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ABSTRACT

Interactive virtual experiences are known to be a viable medium to elicit emotional
reactions from their users and to provide meaningful experiences. However, establishing
meaningful interpersonal connections through interactive experiences can also be
difficult, due to the toxic online environments that can stem from anonymity, and a
general online hostility towards women or other traditionally under-represented groups.
This project aims to create a welcoming online virtual space that gives users the
opportunity to establish meaningful interpersonal connections with one another. These
connections are facilitated by encouraging users to work together, interact with each
other, and talk about themselves while in the virtual space. These connections are made
more impactful by utilizing Virtual Reality, which allows for intuitive and immersive
communication through gestures and body language. This paper describes the process of
creating a welcoming virtual space, specifically focusing on the technical challenges of
building a networked virtual reality experience, the design process in promoting positive
interaction between users, and the implementation of accessibility features for both the
VR experience itself and the social situations it affords.
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INTRODUCTION

On January 24th, 2017, UploadVR published an article talking about the then
“Fastest Selling VR Game,” Arizona Sunshine, which is a first-person zombie shooter.
VR has incredible potential in terms of immersion and interactivity, so it’s really
unfortunate that its most popular use is based around shooting something with a gun. This
prompted the original concept of this project - something that could justify its use of VR
by providing a worthwhile nonviolent experience that would not be possible through
another medium. Video games and other interactive virtual experiences are known to be a
viable medium to elicit emotional reactions from their users and to provide meaningful
experiences. However, establishing meaningful interpersonal connections through
interactive experiences can be difficult, due to the toxic online environments that can
stem from anonymity, and a general online hostility towards women or other traditionally
under-represented groups.
The interactive experience created during this project aims to create a welcoming
online virtual space that gives users the opportunity to establish meaningful interpersonal
connections with one another. These connections are facilitated by encouraging users to
work together, interact with each other, and talk about themselves while in the virtual
space. Virtual Reality is utilized in this project to make connections more impactful by
providing intuitive and immersive communication through gestures and body language.
This paper describes the process of creating a welcoming virtual space, specifically
focusing on elaborating the technical challenges of building a networked virtual reality
experience, describing the design process in promoting positive interaction between
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users, and detailing the implementation of accessibility features for both the VR
experience itself and the social situations it affords.
The main component of this thesis project is the application that was built
between Fall 2017 and Spring 2018. This document serves as an artist’s statement, and is
included with a video showcasing the application’s functionality, and a compiled
executable.
Project Description
This project is a VR experience based around social interaction, where users meet
another person within a virtual space. They communicate to solve three puzzles using
only gestures and body language. Once the two users have had the opportunity to grow
closer by working together, they “unlock” the ability to speak with each other verbally.
At no point are users able to judge others based on the way that they look, since visual
traits are never made apparent through the virtual avatars representing each user. It isn’t
until the two users establish a working relationship that they get the opportunity to
converse, and tell each other about what makes them unique. This is done by the virtual
experience prompting both users to share something personal about themselves with the
other person, such as the reason that they like or dislike their hometown, or what their
best friend is like (see Appendix A for a full list of prompts). Dissociative anonymity, or
the lack of a connection between a person’s online presence and their offline identity is
one of the largest contributors to toxic online behavior, such as rude language and actions
[2]. The information that users are encouraged to share with each other within the VR
experience is small and intimate to reduce this anonymity, without relinquishing each
user’s privacy. By learning these small details about each other’s lives, users are
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presented with the opportunity to bypass “icebreakers” and launch straight into
meaningful conversation. The virtual setting means that users can utilize this project to
meet and speak with people from entirely different parts of the world, or cultures that
they are unfamiliar with. By meeting people with diverse backgrounds that they may not
otherwise come into contact with, users can potentially even expand their view of the
world.
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PROJECT DESIGN

Puzzle Design
There are three puzzles that users must solve together before they reach the social
portion of the experience. The puzzles were designed to be simple enough that the lack of
verbal communication wouldn’t be a frustrating hindrance, while still requiring the users
to work together to solve them. The first puzzle has two cubes, and two sensors that the
cubes need to be placed in. Each user starts next to a cube and a sensor, however their
sensor is for the other user’s cube. To solve the puzzle, users need to exchange cubes by
handing them to each other over a waist-high barrier that cannot be climbed. This puzzle
is designed to keep the users physically separated so that they can become comfortable
with interacting with objects within the virtual experience, and also with sharing the
space with another person.
After successfully completing the first puzzle, a door opens that allows users to
walk to the second puzzle area. The second puzzle requires one user to hold down a lever,
which activates a ramp for the other user to access a raised platform. The raised platform
houses a second lever, which activates a ramp for the first user to access a second raised
platform. The second raised platform houses a button that opens a door to the third puzzle
area. Unlike the first puzzle area, the second area does not separate the two users. If a
user lets go of a lever in the second puzzle, its corresponding ramp will deactivate. Users
are required to actively hold the ramps in place for one another. Trust is built by
establishing social norms that people can realistically expect other people to abide by [6].
The second puzzle builds trust by halting progression until both users reciprocate an
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action that helps one another. The virtual experience is both training users to engage in
actions that help the other user, and giving each user the experience of being helped by
the other user. This is done with the intention of establishing a positive social norm
between users.
The third puzzle is based on timing and communication. This is the most difficult
puzzle to complete without voice chat, so it serves as a test of the communication
repertoire that the two users have built up over the first two puzzles. There are two pairs
of buttons, which control a large pinball table-like apparatus. Users need to control the
two “bumpers” of the apparatus to bounce a ball onto a target. Each pair of buttons has
one button for the first bumper, and one button for the second bumper. Each bumper will
only activate if both of its corresponding buttons are held down at the same time. To
solve this puzzle, users need to coordinate the timing of their button presses with each
other. If the ball misses the target, it is reset so that users can try again.
Conversation Design
When designing the social portion of the project, I was faced with the challenge
of encouraging users to share personal information without making them uncomfortable.
In 2015, the New York Times wrote about “The 36 Questions That Lead To Love,” a
series of questions that are designed to make strangers become comfortable with one
another by asking a series of questions that gradually get more and more personal [7].
These 36 questions are divided into three different “sets,” the first set being the least
personal and the third set being very intimate. I really liked the idea of dividing my
conversation prompts into similar sets, and allowing users to choose questions from the
set that they were most comfortable with. I put together two sets using a combination of
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my own prompts and prompts from the first two sets of the 36 Questions (I excluded the
third set because I didn’t want the social portion to be inherently romantic) [See
Appendix A for the full list of prompts].
In the application, five prompts are displayed to both users, three of which are
randomly selected from Set 1 (less personal) and two from Set 2 (more personal). The set
that each prompt is from, and the fact that the sets exist at all, is not made apparent to the
users. I considered showing each user different prompts so that it wouldn’t be obvious if
one user didn’t want to answer a certain prompt, however Dr. Jennie Woodard of
Women's, Gender, and Sexuality Studies proposed having both users see the same
prompts, but also have an ability to clear the prompts and replace them with another five.
This allows for a situation where users choose together to refresh the prompts, which
could potentially strengthen their connection.
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INTERPERSONAL COMMUNICATION RESEARCH

Intergroup Communication
Intergroup communication is the theory that most interpersonal interactions are
influenced more by individuals’ perceived social groups than their actual individual traits
[14]. These social groups can be related to age, gender or ethnicity. Previous studies have
determined that prejudice between individuals who identify from different groups can be
reduced by using digital media, including video games, as a mediator between users [5].
My project aims to utilize this finding by requiring users to engage in positive
interactions with one another before giving them the chance to make their perceived
social group apparent, or make judgements about the social groups of other users. Online
interactions of this nature have been shown to increase social tolerance toward users from
other cultures [10].
Designing for Meaningful Relationships
A game’s success in facilitating meaningful friendships is not just based on its
users, but also its design. Daniel Cook’s talk at Game Developers Conference 2018 on
this subject proposed that four of the main factors that contribute to meaningful
friendships are proximity, similarity, reciprocity and disclosure [6]. In my project, users’
proximity is gradually increased as they progress through the virtual experience, starting
with the two users separated in two large areas and ending with the users together in a
more intimate space. Similarity is conveyed through the shared user goals of solving each
puzzle. Reciprocity comes from each puzzle having two main stages, with each stage
giving each user a chance to play an active role in solving the puzzle (ex. User 1 holds up
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a ramp for User 2, which allows User 2 to hold a ramp for User 1). Disclosure is
encouraged by the application providing conversation prompts to users once they are
given the ability to speak with each other.
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ACCESSIBILITY RESEARCH

Physical
When designing an application for VR, I realized that I had to take into account the
fact that basic movement would be enough to make many users nauseous. This project is
based around encouraging people to be inclusive, so it would be counterintuitive to have
the project itself exclude certain users. Every interactable object throughout the puzzle
section of the VR experience is marked by one of two indicator colors. The two colors
are different to indicate that two users are required to participate to solve each puzzle.
One of the first accessibility measures included was changing the indicator colors
throughout the application to colors that would be easily distinguishable by colorblind
users. By using these colors, the indication is preserved for both colorblind and noncolorblind users. I used colors selected by Karen Stevens, the accessibility lead at video
game publisher Electronic Arts’ sports division, who consulted with colorblind users to
create a distinct palette of colors that still work well together [8]. All interactable objects
are placed to be within reach regardless of whether users are standing or sitting. Other
accessibility features that I researched include snap-turning and fade / blink movement
[12], and field-of-view modification [9]. Many users experience nausea or motion
sickness in VR from their brain trying to reconcile the visual input of their body moving
against the physical perception that they are staying in place [9]. Snap-turning, which
forces users to turn in large increments (usually 15, 30, or 45 degrees at a time), helps to
reduce users’ visual perception of their body turning [12]. There are many alternate
locomotion systems that implement the same concept, including walking-in-place
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detection, which moves users only when they act out the motion of walking [13], or fade /
blink movement, which quickly fades users’ view to black before moving them to their
desired position [12]. Field-of-view modification would allow users to move normally
using the thumbsticks on the controllers, but reduce their peripheral vision while moving,
which can also reduce nausea [9].
Social
Comfort and accessibility settings specifically for social interaction were not
included as goals in the original pitch of this project, but as I spent time developing the
social portion of the project it became more and more apparent that they could be
beneficial. Users can have their personal space invaded through VR in a way that isn’t
possible when playing on a normal screen. I spent time researching social accessibility
strategies that have been successfully applied in other social VR applications. One of the
most prevalent social comfort settings is personal space enforcement, which can hide and
mute other users if they get too close [11]. This feature can be extended into an easy way
to mute the other person’s voice during the social portion in case either user becomes
uncomfortable. I’m aware that there are some people that are most comfortable
communicating online by slightly pitching their voice up or down, as it more closely
matches the way that they want to express themselves. Allowing these users to slightly
modify the pitch of their voice could lead to them being more comfortable with selfexpression, which in turn leads to users being more talkative during the social section of
the application. This setting would need to only allow for a small amount of modification,
or else it could lead to anonymizing users even more. Dr. John Suler’s 2004 study The
Online Disinhibition Effect [2] shows that when a user’s online presence cannot be
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directly linked to their real identity, they will feel more comfortable being rude to others.
This would make the social environment in the VR application less welcoming for
personal expression, and hurt the project’s goal.
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TECHNICAL CHALLENGES

Funding
Presently, virtual reality technology is very difficult to work with due to the high
paywall both for the VR hardware itself and the additional hardware required to use it.
The first semester of this project was largely spent on fundraising through writing grant
proposals. Writing these proposals forced me to refine and articulate a clear pitch for the
project, which will be important in future professional roles, where I will need to
effectively communicate ideas to coworkers. This also gave me the experience of doing
the footwork by arranging meetings with faculty members representing the departments
from which I was requesting funding. I built a computer for the first time, which meant
selecting parts that were powerful enough to support VR, while also being compatible
with each other.
To get all necessary funding, I needed three different grants approved: The
Honors College Charlie Slavin Research Fund, The College of Liberal Arts and Sciences
Research and Creative Activity Fellowship, and the New Media grant. While I was
approved for all three, it was a really big risk to count on all of them being approved (a
risk that I wouldn’t take again), and since all grants need to go through the process of
passing through a chain of administration before they can be approved, it wasn’t until
finals week of the first semester that I finally got all of the materials. I worked very hard
to secure funding for this project, and while I did end up getting it, I’m not sure that it
was worth losing an entire semester of development.
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Networking
During the pre-production phase before I got the materials, I focused on learning
how to work with the Unity networking system. I built a non-vr prototype that taught me
how to code for responsiveness when handling networked objects that are affected by
physics. In a networked environment with two users, there are three entities that need to
be accounted for: the two users and a “server,” which acts as a mediator between them.
Each of these three entities have their own “instance” of the virtual environment and all
objects within it. By default, the server has authority over everything in all instances.
This means that all objects in each user’s instance will synchronize their positions and
rotations with those same objects on the server’s instance. From here, users can be given
authority over themselves, meaning that user 2 and the server’s representations of user 1
will match user 1’s position and rotation from user 1’s instance. If a user bumps into an
object, their position is sent to the server, the server registers the bump, and then the
server transmits the bumped object’s new position to both users. The time that it takes for
objects to synchronize between instances using this method can be up to one second,
possibly longer depending on the quality of each user’s network connection. If every
action in a networked application needs to be handed back and forth between entities on
the network, there will always be a noticeable delay between input and reaction. This
delay can be reduced, but never completely eliminated, and minimizing the delay too
much hurts the overall performance of the application. Performance is especially
important when developing for VR, as poor performance will likely make users motion
sick [9].
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Optimizing both responsiveness and performance was the largest challenge in this
project’s implementation of networking. Many solutions that I tried were effective, but
only for one of the users, giving the second user a poor experience. The solution that I
eventually decided on was dynamically assigning the authority of objects to users as they
interact with them. When a user picks up an object, their instance of the object becomes
the version that both the server and the other user synchronize to. This means that users
do not experience a delay in the object’s position or rotation if it is in their hand. While
the object in other instances may be slightly behind, this isn’t noticeable to the other user.
Users retain authority of objects until they are interacted with by the other user, which
allows users to throw objects and have them react naturally.
Optimizing Workflow
When developing an application in Unity that isn’t networked or in VR, testing
the application after making changes only requires waiting for the scripts to compile and
clicking play. When testing a networked game, an additional wait is added from needing
to build the project into a standalone application, then connecting it to the build running
in the Unity editor, to simulate two different users on the same computer. In addition to
this, when testing a VR game, the headset needs to be put on during every test and taken
off when switching back to editing. None of these individually take very much time, but
they add up, and waiting up to a minute between deploying a fix and getting to test it can
break development flow. To solve this, I put together various testing configurations in
Unity that allowed me to rapidly test without going through all of these steps. By building
the options to test VR features without connecting to a network lobby, test networking
features without needing to put on the headset, and test puzzle mechanics without
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needing to create an online room, I was able to fix, iterate and improve features much
faster, without losing momentum. The work that went into making these custom
configurations does not provide a material benefit to end users, but the time and
productivity that it provided improved the overall quality of the experience.
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FUTURE TESTING, CONCLUSION

Future Testing
The main research component of this project was in learning new technologies and
practicing new skills, and this acquired knowledge was applied to researched designs
throughout the VR application. While the most difficult technical challenges of building a
networked VR application were solved, this means that empirical user testing did not fit
within the logistic scope or the timeframe of this project. Despite this, I have designed
what that testing would look like. The study would run two participants at the same time,
in different rooms. There would be an intake and outtake survey before and after they use
the VR application. The intake and outtake surveys are attached as Appendix B. The
intake survey’s primary goal is to gather information on each participant’s feelings
towards meeting new people, their perceptions of cultures different from their own, their
feelings towards online hostility, and previous experience with online games and virtual
reality. The outtake survey is designed to determine whether the VR application was able
to incubate a genuine interest in another person’s life that was not present before. It starts
by asking which aspects of the application were most uncomfortable for participants, to
see if they had more trouble with the project’s design or the VR technology. The survey
goes on to ask questions about the nature of the conversation that participants engaged in,
and whether it left a positive impression on each participant.
Conclusion
I came to the University of Maine without any programming knowledge, and
learning it within the context of building games and interactive experiences has been a
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personal challenge due to the lack of a distinct program focusing on this topic. Building a
networked VR application was daunting both because of this, and because I lacked
extensive experience in either VR or networking development. I did, however, have lots
of experience in learning new systems, which is the most prominent skill that I’ve gained
from my time at UMaine. I’m proud to say that most of the technical facets of building
the VR application were completed. Building VR interactions, writing networking code,
and implementing voice chat all provided me an understanding of how these systems are
constructed, and showed me various methods of implementation. All of these systems are
implemented and functional in the final VR application. The basic understanding of these
systems that I gained from this project will definitely be useful in my future work. If
given more time, the project would benefit from more user testing and formal research.
I’m disappointed that these didn’t fit within the current project’s scope, but I’m glad that
I have something functional to show for the work that I put into the project.
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APPENDIX A: CONVERSATION PROMPTS

Questions are sampled from “The 36 Questions That Lead to Love,” [7] except
for those marked with an asterisk (*).

Set I (Less Personal)

1. Given the choice of anyone in the world, whom would you want as a dinner
guest?
2. Would you like to be famous? In what way?
3. What would constitute a “perfect” day for you?
4. For what in your life do you feel most grateful?
5. If you could change anything about the way you were raised, what would it be?
6. If you could wake up tomorrow having gained any one quality or ability, what
would it be?
7. *What do you wish you could do again for the first time?
8. *How did you decide on a name for your pet? If you don’t have a pet, what kind
of pet would you like to have?
9. *What is an essential part of your daily routine?
10. *What do you like about your hometown?
11. *What’s something that you’re looking forward to?
12. *What is your dream job?
13. *What is your favorite hobby?
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APPENDIX A: CONVERSATION PROMPTS (CONT’D)
Questions are sampled from “The 36 Questions That Lead to Love,” [7] except
for those marked with an asterisk (*).

Set II (More Personal)

1. Take four minutes and tell the other person your life story in as much detail as
possible.
2. If a crystal ball could tell you the truth about yourself, your life, the future or
anything else, what would you want to know?
3. Is there something that you’ve dreamed of doing for a long time? Why haven’t
you done it?
4. What is the greatest accomplishment of your life? Or, What’s the last thing
you’ve done that you were proud of?
5. What do you value most in a friendship? / What do you like most about your best
friend?
6. What is your most treasured memory?
7. If you knew that in one year you would die suddenly, would you change anything
about the way you are now living? Why?
8. How close are you to your family? Do you feel your childhood was happier than
most other people’s?
9. *What motivates you in everyday life?
10. *What is something that you enjoy, but you don’t think many other people do?
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APPENDIX B: SURVEY QUESTIONS

Intake Survey (Questions answered on a scale of 1 to 5)

● How much experience do you have with using virtual reality? (1 - No experience
| 5 - Very much experience)
● How much experience do you have with playing online video games? (1 - No
experience | 5 - Very much experience)
● How often do you interact with other people online? (1 - Almost never | 5 - Very
frequently)
● How often do you meet new people, online or otherwise? (1 - Almost never | 5 Very frequently)
● Do you enjoy meeting new people? (1 - Strongly dislike | 5 - Strongly enjoy)
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APPENDIX B: SURVEY QUESTIONS (CONT’D)

Outtake Survey

● Which aspects of the experience were uncomfortable to you? Select all that are
applicable. (Checkboxes)
○ None
○ Moving in VR.
○ Interacting in VR (picking up objects, pressing buttons).
○ Figuring out solutions to the puzzles.
○ Solving the puzzles with the other person.
○ Speaking with the other person.
○ Other
■ Elaborate on what made these aspects uncomfortable. (Text
response)
● What is your opinion of the other person? (1 - Very unlikable | 5 - Very likable)
● Did you talk about things other than the supplied prompts? (Yes | No - Radio
buttons)
● How would you rate the VR experience as a place for social interaction? (1 Very poor | 5 - Very good)
● How much do you agree with the following statements? (1 - Strongly disagree | 5
- Strongly agree)
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○ I learned something about the other person that I would not have
otherwise.
○ I am glad that I was able to speak to the other person.
○ If I met the other person outside of a virtual space, I could see us
becoming friends.
○ I will forget about the other person by the time I wake up tomorrow.
○ Getting used to VR made it difficult for me to connect with the other
person.
○ I was frustrated by the puzzle section.
○ I was frustrated by the other person during the puzzle section.
○ I am glad that we had to do the puzzle section.
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