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The rapid growth of Extended Reality (XR) technologies, which include both Virtual Reality 

(VR) and Augmented Reality (AR), has transformed user interactions with the digital world and 

has created new challenges as well as opportunities for designing User Experience (UX). New 

challenges as well as opportunities primarily for evaluating user experiences in these 

environments is the focus of this thesis. This review looks at established UX evaluation 

methodologies and how they've been adapted to immersive XR environments, with the goal 

of identifying the challenges and the opportunities they present. This thesis uses a multivocal 

literature review approach to 40 peer-reviewed academic papers and 15 grey literatures to 

integrate findings from peer-reviewed academic research and grey literature, such as industry 

reports, web articles, blogs, and University thesis. 

This review examines traditional method of UX evaluation and analyses available literatures 

for their effectiveness in addressing XR-specific aspects like presence, immersion, and 

simulator sickness. It also investigates emerging XR-specific tools and techniques to make 

adequate suggestions for existing challenges and opportunities in adopting traditional 

evaluation methods in XR environments.  
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1. Introduction 

Extended Reality (XR) has brought about a new era of innovation in human-computer 

interaction, leveraging immersive technology to combine physical and virtual 

surroundings. XR refers to Virtual Reality (VR), Augmented Reality (AR), and additional 

versions such as Mixed Reality (MR) and Augmented Virtuality (AV). These technologies 

have advanced rapidly as massive developments in processing power, artificial 

intelligence, and high-resolution display systems, have enabled unmatched 

application capabilities in different domains of society. Those being education, healthcare, 

manufacturing, and entertainment (Rauschnabel et al., 2022). 

The phrase XR is frequently used as an umbrella term for many different technologies, 

while its precise meaning is different. The term "xReality" has evolved from its original 

meaning of "Extended Reality" to refer to new kinds of reality (Rauschnabel et al., 2022). 

Despite unclear definitions, XR technologies are becoming recognized for their ability to 

transform user experiences by creating realistic and engaging digital environments 

(Alhakamy, 2024). These differences in the fundamentals of the technology influences 

user experiences and the types of applications that each technology offers. Because of 

this they are mostly used in different application domain. For example, VR is suitable for 

full immersion training and simulations, whereas AR is beneficial in situations needing 

complemented information overlays, such as medical imaging and industrial maintenance 

(Alhakamy,2024).  

 

Figure 1: Extended Reality and its component technologies 

Although AR and VR are frequently combined under the XR umbrella, they are 

fundamentally different concepts and different technologies. VR completely immerses 

users in a computer-generated digital environment, removing out the physical world, 

whereas AR technologies overlays digital content onto real-world views, allowing users to 

engage with both concurrently (Rauschnabel et al., 2022; Gorantla et al., 2023). 
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As XR technologies have become more relevant and are integrated into everyday life, 

User Experience (UX) design has emerged as a crucial factor in their adoption and 

success. User Experience (UX) evaluation is based on well-established approaches to 

assess usability and satisfaction in interactive systems. This is especially true for 

traditional two-dimensional interfaces. These interfaces have relied on traditional 

methodologies, such as usability tests, heuristic evaluations, and surveys, which have 

generally focused on efficiency, effectiveness, and user pleasure during specific task 

execution. (Vermeeren et al, 2010). These methods of evaluation remain essential even 

when the evaluation area grows to include more immersive and interactive systems 

and environments, such as those seen in XR. 

Evaluating UX in XR involves understanding users' psychological and emotional 

interactions within immersive environments. Effective UX design unites technologies with 

user needs, allowing usability, engagement, and satisfaction (Gorantla et al., 2023). Unlike 

traditional UX evaluation, XR environments bring unique issues, such as evaluating 

presence, immersion, and the possibility of motion sickness in simulated 

environments (Rauschnabel et al., 2022; Alhakamy, 2024).  

 

1.1. Research Problem  

Despite the rapid growth of XR technologies, appropriate evaluation methods for 

assessing user experience in interfaces with varying levels of immersion and control 

is lacking. Either the problem seems to be the lack of understanding of the difference 

in user experience between common 2D interfaces on flat digital platforms and a 3D 

real world environment or simply, evaluation methods for such environments not being 

standardized.   

Despite their importance in traditional context of user interfaces, traditional UX 

methods require broad adaptation to effectively capture the distinctive features of XR 

environments. XR interactions are dynamic and dependent on the environment, which 

poses a challenge to traditional static testing environments. This review will try to 

bridge that understanding by identifying challenges throughout a wide variety of 

literature and identifying opportunities in their adaptation to inform future researchers 

and practitioners in the field.  

Furthermore, as mentioned above, traditional evaluation methods often fail to capture 

the complexity of interaction, immersion, and cognitive load in these environments. 

With the ever-evolving field of XR, academic and industrial perspectives have differed. 
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This has resulted in how they each approach and evaluate UX in XR environments. 

Whilst academic research offers thorough, theoretically supported observations, but 

because of its slow pace and narrow focus, it could not have instant practical 

application. On the other hand, industry practices provide workable, immediate 

answers but frequently lack a solid theoretical foundation. A more integrated approach 

to UX evaluation in XR environments is required because of this mismatch between 

theory and practice, which affects how UX in XR environments is understood, 

evaluated, and advanced across both areas of literature. 

1.2. Research Aim and Objectives 

The aim of this research is to perform a comprehensive Multivocal Literature Review 

(MLR) which gathers insights from academic and grey literature. Through this the goal 

is to analyse and identify the challenges and opportunities related to evaluating User 

Experience (UX) in Extended Reality (XR) environments namely Augmented Reality 

(AR) and Virtual Reality (VR). Through this aim, the study is looking for avenues for 

future advancements in the practice of User Experience Design (UED) in XR 

environment while offering practical suggestions and direction for enhancing UX 

evaluation methods. 

Objectives 

Understanding the aims of the research, the following objectives have been 

identified:  

Identify major challenges 

The first objective is to carefully explore and define the key challenges encountered 

while evaluating UX in XR contexts. Investigate and determine the main obstacles 

to UX evaluation in XR contexts from the perspectives of academia and industry 

work, with an emphasis on usability, user comfort, and interaction design. 

Identify major opportunities 

The objective is carefully interpreting all the available literature collected for the 

purpose of this review to identify opportunities and gaps of implementation for 

tradition methods of UX evaluation. 
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Collect Multivocal Perspectives 

Examine current UX evaluation techniques for XR settings objectively, highlighting 

the benefits and downsides of each approach as it relates to academic research 

and industrial experience. 

Inform Future Research 

Contribute to the direction of future studies by pointing out new opportunities for 

innovation, and areas for additional investigation in the field of XR UX design and 

evaluation. 

 

1.3. Research Questions 

With the aim in consideration the research looks to address the following research 

questions: 

• RQ1: What are the overarching challenges to adapt traditional UX evaluation 

methods in XR environment? 

• RQ2: What opportunities can the literatures suggest in adapting traditional UX 

evaluation methods in XR environment?  

 

2. Background & Related Works 

The literature evaluated for this study includes academic papers as well as grey 

literature, with a wide range of origins and reliability factors. Both types of sources help 

considerably in understanding how traditional User Experience (UX) evaluation 

methods might adapt to the complexity of Extended Reality (XR), which encompasses 

Virtual Reality (VR), Augmented Reality (AR), and Mixed Reality (MR). 

XR technologies have advanced rapidly in recent decades, because of advances in 

hardware, software, and interaction capabilities. Bernard Marr (2021) notes in 

"Extended Reality in Practice: 100+ Amazing Ways Virtual, Augmented, and Mixed 

Reality Are Changing Business and Society" that XR hardware, such as VR headsets, 

AR-enabled smartphones, and MR gadgets, has reached unparalleled levels of 

sophistication. These developments have enabled more immersive and engaging 

experiences, resulting in significant changes to how consumers interact with digital 

surroundings. The XR experience is centered on immersion, which refers to the level 
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of sensory fidelity delivered by XR technologies, and presence, the subjective 

impression of "being there" in a virtual world (Slater, 2018). 

Upon performing significant research, no previous publications specifically addressing 

the research topics addressed in this study were uncovered. Specifically, little is known 

about the problems and opportunities of extending typical UX evaluation approaches 

to XR contexts. This study, therefore, aims to be one of the first to bridge this gap by 

offering an extensive overview of the challenges, opportunities, and future 

perspectives for XR UX evaluation. The findings will form the basis for more effective 

and clear techniques to evaluate user experiences in XR environments. However, 

these concepts bring additional evaluation issues, as typical 2D-based UX metrics fail 

to reflect the dynamic and multidimensional nature of XR interactions. 

The shift from standard 2D interfaces to 3D XR settings requires an adjustment of UX 

principles. Mel (2018) argues that interactions in XR settings, particularly VR, are 

fundamentally sophisticated illusions that rely on the careful integration of sensory, 

cognitive, and emotional input. Measuring the quality of this illusion is difficult because 

everyone experiences immersion differently. Traditional UX measurements like task 

completion time, satisfaction, and usability heuristics frequently overlook subjective 

and multidimensional components like presence, emotional involvement, and spatial 

interactions (Alexandrovsky et al., 2021). 

Immersion and interaction are especially important in VR situations, because users are 

fully immersed in a digital context. Alexandrovsky et al. (2021) observes that research 

methods established for AR are frequently like VR methods, but neither environment 

has a consistent approach to UX evaluation. The challenge of evaluating immersive 

experiences derives from the difficulties of separating characteristics such as spatial 

design, sensory feedback, and cognitive load while maintaining ecological validity 

(Becker & Freitas, 2023). 

Various research has identified shortcomings in XR UX evaluation frameworks. For 

example, Becker and Freitas (2023) point out that XR evaluations frequently lack clarity 

on terminology and parameters, resulting in variations among studies. This issue is 

especially noticeable in reviews of XR applications in fields such as education, 

healthcare, and entertainment. Traditional usability testing frameworks, such as 

heuristic evaluations and observational studies, frequently neglect distinct XR 

characteristics including perception of depth, motion tracking, and multisensory 

synchronization (Zhang & Simeone, 2021). These constraints highlight the need for 
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hybrid approaches that combine traditional evaluation methods and XR-specific 

procedures. 

Research has noticed numerous obstacles when extending typical UX evaluation 

methodologies to XR environments. According to García et al. (2024), traditional 

Human-Computer Interaction (HCI) recommendations for 2D interfaces do not 

adequately address XR-specific issues including navigation, object handling, and 

spatial perception. In virtual reality, user movement and posture have a profound 

impact on their sensation of presence and immersion. As Slater and Steed (2018) point 

out in their paper, issues in spatial consistency, such as tracking delays or misaligned 

visual cues, may disrupt the sense of presence and affect user performance. 

Furthermore, physiological and psychological characteristics specific to XR 

environments, such as motion sickness, fatigue, and cognitive overload, create 

evaluation issues not found in traditional UX research (Pola, 2019). For example, 

Zhang and Simeone (2021) show how heuristic methods for evaluation, which 

generally rely on expert reviews of 2D interfaces, can be adapted for VR but must be 

modified to account for immersive spatial characteristics. Similarly, Gounari et al. 

(2024) observe that traditional usability measurements do not fully reflect XR-induced 

symptoms such as cybersickness, which can have a major impact on user comfort and 

engagement. 

Other significant challenges include technological and logistical barriers to deploying 

XR evaluation methodologies. Garg (2023) highlights device-specific issues in room-

scale VR testing, such as varying hardware capabilities, limited tracking precision, and 

geographical limits. These restrictions might cause variations in user performance and 

outcomes, complicating the evaluation process. 

Despite challenges, researchers have offered numerous methods for evaluating UX in 

XR contexts. Traditional UX methods, including as usability testing, heuristic 

evaluations, and user satisfaction surveys, are useful, but they must be significantly 

modified to handle XR-specific unique features. For example, Zhang and Simeone 

(2021) discovered that heuristic evaluation can effectively uncover usability concerns 

in immersive VR environments when expanded to include aspects such as spatial 

alignment, depth perception, and motion consistency. 

Attitude and behavioural evaluation approaches are widely used in XR UX research. 

Attitudinal approaches, such as post-experience surveys, interviews, and self-report 

scales, measure subjective user perceptions and emotional responses. However, 

these approaches are frequently influenced by user expectations and retrospective 
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biases (Slater & Steed, 2018). Behavioural approaches, such as eye tracking, motion 

analysis, and physiological assessments, provide objective information on user 

behaviour and system performance. García et al. (2024) propose merging these two 

methodologies to develop a comprehensive evaluation framework for VR systems. 

After conducting considerable research, it was particularly hard to find previous studies 

explicitly addressing the research topics addressed in this study were uncovered. 

Particularly little is known about the challenges and opportunities of extending typical 

UX evaluation approaches to XR contexts. This study, therefore, intends to bridge this 

gap by offering an extensive overview of the challenges, opportunities, and future 

perspectives for XR UX evaluation. The findings will form the basis for more effective 

and consistent techniques to evaluate user experiences in XR environments. 

 

3. Methodology 

The methodological framework for this thesis review is a Multivocal Literature Review 

approach. 

3.1. Multivocal Literature Review (MLR) 

A Multivocal Literature Review (MLR) is an adaptation of the Systematic Literature 

Review (SLR) approach that includes both academic literature (formal or "white" 

literature) and non-academic sources, also known as grey literature (GL). Grey 

literature refers to a wide variety of publications, including blog posts, technical reports, 

videos, University thesis, e-prints and preprints and white papers, which are not 

normally peer-reviewed and yet provide useful insights into current trends and 

perspectives. MLR is especially helpful in fields where both academic and practical 

knowledge contribute to a thorough understanding of an area of study (Garousi et al., 

2019). By integrating these "multiple voices," MLR provides a more comprehensive 

view of a field's state-of-the-art and state-of-practice (Garousi et al., 2019). 

3.2. Reasons for MLR adoption 

Extended Reality (XR) is a fast-evolving technology with an enormous potential to 

transform industries, particularly in Industry 4.0. The dynamic and interdisciplinary 

nature of XR, along with its growing applications across sectors, necessitates the 

study of both academic and grey literature (GL) to remain current and relevant. 
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Alhakamy (2024) highlights the rapid evolution of XR technologies, explaining that 

they constantly adapt to meet industrial demands through the inclusion of multimodal 

interaction techniques, advanced visual displays, and hardware components to 

improve human performance and decision-making in real-world applications. Given 

the "abundance of research on this subject" and the continual integration of XR into 

industries such as manufacturing, healthcare, and education, staying relevant 

requires a continuous examination of both academic and industry views (Alhakamy, 

2024). 

Like mentioned prior, the guidelines for MLR provided by Garousi et al. (2019) 

focuses on the importance of grey literature,  stating how inclusion of grey literature 

is essential in understanding dynamic technologies by saying  that "missing such 

information could have a profound impact on steering research directions" because 

practitioner-driven insights often capture real-world challenges and solutions faster 

than formal academic publications (Garousi et al., 2019, p. 104). It can be 

understood that including GL allows researchers to bridge the gap between "state-of-

the-art and state-of-practice," ensuring that both novel academic findings and actual 

industrial breakthroughs are considered. (Garousi et al., 2019). 

So, in accordance with the objectives and the research questions of this review, and 

from this gained knowledge from the literature, it provides a debatable case for an MLR 

as an ideal methodology for reaching the goals of this thesis.  

 

3.3. Foundations of MLR methodology for this review 

This MLR was performed out following the detailed guidelines published by 

Garousi et al. (2019). These guidelines, based on an assessment of existing MLR 

practices and the authors' experience, presented an organized strategy to organizing, 

carrying out, and reporting the review. The guidelines support carefully adding GL while 

maintaining strong quality evaluation to provide reliable and meaningful findings. 

The Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) 

guidelines are widely accepted as the standard for performing and reporting systematic 

reviews. However, in the context of this Multivocal Literature Review (MLR), strictly 

adhering to PRISMA was considered unnecessary. This decision was influenced by 

the criteria and opportunities given by Garousi et al. (2019), who highlight that MLRs 

differ considerably from traditional systematic reviews due to the inclusion of grey 

literature (GL) and variation in source quality and format. 
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They mention in their paper:  

“Several phases of MLRs differ from those of traditional SLRs, for instance, with 

respect to the search process and source quality assessment. Therefore, SLR 

guidelines are only partially useful for conducting MLR studies.” (Garousi et al., 2019) 

This means that while PRISMA's structured methodology is useful for systematic 

literature reviews (SLRs), its strict framework is less relevant to MLRs, which require 

flexible methods to account for varied source types such as blogs, white papers, 

videos, and other non-peer-reviewed publications. Furthermore, the guidelines 

encourage researchers to adapt and enhance existing SLR approaches to meet the 

specific requirements of an MLR. This thesis intentionally chose not to follow PRISMA 

guidelines given, the scope and objectives of this review which integrate diverse 

sources including grey literature, rather an adaptive and iterative approach was 

adapted, in-relation with established MLR guidelines. This decision was further 

solidified when looking at the complex character of UX evaluation in XR 

(AR/VR) technology. Practical insights from grey literature are key to understanding 

any possible challenges and opportunities too. This approach better supports the 

inclusion and evaluation of heterogeneous evident sources while maintaining rigor and 

full transparency about its framework.  

3.4. Literature search process 

A proper search strategy was developed for planning and conducting this review 

with careful considerations. The search approach for this Multivocal Literature 

Review (MLR) included Flexible and iterative searches of academic databases and 

grey literature sources was the foundation. For academic literature, popular 

databases such as Scopus, IEEE Xplore, and Google Scholar, ACM Digital Library, 

MDPI SpringerLink were searched using determined and iteratively refined 

keywords. Grey literature was searched using generic search engines such as 

Google, and thesis documents were retrieved via Google scholar. Table 1 shows 

the different types of literature that were collected. Furthermore, snowballing 

techniques, such as backward and forward citation tracking, were used to find new 

relevant sources. Stopping criteria such as theoretical saturation and effort 

bounding were used to provide wide yet reasonable coverage of both academic 

and practitioner-oriented content. 

Table 1: Categories of Academic and Grey literature in this review (Garousi et al., 2019) 
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Academic “White” Literature “Grey” Literature 

Peer-reviewed published journal papers  

Conference Proceedings 

Books  

Blog Posts 

Web-articles 

University Thesis 

Pre-prints 

 

3.4.1.   Key word used in the search process 

The keywords for the search process were developed with the study goals in 

mind, with a focus on User Experience (UX) methods of assessment in Extended 

Reality (XR) environments. The primary terms were developed from the 

research's main questions, resulting in holistic coverage of both academic and 

grey literature. The keywords contained variations and synonyms, such as 

Screening Results  

The quality of the literature that has been collected is ensured with thorough 

implementation of these inclusion/exclusion criteria.  

Inclusion and Exclusion Criteria 

To make sure the study includes the most recent trends and advancements, 

literature released in the previous ten ten-fifteen years will be given priority. 

Included will be research papers and grey papers that particularly address UX 

evaluation methods in XR environments. Articles without an explicit evaluation 

section will not be accepted. All in all, these factors are considered.  

Relevance to UX in XR (AR/VR) 

Studies and industry reports that particularly discuss user experience (UX) in 

Virtual Reality (VR), Augmented Reality (AR) is included. Any literature that 

focusses solely on the technical aspects of XR systems (for e.g. Hardware and 

software development) with no mention of UX design or evaluation was excluded. 

Evaluation of UX methods 

Papers that evaluate UX in XR using different methods that might include (e.g. 

Usability testing, user satisfaction surveys, cognitive overload assessment) as 

initial assumptions or detailed descriptions. Papers and industry reports that do not 

include evaluation methods or topics remotely close to the evaluation methods/ 
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frameworks in XR (e.g. purely descriptive papers and marketing materials) are 

excluded. Also, papers that solely discuss theories and do not have proper data 

and insights to back them are also discarded.  

Research publication date 

Research done within the last 10-15 years are included to ensure that the review 

demonstrates up-to-date research and emerging trends in the fast-evolving field of 

XR. Same criteria are applied to industrial reports to maintain relevance. Research 

papers and industry articles that are any older than set 5-15 years unless it includes 

themes that are still relevant to current UX in XR are excluded.  

Geography and Language 

The language of choice is English to maintain accessibility and consistent in 

analysis. Also, if the material is relevant to localized or global user experience 

trends in XR contexts, it can be included from any geographic area. Sources with 

languages other than that are to be excluded. 

Type of literatures 

To ensure a multivocal perspective, both peer-reviewed academic research (such 

as journals, conference papers) and grey literature (such blog posts, technical 

blogs, and thesis) are included. Also, grey literature is considered eligible form 

sources that are from reputable XR companies (e.g. Meta, Leap motion), design 

firms or other professional organizations and expertise on the field. 

Grey literature where the sources are of uncredible history and non-authoritative 

are not considered eligible. These sources may include literatures like personal 

blogs, non-peer reviewed papers and papers with uncredible authorship. Similarly, 

research paper sources that lacks transparency in terms of its methodology and 

process are excluded too. 

The literature elicited are shown in Appendix 1 and 2. 
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3.5. Data Extraction  

The data extraction process was carried out using qualitative methodologies, such as 

qualitative content analysis and interpretive data extraction. Key information, such as 

study findings, procedures, and conclusions, were thoroughly gathered and examined. 

This technique enabled the identification of themes, patterns, and insights pertinent to 

the study topics, while maintaining correctness and consistency across both academic 

and grey literature. 

Qualitative Content Analysis 

Qualitative content analysis is a flexible and systematic data analysis technique 

that combines, interprets, and generates qualitative findings collected from a 

variety of sources, including academic and grey literature. This method explains 

how to break down complicated textual material into understandable and properly 

consistent groups. Hsieh and Shannon (2005) define qualitative content analysis 

as ranging from natural interpretations to highly structured analyses, allowing 

researchers to address complicated subjects that are difficult to answer 

quantitatively (Finfgeld-Connett, 2014). The data studied in systematic reviews 

often contain highly organized and defined qualitative findings, making content 

analysis an appropriate technique for knowledge development and finding patterns 

and themes from the data ultimately leading to theory generations. (Finfgeld-

Connett, 2014). In contrast to quantitative content analysis, which focuses on 

frequency and statistical patterns, qualitative content analysis seeks to extract 

meaning, relationships, and themes from textual information. This approach is 

especially beneficial for synthesizing information from different forms of literature 

since it allows for subjective interpretation while maintaining systematic discipline. 

 

An interpretive content extraction approach to the data gathering 

An interpretive data extraction approach was used to carefully collect and 

document necessary data and information from the literatures selected for the 

review (both academic and grey).  

In a qualitative research, interpretive collection of data aims to understand and 

explain meanings and happenings in their context by referring to the intentions or 

meanings of available data in the literature. This strategy stresses the extraction of 
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meaning from data through researcher’s interpretation, rather than relying simply 

on numerical or mechanical procedures. (Hayes, 1985) 

Table 2: Data variables extracted from the literatures. 

Data variables recorded 

• Tile 

• Author(s)  

• Year of publication  

• Context discussed  

• Source type 

• Methodological approach 

(academic) 

• Key points discussed 

• Evaluation methods (Discussed) 

• XR-specific evaluation methods 

(academic) 

• Challenges identified/hinted 

• Opportunities identified/hinted 

• Link to the papers 

 

So, both literature (academic and grey) was read in its entirety, with text portions 

that were deemed relevant to the research purpose highlighted. These segments 

were then evaluated and summarized in my own phrases, ensuring that the 

retrieved material was contextualized and available for an eventual thematic 

analysis. For this purpose, the data was organized in an Excel spreadsheet, with 

exploratory variables as the framework as shown in Figure 2  and 3 . 
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Figure 2: Data Extraction table for grey literatures collected. 

 

Figure 2: Data Extraction table for academic literatures collected 
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3.6. Data Analyses and Synthesis 

 

To answer the research questions, a methodical approach was taken to the data 

analysis for this study.  Data collection and extraction was performed qualitatively, 

drawing directly from the literatures (academic and grey) selected for the purposes of 

this multivocal review. Through this process, it was made sure that relevant findings 

from grey and academic literature were recorded, offering a solid foundation for 

analysis process. 

A qualitative analysis technique like a thematic analysis that is ideal for finding, 

examining, and understanding patterns and themes, was used to the retrieved data. 

This methodology was adopted to identify common challenges and 

opportunities related to adapting traditional UX evaluation methods for XR 

environments across the literatures for the review. By systematically categorizing and 

interpreting the data, thematic analysis allowed for a structured examination of how 

these challenges and opportunities manifest across the body of literature, ultimately 

enabling a detailed response to the research questions.  

 

Thematic Analysis 

Thematic Analysis is a type of qualitative analysis which is used to analyse 

classifications and present themes (patterns) that relate to the date. 

(Alhojailan,2012) Any study that requires interpretation to seek and answer its 

research questions is likely to adopt thematic analysis because of it provides 

systematic element to data analysis. When combining a lot of textual material, such 

as industry reports and research articles, this method is very helpful. 

The inductive thematic analysis conducted for this thesis involved systematically 

analysing the selected literature to identify patterns and themes related to the 

adaptation of traditional UX evaluation methods in XR environments. The process 

began with descriptive coding of the data, capturing challenges and opportunities 

highlighted across the studies. Codes were iteratively reviewed, refined, and 

grouped into higher-level themes that represent the overarching challenges and 

opportunities for adapting UX methods in immersive technologies. This data-driven 

approach allowed themes to emerge naturally from the literature, ensuring a 

comprehensive understanding of the gaps, limitations, and potential 
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advancements in the field. The findings provide insights into the unique 

characteristics of XR environments and how traditional UX methods can be 

adapted to address these complexities effectively. 

 

4. Findings 

4.1. Findings from analysing academic literature: Challenges 

and Opportunities  

The following findings are the results of Thematic analysis performed on academic 

literature sources. These findings answer two of the research questions for this 

review:  

RQ1: What are the overarching challenges to adapt traditional UX 

evaluation methods in XR environments? 

  Limitations of traditional evaluation methods 

Traditional UX methods, such as surveys, questionnaires, and heuristics, fall short of 

capturing XR-specific characteristics like immersion, presence, and real-time 

interactive experiences. These methodologies were created for 2D, static systems and 

are insufficient to assess XR's distinguishing qualities. 

  Hardware constraints and ergonomic challenges 

XR devices, while innovative, face significant technical limitations and ergonomic 

issues such as low resolution, restricted field of view, battery life concerns, and 

physical discomfort caused by weight, heat, or extended usage. 

 Overlooked physiological and physical discomfort 

Traditional evaluation approaches often neglect physiological challenges like motion 

sickness, cybersickness, spatial disorientation, and physical fatigue. These issues are 

critical for understanding user experience in XR. 

Lack of standardization in XR evaluation frameworks 

There is no consistent framework or set of guidelines for evaluating XR systems. This 

lack of standardization leads to fragmented approaches, inconsistent metrics, and 

challenges in cross-study or cross-system comparisons. 
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 Evaluator dependency and experience 

The quality and reliability of XR evaluations heavily depend on the skills, experience, 

and familiarity of evaluators with XR tools. Additionally, differences in user traits (e.g., 

demographics, technical background) create variability that challenges generalization. 

  Cognitive overload in immersive environments 

The interactive and information-rich nature of XR environments introduces cognitive 

challenges for users and evaluators. Overload from complex interactions, vast 

information, and dynamic tasks makes it harder to focus on usability and evaluation. 

  Accessibility and inclusion gaps 

Traditional methods often overlook accessibility challenges in XR environments, such 

as vision impairments, physical limitations, and the need for multi-user interactions. 

These gaps hinder inclusive design and evaluation processes. 

Need for XR-specific evaluation measures 

Traditional tools lack the ability to measure XR-specific aspects, such as unique 

interaction behaviours, real-time responses, and latency effects. Adapting or 

developing new XR-specific evaluation metrics is necessary. 

  Challenges in diverse XR usage scenarios 

XR is used across various contexts, such as training scenarios and real-world settings, 

which traditional methods are not equipped to evaluate. Flexible evaluation 

approaches are needed to address the diversity of XR applications. 

 Combining traditional and XR evaluation methods 

A hybrid approach that blends traditional UX methods with XR-specific evaluation 

techniques is essential. This combination addresses XR’s complexity while retaining 

familiarity from existing evaluation frameworks. 

RQ2: What opportunities can the literatures suggest in adapting 

traditional UX evaluation methods in XR environment? 

The thematic analysis of the academic literature produced these 7 keys themes that 

helps us better understand the opportunities that are suggested by academia.  

Developing XR-specific evaluation tools and metrics 
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Traditional methods struggle to capture XR-specific aspects like immersion, presence, 

and dynamic interactions. This creates an opportunity to develop tools tailored for XR, 

such as real-time tracking systems for gestures, gaze, and spatial interactions. Metrics 

for emotional engagement, presence, and multisensory feedback can be incorporated 

into existing tools, like extending usability scales (e.g., SUS) with XR-specific 

parameters. 

Improving hardware design and ergonomic considerations 

XR hardware limitations—like restricted field of view, low resolution, and device 

discomfort—pose usability challenges. Evaluators can adapt traditional methods to 

account for these constraints by including metrics that assess hardware ergonomics 

(e.g., fatigue, weight strain) and user discomfort during extended use. Addressing 

these issues ensures a more holistic understanding of XR usability. 

Addressing physical and physiological discomfort 

Motion sickness, cybersickness, and physical fatigue are common in XR but are often 

ignored by traditional evaluations. Incorporating biometric tools (e.g., EEG, heart rate 

monitors) and post-task discomfort scales can help capture real-time physiological 

responses. Observation methods can also be adapted to identify signs of fatigue and 

strain during user interactions. 

Standardizing evaluation frameworks for XR environments 

The absence of consistent evaluation frameworks in XR creates fragmented 

approaches. There is an opportunity to establish standardized guidelines and metrics 

for measuring usability, immersion, and presence. Developing domain-agnostic 

evaluation protocols would allow cross-study and cross-system comparisons, 

improving methodological consistency and scientific rigor. 

Integrating hybrid evaluation approaches 

A hybrid approach that combines traditional UX methods with XR-specific adaptations 

offers a balanced solution. For example, static tools like surveys can be paired with 

real-time performance data (e.g., gesture accuracy, task completion time). Similarly, 

think-aloud protocols can be enhanced with automated tools to minimize disruptions 

while capturing user thought processes during immersive interactions. 

Enhancing evaluator training and XR familiarity 
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XR evaluations require specialized skills and familiarity with XR systems. Providing 

structured training programs and evaluation guidelines can help evaluators apply 

traditional methods effectively in XR settings. Tools like adaptive heuristics, AI-assisted 

observation, and checklists can reduce skill variability and improve evaluation 

reliability. 

Addressing user diversity and accessibility challenges 

Traditional methods often overlook diverse user needs, such as physical limitations, 

cognitive challenges, and multi-user interactions. Evaluations can be adapted to 

include accessibility testing for users with vision impairments, physical disabilities, or 

varying technical familiarity. By addressing these gaps, evaluations can better account 

for user diversity and inclusivity in XR environments. 

 

4.2. Findings from thematically analysing grey literature: 

Challenges and Opportunities 

The following findings are the results of Thematic analysis performed on grey literature 

sources. These findings answer two of the research questions for this review:  

RQ1: What are the overarching challenges to adapt traditional UX evaluation 

methods in XR environments? 

Through a thematic analysis of grey literature, five primary themes were identified 

and developed, each indicating significant barriers to adopting existing UX evaluation 

methodologies to XR. These themes are based on patterns observed across numerous 

descriptive codes. The findings are presented based on the themes that were identified. 

Technological and device limitations 

XR environments rely heavily on hardware and spatial setups, bringing challenges that 

could either be based on some technical hardware issue. Furthermore, they are identified 

as: 

Occlusion concerns: Concerns in devices were identified to cause by sensor limits have 

an impact on motion tracking accuracy, which can be mistaken for user error. Traditional 

methods lack the ability to grasp this  
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Tracking inconsistencies specific to XR devices: Peripheral devices used in XR 

environments makes evaluations untrustworthy, especially with peripheral devices used in 

XR such as Leap Motion.  

Device-specific technological concerns: XR environments have such as controller 

breakdowns or tracking failures, impede experiments. Room-scale XR testing requires 

physical surroundings, as opposed to typical 2D usability setups. 

 

Lack of adaptation of XR-specific features 

Traditional UX evaluation methodologies, which were initially built for 2D interfaces, 

struggle to adapt to the immersive and spatial nature of XR experiences. This poses 

various challenges like: 

User transition issues: Participants in studies who are new with XR interactions 

frequently become frustrated as they adjust to new spatial and gesture-based 

experiences. 

Incompatibility with traditional surveys: Having people depart immersive VR 

experiences to complete questionnaires disrupts their sense of presence and immersion. 

Inadequacy for complex XR interactions: Traditional approaches fail to capture important 

elements such as gestures, spatial awareness, and bodily mobility, which are essential 

for usefulness in XR environments. 

Inadequacy for complex XR interactions: Traditional approaches fail to capture 

important elements such as gestures, spatial. 

 

Challenges with interaction and navigation 

XR settings offer unique spatial and navigational issues that traditional methods struggle 

to address. These challenges were supported by the following points in the literature: 

Lack of spatial interaction measurement: The inability to evaluate real-time user-object 

interactions hinders the understanding of how users interact with virtual environments. 

Misalignment of physical and virtual objects: Inconsistencies between the actual and 

virtual worlds interfere with seamless interactions, lowering data accuracy in evaluation 

situations.  

Complexity of virtual reality interactions for new users: Sharp learning curves where 

users need pre-orientation to the technology could create biases since novice users 

struggle to navigate and participate effectively. 
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Challenges in measuring XR user experience 

Traditional UX measures, such as task time and error rates, are insufficient to assess the 

unique characteristics of XR interactions. The main obstacles identified from the 

studies include: 

Insufficient usability measures: Existing metrics fail to capture important XR elements 

such as immersion, emotional involvement, and spatial interaction. 

Increased user expectations and biases: Initial views and high expectations for XR 

experiences can affect user satisfaction numbers leading to biases which traditional 

methods fail to grasp.  

In-VR questionnaires do not have clear guidelines: The lack of clear- defined 

procedures for performing evaluations in immersive environments reduces opportunities 

to collect meaningful evaluation data achieve otherwise through a more structured 

approach.  

 

 Physiological and Comfort Issues 

According to the literature, discomfort and cognitive issues pose substantial challenges to 

accurately evaluating user experience in XR environments: 

Motion sickness and physiological exhaustion: Immersive XR experiences can trigger 

motion sickness, nausea, and physical exhaustion, which not only reduce users' comfort 

but also compromise the accuracy of evaluations. Discomfort frequently leads to shorter 

session lengths, which reduce the depth and reliability of the data acquired. 

 

Fatigue from XR device use: Prolonged use of XR devices, such as heavy headsets or 

controllers, results in fatigue and strain, especially during long-term usability evaluation. 

This affects users' ability to interact naturally and can bias evaluation results over time. 

Challenges in analysing physical comfort: Traditional approaches lack efficient tools to 

measure the physical strain induced by XR-specific elements such as headset weight, 

extended movements, or awkward postures. Without measurements of physical comfort, 

it is difficult to identify and address these usability issues that arise with use. 

RQ2: What opportunities can the literatures suggest in adapting 

traditional UX evaluation methods in XR environment? 

A thematic analysis of grey literature revealed 3 key themes that represented various 

opportunities to adapt existing UX evaluation methodologies for XR situations. These 
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discoveries address the distinctive immersive, interactive, and spatial qualities of XR and 

are organized under three important themes: 

Improving Interaction and Immersion 

The inclusion of multi-sensory feedback systems provides an opportunity to develop more 

detailed and effective evaluation methods for XR environments improving immersion. 

Traditional methods often lack the ability to evaluate feedback across several sensory 

modalities, whereas XR's immersive nature enables more thorough insights. Furthermore, 

the following opportunities were identified under this theme: 

Haptics and spatial audio: These features improve the integration of physical and 

virtual experiences, improving both UX performance and the range of evaluation 

options. 

Evaluate haptic interactions: Measuring the effectiveness of haptic feedback 

provides further insight into user pleasure, especially when measuring tactile 

responses to XR interactions. 

Enhancing sensory feedback: Evaluators can acquire a deep understanding of how 

sensory experiences affect usability and engagement by assessing multi-modal 

interactions such as visuals, sounds, and haptics through available XR technology. 

 

Adapting traditional methods for XR 

Traditional UX evaluation methods, while originally designed for 2D interfaces and 

traditional digital experiences, can be effectively adapted or extended to address the 

complexities of XR environments. These adaptations ensure that established approaches 

remain valuable in evaluating immersive systems 

Adapted heuristics provide a structured way to assess usability and user experience 

while considering XR-specific interactions, such as spatial navigation, gesture-based 

controls, and multisensory inputs. These tailored heuristics ensure evaluations 

account for the unique affordances and challenges of immersive technologies. 

Early usability testing plays a critical role in XR development by identifying design 

flaws and usability issues before launch. This proactive approach minimizes post-

launch costs, which can otherwise escalate when adjustments are made to immersive 

systems already in use. 
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Combining traditional feedback with performance data creates a holistic 

evaluation approach. By integrating methods such as interviews, surveys, and 

questionnaires with XR-specific metrics like navigation accuracy, spatial precision, and 

physiological responses, researchers can gain a well-rounded understanding of user 

behaviour and experience. 

Prototyping and digital walkthroughs facilitate rapid iteration during XR 

development. These tools allow evaluators and developers to gather initial feedback 

efficiently, enabling continuous improvements to user interfaces, interaction 

mechanisms, and overall system design. 

By adapting traditional UX methods in these ways, their relevance and applicability are 

preserved, while addressing the unique requirements of XR environments. 

 

 Using new metrics for better evaluation 

The immersive and multisensory nature of XR opens opportunities to measure user 

experience in ways that extend beyond traditional metrics like task efficiency or error rates. 

These new evaluation dimensions capture emotional and experiential aspects unique to 

XR environments: 

New metrics such as immersion and emotional engagement enhance evaluations 

by providing insights into how users feel and perceive their presence within immersive 

systems. These metrics move beyond functional assessments to explore deeper 

aspects like emotional resonance, engagement levels, and sense of "being there." 

Redefining success criteria is essential in XR contexts, where traditional 

benchmarks may fall short. Success can include XR-specific features such as 

immersion, emotional attachment, and spatial presence, allowing evaluators to 

measure outcomes that align with user expectations for immersive experiences. 

In-VR questionnaires offer a seamless way to gather user feedback without disrupting 

the immersive flow. By integrating evaluations directly into the XR environment, users 

can respond naturally, leading to more accurate and reliable results compared to 

external evaluations. 
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5. Discussion 

5.1. Discussions on the findings 

The findings showed that typical UX evaluation methodologies have substantial 

drawbacks when used in XR contexts. The academic literature identified key 

challenges such as the inadequacy of existing instruments for measuring immersive 

and spatial interactions, hardware limits, cognitive overload, and a lack of consistency 

in evaluation frameworks. These results are consistent with themes highlighted in the 

grey literature, such as technology limitations (e.g., tracking inconsistencies, occlusion 

difficulties) and human interaction and navigation challenges. 

Identifying the challenges from the literature 

One notable challenge from both the literatures was the incompatibility of traditional 

UX methods with XR’s real-time and multisensory nature. Methods like post-

experience surveys or task-time measurements fail to account for the dynamic, 

immersive qualities of XR, where user presence, emotional engagement, and spatial 

interactions are critical components. Moreover, grey literature underscored practical 

concerns such as motion sickness, physical fatigue, and misalignment between 

physical and virtual spaces, which are often overlooked in traditional evaluations. 

A particularly compelling insight was the lack of XR-specific evaluation frameworks. 

The fragmented adoption of evaluation practices hinders consistency across studies 

and limits the comparability of results. Similarly, evaluator dependency and variability 

in user traits add further complexity to achieving reliable assessments in XR contexts. 

These challenges suggest that adapting traditional methods requires a shift toward 

approaches that are flexible, immersive, and tailored to the unique affordances of XR 

environments. 

Discussions on the opportunities from the literature 

While the challenges identified were significant, the findings also revealed clear 

opportunities to adapt traditional UX methods for XR evaluation. Both academic and 

grey literature emphasized the potential of developing XR-specific metrics and tools to 

address the unique characteristics of immersive systems. These opportunities include 

the integration of multi-sensory feedback (e.g., haptics, spatial audio), which enhances 

the depth and precision of evaluations by capturing real-time user experiences. 

A key opportunity lies in adapting existing methods, such as heuristics and usability 

testing, to XR environments. Academic literature highlighted how tailored heuristics 
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could address XR-specific features like spatial navigation and gesture-based controls. 

Grey literature further underscored the value of combining traditional feedback (e.g., 

surveys, interviews) with XR performance data, such as tracking accuracy, 

physiological responses, and navigation precision. These adaptations ensure that well-

established UX frameworks remain relevant while accommodating XR’s dynamic and 

immersive qualities. 

Moreover, new metrics such as immersion, emotional engagement, and spatial 

presence present significant opportunities for evaluating XR experiences in ways that 

extend beyond functional measures like task efficiency. Redefining success criteria to 

include these dimensions allows evaluators to capture the emotional and experiential 

aspects of XR that are central to user satisfaction. In-VR questionnaires were also 

identified as an innovative approach to overcome the disruption caused by external 

evaluations, enabling seamless, real-time feedback collection. 

 

5.2. Limitations of this review 

Although this multivocal literature study has helped provide valuable insights, it is 

important to recognize a few of its limitations to inform future research and work in this 

domain. These limitations come from the type of sources that were used, the review's 

methodology, and difficulties brought on by the diversity of the data and focus areas. 

Understanding these limitations offers a better context for analysing the results and 

identifies opportunities for improvements in any future work/research. 

 

Lack of empirical evidence in some selected papers 

A distinctive limitation of this study is the lack of empirical evidence in several of 

the studies examined. While the research attempted to look at both traditional UX 

evaluation methods and frameworks tailored for XR contexts, many studies lacked 

concrete application data. Some papers provided frameworks or addressed 

theoretical implications or explanatory materials without offering empirical 

validation in the form of user studies or practical case studies. 

This lack of evidence reduces the ability to accurately judge the effectiveness of 

the approaches described, as their real-world applicability is unproven. For 

example, a few articles proposed conceptual adaptations of standard UX methods 

but failed to mention testing these approaches in XR environments, creating gaps 
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in our understanding of the challenges and opportunities that such adaptations 

bring. 

 

Flexibility and a non-systematic approach to the literature search 

process  

The methodology used for the literature review in this thesis also presents a 

limitation. This review followed a flexible search approach rather than strictly 

adhering to the Preferred Reporting Items for Systematic Reviews and Meta-

Analyses (PRISMA) standards. While this technique allowed the inclusion of a 

wider variety of sources, including grey literature, it also increases the likelihood of 

personal biases in source selection and interpretation of source materials. 

Even though the review includes a well-defined inclusion and exclusion criteria as 

a part of its search refining process to refine literatures extracted from various 

sources and assess their quality, the absence of a rigid structure meant that some 

sources were included based on subjective judgments about their relevance to the 

review’s aims. This flexibility, while beneficial in recording multiple perspectives, 

may have unintentionally led to the elimination of other relevant studies or an 

exaggeration of certain concepts, thoughts and ideas.  

 

Heterogeneity in the XR domains  

The review is not limited to a single scope of simulation environment 

i.e. Augmented reality (AR) or Virtual reality (VR), but rather studies discussing 

both areas are included in the review. While this wide approach allowed a more 

comprehensive understanding of XR evaluation methods, it also presented 

difficulties in combining findings. 

AR and VR, while similar, each possess distinct technological, practical, and 

interaction characteristics which affect how UX is evaluated in these environments. 

For example, AR mostly involves the incorporation of digital elements into real-

world settings, needing spatial awareness and contextual relevance. In contrast, 

VR often immerses users in totally virtual settings, making presence and motion 

sickness crucial. The inclusion of papers from both domains of extended 

reality without considering their distinctive differences limits the review's results. 
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Future studies could benefit from a more focused approach, investigating AR and 

VR individually to account for their specific evaluation requirements and limitations. 

 

Challenges discovered by including grey literature 

While adding grey literature to the evaluation offered interesting and 

meaningful industrial points of view and opinions to the purposes of this review, 

there were also many challenges. Among the main challenges was the lack of 

a detailed evaluation techniques in these sources. On the contrary to peer-

reviewed academic writing, grey literature was found to often lack the thorough 

methodological documentation required to evaluate the reliability and validity of its 

findings. This exception was only applicable to few universities thesis that were a 

part of the study. This reliance on grey literature contributed to diversity in the 

quality of the included sources. While some industry papers were written by 

credible companies with established XR expertise, others lacked obvious 

ownership or any organizational backing, challenging the evaluation of their 

authenticity.  

 

Limited time for the research  

A soft limitation of this evaluation was the limited timeline for completion of the 

review. The full review procedure, including searching for literature, data extraction, 

and thematic analysis and synthesis, was completed within two months as initially 

discussed and agreed. This limited schedule made it difficult to thoroughly 

investigate all potentially relevant sources and conduct a broad study. Despite 

efforts to include varying and relevant studies, time limitations may have resulted 

in the removal of some relevant material, particularly less accessible or emerging 

publications. 
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6. Conclusion 

This thesis conducted a Multivocal Literature Review (MLR) to gather information about 

the challenges and opportunities involved with adapting traditional UX evaluation 

methodologies to XR environments. This review followed MLR guidelines identified 

through available literature a flexible approach was taken and included data from both 

academic and grey literature, resulting in a balanced viewpoint featuring both theoretical 

ideas as well as practical, industry-oriented opinions. 

Future research can further improve upon this review by addressing empirical validation 

gaps focusing on user studies and practical case studies that test and develop proposed 

frameworks in XR environments. A semi-structured approach to literature reviews that 

combines systematic discipline, and flexibility can assist reduce selection biases while 

remaining inclusive. Furthermore, creating domain-specific frameworks adapted to the 

distinct properties of AR and VR would allow for more exact assessments. To properly 

benefit from the inclusion of grey literature, academics should conduct strict quality checks, 

ensuring the reliability of findings while also benefiting from industry inputs. And finally, 

contrary to this literature review assigning longer timescales for reviews would allow for 

the incorporation of new findings and more thorough examination. These methods will 

enhance the field of XR UX evaluation by encouraging solid and yet adaptive frameworks 

for immersive technologies. 

But in conclusion, this study's findings aimed to address a research gap on the evolving 

nature of XR and its UX evaluation requirements. This thesis analyses selected literatures 

for common themes and patterns regarding the limits of current methodologies while also 

identifying discussed opportunities through analysing the interpreted data from the 

literature. This will help in ways to adapt established UX evaluation frameworks to match 

the complexities of immersive encounters and complexity of such environments. By taking 

both theoretical and practical viewpoints into account, the study suggests adoption 

strategies e insights that might help researchers and practitioners design more effective, 

evidence-based evaluation techniques for XR technology. 
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