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Technology is often framed in terms of space and time of use, such that a mobile phone is used to either send asynchronous messages or host synchronous conversations with remote others, while a classroom smartboard supports co-located, synchronous learning. As the technology becomes more immersive, the applicability of frameworks such as the time/place matrix becomes less clear. This study attempts to provide clarity by applying the Composite framework for Asymmetric VR (CAVR) to online forum descriptions of the use of immersive virtual reality (VR) in co-located groups. A related framework, Roles of Technology, is also explored; however, the authors argue the framework must be expanded before application of it beyond mobile technology. To better understand one possible solution to co-located VR’s isolation problem, a directed content analysis was conducted, exploring the discussion of co-located and asymmetric VR use on various subreddits. As a result, 11 patterns of co-located use of VR, including 8 which specify asymmetric VR designs, are identified. The researchers update the dimensions of CAVR according to these results, compare CAVR to another nascent framework, and offer suggestions for future work and applicability to practice. This work is intended to help guide future creation and research of asymmetric VR experiences through the deconstruction of existing asymmetric VR experiences to their key parts via the application of CAVR.
Keywords: asymmetric virtual reality, mixed reality, extended reality, co-located technology, online asymmetric VR, directed content analysis, qualitative content analysis
INTRODUCTION
Immersive virtual reality (VR) can be an isolating experience. Once the head-mounted display (HMD) is on, the physical world and other people around the user disappear, replaced by a digital world which, when externally visible, is most commonly shown to outsiders via a stationary 2D screen. However, just presenting the image of the virtual world without providing means of interaction inhibits the ability of those around a VR user to collaborate with them, despite their physical proximity. While VR creators in industry have focused on supplying outside awareness of the eye movements of the VR user as a way to make the experience “more social” (D. Brown, 2021), the authors of this paper seek to understand how current VR users cope with this isolation problem by exploring the discussion surrounding asymmetric VR, or the pairing of a single HMD with other interaction modalities. This effort aspires to validate a framework of asymmetric VR (Ouverson and Gilbert, 2021), through directed content analysis of posts from VR and gaming subreddits which center the co-located use of VR, including asymmetric VR experiences.
Researchers have been interested in asymmetries since as early as 1963, when Kenneth Arrow published work on the uncertainty and information asymmetry driving market behavior in health care. While research on information asymmetry has continued in management science (Bergh et al., 2019), economics (Basak, 2016), and social psychology (Sohrab et al., 2015), the concept of asymmetry has seen little attention in human-computer interaction and related, technology-centric fields. The attention it has seen comes from the disciplines of media spaces (Voida et al., 2008), ludology (Harris et al., 2016; Harris and Hancock, 2019) and more recently, from collaborative use of VR (Olin et al., 2020; Ouverson and Gilbert, 2021; Karaosmanoglu et al., 2021; Rogers et al., 2021).
In prior work, the disciplinary silos surrounding research related to asymmetric VR were broken down and their ideas merged to form the Composite framework for Asymmetric VR (CAVR) (Ouverson and Gilbert, 2021). Resulting from a scoping review of academic works which leveraged asymmetric VR, 18 foundational framing papers were identified and organized into a testable framework. Additionally, that work proposed cursory relationships between non-asymmetric frameworks and CAVR, including an update to the correlation between the level of asymmetry, the direction of dependence, and the timing of each member’s tasks (Ouverson and Gilbert, 2021; Thomsen et al., 2019). While the CAVR effort (Ouverson and Gilbert, 2021) charted a course for the framework’s relationship to other frameworks commonly used in asymmetric VR research, a validation of the findings of that scoping review remains.
The primary purpose of the present study was to identify the ways co-located users interact with VR and one-another while using immersive HMDs. The present work leveraged CAVR in a directed content analysis of posts and their comments on VR forums frequented by technology early adopters. The discussions (posts and comments) were coded for relevance, asymmetry per the dimensions of CAVR (Ouverson and Gilbert, 2021) and Roles of Technology (Olsson et al., 2019). This study served as a first step to validating the prior work and further sought to understand the patterns of asymmetry relevant to co-located VR use. The authors believe using patterns of asymmetry and symmetry of the five dimensions of CAVR to be more appropriate for discussing the differences between nuanced asymmetric VR experiences than using a scale of low to high asymmetry, which has thus far been common in studies of mixed reality and VR (Thomsen et al., 2019). These patterns of asymmetry will be formally discussed in the results section of this paper. Further, the results of this study are expected to aid in the design of innovative solutions to VR’s isolation problem.
The remainder of this paper is organized as follows: First, background for the frameworks used in coding is given. The materials and methods of the directed content analysis are then delineated, including the training methods and codebook leveraged in the analysis. Next, observations pertaining to the dataset and the patterns of asymmetry are presented and contextualized using the verbiage of the various subreddit discussions. Finally, a discussion of the study’s findings and limitations, a recommendation of future research areas, and the applicability of the findings to design of VR experiences close out the paper.
BACKGROUND
In 2019, Ens and others (Ens et al., 2019) noted that mixed reality instantiated a new kind of groupware, a form of collaborative digital workspaces commonly studied in the field of Computer Supported Cooperative Work (CSCW). In their scoping review, they identified some trends in the ways people had begun using VR and some other device to collaborate, and they proposed an update to the way in which we understand groupware. While it was typical that the early years of research around group technology use followed groups in the same location to account for network limitations and experimental (read as: sometimes uncooperative) software, this trend was not seen for asymmetric VR, a form of mixed reality which merges non-immersive displays with immersive HMDs to facilitate access to a shared workspace.
Asymmetric VR is a newer phenomenon, especially when centered on the co-located group use of VR, entering the academic lexicon in 20171 (Gugenheimer et al., 2017). For the general public, the rise of this descriptor seems to have coincided with the release of the Oculus Development Kit (DK) and the creation of Keep Talking and Nobody Explodes (KTaNE), and it refers solely to the use of VR by a co-located group of players (Ouverson and Gilbert, 2021). Still, most of the academic attention has followed the application of a VR headset and a 2D interface in remote experiences, looking forward to the future of using VR to guide another person through a repair, for example. In doing so, the wisdom and creativity of the early adopters who have been trying to introduce naturally single-user hardware to their friends and family is largely ignored.
As identified in earlier work, the newness of the idea of Asymmetric VR has led to a dearth of accurate descriptions of the experience, its interaction paradigms, and its relationship to established frameworks (Ouverson and Gilbert, 2021). Following the lead of Johansen, who wrote in his 1988 chapter on groupware, “A good rule of thumb in the exploration of emerging technologies is to start with the users, even if there are only a few of them around,” (Johansen, 1988, p. 12) the researchers of the present work turned to Reddit to find accounts of VR use by early adopters.
As identified in previous studies, Reddit is a popular forum for the anonymous discussion of topics (De Choudhury et al., 2016). Additionally, Reddit is known as a source of technologically-savvy individuals, such as VR innovators (the first 2.5%) and VR early adopters (the next 13.5% in the theory of the diffusion of innovations; E. Rogers, 2003); therefore, the site was mined for discussions of co-located VR use by groups of people. This work seeks to validate the application of key frameworks (Roles of Technology (Olsson et al., 2019) and CAVR (Ouverson and Gilbert, 2021)) to the use of VR in social settings involving a single HMD. First is an overview of a framework, Roles of Technology (Olsson et al., 2019), which was identified as relating to CAVR (Ouverson and Gilbert, 2021), and a brief introduction to a recently published framework of asymmetric interaction in VR (K. Rogers et al., 2021). Following that is a summary of CAVR (Ouverson and Gilbert, 2021), the framework which served as the basis for the content analysis described in the materials and methods section of this paper.
The Roles of Technology
For VR, early work is suggestive of an end goal to use the technology to connect with remote others in a more naturalistic way, hence the focus on telepresence (Kraus and Kibsgaard, 2015) and the exclamation of co-located studies as a way of dealing with networking limitations (Ens et al., 2019). One symptom of this is that immersive VR has an isolation problem; that is, the use of the headset obstructs the senses of the VR user and does not natively support awareness for any bystanders to the interaction (Shao, 2019; Ouverson and Gilbert, 2021). This isolation occurs in the use of other technology, as well. For example, as smartphones have become more ubiquitous in daily life, researchers have noted a social phenomenon, phubbing, wherein a smartphone user snubs a co-located interactant in favor of checking their mobile device to engage with remote others (Olsson et al., 2019). This phenomenon, Olsson et al. (Olsson et al., 2019) claim, is proof that not only is commonplace technology built primarily for connecting remote users but also that the isolating designs are disruptive to ongoing social interaction and therefore need more attention.
Following a scoping review of literature in top HCI journals and conferences, Olsson and others (Olsson et al., 2019) determined that the attention of research on co-located interaction with technology is quite limited. Indeed, a majority of the studies which followed co-located use in a recent review of collaborative VR did so to ease networking requirements rather than as an intrinsically valuable research paradigm (Ens et al., 2019). Noting the dominance of work surrounding technologies which enable users to interact across distances, Olsson et al. (2019) describe the need to design technology which aims to enhance the interactions of people within a single space by inviting, facilitating, or enabling social interaction. It is expected that the design recommendations and roles of technology delineated by Olsson et al. (2019) would apply to the co-located use of VR.
According to Olsson and others (2019), remote use technology development has focused on enabling the interactions of users across distances, while co-located use technology should be designed with an overall goal of enhancing the interactions of people within a single space. Within the general area of “enhancement,” they identify three levels of the role of technology in interactions: inviting, facilitating, and enabling roles (Olsson et al., 2019). These levels were developed after a scoping review of studies on the use of mobile devices in co-located interactions but not the use of a VR headset in the presence of others. The authors of the present work recognize a need to understand how current users of VR respond to and interact with asymmetric VR and a need for a proposed solution to the “isolation problem,” which is already manifesting in and interfering with mainstream VR adoption. However, because the Roles of Technology framework was created for the use of mobile phones, applicability to the co-located use of asymmetric VR may be limited.
Frameworks of Asymmetric Virtual Reality
Attention to asymmetric VR and mixed reality has been expanding, and so too has the desire to guide research in the area. Both Ouverson and Gilbert. (2021) and Rogers et al. (2021) have proposed frameworks to help in this effort, and both are introduced herein.
In their systematic review of 25 asymmetric VR studies, Rogers and others (2021) use an a priori framework to make sense of prior research on asymmetric VR. This framework includes social and technological roots, but firmly plants itself in the study of games. Rogers et al. (2021) include Harris et al. (2016) framework of asymmetric gameplay (Harris et al., 2016) as a core component of their framework. In addition, they also incorporate the original MDA aesthetics categories, social asymmetry (including group flow), and the framework of shared control (Hunicke et al., 2004). Lastly, the conclusions Rogers et al. (2021) draw about the necessary changes to their a priori framework mirror the decisions which led to the framework utilized herein (i.e., CAVR), including that the Harris categories of ability and challenge are largely similar while the goal/responsibility category may need to be separated, and the idea that a balance (or imbalance) of power is extant in asymmetric VR designs. While it is not used in the content analysis, the Rogers et al. framework (2021) will be considered in the discussion of the results and implications for further design of asymmetric VR experiences.
Seeing as asymmetric VR largely consists of video games or gamified experiences (for examples of non-game applications, see Ibayashi et al., 2015; Menezes, 2020), establishing a framework rooted in the study of games, or ludology, is not inappropriate. As the technology supporting asymmetric VR advances and more workflows are designed to support the use of extended reality (including VR, mixed reality, and asymmetric VR), adoption across industries will continue to grow (Fillmore and Storr, 2020). And as the world continues to cope with the COVID-19 pandemic, there is an expectation that a larger percentage of the global workforce will be remote, even as companies open their physical offices, leading to an increase in hybrid teams (Mckendrick, 2021; Neeley, 2021). In other words, while asymmetric VR started gaining traction as a way share a single-user piece of technology (i.e., an HMD) with a group, its ability to connect folks to a single shared space using different digital means while, in the best-designed scenarios, also matching each interactant’s technological experience to their required tasks, indicates a need to incorporate research from multiple disciplines. More about this idea will be covered in the Implications for Practice section.
As such, the present work builds on CAVR, a framework of asymmetric VR which incorporates theory from CSCW, organizational psychology, and ludology, among other disciplines, seeking to merge sociological and technological perspectives of asymmetry. CAVR consists of five dimensions of asymmetry: transportation, spatial co-presence, informational richness, team interdependence, and balance of power (Ouverson and Gilbert, 2021). Table 1 delimits the definitions of each of these dimensions. The first three dimensions are very explicitly about the technology used in the experience, while the remaining two dimensions are proposed as having more to do with the interpersonal experience within the context of asymmetric VR. Team interdependence was derived from work centering on teamwork in virtual spaces (Marlow et al., 2016) and the element of dependence which had been previously established as existing outside the experience of asymmetry—though directly related to it (Harris and Hancock, 2019). Balance of power, the other interpersonal dimension of CAVR, deals in the control of information within the space.
TABLE 1 | Definitions of the five CAVR dimensions of asymmetry (Ouverson and Gilbert, 2021). Give space as per author request Tables 1, 3, 4, and 5 are a little compact, which negatively impacts readability. Could the rows be spaced a bit further from one another?
[image: Table 1]MATERIALS AND METHODS
The primary goal of this study was to identify the ways co-located users in the real world (as opposed to in lab settings) interact with VR and one-another. Reddit was identified as a mediator for discussion around topics often centering niche and emerging ideas or phenomena, and thus a good way to observe VR use by way of early adopters of the technology communicating with one-another within the forum site. The researcher’s perspective bloomed from a desire to understand the naturally-evolving and innovative uses of VR within co-located groups.
As explained below and summarized in Table 3 (at the end of section 3), the research process occurred over roughly 10 steps. The data were coded in concordance with a type of qualitative content analysis called directed content analysis (Hsieh and Shannon, 2005) while data collection and analysis followed the qualitative research tradition (Creswell and Poth, 2018), moving through subsequently more abstraction until the data are interpreted and findings are accounted. As a result, the present work will extend CAVR (Ouverson and Gilbert, 2021) and provide insights to the design of experiences that will overcome VR’s stigma as an isolating technology. The role of the present section is to provide a high-level overview of the dataset and establish a background for the observations and categories which are presented in the results section of this paper.
Directed Content Analysis Methodology
This study followed the directed content analysis methodology described by Hsieh and Shannon. (2005), which requires the use of predetermined codes to tag a corpus of data, typically as a way to extend or refine an existing theory. As with other kinds of content analysis, the coders use a codebook to apply meaning and structure (or codes) to unstructured data. Using the recommended approach of highlighting relevant information and subsequently applying codes after extensive training with the codebook (Hsieh and Shannon, 2005), the research team produced a dataset of conversations (i.e., a corpus), broken into paragraphs, and coded according to their relevance to the research question. Unlike quantitative content analysis methodologies, the frequency of the codes will not be leveraged in answering the research question. Instead, the data will be synthesized and the relationships among the data will be described, per qualitative methodology styles of data analysis (Creswell and Poth, 2018).
Data Collection
We identified posts on Reddit related to co-located use of a single VR headset, specifically using the Reddit API to scrape posts and comments for the keywords “asymmetric VR” and “asymVR.” Pilot searches included “party VR,” but the phrase did not reveal any new, relevant content and was excluded from collection. These initial keywords were chosen based on previous literature about the topic of interest.
To aid in the creation of the codebook (with the intention to ensure thoroughness and appropriateness), the first author read each of the initial posts and comments (hereafter collectively referred to as discussions) and noted any new definitions or terms while considering the fit of the data to the anticipated codes. This process, noted in Table 3 as Step 1, resulted in the definition of terms for ease of understanding during coding as well as the identification of additional search terms, as shown in Table 2. Thus, the first author conducted an additional search and produced a larger, more comprehensive corpus.
TABLE 2 | Extended keywords or key phrases list, which was used in gathering data from Reddit via API.
[image: Table 2]Reddit’s API was used to collect the data, as described in De Choudhury et al. (2016), using the RedditExtractoR package (Rivera, 2019) to query Reddit per Step 2 of Table 3. The original set of data consisted of 12,450 comments on 279 posts between January 2014 and July 2020. RStudio (RStudio Team, 2021) was used to facilitate the cleaning of the data according to the date of the post (no data before 2014) and the relevance of the post. Relevance was determined based on whether the post discussed use of VR by more than one player; other posts were designated as false positives. As noted in Step 3 of Table 3, the removal of false positives and of entries which were written before 2014 (when the Oculus DK 2 was released), resulted in a corpus of 260 posts with 7,462 comments between January 2014 and July 2020.
TABLE 3 | The qualitative research process summarized.
[image: Table 3]The first round of cleaning surfaced a corpus of discussions which included at least one mention of VR. The second round (Step 4 of Table 3) was focused on each discussion’s relevance to asymmetric or co-located VR more specifically. To be included, the discussions were required to 1) relate to VR, 2) relate to asymmetric use of VR, either co-located or remote, 3) not be the result of a post calling for playtesters, 4) not be the result of posts requiring respondents to share what they liked about a video of gameplay in exchange for free access to the game, 5) not be the result of a post asking either a gameplay or a development question, and 6) include comments which discussed the original post. The full corpus consisted of 179 posts and 4,552 comments and can be found in the online repository, linked at the end of this paper.
The codebook was drafted by the first author and described the coding process, code definitions, and the levels of each code in the coding scheme. Additionally, definitions of terms which had been identified during data immersion (Step 1, Table 3) as necessary to the interpretation of the content were included at the end of the codebook. Identifiers which allowed the re-tracing of the data, specifically the URL, comment structure, and paragraph number, were also defined and listed as the first steps of the coding process. These identifiers acted as fail-safes to allow recovery in case of accidental shuffling of the corpus items.
In creating the codebook, the first author developed the codes and tested the interpretation of those codes with the middle two authors. All three worked independently to code a pilot sample of the data (Step 5, Table 3). After discussing inconsistencies in the coder’s interpretations, changes were made to the descriptions and levels of the codes to aid in further analysis. These three authors met weekly to discuss changes made to the codebook and identify challenges in the process before the codebook was finalized and coding could begin. As identified by Neuendorf. (2017), content analysis is an iterative process, and her suggestions and sample codebook served as the basis for this endeavor. The initial codebook, but not the gathered definitions, is included in Supplementary Appendix SA1.
Paragraphs, defined as “complete ideas” since written works on internet forums may or may not adhere to English grammar rules, formed the unit of analysis. To increase the trustworthiness of the coding process, the data were unitized prior to coding, and the researchers assigned relevance (irrelevant, social VR—meaning multiple headsets, or asymmetric VR—meaning a single headset) to the units before coding (Hsieh and Shannon, 2005). (An example of this unitization process is depicted in Figure 1.) Coders were asked to mark content that was not determinable as relevant with a 99, and only the content which addressed asymmetric or co-located VR use (as opposed to content in which the socialization is uniquely centered in the virtual space) was fully coded and analyzed.
[image: Figure 1]FIGURE 1 | An example of the unitization process for a single post: (A) Posts matching specific keywords and phrases, such as this one, were scraped using RedditExtractoR; (B) The scraped Reddit posts and associated data were compiled into a single spreadsheet; (C) The corpus was restructured so as to support human coding, and the data were unitized into paragraphs with one per row; (D) Manual coding was performed by trained researchers, who first identified the relevance of the entry. The full text of these images is available as part of the appendices and Supplementary Materials.
Each unit was coded according to the five dimensions of CAVR, resulting in a number of dimensional forms. A “dimensional form” was the unique grouping of symmetry and asymmetry as determined by the initial coding of the data. These forms were sorted by the similarities of their descriptions to generate the patterns of asymmetry, which will be examined in the results section of this paper.
During training, it was determined that only two of the authors would continue coding due to their levels of understanding of the content area. In directed content analysis, it is important that the coders are well informed about the content with which they are engaging, which is why iterative training is emphasized. As such, while three individuals worked to create the codebook, only two worked to code the corpus.
After about 15% of the data were coded, an inter-rater reliability (IRR) analysis was performed for each of the code categories (Step 7, Table 3). Utilizing the R package irr (Gamer et al., 2012), IRR was measured as iota (ι) or Conger’s Fleiss exact kappa coefficient (κ), depending on the number of categories per code (Conger, 1980; Janson and Olsson, 2004). For both ι and κ, the upper limit is 1, indicating perfect agreement. The lower limit is −1/(number of judges—1), or −1 in this case with two judges. Per Landis and Koch. (1977), a value >0.6 represents “substantial agreement” and a value >0.8 represents “almost perfect” agreement. Therefore, the first measured IRR was not yet satisfactory for codes corresponding to the CAVR dimensions (ι = 0.418) nor for the codes pertaining to the Roles of Technology (κ = 0.111).
Because the IRR indicated less than “substantial agreement,” the coders were retrained and the codebook was adjusted (Step 8, Table 3). The first author facilitated discussion of the coding inconsistencies, aimed at reaching a consensus in the understanding of the codes, but not necessarily a consensus in the data (as per the recommendation of Krippendorff, 2019). For example, if the coders could agree on the thought processes behind the coding decision, even if they did not agree on the code assignment, the code descriptions and decisions remained unchanged.
After this discussion, the coders adjusted their work on this 15%, IRR was remeasured to be κ = 0.113 for the Roles of Technology and ι = 0.788 for the CAVR dimensions. The decision was made to drop Role of Technology from the analysis, and the coders worked independently to complete the coding of the corpus (Step 9, Table 3). The final codebook is included in Supplementary Appendix SB1.
A random purposive sample (Collins, 2010) was leveraged during coding and analysis, as the corpus was purposefully identified and a randomly-selected subset of posts and their comments were then coded (Step 6, Table 3). The sampling resulted in a dataset of 73 posts and 2,925 comments unitized to 3,694 paragraphs. While the first author examined the posts for relevance prior to the coding of the data, the decision to unitize at the level of paragraph called for an additional data cleaning step. Therefore, the coders additionally flagged the data for relevance before moving forward with coding. As a result, 736 paragraphs were classified as relevant and fully coded by two coders. This sample is provided in Supplementary Table S1.
Analysis Method
Following the qualitative tradition, data analysis began in parallel with data collection and reduction (Creswell and Poth, 2018). As such, analysis began with observations of the dataset. These observations included a consideration of the ways in which redditors refer to the phenomenon as well as the apparent contexts of use associated with each described experience.
After analyzing the IRR associated with both frameworks, the decision was made to move forward with only an analysis of CAVR, rather than focusing on both CAVR (Ouverson and Gilbert, 2021) and the Roles of Technology (Olsson et al., 2019). Thus, we focused on the following research question: What types of asymmetry are present in co-located VR use? To answer this question, the corpus was coded according to the CAVR dimensions of asymmetry, which were identified in a scoping literature review based partly on work in ludology and media spaces (Ouverson and Gilbert, 2021). The coders examined each relevant paragraph and determined which, if any, CAVR dimensions of asymmetry were present. Coders were instructed to leave blanks when they could not determine whether or not there was a specific asymmetry for a dimension.
It should be noted that an asymmetric VR experience may include symmetries in one or more of the CAVR dimensions, and that the symmetry or asymmetry identified by coders is meant to relate to the intention of the design and perceived experience of that design, as reported on VR and gaming subreddits. Therefore, while the experience may involve a movement through symmetry and asymmetry in each CAVR dimension, coding examined moments-in-time and reported perceptions; as such, a single game may belong to multiple patterns. Also, mentions of “symmetry” may or may not reflect a truly symmetric manifestation of a given dimension.
After the corpus was coded, the first author again examined the content to understand the experiences represented by each dimensional form, or unique combination of CAVR dimension asymmetries and symmetries (Step 10, Table 3). Still adhering to the qualitative research tradition, the first author began an iterative process of analyzing the content associated with each dimensional form. Each dimensional form (or grouping of codes per CAVR dimension) was given a description, associated to the content with which it was related during the initial coding stage.
After categorizing the dimensional forms, the first author grouped them according to the similarity of their descriptions, and the distinct pattern categories were named. When a dimensional form fit more than one pattern, or the descriptions were not distinctive enough to facilitate sorting, the content of the post or comment was examined to determine, first, whether the coding was accurate. If the coding was accurate, the first author used the content associated to the dimensional form to determine which pattern best fit each unit. As a result, multiple dimensional forms are not uniquely allocated to individual patterns (see Supplementary Table S2). The final patterns are named and discussed in the following section, along with a qualitative description of the sample and examples of experiences coded as having symmetric or asymmetric CAVR dimensions (i.e., transportation, spatial co-presence, informational richness, team interdependence, and balance of power).
RESULTS
First, observations from the initial data exploration are presented. Then, the patterns of asymmetry, as well as a description of the differences between these patterns, are delineated, answering the paper’s research question. The paper concludes with a discussion of the results, limitations, and future directions, as well as a summary of the implications for the design of VR experiences which are meant to be used in co-located groups.
Asymmetric Virtual Reality Through Redditor’s Eyes
In the initial review of the data, it quickly became clear that there are a multitude of ways to refer to the idea of using VR to play a game with a non-VR user. For example, “asymmetrical multiplayer,” “asymmetric VR,” “asym VR,” (also spelled asymm and assym), “asymmetrical multi,” “flat + VR,” “couch co-op VR,” and “pancake multiplayer,” all refer to the use of VR and some other interaction paradigm in a co-located group. For remote play, especially on posts which occurred prior to March 2020, a distinction from asymmetric VR (which is traditionally co-located) was made: “cross-platform online multiplayer” or “cross-play” for short. As will be discussed later, the COVID-19 pandemic blurred the line between cross-play and asymmetric multiplayer VR titles.
The asymmetric VR games that seemed to be held in highest esteem leveraged the unique affordances of the technology needed to play VR. At minimum, most asymmetric VR games utilize the “social screen,” or the screen not in use by the VR user, to present a second view. The social screen can be a television, a desktop computer monitor, or even a smartphone screen. Often the social screen allows onlookers to interact with the virtual space using game controllers, the keyboard and mouse, or through an interface on their mobile device. However, not every game must use technology in addition to the VR headset in order to be “asymmetric VR.” For a case in this point, KTaNE uses only the VR headset and a printed document. The enjoyment comes from navigating the asymmetry of information, for the onlookers by learning the specifics of the bomb seen by the VR player and for the VR player by learning the steps needed to diffuse said bomb which are listed in the onlooker’s paper manual.
One of the more opaque descriptions in the corpus was that of games which capitalize on short-duration experiences to facilitate the rotation of the VR headset among group members. Posts describing these games used the following words: “local party hotseat,” “hotseat local multiplayer,” “pass-and-play,” and “hotseat multiplayer.” While these sorts of games often were asymmetrical in nature, the terms used to describe them seemed to change depending on the intended purpose for the gaming session. Additionally, the category included games which are single player but either offer an engaging onlooker experience (using the social screen) or a local leaderboard for score competition. Because of the current effort’s focus on both co-located and asymmetric games, hotseat multiplayer games remain in the analysis.
An understanding of the settings for asymmetric and other varieties of co-located multiplayer VR games emerged from the initial reading of the posts. These included casual play of VR, VR demos to people who do not yet own a VR headset, and social gatherings centered around the use of VR. For such use cases, asymmetric VR is an ideal way to keep people engaged in an otherwise solitary experience. As put by one redditor, you are “no longer in a helmet that hides you from the world, others can enter it, too.”
CAVR was designed for use in classifying and understanding asymmetric experiences, specifically asymmetric VR in a co-located group (Ouverson and Gilbert, 2021). This content analysis started more broadly, focusing on the co-located use of VR and examining the asymmetry inherent in those co-located interactions. Due to the onset of the COVID-19 pandemic in early 2020, an interesting line of conversation emerged in the corpus in which redditors sought ways to enjoy asymmetric VR during mandatory lockdowns, even though these games were meant to be played in a single room with co-located others. Therefore, while the exclusionary and inclusionary criteria described in Section 3.2 were adhered to, no additional exclusions were made for comments around online use of asymmetric VR. The four observed contexts—online, casual, party, and demonstrations (or demos), are shown in Figure 2 and defined, below.
[image: Figure 2]FIGURE 2 | Visual examples of the identified settings: (A) Online, indicating the social interaction surrounding use of a single VR HMD happens over a network connection and may be displayed on the monitor; (B) Casual, indicating the “everyday use” of VR; (C) Party, indicating VR use in a social setting as part of an event dedicated to using VR, especially with friends or colleagues; (D) Demonstration, indicating the introduction of VR to new user(s) in public or private settings. Photos used with permission from Author 1 per CC-BY-NC-ND.
Online use of asymmetric VR games includes the use of third-party software to mimic the existence of a shared space using virtual means. These experiences are different from “social VR,” in which the socialization takes place in a single virtual space, because 1) only a single VR headset is required and 2) the players do not meet in a shared virtual space in the way they might in social VR games. Instead, players meet in a set of separate virtual spaces which may be merged only by communication or via other game mechanics.
Casual use is best understood as simply using VR in mundane circumstances. Often, casual use of asymmetric VR happens with roommates or family members as a way to share the experience with them so as to not exclude them from the experience. In Figure 2B, this is represented by the first author and her cat who often feels excluded from VR experiences, likely because there is not a proper way to mediate the interspecies social interactions.
Party settings of asymmetric VR use are those in which a group of friends, colleagues, or even family members who do not live together attend a social function for the express purpose of using VR. Asymmetric VR, in party settings, is a way to keep external users engaged with one another and the individual in the HMD so that no one is (and ideally, no one feels) excluded from the group. Demos are similar to party settings because both likely include folks who are new to VR and coalesce out of a desire to share VR with others. However, the two settings are different because 1) demos are solely for the purpose of using VR, making socialization of the group a secondary goal, and 2) they may include acquaintances or strangers in the interaction, which may occur either privately or publicly.
Asymmetric VR is recognized as a legitimate way to expand the reach of VR in the consumer market. As innovations continue, those which leverage the unique abilities of the technology will prove, in the author’s opinion, most viable. The next section describes the results of the content analysis with regards to the dimensions of CAVR and the patterns of asymmetry present in the corpus.
Patterns of Asymmetry
From the coded data, an answer to the research question, what are the types of asymmetry that are present in co-located use of VR, emerged. Examined individually, each dimension of asymmetry from CAVR is present for co-located VR use, depending on the design of the game. Thirteen general patterns of those dimensions of asymmetry were noted, and 12 of those patterns were meaningful (one pattern was indicative of content lacking enough specificity to be useful and is excluded from further analysis and discussion). These 12 meaningful patterns of asymmetry are named and defined in Table 4, and all but the Online pattern of asymmetry were identified as representing co-located use, thus answering the research question.
TABLE 4 | Patterns of asymmetry, identified by content analysis of Reddit posts, and their definitions. Shaded rows are excluded from further analysis.
[image: Table 4]While 11 of the patterns represent co-located experiences, only eight of the named patterns depict asymmetric VR experiences in adequate detail for discussion. These patterns are 1) Dueling, 2) Cooperative Eye-Spy, 3) Navigator and Pilot, 4) Boss vs Horde, 5) Hide and Seek, 6) Game Mastering, 7) Teleguidance, and 8) showcase. These eight, in addition to the Pass-and-Play pattern (which may use asymmetric or symmetric technological access to the virtual space) and the more generic patterns, Spectating and Asymmetric VR, are the focus of the remainder of this paper.
In Table 4, each pattern is associated with symmetry or asymmetry of the CAVR dimensions depending on what each dimension was rated during the coding phase of the content analysis. The unique combination of ratings makes up the dimensional forms, which were categorized and interpreted (Step 10, Table 3) to generate the patterns of asymmetry. In the text that follows, “symmetric” and “asymmetric” are used in a similar way, describing each dimension’s coding outcomes for the examples pulled from Reddit. For instance, a few of the patterns are quite similar to one another and experience categorization may be variable depending on the viewpoint and granularity of the examination. As discussed later, future work examining the integration of other frameworks may increase our ability to differentiate and clearly discuss the experiences contained in the general term, “asymmetric VR.”
It is noteworthy that transportation is the differentiator between what is and is not asymmetric VR, according to the present definition. Particularly for studies of asymmetric VR (Gugenheimer et al., 2018; Thomsen et al., 2019), it is not uncommon to describe asymmetry on a scale from high to low, which results in lost nuance and may encourage a bias toward asymmetry as negative, which is not always the case. When the content was not rich with description of the experience, the coders identified asymmetries in transportation, meaning it was clear there was different technology in use. With more detail present, balance of power was also coded, indicating differences in control of the experience for the VR user and those using other kinds of interaction.
At each traditional level of asymmetry (high, medium, low) there may be multiple patterns of asymmetry. For example, highly asymmetric experiences of VR include both games which do not require asymmetric transportation to interact in the shared space, such as those aligning with showcase or Pass-and-Play patterns, and games which require asymmetric transportation, such as those which follow the Teleguidance and Navigator and Pilot patterns. At lower levels of asymmetry, the nuance increases, as discussed in the following paragraphs.
Game Mastering, Hide and Seek, Boss vs Horde, and Cooperative Eye-Spy all describe experiences which may also be referred to using the less specific descriptor “medium asymmetry.” Similarly, low levels of asymmetry correspond to five identified patterns: Spectating, Dueling, Boss vs Horde, Teleguidance and Online. These categorizations should be considered fluid, as design choices and user actions can influence the “level” of asymmetry; however, such categorization is meant more as an indicator of the problems with referring to asymmetric experiences on a simple scale of high to low. The authors of the present work believe the multidimensional CAVR framework is more useful in categorizing and representing the nuanced patterns of asymmetry associated with asymmetric VR games, especially for those experiences which are traditionally identified as having lower levels of asymmetry.
The language used previously to refer to asymmetric VR is not specific enough to facilitate discussions of the nuance of such experiences. Designed asymmetric VR experiences may incorporate a variety of asymmetries and symmetries in each of the five CAVR dimensions to manifest unique experiences and solve different needs or leverage different advantages. When researchers (and designers) limit our discussion of asymmetry to a single dimension scaled from high to low, we ignore the complexity of the experiences. In fact, we may only be including the design patterns associated with the base Asymmetric VR pattern or Spectating pattern of asymmetry. To aid in the application of CAVR to future discussions around asymmetric VR experiences and their design, the following sections will exhibit quotes which correspond to asymmetry and symmetry in each dimension, as well as a description of each dimension based on the categorization given in the coding phase of the content analysis.
Transportation
The CAVR dimension of transportation describes the interaction metaphors supported by the technology which allow access to the mixed-reality space, i.e., the extent to which the technology transports the user to a virtual space. As mentioned above, this dimension is the crux of the generic term “asymmetric VR.” Previous definitions, including the one given at the beginning of this paper, directly point to an asymmetry of transportation alone. For a VR experience to be asymmetric, there must be at least the possibility for asymmetric transportation. Thus, at a minimum, asymmetric VR experiences are those for which transportation is not required to be symmetric.
When VR experiences are designed to be asymmetric, transportation is asymmetric. A good example of this came from a comment by redditor NateBGamer: “So my mind is blown how much fun these asymmetric games can be, and I truly believe these sort of games, done properly, will carry [VR] forward. One + player on the [PC], one player in [VR].” Asymmetric VR, or at least those asymmetric VR experiences “done properly,” appear to provide different modes of transportation to the shared space. However, that transportation does not need to be explicitly mediated by technology, as described in the next section.
Asymmetric VR experiences are not the only possibility for a co-located group of interested players. Regarding the co-located use of a VR experience not designed to be asymmetric, redditor Kalazor wrote, “I’ve found that if I’m just hanging out with one friend, it’s pretty easy to get them to try out the Rift, but it’s hard when a group of people are over since no one wants to separate themselves from the group to try it.” Without proper mediation, the virtual space stays separate from the physical one, and to enter it is to become isolated from anyone in your vicinity.
Spatial Co-presence
The CAVR dimension of spatial co-presence describes the mediated access to each member of a group, meaning the extent to which the technology provides each participant with access to others in the shared space. The original definition of this dimension called out an associated range from unmediated to mediated spatial co-presence. The present work instead looked at whether the content described a symmetric or asymmetric experience, which means spatial co-presence was either a mix of mediated and unmediated (i.e., asymmetric) or it was consistently mediated or unmediated for all members of the group (i.e., symmetric).
When looking at the dimension in this way, some of the granularity was lost in favor of simplicity, but themes were still detectable. For many of the posts, spatial co-presence was asymmetric, but when it was symmetric, either the host of the gathering or the game designers made specific choices to make it that way. Spatial co-presence, like transportation, is a dimension that is closely tied to the design of the experience (e.g., the hardware and software choices). Because the range of spatial co-presence is originally more about whether the interactant’s access to one another is mediated than about the asymmetry of the design, more quotes from the data are presented here than in other sections (two for asymmetric, one for symmetric and mediated, and one for symmetric and unmediated).
Regarding an experience with asymmetric spatial co-presence, in response to a question about mirroring the VR interface for external players of one game, redditor jtaosmsou remarked, “this would break the main part of the game. You have to explain what you see to your friends. And that is the funniest part. If all can see what you see it would be way [too] easy.” Another redditor, Lettuphant, offered the following about asymmetric spatial co-presence:
This is an excellent game, especially to show off how unique VR is to fellow nerds: Play on one side and you experience a first person sneak-“em-up,” but then put on the headset and see the whole map as a doll’s house with a strong sense of presence. It’s a quick way to get a “Whoa” from seasoned gamers who haven’t bought into VR.
Regarding symmetric spatial co-presence, redditor dhaupert recalled the impact of their alterations to a game to provide symmetry of spatial co-presence:
The second biggest hit of the night was VNAF (Vive nights at Freddy’s-the fan remake of Five nights at Freddy’s). Most of the kids noped right out of playing with the headset but watched and helped from the PC side as the bravest took it on. Even though it is a one player, they had almost as much fun watching and helping. One kid actually leaped when the animatronic appeared next to him-a literal jump scare!
For another redditor techies_9001, there was a desire for more mediation than was initially provided. Their perspective highlights symmetric unmediated spatial copresence, as they wrote, “quick question, having the headset on makes it sometimes harder to hear someone from the outside. Is there some kind of solution for local voice chat?”
While spatial co-presence could be considered a designed dimension, it is still affected by psychological factors. As put by one anonymous redditor, “Because one player is not in front of a computer screen or inside a headset doesn’t mean they are not in the game. Games are inside your imagination, they don’t require a computer or any devices. The second player is clearly also playing.”
Informational Richness
Informational richness has to do with extent to which the technology delivers and captures information about the mixed-reality space which is valuable to the interaction for each member of the group. This is one of the CAVR dimensions which is more related to the design of the experience but is altered by the presentation choices of the host. For example, some asymmetric VR experiences provide an asymmetry of informational richness, giving different players access to different levels of detail or types of information. Other experiences are set up by the host of the social gathering or the owner of the VR headset to add symmetric elements of informational richness, wherein the social screen broadcasts a mirrored view of the VR player’s perceived environment regardless of whether the game is designed to support multi-player interaction or not.
In the corpus, redditors expressed a desire for asymmetric informational richness. Redditor Ossius, when anticipating the release of the Oculus CV1, expressed that they were excited to show their brother the experience. In writing, they wondered, “since the PC monitor will be more or less free, or projecting what he sees in VR, couldn’t the monitor be used to display a different user interface?”
Redditor dhaupert, during a review of the VR birthday party they threw for their teenaged son, pointed to the impacts of symmetric informational richness of a specific style of game on the out-of-VR experience, writing “Never did play any of the FPS shooters, Robo Recall, or anything of that sort because the only one player games that were selected were the ones that were fun enough to watch. RR is an awesome game, and I knew they’d all love it, but really only fun for the player.” Informational richness can be symmetric and result in an enjoyable game, as was the case for VNAF (mentioned in the quote by dhaupert in the previous section). However, symmetric informational richness must be paired with a cinematic or exciting game, one that is “fun enough to watch.”
Team Interdependence
Team interdependence has to do with the alignment of the different goals each member of a group brings to the experience. It is important to remember that while the overall objectives may well be the same (e.g., beat the other team, get to safety), the goals can still be different for each member (e.g., prevent the other team from retrieving an object, defuse a bomb by describing it to another person and following their instructions). While team interdependence can be influenced by the design choices that create a virtual experience, this dimension of CAVR is more likely to be influenced by the behavioral and social variations of the group involved in the experience. To reduce the complexity, only the design intentions, rather than the individual member choices, will be considered in the following discussion.
When considering the possible tie of this dimension to collaborative/cooperative or competitive experiences (as proposed by K. Rogers et al., 2021), consider the following: Passive spectator games tend to be both cooperative and symmetric, while those which promote active use of technology support a broader range of asymmetry and competition or cooperation. For example, asymmetric team interdependence is found both in games designed to pit group members against one another in a competition in which each side has different kinds of goals and in games designed to encourage members who control different components of the shared space to work cooperatively toward a shared objective. A game’s competitive or cooperative design therefore depends on more than just symmetric or asymmetric alignment of interactant goals. While symmetric goals tend to facilitate cooperative experiences, symmetric team interdependence can also mean that every group member is trying to achieve the same thing wherein one member’s achievement is not compatible with any other member achieving their goal. One such game, Priest vs Poltergeist, as described by redditor spammaleros, is “an action-packed duel between the mighty Poltergeist (VR player) and a battle-hardened Priest (PC player).”
Holding constant the cooperation of the experience, the difference between symmetric and asymmetric team interdependence is more describable. Redditor Spenceanator, writing about an experience with asymmetric team interdependence, shared that they were working on an asymmetric game in which, “one player is attempting to fend off [asteroids] and aliens, while the other player in VR is attempting to keep the ship up and running.” In this case, the goals are different—one player protects the ship, and one player keeps the ship going—but the experience is cooperative and the overall objective is the same. Another cooperative experience which featured symmetric team interdependence was described by redditor Th3irdEye:
I couldn’t remember the name but I’m pretty sure this is what I played at PAX East last year. Me and my buddy took turns using the Rift and using the regular screen. Regular screen guy warns the Rift user about obstacles and enemies that are invisible to the Rift user and directs them through the level. Pretty cool idea and it was fun to try and talk my friend around a pit only to have them walk right into it.
Balance of Power
Balance of power refers to the different degrees of control over information in an experience, which is influenced by the group member’s roles and levels of experience. As such, balance of power is expected to relate to each actor’s level of ability as well as the creator’s design choices. Most of the content analyzed exemplified the design choices side of the dimension, and—perhaps symptomatic of the differences between VR and the other technologies used in the experiences—it was much more common to find a design with an asymmetric balance of power than a symmetric one.
Symmetric balance of power is difficult to maintain, which may explain why it is less common for asymmetric VR experiences. Still, some developers try to provide VR and PC cross-play which, unless specifically designed to support distinct roles for the different technologies, necessitates a symmetrically designed reach of control (which is tightly tied to the balance of power) to be perceived as “fair” by the players of the game. One popular game, Payday 2, was given a glowing review by redditor MatteAce specifically because the developers were actively working to allow VR and PC players to play together online. They wrote, “if you played Payday before you’ll get the exact same game you’re used to - but in VR. You can play online with other people and your non-VR friends and all in all it's a blast.” As they clarify in a later comment, “both “flat” version and VR version can play together, however, while the VR version is in beta only those who are playing on the beta branch can play together. When the VR version gets fully released everyone will play together automatically.”
Games with an asymmetric balance of power seem to be the most desirable, as multiple redditors surface ideas for experiences in which the VR and PC players have different control over the experience:
You could also make a game where the VR player is a ghost, allowing him to clip through walls and the screen player has to escape.—Ossius.
How about the Monitor player looks for pieces of a rescue pod on an abandoned spaceship using a map. They tell the VR player where the parts are and can see all the enemies that VR player will run into so it’s their job to assist like a Rally Car.—Ghs2.
The currently extant asymmetric VR experiences often provide an asymmetric balance of power to their players. In Mass Exodus, “the VR player is a giant robot and the PC player is a tiny factory robot trying to escape the warehouse. The VR player can pick up the pc robot and drop them in a giant machine grinder if they spot them among the NPC machines,” as explained by redditor boredguy12. For video games, developers are already seeing the need to cater to the individual strengths of the technology for which they are creating experiences and to offer diverse experience options to reach a broader gaming audience (Harris et al., 2016; Harris and Hancock, 2019).
DISCUSSION AND CONCLUSION
The previous section presented observations about the dataset, as collected during the data immersion phase of the content analysis, and the overall results of the content analysis, including the definition of patterns of asymmetry and examples from the sample of the CAVR dimensions. What follows is a discussion of the patterns and dimensions of asymmetry, as derived from CAVR, and how these findings coordinate with Rogers et al. (2021) “best fit” framework for asymmetric gameplay in multiplayer VR. Then, limitations and future directions are explored. The paper concludes with implications for practice, meant to aid both VR creators and researchers.
Patterns of Asymmetry in Co-located Use of Virtual Reality
When considering the patterns of asymmetry, it should be noted that the terms may not correspond to their original definitions. For instance, Teleguidance originates from terms (e.g., telepresence, teleoperation) which describe the use of technology to remotely interact with someone or something else to offer aid or accomplish a task (Ens et al., 2019; Kraus and Kibsgaard, 2015). While this is certainly an application of the pattern identified, it was also apparent when redditors discussed instructing or guiding a player through interactions with the virtual space while having access only to the physical space or even keeping VR users from inadvertently colliding with the physical space. Redditor Bacon_00 explains, “I had people slamming into my desk, punching my couch, and I had to get up and guide people back into the safe zone numerous times. It was kind of ridiculous.”
A few of the patterns, including Navigator and Pilot and Cooperative Eye-Spy, are quite similar. The differences between these two patterns are in the symmetries they employ. Cooperative Eye-Spy necessitates asymmetries in spatial co-presence, as the VR user’s interaction with external others is not mediated by the technology, but the external others have access to the shared space by way of the social screen. On the other hand, Navigator and Pilot necessitates symmetric spatial co-presence, as both roles must have mediated access to the shared space to accomplish the shared objective (regardless of the interactants asymmetric goals).
While each of the patterns is ascribed a name, the names are not meant to signify the complete range of possible experiences. In fact, the patterns are easily translatable outside of entertainment. A psychotherapy use case as depicted by Menezes. (2020) offers an example. They describe a shared space system for use in exposure therapy, which is used most commonly for treating phobias through habituation to a target stimulus—or incremental exposure to the thing for which the patient is experiencing disruptive fear. The shared space system, in this case, consists of an augmented-reality-enabled mobile tablet, which the therapist uses to craft an exposure experience that scales with the patient’s ability to cope with the presence of the fear stimulus object without using avoidance techniques (e.g., closing their eyes or removing the headset). For the patient, these objects are visualized in 3D as part of a virtual environment, which they experience using a VR headset. Thus, the use case includes asymmetries in transportation, spatial co-presence, informational richness, and balance of power, but not necessarily team interdependence, corresponding with the pattern Game Mastering.
One perhaps obvious question to arise from this work is whether the patterns of asymmetry should replace the CAVR dimensions. While the authors are not opposed to the idea of referring to asymmetric VR experiences as the patterns they embody, they suggest the CAVR dimensions will be more useful as a scaffold for building and understanding unique asymmetric VR experiences than will a fixed list of patterns. As such, the authors propose an update to the CAVR definitions of the dimensions, based on the above work, and intend for the patterns to serve as a guide for understanding and creating asymmetric VR experiences.
The Composite Framework for Asymmetric Virtual Reality Dimensions of Asymmetry
When designing this study, the authors chose to simplify the application of the CAVR dimensions (Ouverson and Gilbert, 2021) to binary response options (eventually extended with the addition of a non-response option to avoid arbitrary “default” assignment during coding). While applying the codes, it became clear that transportation, which is explicitly about the hardware systems used in the interaction (and the differences between them), is the default expression of asymmetric VR. When a person discusses “asymmetric VR,” they often are only communicating the idea of using different interfaces to play a single game with another person (or a group of people), which calls to mind the work in cross-device computing (Olin et al., 2020). Thus, transportation is only affected by the design choices of the developer or development team.
Spatial co-presence is the first of the CAVR dimensions which are influenced both by the design of the experience and by the choices and personalities of the interactants, counter to original assumptions (Ouverson and Gilbert, 2021). The dimension (which was originally defined with a range of unmediated to mediated) was coded according to asymmetry, which meant there was no distinction between experiences in which spatial co-presence was fully mediated and fully un-mediated, in effect reducing the dimension to the category of “shared space,” which Rogers et al. (2021) include in their review as part of social asymmetry. This dimension (as it was defined in the content analysis) is possibly least affected by interactant experience, as only intentional choices may tip an asymmetric experience (in which the VR player’s interactions with the virtual space are displayed on a social screen without providing further interaction modalities to external others) to a symmetrical one (in which the VR player and external others are equally unaware of each other’s spaces).
Informational richness is distinctly centered on the design of the interface, yet an interactant can choose to do with the presented information what they wish. In the original definition, informational richness was related mainly to the usefulness of the information available given the goals of the team or group (Marlow et al., 2016), thus relating to the personal choice aspect of the interaction. In the present study, it was clear that design choices were largely responsible for how rich the information was (and, by extension, how useful it would be to the interaction), but interactants could decide to limit the usefulness of the information, for example, by removing spatial audio cues from the VR player or removing access to the virtual space for external players. In non-game settings, this may be realized as delays in visual updates in the virtual world as the external user manipulates an artifact with keyboard and mouse, or perhaps as the seemingly unavoidable task of teaching a new user to navigate the menus without visual information of their location in the menu.
Team interdependence can be influenced by specific design choices, yet it is inextricably linked to the behavioral and social choices of the interactants. For example, if an asymmetric VR game follows the Spectating design pattern, the team interdependence may be symmetric or asymmetric, depending on whether the players decide to involve themselves, for example, by video recording the VR player from the external point-of-view. This act, in itself, may cause discomfort, and as noted in prior work (Benford et al., 2012; Rogers et al., 2021), attention to ethical considerations such as consent is imperative, especially in situations with imbalances of power (i.e., asymmetric balances of power).
Balance of power is least influenced by the experience’s design. When created, experiences are defined with roles, which can have different levels of control over information, yet the player’s levels of familiarity with the genre of game, the controls, and even their unique abilities may impact the realized balance of power. In the corpus, a large component of this dimension was the difference in the controls of the users. Table 5 restates the dimensions and their definitions, and further summarizes the expected experiences which relate to each dimension, based on the results of the content analysis.
TABLE 5 | Updated definitions and suggested experiences of the five CAVR dimensions of asymmetry.
[image: Table 5]When applying the CAVR framework, it became clear how other areas of game design (as suggested by K. Rogers et al., 2021) may be useful in understanding the described experiences. For example, there was a desire to include information about the timing of the experience (whether access to the shared space was synchronous or not), which was originally excluded from CAVR (Ouverson and Gilbert, 2021), as well as the locus of control (whether each interactant had control of a single component or many components within the shared space). The “best fit” framework proposed by Rogers and others (2021) offers extensions to the CAVR framework in such ways, as explored in the following section.
Discussion of These Results, Composite Framework for Asymmetric Virtual Reality, and the Rogers “Best Fit” Framework
While Rogers and others (2021) have created a framework which complements and strengthens CAVR (Ouverson and Gilbert, 2021), some key differences remain. One major way in which CAVR differs from Rogers et al. best-fit framework is in the treatment of the term “interface.” Rogers et al. (2021) recognize interface as the display medium through which the players interact with the game, rather than the more formal definition, which includes both the output and input mechanics (Dix et al., 2004). Second, while CAVR (Ouverson and Gilbert, 2021) does not exclude competitive games, even while considering the dependence, or team interdependence, of an experience, Rogers et al. (2021) work suggests that dependence may need further consideration, as the way dependence works in competitive games is fundamentally different than in collaborative games. Despite the lack of competitive applications of asymmetric VR beyond game-based experiences, future work around this topic may be worthwhile.
Some categories identified in the Rogers et al. (2021), namely shared control and social asymmetry, either are implicitly present or are expected to be highly related to dimensions already present in CAVR. Indeed, these categories describe components of the Reddit content which was not discernible using CAVR alone. Shared control, for instance, is expected to be related to the informational richness and balance of power dimensions, which are highly related to the interactant’s in-experience loci of control. Social asymmetry is also already presented as spatial co-presence, which may even support the extension of the category suggested by Rogers et al. (2021).
Both frameworks emphasize the applicability of asymmetric VR to collaboration and teamwork both in and outside of video games. While neither framework is firmly rooted in literature on group interaction, CAVR appears to draw more from literature in organizational psychology and workspace awareness than does the Rogers framework. These were added to the scoping review after being identified as a gap in the identified asymmetric VR literature, which tends to focus on the digital interactions and tangible experience rather than the group interaction facilitated by the technology (Ouverson and Gilbert, 2021). When considering the application of theory developed in game settings to the facilitation of collaboration in team settings, it is important to understand and incorporate the findings from studies of virtual teams and computer-mediated communication, as was done in the conceptualization of CAVR (Ouverson and Gilbert, 2021).
To summarize, we see Rogers et al. (2021) framework as a complement to CAVR. The questions that could not be answered in their systematic review of the literature on asymmetric VR (K. Rogers et al., 2021) have answers within CAVR (Ouverson and Gilbert, 2021) and the results of the present study. In addition to this work’s treatment of team interdependence, referred to as “dependence” by Rogers et al. (2021), the relationship between spatial co-presence and social asymmetry may be explained by a nesting of the dimensions, wherein social asymmetry exists within the concept of spatial co-presence or vice versa. Lastly, the patterns of asymmetry may be clarified through attention to the concept of shared control (Rogers et al., 2021), whereas the Rogers et al. “best fit” framework would benefit from more attention to group use of and collaboration via virtual experiences. More work should be done to unify the two frameworks so as to guide future research and design of asymmetric VR and mixed reality experiences.
Limitations
In the present work, the authors had intended to pursue an additional research question relating the asymmetry present in VR games to the role of technology each experience served. Due to the persistently low IRR associated with coding the Roles of Technology, the decision was made to drop the variable from the analysis. While the roles may be adequately defined for describing mobile technology, more work is needed before they can be applied to virtual reality and other emerging technology used in social or group situations. It is also possible that the descriptions of technology use on Reddit were more focused on the technology experience rather than the social experience, complicating the coder’s abilities to distinguish between the enhancement roles of technology for each described VR experience.
The present work did not consider spatial co-presence in the way the dimension was defined for CAVR (Ouverson and Gilbert, 2021). As such, there may be additional nuance to the showcase, Teleguidance, Navigator and Pilot, Cooperative Eye-Spy, and Dueling patterns of asymmetry. While care was taken to represent the range of unmediated to mediated spatial co-presence when giving examples of content representative of the CAVR dimension, future work which more systematically examines the dimension through the lens of the interaction metaphor present in each of these patterns would both strengthen CAVR and the design recommendations around asymmetric VR.
Future Directions
Perhaps the most tangible work which should be pursued in the future is an expansion of the present study. Future work could either use the codebook in Supplementary Appendix SB1 to analyze more of the content in the full corpus (and beyond) or could follow the methods described in this paper to create a new codebook including variables from the Roles of Technology (Olsson et al., 2019) and Rogers et al. (2021) “best fit” frameworks against which the entire dataset could be compared. It is imperative that such an expansion include additional coder training and consensus building around the definitions of the framework(s). While not mandatory, researchers should consider expanding the search criteria to include keywords which center the use of VR among a group of people and take care to avoid limiting the use to one form (e.g., asymmetric VR). Also, the exclusion criteria should be refined so that more posts and comments relating to the demonstration of VR technology to an audience can be gathered and analyzed for a holistic view of the perceptions of those who have interacted with VR in a group format.
Another way the present work could be extended is through reflection on the items which were coded as being unclear. In the present paper these items were removed from the analysis, as many of the items flagged in this way were deemed irrelevant, yet it is common practice to explore those categories to determine if a new code or category is present within the work.
One aspect of the examined discussions that was new to the authors was the remote use of games originally designed for co-located use. In the corpus, online settings appeared in response to limitations in technology (one game intended to use motion capture suits) or in travel (i.e., because of public health safety measures enacted in response to the COVID pandemic). Because these insights arose as part of the observations of the first author, and not as part of a broader, more strategic content analysis, more work is needed which focuses on the use of experiences which were designed for co-located use in remote socialization contexts.
While it is suggested that asymmetric VR may be a ripe opportunity for increasing the accessibility of the technology (Ouverson and Gilbert, 2021; Rogers et al., 2021), the authors are not aware of research to date that has centered the opinions and experiences of those living with disabilities, although some attention has been given to user testing of VR (though not asymmetric VR) with older adults (J. A. Brown, 2019; Bruun-Pedersen et al., 2016). An important avenue of research includes documenting the ways in which asymmetric and similar VR experiences may include more people but also testing these designs with actual disabled people to better understand their needs.
Overall, attention to the human experience is important. While the aim of the present paper was to categorize the designed experiences based on the descriptions of those who have encountered them, a future direction of this work is to analyze the interactions and patterns of asymmetry within asymmetric VR games. Previous research has used autoethnography to explore the privacy aids in social VR games, documenting the interaction patterns present in those existing applications (McVeigh-Schultz et al., 2018; McVeigh-Schultz et al., 2019). In addition to noting the ways asymmetric VR games mediate interaction, work could examine the engagement and enjoyment factors such as flow (Kaye, 2016) which result from the interaction, or the impacts of these experiences on rapport building (Bradner et al., 2005; Nardi, 2005) and other precursors to collaboration and teamwork (Steinmacher et al., 2010; Marlow et al., 2016).
Implications for Practice
The most important thing to remember when designing an asymmetric experience for VR is that building out two similar experiences and relying on the differences in the interfaces to carry the player experiences will not suffice. As such, we suggest moving beyond the basic concept of asymmetry as transportation to make use of the unique affordances of the incorporated technology, as outlined in this paper and in the work of Rogers et al. (2021). Relatedly, the roles for the VR and non-VR players should be built around the unique affordances of the technology, for example, in considering how each incorporated interface supports full-body direct manipulation or abstracted manipulation, such as through keyboard and mouse or touch screen controllers. Note, as well that the role taken by a VR player in one experience may be experienced differently than the same role when given to an external player, thus affecting the patterns of asymmetry of a game or experience.
There are certainly direct implications for game design; however, we find it more interesting to consider the design of asymmetric VR experiences including and also extending beyond games. Consider that at what have been called “lower levels of asymmetry,” meaning the experience uses high-fidelity forms of interaction, such as by incorporating augmented reality HMDs and phone-based experiences, it can be tempting to design symmetric balances of power, informational richness, and team interdependence while fully mediating spatial co-presence for both technologies. However, in doing so the unique properties of the mobile device or of augmented reality as a paradigm are lost, and the incentive to engage as the VR- or non-VR-interactant is lowered.
Take for example Dollhouse VR, conceptualized by Ibayashi et al. (2015), in the context of this framework. The asymmetry present may well be considered “lower,” as described in the previous paragraph, as the non-VR user accesses the virtual world via a large touchscreen device known as a multi-touch table. Using the touchscreen in Dollhouse VR, architectural or interior designers bring VR-user attention to various targets of interest, facilitating communication between all involved while also increasing the immersion of the VR user, who may not be as accustomed to blueprints or top-down 2D drawings. As such, the technology supporting asymmetric VR in Dollhouse VR was chosen to complement the tasks involved in the specific workflow: showing a design to another person, such as a client or a coworker, prior to putting that design into 3D, for the purpose of getting feedback or alignment. The client or coworker can experience the space in scale while still interacting with the designers on the outside of the virtual space. Meanwhile, the designers (one or more) can collaborate using the touchscreen to ask contextual questions or explore alternatives. Due to the presence of asymmetries in transportation, balance of power, and symmetric access to the shared space (spatial co-presence), the experience is most indicative of the Navigator and Pilot pattern. The author’s expectation is that other Navigator and Pilot experiences may be used to enhance the present design of Dollhouse VR, or, similarly, that future experiences that fall into this category may find beneficial design patterns in the design of Dollhouse VR.
As suggested by the surge of interest in remote play versions of asymmetric VR games, many are coping with pandemic-related inconveniences by finding ways to play games meant for co-located use even when being together is not feasible. For enterprise applications of asymmetric VR (such as Dollhouse VR), the ability of the experience to function despite the location of the interactants is and will continue to be important. Even this is not as simple as introducing a remote version of the experience. For example, Dollhouse VR would require additional considerations around the mediation of communication between remote interactants, and further decisions would need to be made about how and whether the designers should still be represented in the shared space.
While exploring new methods of mediating and enhancing the co-located interaction surrounding VR, remember that balance of power is difficult to maintain. While some patterns of asymmetry do not require asymmetric balance of power, none require symmetry in this dimension. Instead, focus on granting different and unique abilities which may correspond to the transportation method in use by each role in the experience. It seems more important that the unique affordances are supported, and that the shared space is sufficiently accessible, whether literally through an interface or metaphorically through establishing a shared narrative.
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FOOTNOTES
1The asymmetric use of VR has been studied for longer (see (Benford et al., 1998; Grasset et al., 2005; Simon et al., 2005; Steed et al., 2012)) but under different names (e.g., mixed reality, mixed-space collaboration, single display groupware, or transitional collaboration).
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