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          Background Driven by improvements in form factor and tracking capabilities, recent advancements in mixed reality (MR) technologies have rapidly transformed head-mounted displays into consumer-facing devices, and as MR becomes more accessible, research has increasingly focused on maximising its potential. Interestingly, while much attention is being given to novel MR interactions, there is comparatively little research that holistically examines the user experience (UX) in MR, especially regarding the context of use, products involved, and the emotional or narrative impacts of MR-enhanced experiences (Forlizzi & Battarbee, 2004).

          Methods To address this gap, we employed well-established UX frameworks from Human-Computer Interaction (HCI) literature as an analytical lens, conducting a review of 65 MR user studies from which we identified key components of the MR user experience including interaction type, experience type, users, products, and context of use. These elements are considered essential in understanding the full spectrum of UX.

          Results Our findings indicate that MR user-focused research often prioritises the development of new MR interactions that demand significant cognitive load from users while tending to overlook the more familiar, fluent interactions that users are accustomed to in their physical environments. As such, we believe that by focusing on existing physical products and contexts, MR design can support rather than disrupt familiar interactions, thereby reducing cognitive load and enhancing the overall user experience.

          Conclusions MR user experience design can benefit from a shift in focus toward supporting existing physical interactions within the MR environment. We suggest that MR UX consider more deeply the products and contexts outside of the HMD and immediate MR virtual reality towards potentially creating more intuitive and seamless MR experiences, ultimately leading to improved user satisfaction and effectiveness. By leveraging MR to enhance rather than replace familiar interactions, designers can create more user-friendly and contextually appropriate MR applications.
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      1. Introduction
      The rapid advancement in mixed reality (MR) technologies has ushered in a new era of immersive user experiences (UX), blending the physical and digital worlds in unprecedented ways, and as the technology continues to evolve, developing a deeper understanding of the user experience will be crucial for maximising its potential and addressing emerging challenges. However, MR’s unique interaction affordance - blending both physical and digital mediums - has led to an intense research focus on specific individual interactions, and less research that explores a more holistic user experience (Alexandrovsky et al., 2021; Pamparǎu & Vatavu, 2020). Moreover, previous UX research highlights that interaction is just one aspect of the user experience. In reality, it is an inter-connected web of interactions, products, and contexts of use that, in turn, allow users to create emotional narratives in the form of user experiences (Bargas-Avila & Hornbæk, 2011; Forlizzi & Battarbee, 2004; Forlizzi & Ford, 2000; Law et al., 2009). Hollan and Stornetta (1992) made the point that these technologies should go ‘beyond being there’ by satisfying the unmet needs of users in existing situations and creating interfaces that attribute to those needs. Furthermore, early UX research noted that usability focused on task efficiency often neglected other core components of the user experience (Bargas-Avila & Hornbæk, 2011). This dilemma has been identified in existing MR research, where a strong focus on specific MR interactions has failed to provide a clear and practical understanding for designers about what constitutes a ‘good’ MR UX (Krauß et al., 2021; Speicher et al., 2019).

      Despite significant research delving into the taxonomy of technologies, algorithms, and capabilities that comprise MR, determining what aspects of MR constitute UX and which areas MR designers should focus on to improve UX remains an open research question (Krauß et al., 2021; Speicher et al., 2019).

      To understand the MR experience, research on UX must expand from a single focus on interaction to gaining a comprehensive understanding of the user experience. Hence, in this paper, we begin by analysing existing MR studies focusing on the entire UX defining it in this context as a holistic approach to the user’s experience that includes consideration of their context of use, interaction type, and experience type, unlike other reviews, which focus purely on interaction or usability (Dey et al., 2018; Papadopoulos et al., 2021). To achieve this, we draw on well-established UX frameworks that have already been used to analyse and unpack UX.

      From a perspective based on Forlizzi and Ford’s influential UX frameworks (Forlizzi & Battarbee, 2004; Forlizzi & Ford, 2000), we review 65 MR studies to identify the following:

      (a) The current focus of MR user-centred research.

      (b) Aspects of MR UX that are unique and under-researhced.

      In doing so, we address the following research question:

      
        In what ways can existing user experience design frameworks inform designers about current MR experiences, and do these frameworks apply in an MR context?
      

      We contribute a form of analysis for MR UX that can be used to identify areas for improvement in the current MR design. By applying a UX lens to MR in the way we attempt in this paper, we can identify potential gaps in the current MR design that may be addressed to deliver an enhanced MR UX for users.

    

    

  
    
      2. Related Works
      In this section, we review the existing literature on MR to contextualise the current state of research and identify gaps in understanding user experience (UX) in this rapidly evolving field. We also define MR and examine critical studies that have shaped its conceptualisation. Following this, we delve into the numerous literature reviews on MR, augmented reality (AR), and virtual reality (VR), highlighting their contributions and limitations, while aiming to establish a foundation for further exploration of user experience in mixed-reality environments.

      
        2. 1. Mixed Reality
        We begin this related works section by succinctly clarifying MR based on the existing literature. Perhaps the most common understanding of MR is based on Milgram and Kishino’s (1994) reality-virtuality (RV) continuum, which conceptualises MR as a continuum from an entirely physical to a virtual environment (Skarbez et al., 2021). Everything between these two points is considered MR, as illustrated in the figure below.

        
          
          

          Figure 1 
				
          

          
            Milgram and Kishino’s (1994) Reality-Virtuality Continuum
          
          

          

        

        Since its conception in 1994, MR technologies have developed considerably, and much research has highlighted that the continuum is predominantly focused on visual displays (Milgram & Kishino, 1994; Speicher et al., 2019) with a focus on visual interactions also present in the literature. For example, Dey et al.’s (2018) review found that 281 studies (96%) focused on augmenting the visual sense. However, research argues that the continuum’s leaning toward the visual sense may not be entirely appropriate for MR in its current form (Speicher et al., 2019). In Rasuchnabel et al.’s (2022) review, they instead define the difference between MR experiences based on the user’s presence, distinguishing Augmented Reality and Virtual Reality by suggesting users cannot be immersed in both simultaneously. Furthermore, new technologies have led to the possibility of interactions for each of the human senses (Speicher et al., 2019), and for multi-user or collaborative settings (Billinghurst & Kato, 2002; Rauschnabel et al., 2022; Speicher et al., 2019).

        For this literature review, we consider MR to include the concepts presented in Milgram and Kishino’s (1994) RV continuum. In particular, we align with other well-recognised definitions of MR, which propose overlaying real-world environments with digital, computer-generated objects allowing the user to perceive both the digital and physical environments simultaneously (Azuma, 1997).

      

      
        2. 2. MR Literature Reviews
        Many MR, AR and VR literature reviews have been conducted in the past twenty years. Swan and Gabbard (2005) reviewed 1104 augmented reality papers with a particular focus on user-based experimentation while Costanza et al. (2009) provided a comprehensive review of existing MR applications. Meanwhile, Rokhsaritalemi et al. (2020) reviewed 117 MR articles to construct a framework for necessary components in MR applications, and Merino et al. (2020) reviewed 458 papers to report how evaluations are conducted in MR research. Furthermore, some studies have compared literature with industry professionals to attempt to foster a shared understanding of MR, AR, or XR (Rauschnabel et al., 2022; Speicher et al., 2019).

        There have also been reviews conducted on specific technologies, such as research into augmented reality (Billinghurst, 2021; Billinghurst et al., 2014; Billinghurst & Kato, 2002; Goncalves et al., 2021; Tan et al., 2001), or specific clarifications of extended reality, XR and the metaverse (Almoqbel et al., 2022; Ratcliffe et al., 2021; Rauschnabel et al., 2022). Moreover, many reviews have been conducted on specific topics such as interaction, collaboration, usability and analytics (Billinghurst & Kato, 2002; Dey et al., 2018; Nebeling et al., 2020; Papadopoulos et al., 2021), and finally, literature reviews exist on MR in specific domains, such as education or healthcare (Ali et al., 2019; Howard & Davis, 2022; C. R. Nelson & Gabbard, 2023; Viglialoro et al., 2021; Xia et al., 2023).

        Nevertheless, while there have been extensive reviews of MR technology and the domains in which it is being utilised, there appears to be a lack of literature focused on understanding the user’s experience and how to design for it (Davis & Aslam, 2024; Krauß et al., 2021). The majority of current literature reviews have made extensive efforts to define the technical components of an MR experience and, in some cases, categorise the types of specific interactions that constitute one. For example, Plopski et al. (2022) discuss how AI is used to improve aspects such as object tracking for user interaction or reduce motion sickness. Meanwhile, Ghamandi et al. (2023) produced a taxonomy of MR tasks that, when viewed in detail, could aid in understanding interactions with an MR system. However, we argue that technical components and interactions do not represent the entire user experience, and in most of these literature reviews, the authors call for more profound research into MR UX that extends beyond specific gaze or gesture interactions (Dey et al., 2018; Swan & Gabbard, 2005).

        This challenge is common in the early stages of UX research in the area of novel technology (Bargas-Avila & Hornbæk, 2011). Indeed, early UX research argues that usability research was too intensely focused on a task-oriented view of interaction rather than a focus on more hedonic qualities such as aesthetics or affect (Bargas-Avila & Hornbæk, 2011). UX research tends to consider the users, products, contexts of use and narratives that form user experiences (Forlizzi & Battarbee, 2004; Forlizzi & Ford, 2000). Interactions are considered to make up a piece of this puzzle but are not the only factor in understanding the user’s experience. We, therefore, believe MR research can benefit from UX-positioned analysis, identifying how interactive products, characteristics and context work together in shaping an experience of use (Forlizzi & Battarbee, 2004).

        We are not alone in identifying this gap: In other MR literature reviews, it has been noted that despite the rapid innovation of products that enable MR, overall the design of the user experience has been neglected (Pamparǎu & Vatavu, 2020). These reviews have found that user-focused studies mostly explore usability and interactions and that MR development still lacks relevant and applicable knowledge for improving user experience design (Davis & Aslam, 2024; Krauß et al., 2021).

      

    

    

  
    
      3. Methodology
      In our analysis of existing MR literature, we found that many reviews predominantly focus on interactions and technical specifications. To provide a more comprehensive understanding, we decided to analyse MR research through the lens of well-established UX frameworks. First, we define ‘user experience’ and the chosen analytical frameworks.

      
        3. 1. Defining User Experience and Selecting a Framework
        Critical analyses of user experience studies tend to approach the topic from the following perspectives: Some take a holistic view of product interactions, emphasizing all aspects of product use, while others take a positive viewpoint that excludes a utilitarian task-related focus to, instead, explore the joy of use, aesthetics, and values (Bargas-Avila & Hornbæk, 2011). Each of these criteria has its own deep body of literature, and again many UX review papers have pointed out that “UX research is fragmented and complicated by diverse theoretical models with different foci such as pragmatism, emotion, affect, experience, value, pleasure, beauty and hedonic quality” (Law et al., 2009). Law et al. (2009) pointed out that, generally, with the expansion of popular UX concepts and the rapidly increasing interest in them, UX has become something desirable, but without a clear definition of what that ‘something’ is.

        However, underneath a majority of HCI user research, there are a few key influential articles. Forlizzi and Ford’s (2004) ‘The Building Blocks of Experience’ and Forlizzi and Battarbee’s (2004) ‘Understanding Experience in Interactive Systems’ have been cited 852 and 1586 times respectively on Google Scholar, presenting frameworks that have been used to define, categorize and broadly understand most conceptions of user experience in HCI research (Zimmerman et al., 2010).

        In the framework for understanding the user experience, they present three types of interactions between product and user - fluent, cognitive and expressive interactions. Fluent interactions are automatic, cognitive interactions focus on the product at hand resulting in knowledge or confusion, and expressive interactions help the user form a relationship with the product. They also describe three types of experience—experience, an experience and co-experience, stating that experiences are a constant stream of ‘self-talk’ that occurs when interacting with a product, while an experience has a more definitive beginning and end inspiring behavioural change. Co-experiences meanwhile include other users, creating meaning and emotion through product use (Forlizzi & Battarbee, 2004; Forlizzi & Ford, 2000).

        Further, they highlight that all experiences consist of three key components—the user, product, and context of use. They discuss how users represent people who influence experience and products represent artefacts that influence experience, and finally, they discuss how these product-user interactions must take place in a ‘context of use’ (Figure 2). They conclude that a successful design will take into consideration all of the components in the user-product interaction: user, product and context of use’ (Forlizzi & Battarbee, 2004; Forlizzi & Ford, 2000).

        
          
          

          Figure 2 
				
          

          
            A visual summary of the components that make up a user experience
          
          

          

        

        These articles suggest that designers looking to fully understand experience should learn about the most basic interactions and what experiences unfold and are articulated. Forlizzi’s frameworks have been applied directly and indirectly across service design, game design, and interaction design throughout the past two decades (Arhippainen, 2003; Choi et al., 2016; DiSalvo et al., 2004; Forlizzi et al., 2003; Koskinen et al., 2024; Lee & Forlizzi, 2009). This framework, therefore, provides an appropriate starting place for categorising what a mixed reality user experience consists of and may enable worthwhile areas of exploration for future MR UX research.

      

      
        3. 2. The Literature Search
        We began this search by identifying as many user-focused MR studies as possible within the scope and timeline of our project, with the goal of comparing each of these studies with the selected framework. We adopted an approach based on the QUOROM method for systematic reviews and evidenced in other MR systematic literature reviews (Figure 3). This approach is explained in detail in the following sections (Quintero et al., 2019; Saadon et al., 2020).
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            The QUOROM Approach
          
          

          

        

      

      
        3. 3. Phase 1 - Identification of Potentially Relevant Publications
        
          3. 3. 1. Source Selection
          A Google Scholar search for relevant user studies in MR returned an unreasonable amount of research possible for the scope of this review, as it included all domains, technologies and disciplines. Instead, previous literature reviews on MR highlight that solely ISMAR and CHI are suitable venues for presenting a sound body of representative MR research (Kent et al., 2021; Merino et al., 2020). We decided to specifically search the SCOPUS database for the ACM digital library’s SIGCHI group, as it encompassed a wide range of venues inclusive of but not limited to ISMAR and CHI. We also restricted the article search to a timeframe of 2018 or later, as MR user research from 2005-2014 has already been evaluated, and in our analysis of these literature reviews, we found that the description of MR can change with the technology’s development (Davis & Aslam, 2024; Merino et al., 2020). Therefore, by selecting articles from 2018 and later, we could ensure the version of MR in question aligned with our expected definitions (Davis & Aslam, 2024; Merino et al., 2020).

        

        
          3. 3. 2. Search Terms
          We searched the ACM digital library SIGCHI group with the search terms “mixed reality”, “augmented reality”, and “virtual reality”, as well as “user experience”, “user study”, “user value”, and “user needs.” Interestingly, the terms “mixed reality user experience”, “mixed reality user needs”, and “mixed reality user value” did not return many specific results—mostly returning articles containing the words ‘mixed reality’ and ‘user’, or just ‘reality’ and ‘user’. We then introduced the search term ‘mixed reality interaction’ to which many more results became available.

        

        
          3. 3. 3. Search Results
          The search returned 783 articles to be screened for inclusion in Phase 2. We then imported all results into Mendeley and checked for duplicates, excluding 53 more articles. Despite our search limitations, we also removed any articles without author listings, such as conference proceedings or articles outside the year restriction, leaving us with 715 articles remaining.

        

        
          3. 3. 4. Selection Criteria Matching
          The scope of our project required a more defined, representative corpus. Nelson highlights that corpus design should strive for a reasonable representation of the full repertoire of available texts (M. Nelson, 2010). Moreover, Merino et al. (2020), amongst others, highlight that only ISMAR and CHI demonstrate a sound representative body of MR literature (Kent et al., 2021). Thus, we aimed to identify a representative corpus across SIGCHI over the past five years (Figure 4). We began by organizing all the articles according to their venue type, article type, relevant keywords, and publication year. Then, we utilized a title and abstract screening approach, whereby the authors read each title and abstract to determine the technology utilized in the study (AR, VR, XR, etc.) and whether the study included some kind of user test to ensure it was user-focused. In this section, we specifically excluded studies focused on the technical specifications of an MR implementation.

          
            
            

            Figure 4 
				
            

            
              Papers Selected By Publication Year
            
            

            

          

          This reduced our selection to 65 articles across ISMAR, VRST, UIST, SUI, MOBILE HCI, CHI, CHIPLAY, and the Journal of Human-Computer Interaction, as visualised in Figure 5.
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              Papers Selected By Publication Venue
            
            

            

          

        

      

      
        3. 4. Phase 2 - Analysis and Coding
        Of the 65 individual articles collected, we completed two phases of coding and analysis in accordance with the types of user-product interactions (Table 1), types of experience and users (Table 2) and products and contexts of use (Table 3) presented in the frameworks (Forlizzi & Battarbee, 2004; Forlizzi & Ford, 2000). These frameworks were selected as they are widely reflected upon in HCI research when a clearer understanding of experience is needed. When considered in conjunction with one another, they present a holistic analysis of experience, which has proven to be useful in identifying key user experience components (Jensen, 2013; Marti & Iacono, 2016; Ortiz et al., 2011). The authors completed these two phases of coding with consistency and reliability meetings held to ensure that the applied codes matched between authors. The coding results found in the Appendices were checked multiple times by each author to ensure the authors were in agreement regarding the results and that the coding was appropriate.

        
          Table 1 
				
          

          
            The three types of user-product interactions as described in the framework
          
          

        

        
          
            
              	The Three Types of User Product Interactions
            

          
          
            	Interaction Type
            	Definition
          

          
            	Fluent
            	“Fluent user-product interactions are the most automatic and well-learned ones. These types of interactions do not compete for our attention; instead, they allow us to focus on the consequences of our activities or other matters.”
          

          
            	Cognitive
            	“Cognitive user-product interactions focus on the product at hand. These types of interactions can result in knowledge, or confusion and error if a product does not match anything in our past history of product use. Such experiences are often encountered while abroad and encountering foreign toilets, taps and kitchen tools.”
          

          
            	Expressive
            	“Expressive user-product interactions are interactions that help the user form a relationship to a product, or some aspect of it. In expressive interaction users may change, modify, or personalize, investing effort in creating a better fit between person and product.”
          

        

        

        
          Table 2 
				
          

          
            The three types of experiences as described in the framework
          
          

        

        
          
            
              	The Three Types of Experiences
            

          
          
            	Interaction Type
            	Definition
          

          
            	Experience
            	“The first, experience, is the constant stream of “self-talk” that happens while we are conscious. Experience is how we constantly assess our goals relative to the people, products, and environments that surround us at any given time.”
          

          
            	An Experience
            	“An experience is more coalesced, something that could be articulated or named. This type of experience may be characterized by a number of product interactions and emotions, but is schematized with a particular character in one’s memory and a sense of completion. An experience has a beginning and an end, and often inspires emotional and behavioral changes in the experiencer.”
          

          
            	Co-experience
            	“Co-experience is about user experience in social contexts. Co-experience takes place as experiences are created together, or shared with others.”
          

        

        

        
          Table 3 
				
          

          
            The users, products, and contexts of use, as described in the framework
          
          

        

        
          
            
              	The Building Blocks of Experience
            

          
          
            	
            	Definition
          

          
            	Users
            	“Users represent how people influence experience.”
          

          
            	Products
            	“Products represent how artifacts influence experience.”
          

          
            	Context of Use
            	User-product interactions take place in a context of use, shaped by social, cultural and organizational behavior patterns.”
          

        

        

        
          3. 4. 1. The Codes
        

        
          3. 4. 2. Our Approach
          The definitions presented in the previous section acted as the basis for our coding approach. With each paper collected, we noted which interaction and experience type the study was most aligned to on a scale of 0 (not aligned), 0.5 (semi-aligned) and 1 (aligned). A detailed analysis of our approach can be found in the appendices.

        

        
          3. 4. 3. Coding the Building Blocks of Experience
          Finally, we analysed the papers according to the ‘users’, ‘product’ and ‘context of use’. The initial framework discusses how users represent people who are influenced by experience and products represent artefacts that influence experience, and finally, it discusses how these product-user interactions must take place in a ‘context of use’ (Forlizzi & Battarbee, 2004; Forlizzi & Ford, 2000). The full outcomes of our analysis can be found in the appendix in greater detail.

        

      

    

    

  
    
      4. Results
      Here we present the results of our comparison between the studies and the frameworks. These were scored on a scale of not aligned (0), semi-aligned (0.5), and aligned (1) depending on the user experience described. Results are shown in Table 4 and Table 5.

      
        Table 4 
				
        

        
          The results of aligning the articles with fluent, cognitive and expressive interaction types
        
        

      

      
        
          
            	The Interaction Types
          

        
        
          	Interaction Type
          	Fluent
          	Cognitive
          	Expressive
        

        
          	Not Aligned
          	41
          	2
          	36
        

        
          	Semi Aligned
          	5
          	17
          	18
        

        
          	Aligned
          	19
          	46
          	11
        

      

      

      
        Table 5 
				
        

        
          The results of aligning the articles with the three types of experience
        
        

      

      
        
          
            	The Experience Types
          

        
        
          	Interaction Type
          	Experience
          	An Experience
          	Co-Experience
        

        
          	Not Aligned
          	54
          	6
          	39
        

        
          	Semi Aligned
          	2
          	15
          	4
        

        
          	Aligned
          	9
          	44
          	22
        

      

      

      
        4. 2. 1. Fluent, Cognitive and Expressive Interactions
        We found that 46 of the user studies seemed to include mostly cognitive interactions, meaning the user needed to focus on the product at hand and use this to generate some kind of knowledge (Forlizzi & Battarbee, 2004). There is some overlap between cognitive and expressive interactions, in that many studies enabled users to personalize information in MR or form some kind of relationship with the product. However, as MR technologies were often unfamiliar to the participants, almost any interaction required some kind of cognitive focus. Overall, we noted that even simple fluent interactions, such as Schubert et al.’s (2023) magnification window study, become cognitive when performed in MR.

      

      
        4. 2. 2. Experience, An Experience, Co-Experience
        We found that 44 of the studies reviewed were related to the description of ‘an experience’, in that it can be articulated or named and has a beginning and end. This is mostly due to how MR (especially HMD-enabled MR) requires the user to start and stop the experience by wearing or removing the headset. There were also explorations into collaborative or multi-user MR experiences, which aligns closely with the concept of ‘co-experience’. For example, in the initial framework, they explicitly identified an example of co-experience as ‘interacting with others in a museum exhibit’, which we found in multiple AR studies that researched this (or very similar) use cases (Li et al., 2019; Mann & Fryazinov, 2019; Yi & Kim, 2021).

      

      
        4. 2.3. Users, Products and Contexts of Use
        In Medeiros et al.’s (2023) study, AR interactions were analysed in the context of confined passenger spaces in public transport. Using definitions found in the initial framework, this study encompassed multiple different users, products and contexts of use. We began by noting the MR user, MR product and intended context of use. All of which can be seen in the appendix.

        However, if users represent how people influence experience, then both AR-equipped passengers and non-AR-equipped passengers constitute users. Similarly, the immediate product is the AR-enabled head-mounted display, but the seats, windows, and other qualities of the confined passenger space are products, too. Finally, regarding the ‘context of use,’ multiple environmental and social contexts must be considered.

        Our results, presented in the appendix, highlight the first impressions of what an MR experience may consist of in terms of users, products, and context of use. However, in applying this framework, we have come to realize the multitude of other users, products, and contexts of use that are often underrepresented in MR research.

      

    

    

  
    
      5. Analysis
      
        RQ - In what ways can existing user experience design frameworks inform designers about the current MR experience, and do these frameworks apply in an MR context?
      

      Existing UX research has found that by first collecting and understanding user experiences, narratives can be formalized and constructed in the form of a product, which, in turn, creates deeper ongoing beneficial experiences long term (Forlizzi & Ford, 2000). Collecting and understanding user experiences is incredibly complex to begin with, and our review of the literature suggests it is perhaps even more complex in MR. MR poses a unique challenge in that it essentially multiplies the variables in both physical and digital experiences. Each of the three interaction types and experiences, as well as the product, user and context of use, has to be considered across both physical and digital realities.

      
        5. 1. Interaction Types
        
          Shifting the role of MR from direct to supportive interaction
        

        In terms of interaction types, we found that the majority of MR studies focused on new, cognitive interactions, expecting users to interact with MR content that blends physical and digital contexts—a novel interaction for the user that requires some cognitive load to execute. We believe that a focus on fluent interactions can shift the role of MR technology from direct interaction to supportive interaction, improving the user experience by enhancing users’ existing capabilities in physical reality rather than expecting them to develop new capabilities in MR.

        In fact, many instruction-based MR user studies are excellent examples of how fluent interactions can be prioritized. In Marques et al.’s (2022) study, experts provided MR-based situated instructions to an on-site collaborator through three different types of notifications—visual, audio, and tactile, finding that tactile notifications were preferred by all participants as they generated a greater level of awareness and attentional allocation for less mental effort (Marques et al., 2022). In Werrlich et al.’s (2018) comparison of HMD-based and paper-based assembly training, they found that HMD assembly training was preferred by all participants. In these examples, MR is adopting a supportive role by situating instructions for the user while they interact with physical products using their existing fluent interactions. Users did not have to change their behaviour directly, but MR enhanced their capabilities passively, improving the UX.

      

      
        5. 2. Experience Types
        
          
            Enhancing existing experience
          
        

        When analysing the articles according to the three types of experiences (experience, an experience, co-experience) we found that most MR user experiences seem to sit within the category of ‘an experience’. Often the experience is something ‘that could be articulated or named’ and ‘has a beginning and end that inspires emotional or behaviour changes’ (Forlizzi & Battarbee, 2004; Forlizzi & Ford, 2000). In one example, MR was used to construct a virtual ‘scenography piece’ of the “Othello” play, which would later be accurately positioned within a concert hall. Once the application registered the stage area, it would begin the MR experience (Schauer & Sieck, 2023). We use this example in particular due to its clear ‘beginning and end’ limited by its physical location; however, we reviewed many other studies of cultural heritage in particular, where MR was used to enhance and deliver ‘an experience’, due to its aim to inspire emotional or behavioural change (Ivanova & Vassilev, 2021; Liu et al., 2022; Silva & Teixeira, 2020; Yuan et al., 2024).

        In collaborative MR studies, we found an understandable overlap between ‘experience’ and ‘co-experience’. For example, an MR escape room game was designed to evaluate the potential of MR as a team-building tool (Warmelink et al., 2017). In another, MR was used as a collaborative and intergenerational story-creation tool between two remote users (Healey et al., 2021).

        Not dissimilar to our findings of the interaction types, there is little exploration into how MR applies to just ‘experience’, which is described mostly as ‘the constant stream of “self-talk” that happens when we interact with products, citing examples such as ‘walking in a park’ or ‘doing light housekeeping’ (Forlizzi & Battarbee, 2004; Forlizzi & Ford, 2000).

        We believe there is value in exploring MR in the context of ‘experience’, where (similar to fluent interactions) MR can be used in a more supportive role to passively enhance the user’s existing experience, rather than effect a direct and cognitive change.

        In some cases, MR has been explored as a stress relief tool, where the device offers an array of serene surroundings and background music (Soni & Shete, 2020), while in others, it has been used as a supportive tool for elderly writers, who, while deep in the creative process, could take inspiration from MR visualisations (Ameb et al. 2019). In these examples, MR offers support to the existing user experience without necessarily demanding the direct cognitive attention of a new experience.

      

      
        5. 3. Building Blocks of Experience
        
          Multiplying experience variables
        

        
          5. 3. 1. User
          Coding MR literature according to the user, product, and context of use is where the study of the MR user experience becomes notably complex.

          First, how can users be appropriately discussed?

          We found that most research focuses on single users, and of course, collaborative works become multi-user. There are, however, interesting grey areas, such as virtual avatars; one study implemented virtual avatars capable of demonstrating sign language to people who were hearing impaired (Luo et al., 2022). These avatars were humans, previously recorded for the sake of the research. In the framework, users are considered as representing ‘how people influence experience’, and so we posit, should avatars also be considered users?

          We suggest it may be worthwhile to expand the focus of users to consider the impacts of other more ‘passive’ users within a given MR experience. This sentiment has been echoed in other MR research, where AR and VR headsets in confined passenger spaces raised the question, “Is there something inherent in the non-occlusive AR experience that makes visible interactions more or less acceptable to both users and bystanders?” (Medeiros et al., 2023).

        

        
          5. 3. 2. Products
          In MR studies, the HMD is often the focal ‘product’ to be considered in the analysis of the user experience. However, the chosen framework states that products represent ‘how artefacts influence experience’, in which case there are many products in any given experience. By blending digital and physical worlds, MR experiences often require interaction with multiple products simultaneously, such as using an HMD while interacting with a physical object.

          In one study, users were able to look through their HMD to view a virtual avatar next to their TV that would perform sign language (Vinayagamoorthy et al., 2019). In this experience, we noted multiple products, including the HMD, the digital interface, the TV, the remote control and even the couch they were sitting on. As such, we can see that there are multiple digital and physical products for consideration in any MR experience. Interestingly, other MR research has highlighted how focusing first on the ‘physical’ products of the experience, led to more creative uses of MR and more positive responses from study participants (Yi & Kim, 2021).

        

        
          5. 3. 3. Context of Use
          Lastly, each MR experience contains a multitude of physical and digital contexts of use. Sometimes the studies could be broadly categorized according to their application domain, such as healthcare, maintenance or manufacturing (Palmarini et al., 2018; Park et al., 2020; Viglialoro et al., 2021). Although, oftentimes, this experience also exists for training or educational purposes, which then has its own wide body of literature in MR (Al-Ansi et al., 2023; Ali et al., 2019; Del Pezo Izaguirre et al., 2021; Geigel et al., 2023). Education in the context of the classroom is different from education in the context of remote communication between novice and expert (Johnson et al., 2023; Luo et al., 2022). Finally, there has been much discussion around the ‘social’ interactions that take place in MR, exploring a socialized MR (Ameb et al., 2019; M. Hunter et al., 2021; M. G. Hunter et al., 2022; Soro et al., 2020).

        

      

    

    

  
    
      6. Discussion and Future Research
      Our review of 65 user-focused MR studies reveals a predominantly inward focus on the MR device and its unique affordances and interactions. This inward focus often overlooks the broader physical experience in which MR is used and as such, we propose that future MR UX research should adopt an outward perspective, with a focus on the physical world and its existing users, products and contexts of use. This outward focus can help designers uncover existing fluent interactions and important contextual elements, which can be leveraged to build user experiences that complement rather than complicate the MR experience. By more deeply integrating users’ existing physical realities, MR can become a supportive tool that enhances rather than disrupts current interactions.

      
        6. 1. Considerations for MR Designers
        In summarising the results of our study into some helpful considerations for future MR designers, we suggest the following:

        
          	1. There is value in considering how MR can be used in a supportive role, enhancing the users’ existing experience rather than directly changing their immediate experience.


          	2. This requires considering the more significant environmental context, extra products, and other users involved in the experience. Rather than focusing specifically on the MR device, MR designers should look outward to the experience the device is using to assist.


        

        It is worthwhile exploring how MR can function as an adjunct to physical reality, requiring less direct and immediate interaction and leveraging existing fluent interactions while supporting ongoing experiences. Situated instructions that can be read just like traditional instructions but positioned precisely where the user needs them, allowing them to maintain their existing fluent interactions, enable MR to assist users without interrupting their current activities (Chen et al., 2023; Hoffmann et al., 2022; Johnson et al., 2023; Kumaravel et al., 2019).

        In the context of users, products, and contexts of use, MR design often prioritises augmenting the environment over utilising existing products. These existing products, however, may relate to a familiar context of use, which provides a more fluent interaction and enhances their overall experience. For instance, in immersive dance theatre (Kim et al., 2023), users can engage in familiar, fluent interactions in the physical context, and MR can be used as a tool to develop these into expressive interactions in the digital context. This approach reinforces existing relationships between the user and the physical product while creating new and novel experiences in the same relationship.

        In this article, we analysed the MR user experience through the lens of well-established frameworks (Forlizzi & Battarbee, 2004; Forlizzi & Ford, 2000). In doing so, this approach has brought new perspectives on essential and under-researched aspects of the MR user experience. Therefore, we acknowledge the value of utilising well-known HCI research to analyse emerging technology experiences, and we encourage future research to reuse and recontextualize existing HCI frameworks to understand novel and emerging HCI challenges, as, in many cases, they can offer refreshing perspectives on challenging research problems.

      

    

    

  
    
      7. Limitations
      While we endeavoured to review a wide range of MR research, we noted a limitation in the scope of this review. Specifically, we focused on MR and user experience, but a large number of studies also focus on a particular application domain, such as healthcare, training or education (Koukopoulos et al., 2022; Viglialoro et al., 2021). We encourage future research to utilise the UX framework to analyse MR UX within a specific application domain. Furthermore, we noted in our findings that identifying the context of use, particularly in these studies, was increasingly difficult for MR. This is both a limitation and a finding in that prior to this type of analysis, it has rarely been discussed how MR complicates UX by including both the physical and digital elements of experience. However, we suggest these frameworks be utilised in specific individual user studies to begin categorising the physical and digital elements of an MR user experience. In turn, this can lead to a more repeatable form of analysis for future MR UX research.

    

    

  
    
      8. Conclusion
      Our exploration of MR UX underscores the complex and multifaceted challenges inherent in designing for this emerging field. Despite rapid advancements in MR technologies, there remains a notable scarcity of MR UX analysis, increasing the difficulty of creating new MR experiences (Krauß et al., 2021; Merino et al., 2020). This gap in knowledge presents significant challenges for designers and researchers looking to enhance user experiences through the unique affordances of MR technologies, and in this article, we addressed this challenge by employing well-known UX frameworks in a new and emerging field. These frameworks, traditionally used to understand, categorise, identify and design user experiences (Forlizzi & Battarbee, 2004; Forlizzi & Ford, 2000), offered a fresh perspective on MR UX, revealing key aspects that warrant deeper exploration in future research. Ultimately, this approach allowed us to identify the interplay between the MR experience components, offering a structured method to analyse and understand the MR user experience. Our review of 65 articles demonstrated a strong focus on cognitive interactions and uncovered an opportunity for deeper exploration into fluent and expressive interactions.

      Significantly, studies reporting positive user experiences often emphasised interactions that enhanced the user’s existing physical experiences rather than diverting their attention towards entirely new, unfamiliar experiences. Our findings indicate that MR’s potential is best realised when it builds upon and augments familiar fluent interactions, and the review highlights that these interactions appear to create more satisfying user experiences. Additionally, our analysis revealed the complex nature of MR experiences, encompassing multiple users, products, and contexts of use across two active realities. We observed a predominant focus on the immediate user and product, with limited consideration for other users or products within the overarching experience (Medeiros et al., 2023).

      Future MR research should delve deeper into these aspects, looking outward towards physical products with existing fluent interactions that occur in physical contexts of use and recognising the presence of multiple active and passive users. This approach will help create more holistic and satisfying MR experiences, leveraging the full potential of MR technologies to enhance user interaction and engagement.
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