

Orthopaedic 1. Training trainees in VR versus conventional procedures for 

performing total hip arthroplasty [50] 

 

2. Improve accuracy of Acetabular Cup Orientation in Simulated 

Total Hip Arthroplasty [81] 

 

3. Improve the surgical skills(intra-articular distal tibial fracture 

reduction task) education of orthopaedic surgery residents [89] 

1. Self-administration of sedation during joint replacement surgery [47] 

 

2. Preoperative virtual reality (VR) experience of 3-dimensional (3D) reconstructed 

magnetic resonance images (MRIs) on anxiety reduction in patients undergoing 

arthroscopic knee surgery [44]  
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Paediatric   1. Immersive virtual reality tour of the operating theater on emergence delirium in 

children undergoing general anesthesia [121] 

 

2. Virtual reality exposure before elective day care surgery to reduce anxiety and pain in 

children [1] 

 

 

Pain Management  1. Pain reduction in hospitalized patients [45] 

Physiotherapy  1. Effect of VR on body weight support walking [59] 
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Psychology and 

Psychiatry 

 1. Smoke cessation [91]  

 

2. Cognitive Behavioural Therapy (CBT) [37], [97] 

 

3. Psycho-educational tools for depression [68] 

 

4. Repeated Exposure to Perceptual Illusion Challenges Reduces Anxiety Sensitivity 

Cognitive Concerns [101] 

 

5. Gaze behaviour determination in dyadic interactions [77] 

 

6. Cybersickness during game playing [23] 

 

7. Pain distraction [43], [49], [54], [55], [64], [67], [105], [107], [115] 

 

8. Claustrophobia [61], [102] 

 

9. Fear of heights [48] 

 

10. Social anxiety disorder [21] 

 

11. Small animal phobia [109] 

 

12. Use of VR in patients in Autism Spectrum Disorder [22]  

 

13. Mild cognitive impairment [122] 

Radiology 1. Detection of Lung Nodules on Computed Tomography [24] 

 

2. Patient Positioning [65] 

 

3. Guided Lumbar Facet Joint Injections [71] 
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Surgery 1. MR visualisation platform to assist intraoperative surgical 

guidance [85]  

 

 

2. 360° virtual reality video for the acquisition of knot tying 

skills: A randomised controlled trial [114] 

 

3. VR training tool for orthognathic surgery [62] 

 

4. Effect of using VR surgery on the self-confidence and 

knowledge of surgical residents performing Le Fort I maxillary 

osteotomy [4] 

 

5. 360º video for an index-operation (augmented with educational 

material) [42] 

 

6. The use of head-mounted display eyeglasses for teaching 

surgical suturing skills [88]  

 

7. Comparison of optical see-through head-mounted displays for 

surgical interventions with object-anchored 2D-display to read 

medical information [70] 

 

8. Training and assessment of digital rectal examination using AR 

[8] 

1. Pain distraction during ambulatory surgery (lipoma resection) [103]  

 
2. Patient pain distraction [11] 

Ultrasound 1. Hololens for  guiding ultrasound needle placement [94], [123] 

 

2. Clinical application of HMD in sonography [111] 
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Urology 1. 3D VR models for planning nephrectomy surgery [90]  

 

2. Minimally invasive endoscopic surgery [5] 

 

3. VR for teaching catheter placement [31] 

 

4. 3D mixed reality holograms for preoperative surgical planning 

of nephron-sparing surgery: evaluation of surgeons' perception 

[70] 

1. 3D VR models for planning nephrectomy surgery [90] 

Veterinary 1. Improvement of canine sterilisation surgery skills [96]  
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Appendix C 
Appendix C: Authors, Domain, Pathways, Outcomes and Evaluation Techniques 

Healthcare staff and students 

skills/outcomes 

Patient skills/outcomes Metrics 

Anatomy Education 

Opinions, usefulness, and usability 

[117] 
 i. Users asked to guess lesion location  

ii. Time taken to complete the task 

iii. Feedback on Hololens- evaluate the screen, the comfort, and the 

usefulness HoloLens 

 

Knowledge retention and user 

experience [87] 
 1. Knowledge assessment  

2. Feedback on user experience 

Knowledge retention, and motivation 

[58] 
 i. Instructional Materials Motivation Survey (IMMS)  

ii. Knowledge test 

 

Cardiology 

 Pre-operative anxiety [46] State Trait Anxiety Inventory (STAI) 
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 Improved procedure outcome [95] i. Self report sleep quality measure using Sleep Scale A and the activity 

tracker FitBit Charge 2. 

 Improved procedure outcome, anxiety and pain 

distraction, immersion and presence [98] 

i. patients’ subjective opinions, nurses’ opinions, applicability, and 

usability 

ii. demographic factors 

iii. Visual Analogue Scale (VAS) 

iv. Dissociative Experience Scale (DES) 28-items 

v. Immersion and presence (VAS) 

vi. Time perception 

vii. Physiological outcomes 

 Knowledge retention [7] i. Demographics 

ii. Knowledge and consequence questions (feedback)  

Opinions, usability, and effectiveness 

[84] 

 i.  Opinions- physicians accuracy  

ii. Usability  

iii. Potential effectiveness 

Competency and satisfaction [6]  i. Technical assessment using AR system 

ii. Demographics and feedback on satisfaction 

Competency and user experience [86]  i. Diagnostic and quality rating questionnaire 

ii. Technical assessment 

Chiropractic 

 Accuracy [75]  i.  System accuracy and repeatability (technical analysis of system) 

Dental 

Competency [99]   i. Competency evaluated by three assessors  
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 Pain distraction, user experience, nausea and fun [10] i. Graphic Rating Scale (GRS) 

ii. Interview with dentist about patient’s experience  

Emergency Medicine 

Competency [118]  i. Number of triage  

ii. Duration of triage  

iii. Quality of triage 

ENT 

Face validity and usefulness [83]  i. Customised face validity questionnaire 

 Competency and face validity [74] i. Two expert Otologists reviewed the videos, assigning each participant 

a score (out of 10) for performance on each step 

ii.  NASA Task Load score 

Exercise Science 

 Improved procedure outcome and pain distraction[51]  i. Pain rating feedback 

Gastroenterology 

Usability [30] 

 

 i. System Usability Scale (SUS) 
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 Pain and anxiety distraction, improved procedure 

outcome, and duration[93] 

i. Visual Analogue Scale (VAS) 

ii. Task assessment of the treatment provided  

General Medicine 

Knowledge retention, competency, 

usefulness and usability [8] 

 

 i. Technical skills assessment on benchtop model with AR  

ii. Questionnaire on usability, usefulness 

Gerontology 

 Improved procedure outcome, risk assessments, and 

confidence [15] 

i.  Technical assessment 

ii. Physiological Profile Assessment (PPA)  

iii. The Montreal Cognitive Assessment (MoCA)  

iv. Activity-specific Balance Confidence (ABC) scale  

Gynaecology 

 Anxiety and pain distraction, satisfaction, and 

immersion [32]  

i. Visual Analog Scale (VAS).  

ii. Subjective responses for affective pain, cognitive pain, and anxiety 

during procedure; worst pain within 15 min after; patient satisfaction and 

acceptance with pain management; physiological parameters; adverse 

effects 

iii. Technical results of procedure 

iv. Immersion perception score of the VR system 

Knowledge retention and competency 

[63] 

 i.  predictors of movement and time efficiency 
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 Pain and anxiety distraction, nausea, and perception 

[119] 

i. Observation of participants 

ii. Custom questionnaires about pain, anxiety, nausea and perception of 

VR  

Knowledge retention and technology 

assessment [106] 

 i. Task assessment 

ii. Knowledge tests pre and post 

iii. Technology assessment questionnaire 

ICU 

Opinions, acceptability, feasibility, 

risk, and usefulness [120]  

Opinions[120] i. Customised questionnaire 

ii. Verbal feedback from patients 

 Usability, sickness, immersion, presence, realism , 

involvement, disorientation, and oculomotor 

problems[25] 

i. Customised questionnaire addressing usability, sickness, oculomotor 

problems, disorientation, immersion, presence, realism, involvement 

Neurology 

 Simulator sickness[20]  i. Simulator sickness questionnaire, adapted from Kennedy, Lane, 

Berbaum, & Lilienthal (1993)(Kennedy et al., 1993) pre-post  

ii. Witmer and Singer (1994) presence questionnaire  

iii. Demographic background questions  
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 Improve procedure outcome, competency, knowledge 

retention, cybersickness, engagement, motivation and 

presence[69]  

i.  The Dutch version of the Oxford Cognitive Screen (OCS-NL)  

ii. Language impairment tests 

iii. Numeric cognition test  

iv. Verbal and episodic memory tests  

v. Praxis assessment  

vi. Executive function assessment 

vii. Visual confrontation test.  

viii. Behavioural Inattention Test (BIT) letter cancelation  

task and figure copy task  

ix. Simulator Sickness Questionnaire (SSQ)  

x. Narrative Engagement Scale 

xi. Intrinsic Motivation Inventory  

xii. International Television Commission Sense of Presence Inventory 

(ITC-SOPI) 

 

 Knowledge retention, safety, anxiety distraction and 

user experience[13]  

i. Custom questionnaires to evaluate- knowledge retention, safety, 

anxiety regarding surgery and feedback  

 Improved procedure outcome, mental state, and anxiety 

and feat distraction[14] 

i.  FOG (freezing of gait) episodes were annotated by two independent 

raters from video recordings.  

ii. Motion data  

iii. New Freezing of Gait Questionnaire (NFOG-Q)  

iv. Unified Parkinsons Disease Rating Scale part III (MDS-UPDRS) 

v. Mini Mental State Examination(MMSE) 

vi. Fear Avoidance Beliefs questionnaire (FAB) 

 Usability, feasibility and acceptability [82] i.  Patients suffering from Alzheimer’s disease were tested and post-hoc 

semi-structured interviews were conducted to assess usability.  

ii.  Studied usability through observation and interviewed for feasibility 

and acceptability 
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 Competency and motivation[52] i. Technical skills assessment 

ii. Intrinsic Motivation Inventory (IMI)  

Feasibility [80]  i.  Voice recognition was evaluated against background noise  

ii. Task assessment 

 Improved procedure outcome[116] i.  Fugl-Meyer Upper Extremity (FMUE) assessment.  

ii. Action Research Arm Test (ARAT) 

iii. Functional Independence Measure (FIM) 

iv. Performance Assessment of Self-Care Skills (PASS-IADL and 

PASS-BADL) 

Competency [72]   i. Accuracy of the Hololens localization using neuro-navigation as the 

gold standard 

 Improved procedure outcome[104]  i. Upper Extremity Fugl-Meyer Assessment (UEFMA) 

ii. Wrist AROM 

iii. Maximum Pinch Force 

iv. Wolf Motor Function Test (WMFT) 

v. Transcraniel Magnetic Stimulation (TMS) mapping 

 

 Safety and usability [60] i. Demographics 

ii. Semi structured interview about safety and usability  

Technical assessment, feasibility, 

accuracy, and competency [73] 

 i. Technical skills assessment 
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 Leg ownership, pain distraction, and improved 

procedure outcome[113] 

i. Leg Ownership questionnaire 

ii. Visual Analogue Scale (VAS) 

iii. Full Body Illusion questionnaire about ownership of virtual body 

 Improved procedure outcome, dizziness , anxiety 

distraction and sickness[108]  

i. Task assessment 

ii. Italian Dizziness Handicap Inventory 

iii. Activities Specific Balance Confidence scale 

iv. Zung Instrument for Anxiety Disorders 

v. Dynamic Gait Index 

vi. Simulator Sickness Questionnaire (SSQ) 

 Sickness, stress, and improved procedure outcome[57] i. Mini-BESTest (Mini Balance Evaluations Systems Test) for safety 

ii. Task assessment 

iii. Simulator Sickness Questionnaire (SSQ) 

iv. Technical assessment 

v. Stress Arousal Checklist (SAC)  

 Improved procedure outcome and competency [110]  i. Technical assessment for validity and reliability 

Nursing 

 Anxiety, fear and pain distraction and fear, and 

improved procedure outcome  [40] 

i. Child Fear Scale 

ii. Children's Anxiety Meter 

iii. After the blood draw, level of pain experienced was assessed using 

the Wong–Baker Faces Pain Rating Scale and the fear and anxiety levels 

experienced by the children during the blood draw were re‐evaluated. 

 Pain distraction [12]  i.  Sociodemographic characteristics of the patients  

ii. Visual Analog Scale (VAS) 
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 Pain and fear distraction, and duration of procedure 

[100]  

i. Wong–Baker Faces Pain Rating Scale (WBFPS)  

ii. Children's Fear Scale (CFS)  

iii. The time required for successful intravenous insertion  

 Improved procedure outcome and pain distraction[124] i. Demographics 

ii. Visual Analogue Scale (VAS) 

iii. Wong-Baker Faces Pain Rating Scale (WBFPS) 

 Pain distraction and improved procedure outcome[92] i. Child-rated Faces Pain Scale-Revised (FPS-R) 

ii. Caregiver’s rating of child’s distress using Visual Analogue Scale 

(VAS) 

iii. Procedural data 

iv. Feedback from children and caregivers 

 

  

 

 Pain distraction[125] i. Phlebotomist’s feedback on patient pain 

ii. Parent’s feedback 

iii. Wong-Baker FACES scale 

Ophthalmology 

 Improved procedure outcome[66] i. Best corrected visual acuity (BCVA)  

 Improved procedure outcome[76] i.  Technical assessment of the system 

Orthopaedic 
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 Improved procedure outcome, user experience, 

usability, satisfaction[47] 

i. Intra-operative propofol use 

ii. Pattern of propofol over each hour, the amount of adjuvant midazolam 

or fentanyl used before the case, the overall unmet propofol demand, and 

postoperative patient satisfaction scores 

iii. Patient experience - Quality of Recovery Survey (QoR-40) The QoR-

40 includes questions regarding patient comfort, emotional state, 

symptoms and pain  

iv. Patient feedback about the system 

Competency [50]  i. Technical skills assessment 

ii. Task-specific checklist, error in acetabular component orientation, and 

procedure duration 

 Pain and anxiety distraction, and knowledge 

retention[44] 

i.  Amsterdam Preoperative Anxiety and Information Scale score to 

measure level of anxiety and the need for information in patients 

undergoing arthroscopic knee surgery.  

ii. Visual Analogue Scale (VAS)  

Competency, face validity, 

acceptability, applicability [81] 

 i. Technical skills assessment 

ii. Perceptions of AR questionnaire 

iii. Applicability of AR for surgical training 

Competency and effectiveness [89]  i. Objective Structured Assessment of Technical Skills checklist 

(OSATS) Global Rating Scale (GRS) 

ii. Feedback 

 

Pain Management 
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 Pain, satisfaction and user experience[45] i. Numeric Rating Scale (NRS)  

ii. Feedback on satisfaction with audio-visual experiences 

iii. Hospital consumer assessment of Healthcare Providers and Systems 

(HCAHPS) 

 

Paediatric 

 Incidence and degree of condition, anxiety distraction 

and post operative behaviour disturbances [121] 

i.  Observation during stay 

ii. Paediatric Anaesthesia Emergence Delirium (PAED) scale  

iii. Modified Yale Preoperative Anxiety Scale -Korean version of 

mYPAS 

iv. Postoperative behaviour disturbances 

 

 Anxiety distraction[126] i. Modified Yale Preoperative Anxiety Scale (mYPAS) 

ii. Self reported anxiety, pain, delirium, need for analgesia and parental 

anxiety 

 

Physiotherapy 

 Improved procedure outcome [59] i. Technical task assessment 

Psychology and Psychiatry 
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 Improved procedure outcome [91] i. Baseline-demographics, smoking behaviour, health assessment 

ii. Post-test assessment-Primary outcome was self-reported abstinence 

iii. Secondary outcomes included sustained abstinence at 90-day follow-

up, adherence to the program, and readiness to quit.  

 Improved procedure outcome, immersion [67] i. Pre-test- Personal characteristics and prior gaming experience, 

creativity questionnaire about creativity, visualisation, and dreaming  

ii. Post test-After each VR condition, subjects reported pain score during 

the electrical stimuli Numeric Rating Scale (NRS). Additional questions 

about perceived level of immersion in the VR experience 

 Cost effectiveness, patient experience[37]  i. Social participation- Social participation (self assessment) tracked 

using electronic device.  

ii. Green et al. Paranoid Thoughts Scale (GPTS) 

iii. Resource Use and Costing- 

Societal costs were computed by adding (A) the direct medical costs of 

health care services use including the costs of antipsychotic medication 

and, in the experimental condition, the additional costs of adjunctive VR-

CBT treatment; (B) direct nonmedical costs of travel; and (C) indirect 

costs stemming from lower productivity. For each participant, cost data 

over the last 3 months were collected at each of three measurement 

points. Resource use data, for costing, were collected using the Trimbos 

Institute and Institute of Medical Technology Assessment Questionnaire 

for Costs Associated with Psychiatric Illness (TiC-P) 

iv. Virtual Reality Costs- VR therapy hardware, software and training 

costs  

v. Travel Costs- Travel costs arose when participants had to make return 

trips for receiving health care at health services.  

vi. Productivity Costs-changes in the participants’ work status at baseline 

and at 3 and 6 months postbaseline using the TiC-P.  
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 User experience, usability, usefulness, satisfaction, 

suitability[68]  

i. Depressive symptoms were measured using the Patient Health 

Questionnaire-9 (PHQ-9) scale 

ii. Participants' satisfaction questionnaire- usefulness of the software, 

user-friendliness, and overall satisfaction 

 Anxiety distraction, improved procedure outcome, 

depression management and user experience [101] 

i. Anxiety Sensitivity Index 3 (ASI-3) 

ii. Acute Dissociation Inventory–Cognitive (ADI-C) 

iii. Inventory of Depression and Anxiety Symptoms (IDAS).  

 Improved procedure outcome [77] i. Gaze direction analysis 

 VR stimuli, presence, perception of reality, interactivity, 

enjoyment and cybersickness [23] 

i. Self assessed stimuli assessment 

ii. Spatial presence subscale of International Television Commission- 

Sense of Presence Inventory (ITC-SOPI) 

iii. Perceived reality using Popova’s perceived reality measures 

iv. Interactivity measured using effectance and control scales 

v. Enjoyment using Klimmt, Hartmann and Fray’s enjoyment 

questionnaire 

vi. Simulator Sickness Questionnaire (SSQ) 

 Pain distraction and patient experience [43] i. Customised questionnaire about pain and experience 

 Anxiety distraction, mental states (depression, paranoia, 

quality of life), improved procedure outcome and 

patient experience[97] 

i. Social Interaction Anxiety Scale 

ii. Paranoid Thought Scales 

iii. Beck Depression-II Inventory 

iv. Manchester Short Assessment of Quality of Life.  

v. Mental states and experiences were measured with a diary technique 

called experience sampling method (ESM) 

 Pain distraction[105]  i. Visual Analogue Scale (VAS) 
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 Pain distraction, emotional distress/depression, and 

quality of life[49] 

i.  Numeric Pain Rating Scale (NPRS) 

ii. Patient-Reported Outcomes Measurement Information System 

(PROMIS®) Item Bank v. 1.0–Emotional Distress–Depression 

iii. World Health Organization Quality of Life Scale Brief Version 

(WHOQOL-BREF) 

 Pain distraction and user experience[64] i. Customised questionnaire on VR experience 

ii. Pain rating 

 Pain and anxiety distraction [115] i. Visual Analogue Scale (VAS) 

ii. State Anxiety Inventory (SAI) 

iii. Mini Mental State Examination (MMSE) 

 Improved procedure outcome,  playability and anxiety 

distraction[61]  

i. Spielberger questionnaire 

ii. Customised playability questionnaire developed using opinions of 

experts 

 

 Pain distraction, fun and patient experience[107] i.  Graphic Rating Scale (GRS)  

 Improved procedure outcome, fear and sickness[48]  i.  Heights Interpretation Questionnaire 

ii. Acrophobia questionnaire (AQ) 

iii. Improving Access to Psychological Therapies (IAPT) 

iv. Simulator Sickness Questionnaire (SSQ) 

 Anxiety distraction and technology acceptance[102] i. Heart rate variability (HRV) analysed using ECGs.  

ii. State-Trait Anxiety Inventory 

iii. Technology acceptance model (TAM)  
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 Anxiety and pain distraction, sickness and 

satisfaction[41]  

i.  Visual Analogue Scale (VAS) 

ii. Coloured Analogue Scale (CAS)  

iii. Wong-Baker FACES Scale-Revised  

iv. Childhood Anxiety Sensitivity Index 

v. Child Presence Measure 

vi. Malaise Scale 

vii. Satisfaction questionnaire 

viii. Questionnaire completed by phlebotomists about patient experience 

 Social anxiety, phobia, depression, sickness, presence, 

and costs[21] 

i. Liebowitz Social Anxiety Scale- Self Reported (LSAS-SR) 

ii. Social Phobia Scale (SPS) 

iii. Social Interaction Anxiety Scale (SIAS) 

iv. Fear of Negative Evaluation (FNE) 

v. Beck Depression Inventory (BDI-II) 

vi. Social Performance Rating Scale (SPRS) 

vii. Specific Work for Exposure Applied in Therapy (SWEAT)  

viii. Simulator Sickness Questionnaire (SSQ) 

ix. Witmer and Singer’s Presence Questionnaire (PQ) 

x. Gatineau Presence Questionnaire (GPQ) 

xi. Cost Analysis 

 

 Pain distraction, engagement, sickness, and user 

experience[54] 

i. Visual Analogue Scale (VAS) 

ii. Numerical Rating Scale (NRS) 

iii. Customised questionnaire about sickness 

  

 Sickness [55] i. Simulator Sickness Questionnaire (SSQ) 

 Phobia, avoidance , anxiety distraction, improved 

procedure outcome, expectations and satisfaction[109] 

i.  Behavioral Avoidance Test (BAT) 

ii. Fear of Spiders Questionnaire (FSQ) 

iii. Fear and Avoidance Scales 

iv. Anxiety Diagnostic Interview Schedule IV 

v. Clinician Severity Scale (CSS) 

vi. Customised expectations questionnaire  
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 Immersion, improved procedure outcome, user 

experience and presence[22]  

i. Demographics questionnaire 

ii. Wechsler Abbreviated Scale of Intelligence (WASI) 

iii. Independent Television Commission-Sense of Presence Inventory 

(ITC-SOPI) 

iv. Participant observation (verbal and nonverbal behaviours) 

 

 Improved procedure outcome, competency[122] i.The 15-item Korean version of the Geriatric Depression Scale (SGDS-

K) was utilized to measure the subjects’ depression symptoms  

ii. The Seoul Neuropsychological Screening Battery, Dementia version 

(SNSB-D) 

iii. Korean color-word Stroop test  

iv. word fluency tests (category and letter fluency) and VR game based 

assessments of competencies 

Radiology 

Knowledge retention and competency 

[65] 

 i. Knowledge retention through an examination compared with expert 

radiographers 

 

 

Presence, ergonomics, user 

experience, competency and sickness 

[24] 

 i. Customised questionnaires to assess experience and ergonomics  

ii. Task assessment 

Knowledge retention and competency 

[71] 

 i. Task assessment by independent reviewer 

ii. Task assessment by system  

Surgery 

Competency, efficiency, usefulness, 

functionality and usability [85] 

 i. Custom questionnaire for feedback and usability- mixed reality 

component assessment, mixed reality functionality assessment, overall 

assessment of the visualisation platform 
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 Blood pressure and pain distraction[103] i. Blood pressure measurements 

ii. Visual Analogue Scale (VAS) 

Competency, face validity, usability, 

and suitability [70] 

 i. Text readability 

ii. Contrast perception 

iii. NASA Task Load score 

iv. Frame rate 

v. System lag 

 

 Pain distraction and improved procedure outcome[11] i. Visual Analogue Scale (VAS) 

Competency and knowledge retention 

[114] 

 i. Technical task assessment 

Engagement, knowledge retention, 

communication, and interpersonal 

skills [42] 

 i. Assessment using system 

ii. Knowledge retention questions 

iii. Feedback on medical knowledge, interpersonal and communication 

skills  

Technical skills: 

Understanding training needs, 

efficacy, usability, acceptability, 

opinions and human error  

Non Technical skills: 

Situation awareness, decision making, 

communication & teamwork, and 

leadership [4] 

 i. Le Fort I osteotomy specific face and content validity tests 

ii. Feedback questionnaire about efficacy, usability, and acceptability 

iii. Questionnaire investigating non-technical skills 
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Confidence, knowledge retention, 

situational awareness, decision 

making, and user experience [62] 

 i. Demographics questionnaire 

ii. Perceived self competence (self confidence scale) 

iii. Feedback  

Competency, confidence, and 

satisfaction[88] 

 i. Technical assessment 

ii. Customised questionnaire about confidence and satisfaction  

Knowledge retention, competency, 

usefulness and usability [8] 

 i. Technical skills assessment on benchtop model with AR  

ii. Questionnaire on usability, usefulness 

Ultrasound 

Knowledge retention, competency, 

system evaluation [123] 

 i.  Technical skills assessment  

ii. NASA Task Load index 

Technical assessment, competency, 

and User experience [94] 

 i. Technical assessment by independent researcher 

ii. Customised questionnaire about task and HMD 

Competency, sickness, 

preconceptions, and opinions [111] 

 i. Demographics 

ii. Questions about participant health 

iii. Description of sickness symptoms 

iv. Technical assessment 
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Urology 

Competency, User Experience [5]  i. Pre test- Participant demographics, clinical experience and previous 

HMD exposure at baseline 

ii. Outcomes - Procedural time and Objective Structured Assessment of 

Technical Skills (OSATS). Primary outcomes were recorded by an 

external blinded expert endourologist who was trained in using OSATS. 

This Global Rating Scale (GRS) includes seven specific domains: (A) 

respect for tissue, (B) time and motion, (C) instrument handling, (D) 

handling of the endoscope, (E) flow of the procedure, (F) use of 

assistants, and (G) knowledge of the procedure 

iii. Post test feedback questionnaires about HoloLens and the symptoms  

Knowledge retention, competency, 

effectiveness, usability [31] 

 i. Self evaluation- previous knowledge and interest in modern 

technologies  

ii. Objective Structured Clinical Examination (OSCE) 

iii. Self evaluation- students ranked their ability in the given task 

iv. NASA Task Load index 

v. Standard System Usability Scale (SUS)  

Competency [90]  Duration of stay, patient experience[90] i. Technical skills assessment 

ii. Patient stay duration and discharge 

iii. Patient conversion to radical nephrectomy, conversion to open 

surgery, margin status, intraoperative complications, postoperative 

complications, readmissions, and mortality 

 

User experience and usability [79]  i. Opinions on the use and task performed in MR 

 

Veterinary 

Competency [96]  i. Live surgical technique assessment 

ii. Subjective opinions 
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