[image: image1]A Best-Fit Framework and Systematic Review of Asymmetric Gameplay in Multiplayer Virtual Reality Games

		SYSTEMATIC REVIEW
published: 27 July 2021
doi: 10.3389/frvir.2021.694660


[image: image2]
A Best-Fit Framework and Systematic Review of Asymmetric Gameplay in Multiplayer Virtual Reality Games
Katja Rogers1,2,3*, Sukran Karaosmanoglu4, Dennis Wolf5, Frank Steinicke4 and Lennart E. Nacke1,2,3
1HCI Games Group, The Games Institute, University of Waterloo, Waterloo, ON, Canada
2Department of Communication Arts, University of Waterloo, Waterloo, ON, Canada
3Stratford School of Interaction Design and Business, University of Waterloo, Waterloo, ON, Canada
4Human-Computer Interaction, Universität Hamburg, Hamburg, Germany
5Institute of Media Informatics, Ulm University, Ulm, Germany
Edited by:
Bernhard E. Riecke, Simon Fraser University, Canada
Reviewed by:
Ernst Kruijff, Hochschule Bonn-Rhein-Sieg (H-BRS), Germany
Sebastian Oberdörfer, Julius Maximilian University of Würzburg, Germany
* Correspondence: Katja Rogers, katja.rogers@acm.org
Specialty section: This article was submitted to Technologies for VR, a section of the journal Frontiers in Virtual Reality
Received: 13 April 2021
Accepted: 15 June 2021
Published: 27 July 2021
Citation: Rogers K, Karaosmanoglu S, Wolf D, Steinicke F and Nacke LE (2021) A Best-Fit Framework and Systematic Review of Asymmetric Gameplay in Multiplayer Virtual Reality Games. Front. Virtual Real. 2:694660. doi: 10.3389/frvir.2021.694660

Increasingly, virtual reality (VR) design and research leverages gameplay asymmetries, flattening discrepancies of interface, abilities, information or other aspects between players. A common goal is to induce social interactions that draw players without head-mounted displays into a shared game world. Exploring these asymmetries resulted in many artifacts, creating an innovative yet disparate research landscape that showcases points for improvement in coverage of the field and theoretical underpinnings. In this article, we present a literature review of asymmetry in multiplayer VR games, using a framework synthesis method to assess the field through a lens of existing literature on asymmetries in gameplay. We provide an overview of this emerging subfield and identify gaps and opportunities for future research. Moreover, we discuss how research artifacts address prior theoretical work and present a “best fit” framework of asymmetric multiplayer VR games for the community to build upon.
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1 INTRODUCTION
Virtual reality (VR) technology has received immense interest from researchers, developers, designers, and the games industry alike in recent years. Proponents praise VR’s ability to facilitate novel and immersive experiences. Nevertheless, the immersive quality of VR technologies, in particular head-mounted displays (HMDs), has also received criticism for its potentially isolating characteristics, both technologically and socially (Boland and McGill, 2015). This isolation risk has inspired game designs that enhance the VR experience by including bystanders as co-players. These game designs can leverage the benefits of multiplayer game experiences (e.g., supporting social connectedness; Woods, 2009; Vella et al., 2019) without requiring additional HMDs. Examples include giving bystanders insight into the virtual environments (VEs) inhabited by the HMD player (e.g., via a monitor displaying their camera perspective; Jeong et al., 2020), or an active role in the game (e.g., giving them essential information that the HMD player requires, thus enforcing communication; Liszio and Masuch, 2016; Smilovitch and Lachman, 2019).
These interactions of HMD players with non-HMD players can be considered a type of asymmetry: a difference in the interface with which users interact with the VE. However, while asymmetry of player interfaces is increasingly common in VR experiences (rooted in cross-reality paradigms), there are many other asymmetry types that can be designed (Harris et al., 2016). Asymmetric games explicitly incorporate and design for differences between players in how they interact with the game, and for the abilities and information the players possess within the game world. With the influx of research in this context, asymmetric multiplayer games are emerging as a subfield of VR games research.
The VR artifacts1 being produced—and related findings on how asymmetric game designs affect player experience (PX)—are novel and innovative because this is an emerging research field. Nevertheless, the artifacts are also disparate in their focus. In particular, few designers or researchers deeply engage with prior theories on designing for and catering to gameplay asymmetries in general (outside of VR). We argue that a systematic approach and close integration of theory-driven games research is essential to leverage the full potential of asymmetric multiplayer VR games. As a first step, we aim to gain an overview of how asymmetries are being incorporated in multiplayer VR games, investigating what asymmetries multiplayer VR games contain and how multiplayer VR asymmetries affect player experience.
To map out this research area, we conducted a literature review on asymmetric multiplayer VR games. Beginning with 481 identified records from The ACM Guide to Computing Literature and Scopus covering the majority of the human-computer interaction (HCI) literature, we followed a systematic screening and snowballing approach (via PRISMA; Moher et al., 2009) to arrive at a corpus of 25 relevant papers on asymmetric multiplayer VR games.
Given the novelty of asymmetric multiplayer VR, we employed a method based on framework synthesis (Carroll et al., 2011; Dixon-Woods, 2011) to guide our analysis of these papers against the backdrop of prior literature. Papers were synthesized within a “best fit” framework based on theoretical work on asymmetry in games, gameplay aesthetics, social aspects of PX, and shared control. This methodology works well for research fields in which there is no clear “best fit” theory: it applies multiple theories or models to reduce limitations of a single one. This allows researchers to “engage with theory but not be constrained by it” (Carroll et al., 2013). Further, as it is open to improvements on the a priori framework, it turns the review into an opportunity to reflect on and refine existing theory.
The goal of the review was to explore the following questions: 1) what kinds of asymmetry are being explored in research on multiplayer VR games, and 2) how asymmetry in these games affects PX. For this purpose, we sought out papers that touched on the design and/or evaluation (for any participant group, with any intervention, comparison, or outcome) of any kind of asymmetric gameplay within a multiplayer game experience featuring at least one HMD-VR player.
The contributions of this work are twofold: 1) Our work provides an overview of this emerging subfield of VR games research, shows how it engages with prior theoretical research on asymmetry, and identifies gaps in the literature to guide future research. Specifically, we point to the following as opportunities for future work: multiplayer games with more than two players, alternative interfaces to monitor variants, mirrored and unidirectional interdependence between players, remote play, shared control within the game world are rare in the design of asymmetric multiplayer VR games. Additionally, effects of player skill or familiarity with interface and partner are rarely considered. Explicitly shared physical spaces, embodied physical interaction, and the presence of a human co-player emerged as the key drivers of positive PX in asymmetric multiplayer VR. These key findings are summarized in Table 3. 2) Furthermore, we present, apply, and refine the “best fit” framework for the asymmetric VR games field to employ and build upon (see Figures 2, 3). While time will bear out the use of the refined framework, we suggest that it has generative, structural, and analytical potential: it could inform the design of asymmetric multiplayer VR games to systematically explore the overall design space (generative), scaffold reporting and description of such games (structural), and guide both future evaluations and literature reviews of such games (analytical).
2 BACKGROUND
Progress in VR has long been entangled with “other” forms of realities resulting in mixed realities (MR; Milgram and Kishino, 1994), which enrich the real world with virtual content as in augmented reality (AR) or augmented virtuality (AV), which “mutually reflect, influence, and merge into each other” (Lifton, 2007). Such mutual interactions between realities is often described as cross-reality (XR; Want, 2009) or blended reality (Schmidt et al., 2019), and increasingly refers to any exchange of information between realities “to […] a meaningful and discernable effect” (Coleman, 2009). A close and bidirectional connection between VR and the real world is necessary for collaboration in scenarios that see one user located in VR and one in the real world (Coleman, 2009; Reilly et al., 2010). The general increase in VR usage in recent years is also driving a trend toward XR designs and research (Efstratios et al., 2018; George et al., 2019; Nakagawa and Sonobe, 2019; Kiourt et al., 2020; Simeone et al., 2020; Wang et al., 2020). In particular, the social aspects of cross-reality VR research are becoming popular (Yassien et al., 2020). For example, VR researchers are exploring the questions of understanding how different environments (e.g., public, private) and familiarity among users can affect XR experiences (O’Hagan et al., 2020), how they can provide VR users with an awareness of the presence of those around them (McGill et al., 2015; O’Hagan and Williamson, 2020), and whether bystanders can understand the experiences of VR users by observing them (George et al., 2019).
VR is increasingly available to consumers. However, the usage of multiple HMDs at the same time remains rare because of the cost, required space, and potential collisions between users. VR’s most appealing feature—its immersiveness—can also engender isolation (Boland and McGill, 2015; Mütterlein and Hess, 2017; Rogers et al., 2019). Thus, cross-reality consisting of the inclusion of non-VR users into the VR experience (asymmetry of interface) has been explored as a way to increase social interaction for both the HMD user and bystanders (e.g., Gugenheimer et al., 2017a; Zhou et al., 2019; Lee et al., 2020), with promising results for enjoyment and social connection. Furthermore, it may offer an alternative to users suffering from VR sickness (Jerald, 2015; Peck et al., 2020).
Commercial VR games have also begun employing asymmetry of interface between an HMD player and one or multiple non-HMD players, such as Keep Talking And Nobody Explodes (Steel Crate Games, 2015), Acron: Attack of the Squirrels (Resolution Games, 2019), Carly and the Reaperman—Escape from the Underworld (Odd Raven Studios, 2019) and Panoptic (Team Panoptes, 2019). Yet games offer a much broader design space for asymmetries, including aspects beyond differences in interface. Multiplayer games enable social environments wherein players can engage, interact, and develop trust toward each other (Depping et al., 2016). They can foster relatedness between players, which supports well-being (Ryan and Deci, 2000; Deci and Ryan, 2011). However, designing for multiplayer engagement holds additional challenges, as multiple players may require the game to accommodate different abilities, preferences, or technical equipment. By integrating asymmetries in their mechanics, dynamics, and aesthetics (Harris et al., 2016), games can engage many different players.
Previous works (Manninen and Korva, 2005; Zagal et al., 2006; Beznosyk et al., 2012) have addressed points of asymmetric game design (such as distribution of information, goals, and varying levels of responsibility) in the design of collaborative games; similar aspects are reflected in game balancing to address differences in player skill (Cechanowicz et al., 2014; Vicencio-Moreira et al., 2014; Abuhamdeh et al., 2015). Harris et al. (2016) introduced a first conceptual framework of asymmetric games, using the widely adopted (Mechanics-Dynamics-Aesthetics) MDA framework (Hunicke et al., 2004) as an analytical lens for asymmetric games. In their framework, they formulated themes specific to that context (i.e., mechanics of asymmetry, dynamics of asymmetry, and aesthetics of asymmetry), which we will discuss in detail below. Further, they showed that asymmetric gameplay can increase social presence, connectedness, and immersion compared to a symmetric game (Harris and Hancock, 2019). Their findings highlight the resulting increased interdependence between players—their degree of reliance on each other (Beznosyk et al., 2012; Harris and Hancock, 2019)—as fostering positive effects on PX (e.g., higher social presence and connectedness). A recent example in VR found similar effects (Hansen et al., 2020).
In summary, we observe asymmetry in VR (particularly—but not only—of interface) as an emerging trend in XR. In the context of games, the inclusion of non-VR players in VR games has the potential to combat isolation, enhance engagement, and cater to social interaction motivations, thus prompting this review. We address further theoretical related work in more detail below as part of our systematic review of this research field.
3 METHODS
To gain a deeper understanding of this emerging research field, we conducted a systematic review of the literature. We build on the research gap and motivation outlined in the previous section: the combination of VR and non-VR users is a promising way to increase immersion and reduce potential isolation. This led us to articulate our research questions and inclusion criteria for this systematic review to focus on artifacts with at least one VR user. Our two research questions were: [image: image]:“What kinds of asymmetry are being designed in multiplayer VR games?” and [image: image]: “How does VR asymmetry in multiplayer VR games affect PX?”
3.1 Approach
We followed the PRISMA protocol for systematic reviews (Moher et al., 2009) to identify and screen records; our PRISMA protocol (Shamseer et al., 2015) is provided in the Supplementary Materials. We employed a technique based on framework synthesis (Carroll et al., 2011; Dixon-Woods, 2011) to thematically analyze relevant results through a theoretical lens of existing literature on asymmetric player experience.
Figure 1’s PRISMA flowchart (Moher et al., 2009) details the stages (and the corresponding number of records) prior to the synthesis of this review: initial identification (N = 481 records), removal of duplicates (→N = 399), rigorous screening based on inclusion criteria (→N = 21), a snowball approach to identify additional papers (n = 6) based on the initial screening selection (→N = 27), and full-text screening for final inclusion (→N = 25). This final corpus of N = 25 records (of which n = 11 were included in quality assessment) underwent the “best fit” framework synthesis analysis.
[image: Figure 1]FIGURE 1 | PRISMA flowchart detailing the identification, screening, and eligibility stages prior to the framework synthesis.
3.1.1 Identification: Data Sources and Queries
We used two online databases to identify potential papers: The ACM Guide to Computing Literature published by the Association for Computing Machinery (ACM) and Scopus2, Elsevier’s abstract and citation database. With ACM focusing on computing sciences and Scopus providing a larger but more general coverage, these two databases together offer comprehensive access to research on VR, games, and human-computer interaction (HCI). While this necessitates two different search strings, the use of more than one database is a mark of quality and comprehensive coverage in reviews.
Starting with our research questions, we phrased and tested search queries to target asymmetry in VR games via the keywords asymmetr*, VR/virtual reality, and game*. Additionally, in a recent study exploring inter-dependencies between players within a custom asymmetric VR game, agency emerged as an important aspect in the asymmetric gameplay experience (Karaosmanoglu et al., 2021). In this study, we followed the definition put forth by Murray (2017) as “the satisfying power to take meaningful action and see the results of our decisions and choices.” This PX component is particularly relevant in asymmetric VR games: creating interdependence between players can easily cause one player to have a more active or dominant role, which manifests as a stronger ability to take meaningful action. This is potentially amplified in VR when users are separated from each other by the VR headset. Karaosmanoglu et al. (2021) have shown that low/high agency can be felt keenly by players of an asymmetric VR game (and also that low agency is not inherently something to be avoided, nor is high agency always something to be sought). Because of this, and in the expectation some research in this context might refer to “asymmetry” in roles, mechanics, or interfaces as a difference in agency, we included the term agency as well. As this was added via an “OR” operator the additional search term does not exclude any relevant papers. We applied a filter to all keywords except game* to check for occurrence in the abstract, to exclude papers that do not focus on VR and asymmetric interaction. Thus, we aimed for papers that mention the term “game” at least somewhere in the paper (as a minimum requirement), but that are focused closely enough on VR and asymmetry that they mention both in the abstract.
Table 1 shows the exact queries, and the number of papers identified thereby in the ACM and Scopus databases (prior to duplicate removal).
TABLE 1 | Data sources, queries, dates, numbers and publication dates of results.
[image: Table 1]Beyond requiring the involvement of (any kind of) asymmetry in a multiplayer game with at least one VR player, we did not exclude papers based on study characteristics (e.g., participant groups). We otherwise considered any English-language, peer-reviewed original research article. Merging of the database exports and removal of duplicate3, non-English, and ineligible-type4 papers resulted in an initial pool of 399 papers to enter the screening stage.
3.1.2 Initial Screening and Inclusion Criteria
We performed our screening of the 399 records identified after duplicate removal based on their Abstract and Title, using the following inclusion criteria:
1. Does it address an HMD-based VR gameful experience?
2. Does it make a statement about any type(s) of asymmetric gameplay in VR games?
3. Does it make a statement about how players experience any type(s) of asymmetric gameplay in VR games?
To be included, papers had to fulfill item 1, as well as either item 2 and/or item 3. Rating based on these inclusion criteria was conducted by three of the authors, with each coder rating two-thirds of the papers (n = 266). Each paper received inclusion/exclusion votes by two authors. In case of disagreement, the third coder was asked to break the tie5. As a result, a total of 21 papers were identified in this stage as included for further steps; 378 papers were excluded. Of these, n = 42 papers were excluded because they did not involve a VR game experience; n = 366 papers involved no asymmetric VR game experience. Several excluded papers involved asymmetric collaborative scenarios (VR or otherwise), but were not games (e.g., Piumsomboon et al., 2018). While we note that such papers may certainly be interesting to reflect on collaboration in asymmetric scenarios, for the scope of this paper we wanted to focus on games or gameful experiences in particular, as we expect these kinds of experiences to leverage higher intrinsic motivation among users/players. How the findings in asymmetric games can be generalized to collaborative work scenarios (or vice versa) is a question for future work. Additionally, we note that the ACM database is loose in matching keywords, and so a portion of our excluded papers were ones that did not actually mention asymmetr* or agency, but rather provided results for subsets of the keywords, or did match the keywords but only in metadata outside the abstract field (despite the ABS parameter6). Overall, however, the queries may have caught more than strictly relevant, and were subsequently filtered in the screening process via human coders. We considered this a safer approach compared to more restrictive queries that might miss relevant papers, and it is common in systematic literature reviews.
We calculated inter-rater reliability (IRR) between the three coders for the paper screening (included/excluded) via Cohen’s Kappa test (Gamer et al., 2012). Results indicated high IRR between the first and second (97.7%; κ = 0.901, z = 10.4, p < 0.0001), between second and third (100%; κ = 1, z = 11.5, p < 0.0001), and between the first and the third (100%; κ = 1, z = 11.5, p < 0.0001) authors.
3.1.3 Snowball Approach
To avoid being too dependent on the specifics of our search terms, and to catch papers that describe asymmetric gameplay while not using that terminology, we applied a backwards snowball approach (Wohlin, 2014) to the 21 initially identified papers. This snowball approach consisted of the following steps: 1) For each initially included paper, we extracted references that appeared relevant based on title. We expanded this list based on reading each of the initially included papers’ introduction and related work/background sections. 2) Potential additions were checked for not being duplicates. We then applied our review’s inclusion criteria to their abstract, and decided based on consensus from two authors. Resulting from this procedure, six more articles were identified for our review (see Table 2), yielding a total of 27 papers for the next steps of the review.
TABLE 2 | Quality assessment scores of the identified papers in our literature review. The range of overall quantitative and qualitative scores were 0–1; 1 represents the highest possible point (Kmet et al., 2004). For appropriateness scores (Connolly et al., 2012), 6 constitutes the highest possible score while 2 equates to the lowest score. In the synthesis, we refer to papers by ID.
[image: Table 2]3.1.4 Full-Text Eligibility
We checked the full text of all identified papers for eligibility. During this process, two articles were removed from the pool of included papers entirely7. Removing these two papers resulted in the final selection of 25 papers (the final corpus; see Table 2).
3.1.5 Quality Assessment
As recommended for literature reviews, we conducted a quality assessment (QA) stage (Aromataris and Munn, 2020). Given the early stage of the research field, however, we consider even informal playtesting to hold potentially relevant information, and so we did not aim to exclude papers with only informal empirical findings based on the QA procedure. Instead, we use this stage to gain insight into the applied methodology and the quality of empirical work in this field. Further, some papers did not contain studies at all, instead consisting of theoretical work or system descriptions. While these are still useful for the framework synthesis stage, there is—to our knowledge—no checklist for assessing quality of that kind of work. The QA scoring was thus only applied to papers with a clearly identifiable quantitative and/or qualitative user study; papers without this were excluded from the QA process (see Table 2 for an overview).
The first nine papers (36%) were assessed based on their full text by the first two authors together (double data extraction) to ensure consensus in rating, while the remaining papers were split to be assessed separately. The JBI Manual for Evidence Synthesis (Aromataris and Munn, 2020) suggests that two-reviewer quality QA meets best practices for systematic reviews. Further, we conducted double data extraction for 36% of papers, which further reduces error (Buscemi et al., 2006), and ensures reliability of coding for the QA process (McDonald et al., 2019).
In total, 11 papers were found to fulfill the prerequisites for the QA stage. To these, we applied Kmet et al. (2004)’s QA criteria checklist for quantitative (n = 14 checklist items) and qualitative (n = 10 items) studies. For example, these verify that papers describe their research questions and study designs appropriately, but equally focus on reporting of results, methodology, data collection methods, and reliability and validity of the measurements. It is rated on a scale of Yes = 2, Partial = 1, No = 0, Not applicable (n/a) = -2. Based on Kmet et al. (2004)’s instructions, the papers’ QA scores were calculated by dividing the sum score by the total possible score (quantitative: 28; qualitative: 20). This scoring is punitive to more informal studies (as n/a ratings lead to minus points). Additionally, all empirical studies comparing an HMD experience to a non-HMD experience cannot realistically blind participants and investigators to the study conditions8. Low scores for quantitative studies are the result. We thus excluded two questions to also calculate an adjusted QA score for the quantitative papers.
Additionally, we used two items based on Connolly et al. (2012)’s checklist to determine the relevance of each paper to our review9. We applied this rating based on a scale of high = 3, medium = 2, or low = 1 appropriateness for this review; the overall appropriateness score was calculated by summing up the two item ratings.
Table 2 illustrates which papers were included in the QA, the mean QA score for empirical studies (qualitative, quantitative, and adjusted quantitative), and each paper’s appropriateness scores to be included for review.
3.1.6 Framework Synthesis
For the synthesis stage of our literature review, we drew on framework synthesis as a methodology, which is based on framework analysis (Pope, 2000; Ritchie and Spencer, 2002; Dixon-Woods, 2011), a qualitative method for data analysis. This method consists of five stages (Pope, 2000): 1. familiarization (becoming acquainted with the raw data), 2. identifying a thematic framework (development of our a priori framework), 3. indexing (applying the framework to the data), 4. charting (extracting and summarizing data into a framework overview), and 5. mapping and interpretation (synthesizing the themes and findings from the framework overview). When used for a literature review, this is called framework synthesis (Carroll et al., 2011; Dixon-Woods, 2011).
In particular, we used a variant of framework synthesis that employs a “best fit” strategy (Carroll et al., 2011; Dixon-Woods, 2011; Carroll et al., 2013): Researchers use a theoretical framework as a guiding lens through which they explore relevant literature. With the “best fit” strategy, the lens can be an existing framework, or alternatively an extension or combination of (an) existing framework(s). The benefit is that the lens can provide a frame through which the literature review can be explored and synthesized systematically, without first creating a comprehensive framework through time-consuming inductive methods. For this reason, it has found uptake in health science for policy-making (Dixon-Woods, 2011); it is considered a reliable synthesis method and allows “testing [of] existing potentially generalisable theories and models within a specific context” (Carroll et al., 2011).
Given the novelty of the field, we consider it a useful approach here as well, because there is no seminal, confirmed model of asymmetric game experiences. Applying framework synthesis enabled us to explore both how the current papers in this emerging field engage with prior theoretical work, and how well suited the a priori framework (based on prior theoretical work) is to classify asymmetric VR games. We consider now to be a crucial time to conduct this systematic review, because there are a few candidates for theoretical frameworks to draw from (see next section), and enough relevant papers to review to generate a spectrum of the emerging field in our synthesis. Yet it is also “early” enough in the subfield’s emergence for our findings to yield a thorough foundation for future work.
After developing our “best fit” a priori framework for asymmetric multiplayer VR games (see next section), we conducted an informal thematic analysis (Braun and Clarke, 2006; Nowell et al., 2017; Braun and Clarke, 2020), extracting text relating to and describing how each column or facet of the framework applied to each paper. We consider our approach to be a hybrid orientation of both codebook and reflexive thematic analysis (Braun and Clarke, 2020): we employed the framework as our codebook, and eschewed inter-rater reliability, but we nevertheless valued consensus between coders as a means to drive discussion surrounding the coding of papers in the framework, and the validity of the framework itself. We followed a consensus coding approach between two coders for nine papers (36%), and then coded the remaining papers separately. Disagreements and arising uncertainties in coding were discussed and resolved (thus making a second inter-rater reliability calculation moot) in recurring meetings throughout the synthesis stage10.
3.2 Developing the A Priori Framework
The “best fit” a priori framework (see Figure 2) began with the work by Harris et al. (2016). Based on several game design iterations and a user study (Harris et al., 2014; Harris et al., 2016; Harris and Hancock, 2019), their work has resulted in a conceptual design framework for asymmetric games. In turn, their framework builds upon the mechanics, dynamics, and aesthetics (MDA) framework (Hunicke et al., 2004), which describes games through the designed rules and logic (mechanics), the resulting gameplay based on players’ input (dynamics), as well as players’ emotional and immersive experience while interacting with the game (aesthetics). Harris et al. (2016) provide an overview of dimensions of asymmetry across the MDA categories. In game mechanics, they describe asymmetry of ability, challenge, interface, information, investment and goal/responsibility. For dynamics, they classify the type/direction of interdependence between players (mirrored, unidirectional, or bidirectional dependence) and temporal aspects thereof (asynchronous, sequential, expectant, concurrent, coincident). We included these categories to systematize our coding and synthesis of the described VR games.
[image: Figure 2]FIGURE 2 | Our a priori “best fit” framework for asymmetric VR games.
A thematic analysis of PX in an asymmetric game reported in the same paper also generated “salient themes most relevant to the design of asymmetric games” (Harris et al., 2016). These themes were posited based on their analysis of asymmetric games and their own design work (creating and evaluating an asymmetric game using mixed methods) — under application of the MDA framework (Hunicke et al., 2004) (including aesthetics) as an analytical lens. We thus use the Harris et al.’s aesthetics of asymmetry in our paper to build on this prior work and its specific application within asymmetric games. These categories of aesthetics of asymmetry consist of: leadership and primacy, effects of player skill, familiarity with interface or partner, interdependence and necessity, and coordination. Because the aesthetics relate to players’ actual experience, we applied these categories to reports of empirical user studies or in formal playtesting, as well as speculation about expected PX.
The MDA framework on which Harris et al. (2016)’s conceptual work is based further discusses several dimensions of players’ aesthetic experience: sensation, fantasy, narrative, challenge, fellowship, discovery, expression, and submission (Hunicke et al., 2004). Because the aesthetics categories described by Harris et al. (2016) are specific to the game stimuli they tested in their study, we included the MDA aesthetics in our a priori “best fit” framework, to enable us to capture a more extensive understanding of PX in asymmetric VR games.
Further, we added two more exploratory framework parts, in the spirit of the “best fit” nature of this methodological approach: one designed to explore social asymmetry such as differences in shared space, age, and abilities (custom categories) and factors put forth by Kaye (2016) regarding teamwork and communication in games. The dimension of shared space emerged from the initial full-text eligibility check of the selected papers when we noticed that some papers allow for or address remote play, meaning that there can be a difference in location or space (These options of remote vs. co-located were later extended during the review by the observation that differences also occur within co-located setups in how the space and proximity been players are framed and utilised.). We included the categories of age and abilities with the expectation that differences between players could frame players of different ages (e.g., young children and parents or grandparents), or different cognitive or physical abilities (e.g., for rehabilitative training games in clinical settings). Further, we include work by Kaye (2016) which has suggested factors that facilitate an experience of flow within social play in digital games: communication, teamwork, and knowledge of others (e.g., in terms of skills relevant to the task). While not relating specifically to asymmetry (e.g., of communication), we saw this as an opportunity to both look out for such factors, and capture relevant factors for social multiplayer gaming experiences in general.
The final aspect of the framework consisted of patterns of shared control suggested by Sykownik et al. (2017). This distinguishes between different ways that players have control over points or entities in a digital game, which are termed loci of manipulation. They distinguish between distinct loci of manipulation (players control different points/entities in the game), and mutual locus of manipulation (players share control of the same points/entities in the game). We added this because shared control is described as another type of interdependence between players.
The full a priori “best fit” framework is illustrated in Figure 2. Its categories make up the variables for which data was collected by looking at each paper’s full text.
4 RESULTS
This section presents the synthesis for the 25 papers in our corpus, derived from the PRISMA procedure described above and illustrated in Figure 1. We begin with an overview of the empirical papers (a detailed overview of study characteristics is provided in the Supplementary Materials), then discuss all papers through the lens of our a priori framework. We refer to papers by their index in the corpus (i.e., #x for the paper with ID x, see Table 2). When referring to numbers of papers, we count #11 and #5 as one paper given their very close similarity, as well as #13 and #9 due to the former being a demonstration of the latter. #21is an earlier iteration of #18, yet these were counted separately as they do vary in content.
A summarized overview of our key takeaways is also provided in Table 3. Further, based on our synthesis process and findings, we propose changes to our “best fit” framework to develop a posthoc framework (addressed in detail within the discussion of this paper). How our findings fit within the posthoc framework is shown in Tables 4,5.
TABLE 3 | Summarized overview of takeaways and research gaps from the review synthesis, as well as meta takeaways that led to the adjustment of the a priori framework to develop the posthoc framework.
[image: Table 3]TABLE 4 | An overview of how the final corpus of surveyed papers fits into the (Harris et al. part of the) posthoc framework. Emptier columns indicate existing research gaps in the field.
[image: Table 4]TABLE 5 | An overview of how the final corpus of surveyed papers fits into the (MDA, social asymmetry and shared control parts of the) posthoc framework. Emptier columns indicate existing research gaps in the field. Codings are subjective and relate to the paper as a whole (i.e., covering multiple applications).
[image: Table 5]4.1 Summary of Empirical Research
A total of 11 papers were identified as containing user studies of some kind (n = 4 mixed-design, n = 6 quantitative, n = 1 qualitative). All featured one or multiple custom game(s); commercial asymmetric VR games were only used in one of the papers (#10): AudioShield (Fitterer, 2016) and Keep Talking Then Nobody Explodes (Steel Crate Games, 2015), in addition to a custom game.
Across all studies, the corpus reports on the experience of a total of 289 participants [an average of 26.27 (SD = 23.35) participants per paper]. Gender was not always clearly reported for all study participants. A few papers reported no gender information at all (#4, #6), or only reported it partially (e.g., reporting only the number of female participants, but not specifying the remainder of participants’ gender as in #18 or #24). Additionally, it was sometimes unclear how gender was assessed (e.g., which answer options were presented). We summarized gender based on reported distributions: of n = 221 participants with reported gender, n = 81 were female (37%), while n = 140 male (63%); non-binary participants are not reported. This pattern of unclear reporting repeated for the age of participants; while some papers reported both average age/age range and standard deviation (#9, #16, #18), others only presented the age range or no age at all. Overall, PX was tested with fairly young participants (average = 22.43). The context of recruitment was often also unclear but can be assumed to have been a university/lab setting in many papers. A notable exception are the public museum settings in Serubugo et al.’s work (#6, #7), where detailed demographics are omitted in favor of in-the-wild empirical playtesting. Almost all papers focused on asymmetry of interface as the main independent variable in their study: namely an HMD player, a (or multiple) non-HMD player(s), and in some cases additional spectators. A few studies instead explored varying viewpoints of the non-HMD player (#1, #4) as their independent variable: first-person point, third-person point of view, or seeing both (#4)/switching between the two (#1). One paper used the type of social entities in VR (human vs. agent) and their interaction with the HMD player (interactive vs. non-interactive) as independent variables (#16).
For quantitative studies, we observed similarities in how studies assessed PX of participants; the majority of these papers utilized questionnaires. For general PX, many employed the Game Experience Questionnaire (GEQ; IJsselsteijn et al., 2013; core and post-game modules, or specifically the positive experience modules therein); a few only used custom items (#24, #6). Emotions were assessed via the self-assessment manikin (SAM; Bradley and Lang, 1994) (#9, #10, #18). Approximately half of the empirical quantitative papers measured presence. This was assessed with one of three different questionnaires: Witmer et al. (2005)’s presence questionnaire (#1, #4); the Igroup Presence Questionnaire (IPQ; Schubert et al., 2001) (#16); and Slater-Usoh-Steed (SUS; Slater et al., 1994) (#9, #18) questionnaires. #16 employed the immersion subscale of the GEQ, yet otherwise none used dedicated immersion questionnaires. Only one paper used a measure for simulator sickness: the Simulator Sickness Questionnaire (SSQ; Kennedy et al., 1993) (#16). The same paper (#16) was also the only one to measure individual differences in participants’ inherent traits, such as their immersive tendencies (Immersive Tendencies Questionnaire, ITQ; Witmer and Singer, 1998), and their attitude toward loneliness (Preference for Solitude Scale; Nestler et al., 2011).
Surprisingly few papers used questionnaires to measure social factors of PX. While a variety of social experience questionnaires were in use, the majority of these were employed in a single paper (#16). The questionnaires used for this aspect of PX were: the GEQ’s social presence submodule (#1, #4, #18; and the submodule’s behavioral involvement subscale in #9), the Social Presence in Gaming Questionnaire (SPGQ; De Kort et al., 2007) (#16, #20) and the Cooperative Social Presence scale (CSP; Hudson and Cairns, 2014) (#16), the relatedness score within the Player Experience of Needs Satisfaction (PENS; Rigby and Ryan, 2007) questionnaire (#16), an adapted version of UCLA Loneliness Scale (Russell et al., 1978) (#16), and the Inclusion of Other in the Self Scale (Aron et al., 1992) (#10).
Qualitative studies largely employed interviews and video analysis to assess PX, although one paper used cooperative performance metrics (Seif El-Nasr et al., 2010) to analyze their observations (#20). Two papers employed some form of thematic analysis for the interview and video analysis (#10, #18). The qualitative papers largely did not clarify the type of thematic analysis used (e.g., codebook vs. reflexive; Braun and Clarke, 2020) nor did they provide a detailed description of the process they followed.
Overall, much of the empirical research reported in the reviewed papers was of an informal nature; only few consisted of formal experiments. Fourteen papers contained either user testing too informal to be included in the QA process, or technical descriptions of their system/implementation. This highlights the potential for more comprehensive empirical work in this subfield, and we look forward to future work that builds upon these early explorations.
4.2 Mechanics, Dynamics, and Aesthetics—Harris et al. (2016)
4.2.1 Mechanics of Asymmetry in Game Design
All papers explored an asymmetry of more than one mechanic specified by Harris et al. (2016); most commonly, this consisted of asymmetry of the interface (all papers), as well as ability/challenge, information, and responsibility. In terms of interface, the majority of papers (19 total) described games designed for two players, one of whom wore an HMD. The non-HMD players then usually interacted with the game via an interactive display medium (PC, smartphone, tablet device, projection, or Sifteo Cubes). In several cases, non-HMD player involvement was markedly subtle: they only viewed the virtual world (mostly via a monitor) without interaction, assisting the HMD player through verbal communication. Two papers employed additional props or devices: one game featured an upright visual screen projection plus a tangible robot avatar of the HMD player (#17). Both game variants in #9 offered the non-HMD playera monitor-attached hand-held controller, once with a lightsaber prop. In one game variant in #8, the non-HMD player(s) had no visual cues at all, and instead reacted only to auditory cues or based on the HMD player’s movement in the physical world (In their other game variant, all players had an HMD, but one of the player roles additionally held a nerf gun controller.). Further, in one notable example across two papers, the non-HMD player still interacts with the HMD while it is worn by the HMD player, by pressing on attached touchscreens (#18, #21).
Four papers explored game designs with more than two players. The breadth of variation here shows a wide array of options to explore: two HMD players while the non-HMD player views a projector; one HMD player while two non-HMD player use tablet devices; one HMD player, one co-located player in an AR environment, and a remote player with a tablet device. The gameful experience in #24 employed people “actuators”; they were instructed on how to carry and move the HMD player via smartphones attached to the HMD player.
Almost all papers featured games with differing ability assigned to specific players, making it a common type of asymmetry. For example, the HMD player is often tasked with navigating and interacting with the virtual environment directly, while the non-HMD player may be presented with a top-down view and perform a guiding or assisting task. In one artifact these roles were reversed: #23’s games put the HMD player in the guiding/assisting role, while the non-HMD players interacted with the game world (CAVE system) more directly. It was difficult to distinguish ability from challenge, as abilities are generally directly bound to specific challenges. We included this in our framework only when an ability was explicitly discussed in terms of challenge in the paper. Only two papers addressed challenge in their game design at all (#16, #24); none discussed challenge in terms of a difference between players.
In many papers, player abilities also involved the asymmetric distribution of information. It was not always clear which player had what kind of information. Commonly, however, the non-HMD player would have information that the HMD player relied upon to either complete their goal at all or to complete it faster. Generally, this was designed to give the non-HMD player something to do or to encourage communication. Only #15 featured an informational imbalance in both directions: “To ensure interdependence, players receive the instructions for the other player” (Smilovitch and Lachman, 2019).
Asymmetry was never discussed in terms of time investment required. However, in discussing the papers, we noted that this category could have been useful to clarify and classify degrees of involvement. For example, several papers featured game designs in which the HMD player is not entirely reliant on non-HMD player but can simply achieve their goal faster or easier with minor involvement or assistance from the non-HMD player.
In discussing the papers in terms of goal/responsibility, we found that the category may need to be refined in two ways. First, for the majority of collaborative games, players commonly had the same goal, but different responsibilities. For games with lower degrees of investment on behalf of the non-HMD player, the goal was difficult to define: is their goal merely to support the HMD player (different goals and different responsibilities), or is their shared goal to win the game (same goal and different responsibilities)? The category may therefore need to be split into two separate ones (goal vs. responsibility). Second, the category is difficult to apply to competitive games, as here players may be considered to have the same goal (i.e., winning) but in opposition to each other.
4.2.2 Dynamics of Asymmetry in Game Design
We report the dynamics designed or speculated to arise from asymmetry for directional dependence categories (mirrored, unidirectional, and bidirectional dependence), and synchronicity and timing between player actions (Harris et al., 2016). For mirrored dependence, the nature of each player’s reliance on the other(s) is the same (Harris et al., 2016). While the nature of reliance was sometimes difficult to discern, we observed this kind of dependence in only three papers (#1, #15, #21). For example, both non-HMDand HMD player need to work together by performing slicing actions to cut fruits to win (Gugenheimer et al., 2017b)’s collaborative game variant (#21). For #1, only the first-person view point variant of the game provides mirrored dependence. #15 constitutes a stronger mirrored interdependence: here instructions for each player are conveyed to the co-player; they rely on each other to pass on the information. For unidirectional dependence, we identified four papers (#5, #14, #19, #24). In general, these contained games that could be completed without the help of other players. #19 featured a maze game: the HMD player completed it faster with the non-HMD player’s guidance, however, the outcome of the game was achievable without this help.
The majority of identified papers (n = 15) featured bi-directional dependence; players relied on (the) other player(s) but in different ways. The degree of this type of dependence between players varied, placing one player in a more active role or less reliant role. However, we note that in many cases it was not clear what the non-HMD player’s goal was, making it difficult to determine the nature of reliance between the players: for example, in a maze game navigated by the HMD player, but guided by the non-HMD player, does the non-HMD player rely on the HMD player to physically navigate the virtual world in their stead? This was mainly due to the role definition of the non-HMD player; we often had difficulty determining whether this player was a facilitator or an essential element of the game.
Four papers (#3, #4, #9, #25) featured competitive games, which proved difficult to code as a category of directional dependence, as here players generally do not rely on each other as in the collaborative games—except in the sense that a positive gameplay experience requires a certain degree of motivation and effort from the other players.
Synchronicity and timing was also difficult to apply, as we were discussing and coding entire games, as opposed to specific game mechanics or segments. We observed multiple categories of synchronicity and timing for different player actions in the games. Further, these player actions were often not clearly described in terms of temporal occurrence or dependence, exacerbating the coding process. For instance, in one game (#6), one player had the role of navigator while the other held the role of the explorer (Serubugo et al., 2018b). Yet the game’s description did not clarify whether players performed their own respective actions regardless of the others’ (asynchronous timing) or whether the explorer requires information from the navigator to start to perform their action (sequential timing).
4.2.3 Emergent/Expected Aesthetics of Asymmetry in Game Design
Here we coded empirically reported PX (or speculations thereon), based on the aesthetics components proposed by Harris et al. (2016) (based on analytical work employing, but not identical to MDA aesthetics). Leadership and primacy, interdependence and necessity, and coordination were addressed most commonly by the papers. For leadership and primacy, this was often only a very implicit coding of the theme (e.g., based on a player role being described as “assistant” to another), but nevertheless some papers point toward how this kind of asymmetry was induced, e.g., through informational asymmetry (#2). A few papers explicitly highlighted trust as an important factor in asymmetric VR gameplay (#12, #21). Gugenheimer et al.’s works (#9, #18) especially touch on power and skill imbalances, as does Kerure and Freeman (2018) (#3) and Zhou et al. (2019) (#10). Gugenheimer et al. report that the difference in “power level” (e.g., through asymmetry in information, ability, and interface) drives enjoyment and need not necessarily be equally balanced, as players restrained themselves (although they also knew they would switch roles). Generally their players were aware of the non-HMD player’s “more dominant role,” which therefore required trust and a more “more responsible” playing style, given the potential for abuse of this power. Conversely, when an early iteration of #3’s game found an imbalance in favor of the non-HMD player due to an easier game mechanic (voice commands as input); they adjusted this to increase difficulty (voice commands based on pitch as input) and reduce this asymmetry. Zhou et al. (2019) also highlight a balance in responsibilities as a positive factor increasing enjoyment, with an appealing “give and take’ interaction style.”
The categories interdependence and necessity and coordination were closely related: many games fostered interdependence through game mechanics that required communication and coordination (e.g., one player waits for instructions from another to continue). #22 emphasized that mutual dependencies “force players either to collaborate or compete” and result in complex and unique PX. They also speculate player choice over their role increases involvement. Coordination was often only verbal in the reviewed games, or not explicitly described. #15 is a notable example for interdependence explicitly enforced through a communication constraint: at some point during the game, audio chat functionality is removed, and players have to develop their own communication system through gestures to succeed (Smilovitch and Lachman, 2019). #10is another interesting example: here, interdependence had a strong physical nature; “physical social contact” became a key coordination strategy to win the game (Zhou et al., 2019).
The other aspects in the framework were rarely addressed. #18 and #20 mention effects of player skill as contributing to blame attribution and frustration, respectively. The latter also mention this as a potential adaptation or customization factor in #20. Familiarity with the interface was barely discussed, even though most studies stem from a time when many participants likely were experiencing VR via HMDs for the first time. Similarly, although the most common motivation for asymmetric VR was including non-HMD players in the HMD player’s social experience, only few papers discussed familiarity with the partner as a factor in PX. #16 enforced gameplay between strangers by placing one of the examiners as the co-player, but did not report how this affected PX (Liszio et al., 2017). #24’s participants expressed greater acceptance to play with friends or family as opposed to the public. #18 report that couples displayed higher degrees of intimacy in interaction; it also affected players’ acceptance of physical contact (Gugenheimer et al., 2018b). Zhou et al. (2019) discuss this aspect in the most detail, describing the social connection between players as a strong factor in high social and affective experience ratings. It was reported to enhance relationships and support communication and synchronization.
4.3 MDA Aesthetics in Gameplay
We applied the MDA framework of aesthetics (Hunicke et al., 2004) to obtain more comprehensive information about PX in asymmetric VR, therefore coding study results for PX. Sensation and fellowship were addressed by the majority of papers, but PX relating to narrative, discovery, expression, and submission was not reported by any papers.
The sensation aspect of aesthetics was strongly present in the data, consisting of various PX factors (e.g., enjoyment, positive/negative affect, and engagement). Surprisingly, several papers did not collect any measure of fun or enjoyment (#12, #14, #17, #2, #21), but most papers did report some measure of multiplayer engagement for their participants. Several papers discuss which elements of the game provided or induced these positive experiences. A few of them linked players’ sense of game enjoyment to player abilities featured by game roles (#1, #4). For example, comparable levels of presence and social interaction were attributed to different view capabilities (#1, #4). The specifics of game design likely strongly influence PX results; for example, Gugenheimer et al. (2017a) reported higher valence scores for their ShareVR (#9) system, which fosters explicitly shared physical space with a projection space and controller-mounted props compared to a gamepad-and-TV condition. Similarly, Zhou et al. (2019) (#10) attributed the high enjoyment for their HMD player and non-HMD player to the richness of the highly embodied, physical interaction. Interestingly, they point out some enjoyment was derived from the peripheral interaction with spectators, who also reported high enjoyment and engagement (“It was really funny […] I was screaming for you to get the one on the right”; Zhou et al. (2019)). Further, Liszio et al. (2017) indicated PX improved due to playing with a human co-player instead of an agent/bot co-player (#16).
Unsurprisingly, fellowship was a commonly coded aesthetic of asymmetric game play; here we coded aspects relating to social interaction, relatedness, or perceived loneliness. In terms of questionnaires, interviews, and behavioral observations, the papers here indicate that asymmetry successfully involved non-HMD players and created interesting and positive social experiences between the players (e.g., “by providing various roles to the non-HMD users and accordingly expanding their interactions, the social relationship with the HMD users increased”; Jeong et al., 2020). Cheng et al. (2014) suggest that existing social bonds could be leveraged to improve player satisfaction: playing with family and friends as opposed to strangers (#24). Yet many of the reviewed papers do not discuss whether or how well participants knew each other.
In #9, this positive social experience was shown to rate “significantly more socially engaging” (Gugenheimer et al., 2017a) compared to a less physically enmeshed asymmetric setup. A few papers report that the social interaction reported between players was enabled through physical social proximity (#10, #9, #13, #18, #21). In particular, Zhou et al. (2019) highlight social touch, increasing interpersonal relationships, and enabled social affordances between the HMD player, the non-HMD player, and spectators as key contributions to PX (#10). Similarly, Gugenheimer et al. (2018b) report emergent positive social interaction between both players via enabling close proximity (#18) and players’ self-regulation of imbalances in perceived “power level.” Their collaborative game led to higher empathy and less negative feelings compared to their competitive one; perhaps due to a reliance on the higher-power player (non-HMD player) to self-regulate and avoid abusing their power, which could negatively affect PX. The paper comparing an asymmetric VR game with a human co-player to a version with a virtual agent and a single-player variant (#16) is particularly interesting for the fellowship lens. Here, players with an interactive human co-player reported significantly less loneliness than players whose human co-player did not interact with them, or than single-players.
As fantasy, we coded aspects like enjoyment of role-playing and immersion. Surprisingly, this was only reported once; Liszio et al. (2017) (#16) reported higher immersion for a single player game compared to game play with an agent and interactive co-player. Challenge (as aesthetics/during gameplay, as opposed to the games’ mechanics/dynamics) was addressed by four papers (#1, #16, #20, #25). For instance, two papers described both the HMD player and non-HMD player reporting similar degrees of challenge as a design goal; implicitly (#1) or explicitly (#20).
4.4 Social Asymmetry
The category of shared spaces emerged as a useful distinction. The large majority of games were designed as co-located, meaning players are located in the same room (A few do not address this directly, but can be inferred to be co-located from context or images.). Only very few address a remote game design (i.e., asymmetry of space): #5 has two co-located players, but the tablet player is remote. The games in #23 are not explicitly remote, but also not quite co-located; players are within hearing distance but “separated by distance and projection curtains” (Schmitz et al., 2015). While #8’s evaluation is co-located, it is described as capable of remote play—likely, most of the games are capable of or easily adaptable to remote play.
A further interesting distinction within co-located games emerged: some games encourage or enforce closely co-located games, inviting direct physical contact between players (#18, #21, some game variants in #9), #24, and #10). Herein, players were in close proximity to each; they touched the other player’s HMD, “hit” them with an inflatable prop, physically carried or held another player’s body, or danced together. This gameplay almost makes conventional co-located settings appear to demonstrate asymmetry of space, and resulted in engaging and dynamic social experiences. We term this co-located and explicitly shared physical space.
Differences in age or abilities (cognitive/physical) were not explored by any of the papers in this review. Nevertheless, we note that this is a gap within the field worth exploring, as we address in more detail in the discussion.
4.5 Shared Control
This part of the framework was based on Sykownik et al. (2017)’s patterns of shared control: distinct loci of manipulation vs. mutual locus of manipulation. Discerning the VR games’s locus of manipulation was often difficult when no game entity is controlled, complicating coding in more specific sub-categories.
Distinct loci of manipulation—both players control different entities in the game—was the most commonly observed category of shared control between players. The games generally featured a specific game element or entity that the players were responsible to control; for example, in #9’s Be My Light, the HMD player controls a sword to damage monsters, while the non-HMD player controls a light to locate them. We note that Sykownik et al. (2017) also mention a sub-type of distinct shared control wherein the loci of manipulation “establish a coherent entity” (e.g., one player controls a game entity’s legs for locomotion, while the other controls the same entity’s hands during object manipulation). This did not occur in the reviewed games.
Instead, we noted other patterns of distinct shared control not described by Sykownik et al. (2017): we noted several cases in which one player controls a game entity while the other player controls the game environment. We consider this a subtype of distinct loci of manipulation, but one that may hold greater asymmetry than when players control distinct game entities. For example, in Smilovitch and Lachman (2019)’s BirdQuestVR, the HMD player physically interacts as an entity in the spaceship environment, while one of the non-HMD players only controls parts of the ship’s systems through an interface on their tablet device, thereby affecting the overall game environment without controlling an in-game entity. Interestingly, there was only a single paper that did not feature in-game entity control for any players (#25).
In a new pattern of shared control that emerged in our review, only one of the players has a distinct loci of manipulation. While the other player may have additional information that the first does not, they do not directly control any game entity: they have no loci of manipulation. Instead, they generally provide only verbal guidance to the player capable of affecting the game world. In most papers that displayed this pattern of indirect control/none, the non-HMD player engaged in verbal communication to guide the HMD player (e.g., #6, #7, #19). Twice this was reversed: Schmitz et al. (2015)’s (#23) Coral Rift featured a non-HMD player within a CAVE system and an HMD player (VR). The HMD player observes the sea and warns the non-HMD players about obstacles, but only the non-HMD player actively balanced and navigated the ship. Similarly, Sajjadi et al. (2014)’s HMD player provided guidance to the non-HMD player who manipulated the actual game pieces. Alternatively, sometimes the non-HMD player’s control within the virtual world was indirect instead of none: for Sra et al. (2017), the non-HMD player could trigger a galvanic vestibular response to impact the HMD player’s navigation.
Mutual locus of manipulation (through control alternation or an input processing function) did not occur in the reviewed games. We note that it could be argued that a game like’s FaceDisplay might represent this pattern. In this game’s cooperative variant, both players use HMD-attached touch screens (front vs. side) to “slice” fruit projectiles. If one considers the locus of manipulation to be the virtual screen on which players slice to interact with the world, then this could be considered a mutual locus of manipulation pattern. However we argue that the players have separate loci of control wherever they slice on the virtual screen, thus creating distinct loci (even though they can at times overlap).
5 DISCUSSION
We separate our discussion of the synthesis into implications of the systematic review for the field of asymmetric multiplayer VR games, and reflections on the framework and how it can benefit the VR research community. Takeaways from both aspects of the discussion are summarized in our overview in Table 3.
5.1 Implications and Opportunities for Asymmetric VR Games
The review showcases a vibrant emerging research field, yet also traces several gaps in the literature that represent opportunities for future research.
5.1.1 Commonalities
The classification based on Harris et al. (2016)’s mechanics and dynamics dimensions indicates that most of the existing asymmetric VR games consist of two players, one of which is the HMD player, and provide information to an non-HMD player through a secondary screen of some sort. In addition to asymmetry of interface, asymmetries of ability/challenge, information, and responsibility are most common. Player roles are frequently designed to contain bidirectional interdependence and generally expected to affect leadership, interdependence and coordination between players (see Table 4).
5.1.2 Research Gaps
Alternative interfaces [e.g., physiological input (Karaosmanoglu et al., 2021)] are rare, as are games that accommodate more than two players (although the few artifacts in this space are promising). Gaps in the literature are visible in terms of effects of player skill, familiarity with the interface, and familiarity with the co-player (s) (see Table 4). A lot of valuable research in games and HCI could inform these factors in design considerations, expectations for PX, and study design implications, for example, attribution theory (“how people assign causes to effects”; Depping and Mandryk, 2017), novelty effects (Wells et al., 2010), and pre-existing relationships in social gameplay (Eklund, 2015; Perry et al., 2018). Differences in age and abilities also represent a large gap in the literature, even though asymmetries of age are of course already being explored in non-VR games: there is a long history of inter-generational gameplay (Othlinghaus et al., 2011; Voida and Greenberg, 2012; Osmanovic and Pecchioni, 2016). Increasingly, asymmetries in terms of cognitive or physical ability are also being explored in games research (Cairns et al., 2019). For example, Gerling et al. (2014) investigated the use of game balancing approaches to accommodate players with different physical abilities (e.g., players with or without a wheelchair), to avoid reducing self-esteem and relatedness. A more recent example by Graf et al. (2019) featured a projection-based AR exergame, which enabled children with and without a wheelchair to play together. We emphasize that the context of VR may hold additional challenges for asymmetries in player age or ability (e.g., to design suitable inter-dependencies between players with dementia and their relatives), or make certain constellations entirely inappropriate (e.g., the HMD may constitute a safety hazard for people with high injury risk). However, perhaps the immersive and socially engaging qualities of asymmetric VR can be transferred to games with such asymmetries while still addressing these challenges.
We also point out that the focus on immersive and social qualities of asymmetric VR that is prevalent in the corpus (and thus also this review) may in itself represent a research gap. Player behavior and performance were rarely explored in detail in the papers we surveyed. Performance is likely disregarded in favor of focusing on aspects more closely aligned with common goals of asymmetric mechanics: increased communication/coordination and social connection. However, at the line of distinction between competitive and collaborative games, performance may become a more relevant factor. Player behavior was largely discussed within the context of socially motivated behavior in our corpus, yet other aspects of player behavior may also be interesting (and also showcase differences between competitive and collaborative game designs). For example, the use of F formations (Ciolek, 1983; Kendon, 2010) may serve to inform explorations of player behavior in terms of orientation [see Marquardt et al. (2012) for an exploration of how proxemics apply to people and devices in cross-device contexts].
Furthermore, we note that physicality and explicitly shared physical spaces are a particularly interesting dynamic in asymmetric VR games. This was particularly noticeable in FaceDisplay (#21; Gugenheimer et al., 2017b) and AstaireVR (#10; Zhou et al., 2019). We assume that this is a valuable factor for future research; not only do players have a need for social interaction and relatedness (Ryan et al., 2006), there is also strong evidence for an appreciation of or need for embodied interaction and tangible as well as kinaesthetic experiences (Hall, 1966; Dourish, 2004; Hornecker, 2005; Kim and Schneider, 2020). Prior work has discussed phenomena such as gestural excess (Simon, 2009; Harper and Mentis, 2013) and embarrassing or uncomfortable interactions (Benford et al., 2012; Deterding et al., 2015) as a valuable tool and affordance within (body-focused) game design. This is likely also part of the appeal of asymmetric VR games, yet VR users are also inherently (technologically and immersively) isolated from the real world to a degree (Boland and McGill, 2015; Mütterlein and Hess, 2017). Benford et al. (2012) in particular described isolation and giving up control to other people as examples for uncomfortable interactions in HCI—without negative connotation, necessarily. We argue that their research is (implicitly) built upon in asymmetric VR games research. While discomfort is often a negative aspect of user experience, it can be less so in gameful contexts (Bopp et al., 2016). Yet we also point out that Benford et al. (2012) have discussed this kind of design in terms of ethical considerations, suggesting that issues of justification, informed consent, risk management, as well as rights to withdrawal, privacy, and anonymity require special focus in this context. Given the rather tangential and cursory engagement with prior theoretical work displayed by many of the reviewed papers (which we address in more detail below), we find it particularly important to highlight this connection.
5.1.3 Methodology
Conducting this review revealed that a lot of the games and systems were only roughly described (e.g., missing information, information scattered throughout the sections). We suggest that our post-hoc framework, and in particular the dimensions based on Harris et al. (2016)’s mechanics and dynamics, can scaffold game design reporting in a way that would make it easier to understand the design and resulting PX. For example, explicitly addressing players’ different goals would make classification and comparison of games a lot easier. It would also increase our understanding of the results in terms of potential effects of the framing with which each role was presented (Further, it may also be worth assessing how players actually understand their role, as this could differ.). This could also prove useful partially for the reporting of non-game mixed-reality applications.
With regards to measurement, our review shows that there were surprisingly few quantitative psychometrics for enjoyment: this consisted largely of the GEQ (or a submodule thereof) and SAM, as well as some interview questions. The GEQ’s factor structure has been called into question in recent years (Johnson et al., 2018; Law et al., 2018), making this a potentially problematic choice depending on the submodule used (we suggest using alternative questionnaires such as the Player Experience Inventory by Abeele et al., 2020 or The Player Experience of Need Satisfaction by Ryan et al., 2006). We further propose that a wider range of participants is worth exploring: in age and abilities but also in terms of pre-existing social relationships and gender (Burtscher and Spiel, 2020). Especially when considering interdependency relating to power imbalances, isolation, and embarrassing interactions, a broader range of demographics would be highly beneficial. It is also surprising how few papers reported measures for players’ perception of their social relationship with each other.
Existing questionnaires may not be well suited to investigate many aspects of PX that are prevalent in asymmetric VR games (e.g., experienced leadership). In light of this, we find it surprising that only five papers in our review employed qualitative methods, which may be more flexible in this regard. When qualititative methods were applied, their reporting could also be improved (e.g., what specific kind of thematic analysis was used; Braun and Clarke, 2020) and would increase methodological rigor in this research field.
5.1.4 Connection to Theory
Our review indicates that a lot of research on asymmetric VR games does not deeply engage with existing theoretical work on asymmetry in games. For example, although several papers cite Harris et al. (2016)’s work, very few actively incorporate aspects thereof in their design. Reeves et al. (2005)’s taxonomy for the design of spectator experiences of public interfaces is similarly relevant but was addressed by only a single paper. The taxonomy classifies whether users’ manipulations and/or the effects of their manipulation are visible to or hidden from spectators (ranging from “secretive” to “expressive”; Reeves et al., 2005). Other recent work on users’ experience of performing interaction in front of other people (Martínez-Ruiz et al., 2019) and a general spectrum of the degree of interactivity provided to an audience (Striner et al., 2019) may be useful for future research in this area as well. This tenuous theoretical foundation is likely a side effect of the laudably innovative nature of the designed VR artifacts and the youth of the field. Yet a closer connection to the theory in terms of asymmetric game design and social factors in digital games—especially at this early stage—would allow this field to grow more systematically and gain better coverage across relevant dimensions in game design and aesthetic PX.
5.2 Reflections on the Framework
Overall, the “best fit” a priori framework was an extensively useful guiding lens for our synthesis of asymmetric VR games, giving us both a high-level overview of the field’s thematic focus points, and dimensions along which to more deeply consider results and implementations explored so far. However it also showcased ways in which the a priori framework can be improved: we detail these aspects here, and provide the suggested posthoc framework in Figure 3.
[image: Figure 3]FIGURE 3 | Suggested post-hoc “best fit” framework, with dashed lines and more transparent color for categories that are under-represented in existing asymmetric multiplayer VR games research so far.
Dimensions of Harris et al. (2016)’s conceptual framework for the design of asymmetric games were largely applicable to the reviewed asymmetric VR games, allowing systematic descriptions and categorisations of the different kinds of asymmetry in the reviewed games. However, as we pointed out in the results, some categories proved difficult to apply. In mechanics of asymmetry, we found it difficult to distinguish between ability and challenge; generally challenge was not explicitly addressed at all, and in our discussions we saw this as so closely tied to differences in ability that a distinction may not be necessary. However we note that asymmetry of interface can sometimes result in asymmetry of challenge—even in cases when abilities remain the same (e.g., targeting abilities may be easier when controlled by head tracking than via mouse, even though the ability). In those cases, asymmetry of ability and challenge might have to be separate again.
The category of goal/responsibility yielded many interesting observations. First, it was often difficult to determine players’ goals. This difficulty partially resulted from game descriptions—which were often unclear or across several sections—but was especially prominent for competitive games. In competitive games, it is more difficult to determine individual players’ goals, because these can be subject to interpretation. In a collaborative game, players seek to achieve a shared goal. In competitive games, opponents’ goals can be framed as the same or shared as well (e.g., “win X points”). But it could also be seen as either asymmetric, or symmetric but opposed (player A: “win X points more than B”; player B: “win X points more than A”). Second, as described in more detail above, we found that in many cases players had the same goal, but different responsibilities. We thus suggest that this category of goal/responsibility may need to be split up in two. Further, its use should be carefully considered for competitive asymmetric games, because it may not be directly applicable. An additional way in which competitive games were different relates to dependence: in competing against one another, opponents generally do not depend on one another. Nevertheless, there may be cases of players embracing a voluntary or emergent dependence that could be considered a kind of mirrored dependence: For example, in a competitive racing game, players might rely on other players’ unspoken adherence to not purposefully causing collisions [what Salen and Zimmerman (2004) refer to as the implicit rules of the game that will cause a game to function beyond its operational and constituative rules]. However such voluntary dependence is easily circumvented by accident (e.g., due to lack of skill) or wilful noncompliance (e.g., purposeful crashing).
For dynamics, directional dependence was suitable for defining interdependencies between players, but clarifications of the dependence degree can avoid confusion between unidirectional and bidirectional dependence. While some papers displayed a mirrored dependence (#1, #15, #21), it was hard to say that “the nature of each player’s reliance on each other is identical” (Harris et al., 2016) because of their interface asymmetry. Further, synchronicity and timing was challenging to apply to games as a whole; even determining which types of synchronicity occur over the course of the game was often arduous because of unclear descriptions in the reviewed game designs. Overall, we thus suggest to merge ability and challenge, to split goal and responsibility, and to eliminate the synchronicity category in future iterations of this framework, as displayed in Figure 3.
Regarding dependence, we note that this classification is the subject to the researchers’ understanding of dependence. This was also shaped by many sessions of discussions, and re-coding upon assessing new items in the corpus. This understanding might have to be adjusted further in the future. A more formalized definition of dependence (and subtypes thereof) would be useful for future work. In empirical work, assessment tools like the perceived behavioral and affective interdependence subscales in Networked Minds Social Scale (Harms and Biocca, 2004) might be of use. We further also refer to prior work that has categorized degrees of interdependence in collaborative settings [e.g., tightly vs. loosely coupled, as also touched upon by Harris and Hancock (2019)]. For example, Sigitov et al. (2019) have observed different user roles for tightly coupled collaborative work when interacting with a shared large display using mobile phones for interaction purposes. Similarly, different types of interdependence have been addressed for shared PC monitor (Tse et al., 2004), and co-located digital tabletops (Scott et al., 2003; Morris et al., 2004). How well such degrees of interdependence (designed or observed) can be applied to asymmetric VR settings remains to be explored in the future, but we note the long history of research on trade-offs between mechanics for individual system use vs. for collaborative system use (Gutwin and Greenberg, 1998).
The MDA aesthetics part of the framework worked well for sensation, fantasy, and fellowship; however, the other aspects like narrative, challenge, or discovery were not addressed by the papers. As we do believe these have potential application in asymmetric VR, we suggest to keep this in the framework for future use. However, we also suggest that more nuanced alternatives to address different or more specific kinds of engagement, immersion, or social experience may be a useful addition or replacement in the future.
For social asymmetry, shared spaces were the most addressed category. Based on our review, we suggest that this category would be particularly useful if further distinguished as co-located, remote, and co-located and explicitly shared physical space. These different shared space setups fostered different kinds of highly engaging asymmetries of social and physical interaction, pointing toward new potential categories for a future iteration of the framework. Further, while age or abilities were not explored as asymmetry by any of the reviewed games, we acknowledge that these may exist as papers that do not use the keywords we employed in our review (see limitations, below). As discussed, asymmetries in these categories could constitute a valuable design space to engage underexplored (combinations of) demographics, such as young children and their parents, or caregivers/physical therapists and older adults with cognitive impairments, or users with varying visual abilities (Gonçalves et al., 2021).
Kaye (2016)’s theoretical factors for social group play were surprisingly under-represented in our review, barring communication—which itself was reported, but often not clearly. We do believe that—with clearer descriptions of expected and observed player communication, this could be a useful part of the framework for future reviews, as well as research and design work. However to fully embrace the social factors involved in asymmetric and interdependent VR games, this part of the framework may need expanding or partially replacing by more detailed theories of social communication in games. We note that while there is research on how players communicate in games (Klimmt and Hartmann, 2008; Walther et al., 2015; Leavitt et al., 2016), much less is known about communication between players in VR games (Rubio-Tamayo et al., 2017). Yet asymmetry and resulting interdependency are likely to heighten experiences of group or team flow (Borderie and Michinov, 2017) in VR, as well.
The shared control patterns were sometimes challenging to apply in our identified papers. We found it difficult to determine what constituted a loci of manipulation, especially when there was no distinct game entity through which the player acted (e.g., one player controls the game environment, or when there is no visible game entity representation). One pattern that emerged saw some players without control over the game world: neither distinct loci, nor mutual loci, but a player with no orindirect loci of control (e.g., only providing verbal support, or impacting the HMD player’s virtual-world navigation through real-world actuation). Comparing this kind of non-HMD player experience to a more active one may be an interesting starting point for future work. The other pattern that emerged, giving (usually) the non-HMD player control over the game environment, is one way to create a more active role. We thus suggest a distinction between players having direct control over distinct loci of control (either entities or the environment), sharing locus of control, or having only indirect or no control (Figure 3).
In current asymmetric games, distinct loci of manipulation are more prevalent, yet mutual locus of manipulation could reveal interesting social dynamics through highly interdependent games.
Based on our findings resulting from the application of the a priori framework, we believe that it is largely well suited for this field, albeit with the adjustments described in this section. We therefore suggest a post-hoc “best fit” framework in Figure 3 that incorporates these changes. We believe that future systematic reviews will be able to re-use and build upon this framework as the field of research and designed artifacts grows. Further, we highlight those categories that are strong potential factors for PX in asymmetric VR games yet are thus far underexplored (indicated via dashed lines and greater transparency in Figure 3).
In Tables 4,5, we illustrate which papers in our corpus apply the framework’s specific categories—based on the post-hoc framework—to also highlight existing gaps in the research. The research gaps evident in Tables 4,5 complement the takeaways of this work described in Table 3. We note that our framework claims no completeness with regards to research gaps: Other aspects beyond those uncovered by our framework and review may need to be added in the future. For example, the papers in our corpus rarely explored performance as a metric. We assume that this is because performance is rarely the goal for including asymmetries in game design, although that does not mean it could not be used for it.
Regardless of the focus of future work designed for this field, the post-hoc framework provides a lens through which to more clearly describe and design future asymmetric VR games, more clearly delineate desired, expected, and observed results for PX, and offers dimensions for comparison. We further refer readers to related work by Márquez Segura et al. (2021) for their suggested lenses of designed, expected, and observed to describe and analyze player behavior; this could be an interesting addition to our framework in terms of analytical application and methodology.
Finally, we note that adjacent research areas of co-located collaborative systems may hold interesting relevant findings for (collaborative) asymmetric VR games, and thus for future extensions to the framework. We here refer the reader to Brudy et al. (2019)’s taxonomy of cross-device designs and Olin et al. (2020)’s design considerations for cross-device collaboration that include VR. Pinelle et al. (2003)’s mechanics of collaboration framework may be another option for extending our framework. Further, Ouverson and Gilbert (2021) very recently published similar research to our own, positing a framework for asymmetric VR—which they define more narrowly as only asymmetry of interface, opposed to the broader asymmetric VR design space covered in our framework. We believe that our framework can stand concurrently to their five dimensions of asymmetry in VR (spatial co-presence, transportation, informational richness, team interdependence, and balance of power) in future practice. Moreover, given that our chosen methodology has a strong theoretical grounding in multiple theories, our own posthoc framework and our findings with regards to existing research gaps (illustrated in Tables 3–5, as well as Figure 3) may be able to augment their framework. While our work is derived from the context of games, some aspects may also transfer well to the non-game space, and thus enrich the application of both frameworks in parallel. Future work will have to explore this in more detail.
5.2.1 Limitations
As all methodologies, the “best fit” strategy in framework synthesis has limitations. A framework carefully created through comprehensive inductive methods would be preferable to a patchwork-style framework. However, there is no definitive theoretical framework for asymmetric multiplayer VR yet. Perhaps this work can provide a stepping stone toward this. The youth of the field is precisely why this systematic review—using “best fit” framework synthesis—is important at this time.
Further limitations must be acknowledged in terms of review execution. Relevant work that uses different vocabulary could have been missed. As the field (hopefully) moves toward more consistent terminology, this factor should be reduced in future reviews. Yet our added snowball approach mitigates this limitation. Further, although two authors conducted the synthesis together in close communication and over many extensive discussions, bias is still likely. Following recommendations for qualitative methods, we provide a statement on reflexivity (Newton et al., 2012; Berger, 2015): the authors conducting the synthesis have a Computer Science and Cognitive Systems background, respectively, and both have previously conducted VR and VR games research.
We also note that our search query no longer results in the same number of documents as it did at the time of initial data collection. The ACM digital library presents irregularities in terms of its database query results (with lower numbers for our query over time). While we are in correspondence with ACM and the company that built their search engine, at this stage it is unclear why this is the case. However, the initial search resulting in the corpus of this review yielded the highest number of results in our (re-)sampling over the past year. This suggests that our analysis simply screened a larger pool of publications. Yet we point out that even if a few papers were missed due to using different terms, this would not limit the validity of the framework and the review’s synthesis.
Our review is based on 25 papers, relating 30 VR artifacts (plus design variants) and 17 studies of sort (plus reports of informal playtesting). This of course only provides a glimpse into the potential overall design space, so while we did speculate to a degree based on non-VR research (e.g., suggesting the design of asymmetry in age or abilities), we cannot claim completeness, only a first step toward it. In future work, we will explore commercial asymmetric VR games as well. Additionally, limitations of our thematic findings are bound to the limitations of the reviewed papers—for example, as also found in general VR research (Peck et al., 2020; MacArthur et al., 2021), this subfield also has predominantly investigated PX for male participants, which may have introduced bias into results.
6 CONCLUSION
This paper presents the first literature review on how asymmetric game design is thus far being leveraged in multiplayer VR. Based on “best fit” framework synthesis, we draw on existing theoretical games research (within and outside of VR research) to gain insight into the state of the field, identify opportunities for more complete coverage of the design space, and point out where the field can improve in methodological rigor. Our final suggestions for a post-hoc framework can also be used by future papers to describe asymmetric VR games, as well extended in future systematic reviews as the field grows. The results showcase a novel field with great promise in including non-HMD players, facilitating multiplayer engagement, minimizing VR isolation, and providing room to research a complex range of social dynamics. We hope this review can both spark discussion and orient the field in the journey toward achieving these aims.
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FOOTNOTES
1We use the term artifact to refer to games, prototypes, or technical systems.
2For detailed information on Scopus’s indexed resources (e.g., Institute of Electrical and Electronics Engineers; IEEE), please refer to the website: https://www.scopus.com/sources and the Scopus Content Coverage Guide: https://www.elsevier.com/?a=69451.
3Based on title regardless of capitalization and year, as databases were not consistent in their use of DOI, ID, and URL fields.
4Document type Conference Review. Not based on DOI because databases are not consistent in their use of DOI, ID, and URL fields.
5Twelve papers were initially flagged as undecided based on only the Abstract and Title. For these papers, we accessed the papers’ full text to make an informed decision, yielding their exclusion.
6We have been in touch with the ACM digital library team about such irregularities but have so far not received a definitive answer.
7Streck et al. (2019b) was identified as the reprinted version of a paper already in our list Streck et al. (2019a) and Woodworth et al. (2017) was identified as not game related. We further note that #24 was almost excluded because although it describes a game, it does not seem to consider any other involved people except the HMD playeras “players.” Nevertheless, the non-HMD “actuators” are incentivized to help the HMD player, they have a goal, a physical challenge, and they reportedly enjoyed it; we thus kept this paper included as a gameful multiplayer experience.
8Items six and seven in Kmet et al. (2004)’s quantitative checklist.
91) “How relevant is the particular focus of the study (including conceptual focus, context, sample and measures) [, paper, or system description] for addressing the question or sub-questions of this review?” 2) “To what extent can the study findings [or paper contributions] be trusted in answering the study question(s) [or paper objective(s)]?”
10The final framework coding is presented in Supplementary Materials.
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Takeaways & Research Gaps

Meta Takeaways

Mechanics:
Asymmetry of interface, ability/challenge, information, and responsibility
most common. More than two players and alternative interfaces

Interdependence/dynamics:
Bidirectional interdependence most common.

(Designed) Aesthetics:
Effects of player skill, familiarity with interface and partner underexplored.
Leadership & primacy, interdependence & necessity, and coordination
‘most commonly addressed aspects of designed PX. Communication largely
verbal - other alternatives (gestures, physical social contact) rare but
promising. Trust and power level / dominance as important factors; mixed
views on targeting asymmetry vs. balance.

Reporting of asymmetric game design often unclear

Ability & challenge are so interconnected that they can be merged. Goal
& responsibility should be addressed separately: same goal but different
nsibilities is common

Synchronicity & timing don’t make sense for games as a whole (although
they may well be applicable for examining separate game actions or
segments)

Some categories may only apply to collaborative games (e.g., goal,
interdependence)

Takeaways & Research Gaps

Meta Takeaways

Key drivers of enjoyment: explicitly shared physical space, embodied
physical interaction, and human co-player (see social asymmetry).

Immersion and role-playing (fantasy category) barely assessed at all.
PX  aesthetics  surprisingly often not  reported,
engagement/enjoyment/fun.

even

Mostly just sensation and fellowship categories applied. Should
replace/extend with more nuanced alternatives for sensation (PX) and
fellowship (social PX), respectively.

Takeaways & Research Gaps

Meta Takeaways

Shared Spaces:
Most games co-located, with explicitly closely-shared physical space
as a rarer subtype and promising research direction. Remote scenarios
underexplored; shared space scenario often not clearly reported.

Asymmetry of Age & Abilities:
No papers addressed addressed asymmetries in age or abilities but could be
interesting for accessibility purposes.

Kaye’s flow experience model in cooperative gaming:
Communication, teamwork, and knowledge of others all rarely addressed.

More rigour needed in describing participant samples: gender and age often
only roughly described. (Especially considering potential correlations of
sex on simulator sickness in VR.)

Shared spaces as emerging distinction.

Despite rare occurrence in the corpus, these aspects could significantly
enhance social experiences of players. Alternative models of players’ social
experience could be explored in future iterations of the framework.

Takeaways & Research Gaps

Meta Takeaways

Most commonly (essentially always) distinct loci of manipulation. Entity
vs. environment as common subtype of this asymmetry; no loci as another.

Difficult to code when one player lacking a distinct in-game entity/avatar.
Subcategories for distinct loci emerged: all players control game world
elements directly vs. some have only indirect control (e.g., no loci, verbal
assistance only); all players control entities vs. some players control the
environment.
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