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Virtual reality (VR) offers potential as a collaborative tool for both technology design and human-robot interaction. We utilized a participatory, human-centered design (HCD) methodology to develop a collaborative, asymmetric VR game to explore teens’ perceptions of, and interactions with, social robots. Our paper illustrates three stages of our design process; ideation, prototyping, and usability testing with users. Through these stages we identified important design requirements for our mid-fidelity environment. We then describe findings from our pilot test of the mid-fidelity VR game with teens. Due to the unique asymmetric virtual reality design, we observed successful collaborations, and interesting collaboration styles across teens. This study highlights the potential for asymmetric VR as a collaborative design tool as well as an appropriate medium for successful teen-to-teen collaboration.
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1 INTRODUCTION
1.1 Potential of Virtual Reality in Teen-Robot Interaction
Previous research has shown the many benefits of engaging teens in design processes (Bowen et al., 2013; Sustar et al., 2013) even for games (Bonsignore et al., 2014; Hrpka, 2016). This exploratory design study highlights the potential of a novel technology, virtual reality (VR), as a tool for engaging teens in collaboratively designing and interacting with a preferred social robot.
VR is an emerging new technology platform that enables a strong sense of presence and immersion (Blascovich and Bailenson, 2005; Sanchez-Vives and Slater, 2005), yet is free from physical and financial limitations that often constrain robot design. Compared to a typical design process in robotics, VR can support a wide range of rapid prototyping with almost unlimited design possiblities (Safaric et al., 2003). A VR environment can provide an efficient and cost-effective solution in which users can freely visualize, build, and interact with a prototype of their preferred robot. Moreover, VR allows for a large depth of playful interaction possibilities, given the immersive, game-like environment which can promote social interaction and collaboration (Parsons, 2015). Thus, a VR environment provides great potential as a platform for supporting teens in robot design and exploration of teen-robot interactions.
1.2 Designing a VR Game Supporting Teen-Robot Interaction
Using a participatory, human-centered design (HCD) approach, we leveraged the potential of the VR platform to explore robot design and interaction with teens. The design goal of our study was to engage teens in the design process to create a VR game in which they build a social robot. Therefore, we collaborated with teens in their local area high school environments as co-designers to design and develop the game.
We conducted three design stages: 1) Ideation (sketching and brainstorming), 2) Prototyping and testing a robot card game to explore design requirements, and 3) Usability testing a low-fidelity VR game. All of the design stages informed iterations on the VR environment that were then integrated into an asynchronous, mid-fidelity VR game. We then conducted a pilot study of VR game play to explore engagement, robot design, and teen-teen interactions.
In the following sections, we describe the background for our interest in designing a VR game for teens, details of each design stage of our participatory HCD process, and a pilot usability testing of our asymmetrical VR game. We then discuss the findings from our pilot usability study and situate those findings within existing literature about teens.
2 RELATED WORK
2.1 Human-Centered Design for Teen-Robot Interaction
In designing a collaborative VR game for teens, what should be considered first is the socioemotional developmental stage during the adolescent period. Due to biological changes in adolescent brain structure, teens perceive stronger emotions and mood changes compared to adults (Blakemore, 2012; Little et al., 2016). Teens also develop a heightened interest in socialization. Typical teens tend to spend a large amount of time building peer relationships, and show increased sensitivity to social rejection and exclusion (Little et al., 2016). Such strong socioemotional needs of teens heavily shape their preferences, which is differentiated from those of adults (Bickmore and Picard, 2005). Utilizing HCD methodology allows for teen specific needs to inform the design process.
Although many teens are similar in their need for socialization, as individuals, they are strikingly different from one another. Bell (Little et al., 2016) identified this strong individual variance within a teen population as resulting from the diverse sociocultural environment in which adolescent development occurs. Large variance in teens’ perspectives needs to be considered during design with this population. However, the diverse range of perspectives can also provide useful insights that directly benefit technology design by ensuring acceptability and appropriateness.
Researchers have realized that the uniqueness of teens, both as a generation and as individuals, benefits the design process and supports the need for an HCD methodology for studying teen populations (Read et al., 2013; Fitton and Bell, 2014; Fitton et al., 2016; Little et al., 2016; Rose et al., 2018). For example, participatory design methods prove extremely valuable when working with unique and vulnerable populations such as teens (Kensing and Blomberg, 1998). Fitton et al. (2016) recommended the use of participatory approaches to engage teenagers in design. Teens have successfully proved themselves as participatory co-designers in the design of new technologies (Ashktorab and Vitak, 2016), and health programs and information services for teens (Bowen et al., 2013). A few recent studies also suggest teens have shown engagement and success in the design of social robot prototypes (Rose and Björling, 2017; Björling et al., 2018; Rose et al., 2018).
2.2 VR as a Design Platform
Virtual reality is an emerging new technology which holds great potential in the domain of robotics and design. Considering that robot design is complex and cost-intensive, VR provides a useful platform for accelerating the design process by removing many of the real-world constraints. A well-designed VR environment creates a sensation in which individuals perceive themselves as embodied in a virtual environment (Blascovich and Bailenson, 2005; Sanchez-Vives and Slater, 2005). Recent developments in VR technology allow for a high degree of immersion and realness by occupying multi-sensory perceptions with hardware components (headset, earphones, and hand-held controllers) and delivering a convincing visual world in which users feel engaged (Jerald, 2015; Sherman and Craig, 2018). Being present with a physically embodied robot has been shown powerful when compared to non-embodied conditions, such as robots on a computer screen (Bainbridge et al., 2011). Therefore, the combination of sensory stimuli and immersiveness provided by the VR environment, likely mimics some of the real-world effect of being present with a physically embodied robot.
Considering its advantages, the VR platform also can be leveraged as a design environment. VR has a large range of freedom in the way design and experiences can be constructed (Bailenson et al., 2008; Dede, 2009; Ahn et al., 2013). In the real world, an experience of each individual is tied to his or her own physical and social contexts. Both are pre-determined by the characteristics of the venue in which the users are located (e.g., a classroom). VR, however, can accommodate a greater level of flexibility in one’s experiences including multiple perspectives, reduced perceptual constraints (e.g., having a vivid sense of flying), and even customizable avatars for one’s own self (Bailey et al., 2016).
More recently, empirical studies have explored diverse applications for VR as a design tool. VR has been utilized for design in many industrial domains such as engineering, ergonomics, construction, consumer goods, etc. (Berg and Vance, 2017). Arrighi and Mougenot (2016) developed a digital tool that utilizes the immersive, physical interfaces of VR environment specifically for prototyping. The user can access and interact with the content displayed in the VR space to manipulate the hardware system, a modular tangible user interfaces (TUIs). Such a system helps users to actively engage with the design process through a high level of both immersion and control.
2.3 Collaboration Using VR
With its highly immersive, situated environment that creates embodied experiences, VR also has a strong potential to support collaboration. For smooth collaboration, non-verbal cues such as gesture, eye gaze, or posture become important because they convey a large amount of social information (Mehrabian, 1968). The VR environment is capable of incorporating such non-verbal human expressions and enables real-time social interactions (Sherman and Craig, 2018) that increase the quality of collaboration (Barsalou et al., 2003).
In immersive VR, users can smoothly interact within the environment by perceiving their own presence, virtual objects, and the presence of others (Jerald, 2015). Although current VR technology needs further improvement to completely reproduce every subtle detail of non-verbal interactions (e.g., delicate muscle movements in facial expressions), embodied experiences built on presence are effective enough to bring social realism to the virtual space in which users are located, which (Slater et al., 2006a; Slater et al., 2006b), which becomes ground for embodied social interactions among a group of people.
Several attempts have been made to design a collaborative VR environment. The form of collaboration in VR can be asymmetric (Clergeaud et al., 2017), meaning a collaboration between a person outside VR and another person inside VR. The collaboration can be symmetric (Greenwald et al., 2017; Lacoche et al., 2017), allowing multiple users to share the same VR environment.
In an asymmetric collaboration design, generally two people are paired; the outside person sitting at a desktop computer, observes or instructs the other person who is immersed inside VR. Clergeaud et al. (2017) suggested an advantage of asymmetric collaboration can be illustrated by an aerospace expert and a technician who are located remotely. While a technician ran a task assembling 3D mock-ups in VR, an expert outside VR could monitor the detail of the procedure which the technician might overlook. In that sense, asymmetric collaboration in VR can be particularly useful when embodied performances requires the observer’s real-time communication, feedback, or guidance. For example, the popular game, Keep Talking and Nobody Explodes in which one player is in which the VR player attempts to diffuse a bomb in while the non-VR player is communicates verbal instructions to communicate verbally (Games, 2015).
In symmetric collaboration design, two or more people perform tasks together, interacting within a shared VR environment. For example, Greenwald et al. (2017) designed a multi-user space for creating and designing virtual objects together for educational purpose. They found, however, some users performed the task collaboratively while others worked independently. The degree of social interaction varied across the pair of users, which implied that providing a multi-user context did not automatically initiate collaboration but depended on users’ intention and interest.
3 OUR MOTIVATION
Given our previous work with teens on co-designing social robot prototypes in real world spaces Rose and Björling (2017); Björling and Rose (2019), we leveraged the unique affordances of VR (unlimited space, ability to instantly size and customize robots) while gathering rich data from teens about social robot embodiments and behaviors. We were also interested to leverage this platform as a tool by which to elicit rich, experiential data from teens during collaboration. Throughout the design process, we paid close attention to the unique needs, opinions, and preferences of teens in order to ensure engagement and appropriateness in our VR game design.
For our exploration, we set the design goal of engaging teens in the design process of a collaborative VR game that invites them to build a social robot together. Our research goal was to pilot test this VR game to elicit and capture the details of both teen-teen and teen-robot interactions during the gameplay.
In a previously published late breaking report (Kim et al., 2019), we briefly described several user design sessions with teens that led to the development of our VR Robot Designer game. In this paper, we cover the design process in more detail and include new findings resulting from a pilot test of our mid-fidelity VR game. Finally, we discuss the interaction styles that resulted from the asymmetric VR game.
4 DESIGN AND DEVELOPMENT OF THE VR ROBOT DESIGNER GAME
4.1 Teen Participants
This work included US high school teens ages 14–18 recruited from three Pacific Northwest urban high schools. Prior to conducting the current study, we obtained university IRB approval as well as school district research review. Teens were recruited from local area high schools through word of mouth and social media. Upon introduction to the study, we made sure all participating teens read, understood, and maintained a copy of the consent/assent form. Teen participants completed a brief demographic intake including their age, grade and self-identified gender and preferred pronouns. The consent/assent form and researchers reiterated that participation was voluntary and teens could disengage at any time. All photos and videos were used only for research purposes. Demographic details of cohorts for each design phase are described in Table 1. The VR and computer science clubs were both convenience samples. We met with the VR club multiple times so the number of students differed during each session. More detailed demographics are available for the teens who participated in the pilot study in Section 5.1.1.
TABLE 1 | Demographics of teen participants for both the design phases and pilot testing.
[image: Table 1]To achieve the design goals, we engaged three school community groups of teens as co-designers through three human-centered design phases: 1) Ideation and Sketching, 2) Card Game Prototyping, and 3) Usability studies. Through these phases we developed design principles and requirements for the eventual Robot Designer VR Game. Each of these requirements is illustrated in Table 2.
TABLE 2 | Design principles and requirements resulting from the three design phases.
[image: Table 2]4.2 Analysis of Our Mixed-Methods Data
As part of a human-centered process, participants were engaged as co-designers and expert informants as evidenced by design artifacts, survey responses, gameplay video recordings, and exit interviews. All of these data were captured and analyzed using a customized, thematic analysis Guest et al. (2011) with an emphasis toward user experience. Qualitative data were collaboratively analyzed by the research team with an emphasis toward the development of game requirements during the design phase and user experience during the game testing phase. In both cases, salient qualitative data were extracted from the raw data and thematically organized based upon the research question for that stage of the design. Given the diversity and uniqueness of teens, the researchers paid close attention to both common and outlier data in order to best understand the breadth of experiences. Qualitative data were also used to help contextualize the experiences supporting the teens’ survey responses. During the building of design requirements, data were analyzed in an effort to ensure engagement with the virtual reality environment.
4.3 Design Phase 1: Ideation and Sketching
The first design stage was an exploration with teens about an appropriate environment for robot design. For the first stage, we worked with the VR club cohort at a local high school. We conducted a 45-minute participatory design session. In a large group setting, we asked teens to articulate what environments they felt were appropriate for the design of a robot with a peer. We provided teens design materials (e.g., colored papers, pens, sticky notes etc.) to freely visualize their ideas. We then discussed with the teens the idea of using VR as a format for social robot design to further elicit their ideas about the game. Teens expressed that VR might be a fun and appropriate platform by which to design a robot and understood the benefit of designing in a VR environment would remove many of our real-world constraints. This session led to four design requirements for our VR game discussed in detail below; 1) a choice of environment and robot parts, 2) a modular robot building system, 3) true collaboration (needing the other player to succeed), 4) a way to attribute roles or characteristics to the robot.
Choice of environment and robot parts: Teens provided detailed drawings and verbal articulations of a diverse range of design environments including common spaces such as a school library and more elaborate spaces such as as starry meadow, castle grounds or a “cozy workshop.” In discussing their designs, teens suggested that a school classroom might be most comfortable for the task of designing a robot, but others felt a creative space might elicit more design creativity.
Modular System: During the brainstorming, we also encouraged teens to imagine the process of robot design and verbally describe it. Teens proposed several unique ideas; for example, one of teens suggested a modular system in which different robot parts (e.g., head, arms, legs, etc.) could be added, removed, or exchanged for customization.
True Collaboration: Teens expressed a desire for collaborating with their peers to build a social robot together. They also expressed a desire to have a “truly collaborative” environment which was described as a well-designed game in which they felt connected to one another and could successfully work together to design a robot. Being insightful, some also speculated about potential conflict during collaboration. Two teens chimed in during the discussion: Teen 1: “What happens if two people disagree?”
Teen2: “Yeah, what if the whole thing turns into fighting? We’d need to plan for teamwork.”
Robot Attributes: Finally, teens also discussed and described what they felt were appropriate robot attributes via actions and behaviors, using sticky notes. Teens suggested that robots should be “good listeners”, “sensitive to the needs of teens”, and be “helpful.” Based upon this discussion, we concluded that in addition to designing a physical robot, teens desired their robot design to also have attributes that felt were appropriate and contextual.
4.4 Design Phase 2: Card Game Prototyping
In order to deepen our understanding of teens’ needs and preferences, we were inspired by the Robot Design card game (http://robot-design.org/) to develop our own card game, based upon our initial requirements. It was important to test our preliminary game design in a low-fidelity format, thus the card game was an ideal method for prototyping.
Card Game Development: In order to include a variety of choices for customization, the card game included six background cards (drawn from teens background drawings) for teens to choose as their design space in the card game (Figures 1A–D). In response to modularity, we created diverse robot parts cards including five heads, five facial expressions, four arms, six bodies, seven leg options, and other accessories (E.g., Figures 1E–J). We also included several faces (drawn from images of commercial robots) to understand what specific facial features would be preferred by teens. For characterization, we designed robot attribute cards (e.g., listener, helper, chat buddy, supporter) based upon desirable robot characteristics mentioned by teens during our ideation design stage (Figures 1K–N). Finally, we designed the game for collaboration in order to explore how teens would collaborate and explicitly whether teens would encounter conflict. We prepared each of the game cards and a set of instructions for small groups (2–4) to try out and give feedback.
[image: Figure 1]FIGURE 1 | Examples of game cards including design environments (A–D), modular robot parts (E–J), and robot attribute cards (K–N).
Card Game Play: See Appendix A for the complete game instruction. Teens were separated into groups of two to four players and given one deck of cards to each group. After jointly deciding upon a robot design background, teens took turns adding or swapping parts until they thought their robot was complete. They were instructed to talk with each other about why they were adding or removing a particular robot part. Once their robot was complete, they were asked to choose an attribute card that best represented their robot (Figure 1). Playtime was limited to approximately 5 minutes for fast rotations and rapid prototyping.
Card Game Prototype Testing: We conducted two card game play sessions with the computer science club cohort and the VR club cohorts. The computer science club cohort (n = 12) was a preliminary session to explore feasibility and usability of the card game in which we gathered observational data about collaborations and game play. In this session, we learned that teens enjoyed this simple collaborative card game, but groups of more than two teens were not as enjoyable or productive. Teens in groups of three or four tended to get off task or some felt left out of the building process. After teens played the game twice, we conducted an open-ended group interview to explore their experience, preferred environments, and which cards were less desirable.
We quickly learned that the eccentric non-robot objects (e.g., spatula or coffee cup) led to the teens getting off task from the purpose of robot design. Figure 2 for an example. These items were removed from the game before we conducted our next testing session. Teens also shared that they disliked hyper-realistic design spaces (e.g. a design studio) and humanoid robot parts which were called, “creepy.” They liked the typical robot parts and wanted more robot part options (e.g. wheels as legs).
[image: Figure 2]FIGURE 2 | Sample of a completed robot prototypes from the card game.
In response to teen feedback, we revised the card game to remove humanoid parts, random objects, the hyper-realistic environments, and we added more variety of typical robot pieces. We then conducted a play session and usability survey with the VR club cohort (n = 11). We instructed teens to play in pairs rather than larger groups. The survey used a 5-point emoji likert scale similar to Rose Rose et al. (2018) representing ratings from “Absolutely No! (Totally disagree)” to “Absolutely Yes! (Totally agree)”. The survey measured satisfaction, desire to play again, and design style preferences (e.g., hand-drawn, realistic, anime). After teens completed these questionnaires, we invited the whole group to provide further, verbal feedback about how they felt about their collaboration and the game in general.
Teens expressed their enjoyment in collaborating to build the robot. The average enjoyment for the card game was 4.11 out of 5 (n = 9). Five of the nine teens responded that they would definitely play it again. All teens indicated they enjoyed playing the game with their peers using descriptors about the game such as, “cool”, “pretty good”, “fun”, “innovative”, “interactive.” Interestingly, even though it was a concern of teens in the ideation stage, no conflicts were observed during the card game play sessions.
All teens showed a very strong preferences for the robot attribute cards and even begged to modify the rules to allow them to choose more than one. For example, one 17 year old male when told to chose one attribute said, “But our robot is so cool, he’s a good listener AND a helper, we have to have both. Can we please have two (attribute cards)? Please?”
Based on the teens’ feedback from the card game session, we identified preliminary requirements for the low-fidelity VR game design. We confirmed that modularized robot parts were successfully used in collaboration. We also decided to keep the idea of robot attributes for the future implementation as teens clearly expressed a strong liking for attributes for their robots and to have the option for more than one. Finally, we observed successful collaboration that seemed strongest in groups of two.
4.5 Design Phase 3: VR Game Development and Usability Testing
VR Game Development: The third phase of the design study involved development of a low-fidelity game in an immersive VR platform for the purpose of usability testing. For customization, we created two design environments, a classroom and an outdoor meadow, using Unity software (web, 2018c). We used Rhino (web, 2018b) and Blender (web, 2018a), to design 3D robot parts similar to our card game and then imported them into the design environments for further interaction design and game play. We used a HTC Vive virtual reality system (web, 2018d) and desktop computer with Windows 10 and NVIDIA graphics card in order to optimize the VR experience.
For the context of collaboration of two teens, we decided to use an asymmetric collaborative design (Clergeaud et al., 2017) in order to promote communication between teens and attempt to ensure a positive collaboration. Moreover, we assigned different roles and capabilities to each player such that collaboration is necessary for a successful robot assembly. In the VR game, the VR player (the one using the VR headset) and the computer player (the one using the desktop computer with audio/mic headset) collaborated to choose parts and assemble a robot in the VR space. See Figure 3 for an illustration of the asymmetric environment. The computer player could see the VR player (represented by a transparent sphere) and had access to choose a setting (school classroom or outdoor field) and a catalogue of numerous robot parts (heads, bodies, arms). When the computer player selected a robot part, it would appear on the conveyor belt in the VR player’s environment. The VR player was located in an open space, allowing them to physically walk around to build the robot. They assembled the robot parts onto a sphere-shaped robot frame. This frame allowed the VR player to attach and remove any robot parts they desired. Once the robot was assembled, the computer player could teleoperate the robot using a keyboard and modify the robot size using a slider scale until both teens agreed the robot was the appropriate size. After sizing the robot, the computer player could then pilot the robot around the room to interact with the VR player. Throughout the game, players were collocated ensuring the VR player had plenty of room to wander around without bumping into the computer player. They easily communicated via their headsets and microphones.
[image: Figure 3]FIGURE 3 | Illustration of the asymmetric setup where each player has specific abilities creating a forced, but enjoyable collaboration.
VR Game Usability Testing: In order to explore the usability, feasibility and enjoyment of our low-fidelity prototype of our VR game, we conducted a pilot usability testing session with the VR club cohort. During the 45-min session conducted in their high school library, teens (n = 14) paired up and played the game by taking turns in both the VR and computer roles. We then asked players to fill out a brief usability survey and invited them to verbally share their experiences.
A total of seven pairs of teens had played the game and alternated into both roles internal (in VR) and external (at the computer). Teens collaborated to design a robot together and communicated throughout about their likes and dislikes. After design they engaged in interacting with the robot they created in VR.
After the gameplay, we asked them to fill out a brief usability survey. Similar to the survey used with the card game prototype, we invited teens to rate their enjoyment of the game, their satisfaction with the collaboration, and how much they liked their final robot and what they might change about the game.
Similar to the card game prototype, teens strongly liked the VR game and the collaboration activity to build a social robot. Average enjoyment of the low-fidelity VR game was 4.14 out of 5 (n = 14). The average rating of collaboration was 4.43 out of 5 (n = 14). Teens willingly and voluntarily switched the player roles and all participating teens eventually played both the computer and VR roles.
From their verbal feedback during and after gameplay, we learned that teens 1) easily adapted to the asymmetric game design and enjoyed the collaboration in VR, 2) desired further interaction with the completed robot, and finally 3) wanted to share their completed robot designs with their family and friends. Teens’ feedback from the usability session helped construct the major design requirements for further VR game development and an eventual pilot testing of the environment.
5 DEVELOPMENT AND TESTING OF THE MID-FIDELITY VR ROBOT DESIGNER GAME
From the teen feedback, we improved some usability aspects of the game. We added ambient audio, and object audio such as the sound of the conveyor belt. We gave the VR player the ability to control the conveyor belt start, stop and speed. Although we knew that robot attributions were an important component to the VR game, we decided to elicit more detail about attributes through a card sorting activity after game play. To add to the experience we also included a 3-min timer located on another robot in the design space that teens could reference for time (Figure 5A. And we included a larger catalogue of robot parts. For an example of diverse set legs of legs on the conveyor belt see Figure 5B.
[image: Figure 4]FIGURE 4 | A screenshot of a completed robot from computer player’s view in the mid-fidelity version of the game.
[image: Figure 5]FIGURE 5 | Screen shots of objects in the mid-fidelity VR Robot Designer game. (A) The robot clock in the game to help encourage rapid prototyping. (B) The conveyor belt with various robot leg options. (C) A completed robot design.
Our research questions for this stage of the project were:
1) How do teens collaborate in this asymmetric environment to build their robot?
2) What types of interactions and activities do players envision once the robot is assembled?
5.1 Pilot Testing the Mid-Fidelity VR Game
The mid-fidelity game was pilot tested with a convenience sample computer science class cohort. This cohort consisted of 18 students from three different computer science classes. Students played the game in pairs. Students engaged with the VR game as part of a robotics exposure day in their CS class. Participants played the VR game in pairs and then participated in a Post-VR design activities and interviews. The teen pairs were video and audio recorded during gameplay. Post-VR design activities included 1) card sorting and discussing robot attribute images, 2) Ideation about how to share their robot prototypes, and 3) Futurizing about next steps for the VR game.
5.1.1 Demographics of the Sample
In our sample of 18 teens, 11% had used VR more than 5 times, 44.5% had used VR 1–2 times, and the other 44.5% had never tried VR before. 28% said they were very interested in VR, but overall, the average interest in VR was moderate (3.83/5). Our teens were 14–18 (m = 15.94) in grades 9–12 (m = 10.69). The teens self-identified as 41% White/Caucasian, 18% Asian, 18% African American/Black, 6% Latino, 12% Mixed-Race, and 6% “prefer not to answer.”
5.1.2 VR Game Play
In terms of engagement almost all of the teens enjoyed playing the robot designer game. All of the pairs were able to successfully assemble a robot together and after assembly, play with sizing and moving the robot around. Most teens (70%) needed little instruction for both computer or virtual reality roles. One teen however, struggled with the HTC Vive remotes and suggested that they would prefer not to play VR given this difficulty. For examples of teens playing the mid-fidelity VR game, Figure 6. What was notable was that for two pairs, there was not verbal interaction during gameplay. The pairs were still able to assemble a robot and complete the tasks, but they had no verbal communication together.
[image: Figure 6]FIGURE 6 | Players during the usability testing: VR and Computer players.
5.2 How do Teens Want to Interact With the Robot They Designed?
5.2.1 A Desire for an Empathetic Robot
During the robot card game and VR collaborations, teens expressed desire to see emotional expressions from the robot and to customize their social robot with empathetic characteristics and behaviors. We witnessed a strong preference for the robot body part with a heart design on it during the card game. After playing the VR game, teens suggested hugging was one of the most desirable attributes for the robot. In a post-VR futurizing session, one of the teens suggested the robot could give the player a hug to thank them for completing the robot (Usability Study). During the VR gameplay, we had many examples of teens talking about hugging. As one VR player completed the robot assembly, one computer player said, “it’s done. Great, give me hugs, robot!” and then immediately became the robot and said “Hug me, I am a hugging, caring robot!” (Usability Study teens). This becoming the robot theme stretched across both the Usability and pilot study, but was much more pronounced in the pilot study scenario. During our card sorting activity where teens explored various potential robot attributes, many teens liked the idea of the robot attribute being a good, empathetic listener. For example as one teen said, “I want the robot to be a resource so that I can talk out the problem … I’d rather the robot to listen, not to suggest solutions” (Male, 16, Pilot Study).
5.2.2 Embodying the Robot
During both the user and pilot studies, we witnessed the computer and VR player embodying the robot through behavior and voice. Occasionally this occurred during the robot build phase, but more often once the robot was determined complete by the pair. In one example, while assembling the robot together, the VR player immediately began referring to the robot as “me.” “Gimme legs, dude! You gotta grab the other one to turn it on. Click the other one. Put these legs on me!” (Usability Study). Another example of embodying the robot happened in another pair in which the VR player heard an onlooker’s criticism of their robot and responded, “Hey I’m beautiful my way. My father here is creating me how I look.” (Male, 18, Pilot study). Although teleoperation of the robot was only available to the computer player, robot role play seemed to be transferable between the two players. In one pair, both players took the role of the robot almost simultaneously. The VR player had just attached two arms to the robot skeleton to complete the robot and then said, “I am arm!” Then the VR player began driving the robot around and said, “I am arm! Fear me! My name is arm!” (Usability Study). They continued back and forth, both teens enjoying a shared role-play of embodying the robot. In another example, the VR player finished assembly of the robot when the computer player said in a robotic voice, “Love me. Love me. I am a robot. Give me love” (Male, 17, Pilot Study) once the robot was completed.
5.2.3 Futurizing Next Steps for the VR Game
Teens in the usability and pilot study had very explicit desires for the future of this VR game. They saw the collaborative nature as an opportunity for learning important skills and for sharing experiences. For example, one teen suggested the interaction could result in experiencing inclusion among teens. “(In the game) I want the harmony of people from different backgrounds, the acceptances for different people” (Female, 14, Pilot Study). Many teens eluded to the attribute of the robot being a good listener and that this could provide an opportunity for teens to share their troubles, “I want the robot to listen and give validation….When I am stressed or having issues with things, I can get a different point of view” (Male, 16, Pilot Study).
Finally, a small group of teens from the usability study postulated that the future of the robot designer game could become a mission in which teens work together to teach the social robot emotional intelligence. They suggested the game could consist of difficult scenarios that required emotional intelligence in which the humans would train the robot. One such example was exposing the robot to a crowded hallway of teens and train the robot to recognize when a teen was in trouble. Many teens were on board with this idea of training the robot for emotional intelligence as a fun and appropriate use of the game.
5.3 Teen Interaction Styles Resulting From an Asymmetric VR Design
5.3.1 Teamwork not Conflict
Conversation during the game play was mostly about requesting and generating robot parts, deciding which robot part to use or deciding robot size and facial expression. Throughout the session, the most commonly chosen robot part was a chest piece with the heart on it. We also observed that teens expressed positive emotions not only toward the game itself, their custom robots, but also toward each other during the game play. Once a robot was completed, they often cheered together and shared positive emotions from the accomplishment. It is worth noting that after witnessing 32 teens engage in the VR Robot Designer game, we saw not one example of disagreement or conflict between collaborators. This suggests that our initial game design, has the appropriate components necessary for successful and satisfying collaboration.
5.3.2 Interaction Styles
In our pilot study in a school classroom, we saw more formal roles during the collaboration and less role play and playfulness. One such role was witnessed in three pairs in which the computer player took on an instructor role, helping the VR player to navigate the game. So rather than a shared collaboration, the computer player gave explicit, tactical instructions to the VR player, almost as if the computer player had played many times before. For example, one female teen (age 16) said, “Okay, turn around and now put the arm directly on the green dot thing … just like that. Yes. Good job.” She continued to instruct the VR player throughout the entire game play. This type of dynamic felt much less like a collaboration and more like an instructor/student dynamic.
Another type of interaction we saw indicated by four pairs of teens included the computer player being a verbal narrator throughout the game play. This happened in two pairs from the pilot study. In one example, the computer player shared their dashboard view of what was happening with the VR player. “Okay, I have a catalogue of robot parts and I will tell you what they look like. I have one body part with a heart on it. I’m going to put the body on the conveyor belt” (Female, 17, Pilot Study). Another example illustrates the computer player (Male, 17, Pilot Study) narrating with a positive tone to assure the VR player (Male, 16, Pilot Study).
Computer player: We’re going to go for a different look this time. I’ll move the robot closer for you. I’m sending you a part to make a nice match for our robot.
VR Player: What is this?
Computer Player: I’ll send you a left arm now. Here comes the left arm. It’s coming toward you.
VR: Okay. Let me grab it … oh, I didn’t get that.
Computer: Okay, I’ll send it again. I’m going to select it first, and now I’m sending it.
The choice for an instructor or narrator role may have been appropriate in the school setting, or perhaps a recognition that the VR player was unable to access or understand the computer player’s abilities in the game.
6 DISCUSSION
Previous work exploring asymmetric designs in video games and virtual reality has been shown to increase enjoyment and engagement during gameplay (Gugenheimer et al., 2017; Harris and Hancock, 2018). However much of the previous research has explored adult populations providing little evidence about asymmetric environments designed for adolescents.
6.1 Asymmetric VR Design Elicited Teens’ Role Play
Role play may be an important factor during asymmetric video gameplay. (Harris and Hancock, 2018) found participants’ self-report experience metrics in the asymmetric condition resulted in a significant positive effect on participant’s perceptions of connectedness, engagement and immersion, but these effects may have been somewhat moderated by the players role in the game. Although not designed for roleplay, our asymmetric VR game design had the interesting unintended effect of eliciting role play through teleoperation of, and being present with, the robot. While playing the VR game, many pairs of teens–both the outside and the VR player–identified with the robot they were building. We observed multiple instances of teens organically slipping into what we referred to as “being the robot.” We cannot explain this as a result of the embodied immersion of VR given that computer players were as likely to embody the robot as well. However, role play, although more common in children, may be appropriate and valuable in teens. Role play has been used successfully to help adolescents with autism learn social skills (Ratto et al., 2011), help neurotypical teens manage social interactions (Parsons, 2015), help teens avoid substance use (Thomas et al., 2015) and even to help teens learn about civics (Lo, 2017). Given how common role play is in current video game environments, it is plausible that VR is perceived as a video game and therefore intuitively allows teens to slip into role play.
6.2 Formal Environment = More Formal Roles
Overall, we saw positive and engaging interactions among all teen pairs. However, more playful, role play behavior was seen in the usability study which took place during an after school, club setting. The pilot study was during class time in a computer science classroom where VR game play interactions were slightly more formal. Although this distinction is not surprising given the different real-world contexts in which the teens played the VR game, it is important to consider the real-world context for future asymmetric design and interaction studies. Given that the computer player was not immersed in VR, they remain aware of, and apart of, the real-world context which likely influences their interaction style and maybe preferences. We also noticed that if the computer player took on a more formal or more playful interaction style, the VR player typically matched this style of collaboration, suggesting the computer player may set the collaboration tone for the pair.
6.3 Asymmetric VR Design Elicits Social Interaction
In terms of the context of collaboration in VR, the asymmetric design of our VR game not only enabled easy prototyping of social robots, but also encouraged communication skills in teen-teen interactions. As each player had to relied on one other to complete the robot design, teens were expressive with one another, and seemed to easily share their design ideas aloud. Through a systematic review, (Depping and Mandryk, 2017), found that cooperation and interdependence were key factors for social relatedness during gameplay. Additionally, they found that interdependence increases the need for conversational turn-taking which increased engagement. These data from adult studies may help us to understand why teens found our asymmetric design which required interdependence so appealing. Additionally, given adolescents are in a period of social-emotional development (Blakemore and Choudhury, 2006; Little et al., 2016), using VR as a collaborative design environment seems to effectively support both teen’s needs for expressing their design preferences and engaging socially through constructive collaboration. For this reason, we find potential of a VR platform for supporting teens’ socioemotional needs, and even further, acquiring necessary social skills through collaboration.
7 LIMITATIONS AND FUTURE RESEARCH
Although we gathered rich, qualitative data, our small pilot of the VR environment limits the generalizability of these data to other projects. We witnessed a great deal of role play from players who self-identified as male in our studies, however, it is worth noting that our VR club was mostly male, therefore, it is unclear whether gender may be related to this instinctive role play. In addition, our VR game is still in an exploratory stage and our findings need to be contextualized to this very limited VR environment. We plan to conduct further field studies with more teens to better understand teen-teen and teen-robot interactions as we make progress in the development. We are also interested in exploring the teens’ ideas of building this out further into a full VR game aimed to explore emotional intelligence. Given the current climate of decreasing teen mental health (Imran et al., 2020), we believe the platform is promising for engaging teens in a collaborative interaction. In this context, however, it may also be a potential tool for social emotional learning.
Moving forward, our next iteration of the game will continue to integrate ideas and needs articulated by teens, including 1) diverse forms of social interactions (e.g., avatar, role play, etc.), 2) addition of identifiable robot attributes, and 3) a platform that allows for submitting and sharing final robot designs. Finally, through the design and development of our VR game, we recognized the effectiveness of a VR platform as not only a design tool, but also as an engaging collaborative platform for gathering interaction data from teens. Given this potential, we anticipate several future applications for the study of teen-teen interaction through VR collaboration.
8 CONCLUSION
In our study, we used participatory, human-centered design (HCD) methodology to explore the potential of VR as a design platform and elicitation method for teen-teen and teen-robot interaction. From the preliminary usability study and pilot test of the VR game, we observed that teens enjoy a collaborative, asymmetric environment in which to work together to design a robot. In addition, we learned that teens desire empathetic interactions with social robots, even in VR. Finally, we learned that the real world setting in which asymmetric VR takes place may have a significant impact upon their chosen role and how they engage with one another. This study highlights the potential for an asymmetric VR platform for both collaborative design and human-robot interaction studies, especially involving teens.
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