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Introduction

Video games have proven to be more useful than simple fun— games help people learn, 
relax, and bond with others, as well as inspire, energize, and empower. These benefits have 
long eluded those who cannot play video games due to limited motion, as virtually all video 
game consoles require the use of hand controllers or at least a keyboard and mouse. 

One of the great affordances of virtual reality technology is that the motion sensors in the 
headset allow the user to communicate with the machine without using their hands. Yet 
virtual reality games heavily rely on hand controllers for navigation and gameplay. Virtual 
reality headset advertising even targets people without disabilities by running ads that 
emphasize full-body movement in dramatic action environments (Figure 1). My thesis project 
focuses on creating a virtual reality interface that relies solely on head movements, allowing 
people with limited motion to effectively navigate the interface. This way, we can harness the 
head-motion-sensing affordance of virtual reality to make video games more inclusive and 
accessible. 

Background

In the first half of Sherry Turkle’s The Second Self: Computers and the Human Spirit, Turkle 
describes how children marvel over and discuss the life of, controllability, and uses for 
machines. She explains how children at a special technology school were given access to 
computers the way they had access to pencils and paper — computers could be a place to 
doodle, play, make art and make discoveries. Indeed, the children embraced computers fully 
and uniquely, using them for pursuit of their personal interests, whether that be making 
games, art, or programs to help them complete their math homework. For these children, 
programming was as much a game as a tool. It was good for learning, delight, hard work, 
and triumph. This led me to my current idea — using a gaming device as a tool in the same 
way a computer can be a tool. A gaming system can be more than a space for ordinary games. 
It can be a tool for empowerment.
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There are very few virtual reality games suitable for people with limited-motion disabilities. 
As for games that require exclusively head movements, I was only able to find one, Arca’s 
Path VR, which will be discussed later. The lack of games that did not require hand 
controllers surprised me because I think virtual reality could be of great therapeutic benefit to 
people who have limited motion or who are in a situation where movement is restricted. 

I now realize that there are various cultural problems that could be affecting the availability 
of accessible virtual reality games. These were brought to my attention when I started 
reading Lennard  Davis’s The Disability Studies Reader, as I was unfamiliar with disabilities 
studies. Games, like many other tools and experiences, are made with the assumption that 
the user has no disabilities. Even the English language revolves around the assumption that 
everyone is completely able, and people with disabilities are uncommon or “other.” 
However, this assumption is absurd considering everyone is in the process of becoming 
disabled, if not born with disabilities. Nearly everyone inevitably either passes away while 
young, or grows old enough to have disabilities.  
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Figure 1: Facebook’s Oculus Quest VR headset ad for the popular game Beat Saber



Game Studies on Learning, Working, and Happiness 

When I read Why Video Games Are Good for Your Soul: Pleasure and Learning by James Paul Gee, 
I was opened up to the idea of video games being used as a healthy space for learning and 
personal growth. Gee says that humans have been learning through games, stories, and 
conversations for thousands of years, and these are the methods that help us learn the most 
effectively to this day. In his chapter “Tetris and Castlevania,” he explains how even the most 
simple games became conversations between the player and the game as the player builds a 
narrative and story behind their actions (this is also explained in his book Unified Discourse 

Analysis: Language, Reality, Virtual Worlds and Video Games, where he explains the methods and 
significance behind the way games communicate with their players). Gee says that because 
humans evolved to learn through stories and games, these techniques are the most effective 
way to happily engage people for extended periods, a point also made by Jane McGonigal.

In Reality is Broken, Jane McGonigal explains that there are two important emotional states 
that contribute to productivity and happiness in working and learning: flow and fiero.

Flow

Flow is a state coined by Mihaly Csikszentmihalyi in his book Flow: The Psychology of Optimal 

Experience.  He defines flow as “a state in which people are so involved in an activity that 
nothing else seems to matter; the experience is so enjoyable that people will continue to do it 
even at great cost, for the sheer sake of doing it” (Cskikszentmihalyi, 1990, p.4). 

There are four main qualifications for someone to enter a state of flow. The first is clear goals, 
or knowing exactly what is expected to be accomplished. The second is frequent feedback. 
This allows a person can know when they are doing well or poorly and adjust accordingly. 
The third is low stakes for failure. When people are too afraid to fail, they won’t take risks, 
will be less creative, and won’t learn as much or as quickly. The fourth (and perhaps most 
important) is a balance between challenge and skills. People in a state of flow are 
challenged enough to feel productive and proud of the work they are accomplishing, but not 
so challenged that they experience prolonged frustration and hopelessness.
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Flow is desirable in schools, jobs, and games alike. People in a state of flow are highly 
motivated, cooperative, productive, excited, and in an optimal state to learn and grow. 

Fiero

Fiero is an Italian word that directly translates to “pride,” but its meaning is more powerful 
than pride. McGonigal describes fiero in Reality is Broken as “what we feel after we triumph 
over adversity. You know it when you feel it — and when you see it. That’s because we 
almost all express fiero in exactly the same way: we throw our arms over our head and 
yell” (p. 33).  It is this emotion that people chase when competing-- whether it be for a raise at 
work, to score a date with the most attractive person at the bar, or to  get a touchdown. 
Having fiero means having succeeded.

What is a game?

McGonigal explains that games are exceptionally good at giving people both flow and fiero. 
But, to understand why this is true, we first must ask: what exactly is  a game? There are a 
few definitions that share key points. Veteran game developer Katie Salen in her book Rules of 

Play: Game Design Fundamentals says “A game is a system in which players engage in an 
artificial conflict, defined by rules, that result in a quantifiable outcome” (Katie Salen, Rules of 

Play: Game Design Fundamentals, page 80). McGonigal says that there are four qualifications 
for a game: a goal players will work to achieve, rules providing limitations, a feedback 
system giving player progress, and voluntary participation. Play theorist Brian Sutton-Smith 
says that, “at its most elementary level then we can define “game” as an exercise of voluntary 
control systems in which there is an opposition between forces, confined by a procedure and 
rules in order to produce a disequilibrial outcome” (The Study of Games. J. Wiley. p. 405).

Based on these definitions, a game must include: a clear goal, rules that provide limitations, 

measurable feedback, and voluntary participation. The qualifications for something to be a 
game are similar to the qualifications for flow. This explains why games so easily cause flow 
and fiero. 
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Product Design Research

The design challenge question is: how might we create a virtual reality interface that relies 
solely on head motions? To be more specific, this means creating (or rather, imagining) an 
interface that requires no controllers or feedback other than head motion controls through a 
VR headset’s sensors. 

One of the great affordances of current virtual reality technology is that the motion sensors in 
the headset allow the user to communicate with the machine without using their hands or 
voice. However, virtual reality games heavily rely on hand controllers for navigation and 
gameplay. I was inspired to create this project because I wanted to explore experimental user 
experience design research in virtual reality by seeing how far this VR affordance could 
stretch. Virtual reality technology is designed to be useful without hand controls, yet virtual 
reality games are designed exclusively for those who can use their hands.

Audience

My target audience goes beyond people who have limited motion disabilities and therefore 
cannot use hand controllers. I aim to design an interface that is useful in a variety of limited 
motion situations, such as long-term hospital stays, airplanes, chemotherapy treatments, 
waiting rooms, and so on. Hands-free games may also be beneficial to young children and the 
elderly, although I’m unsure if there is a negative counter-effect of resisting hand motions in 
these populations.

Examples of Current Limited-Motion Virtual Reality Products

The most abundant virtual reality products that require little to no hand controls or hand 
movements are viewing-based experiences. These are experiences that require minimal user 
interaction with the machine and mostly allow the user to watch a movie or look around at 
digital scenery. While these products are common, I will not be discussing them in my 
analysis of current limited motion products because they do not require much user 
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interaction, and my goal is to explore interfaces that allow for at least as much user 
interaction as a classic arcade game. Movies are already fairly accessible to people with 
limited-motion disabilities, while interactive virtual reality games are not.

Eyeflite Ava 

The Eyeflite Ava is a hands-free virtual reality software that can be accessed through the 
Oculus Go headset. The software provides the user with wireless private computer access 
that allows web browsing, a text editor, and text messaging (Figure 2). Navigation only 
requires head movements (or “head gaze controls”), and the user may choose to use voice 
dictation for typing. There are even a few head motion mini-games and relaxing 
environments to explore.

This software is hugely inspiring for my project because it is a great demonstration of how 
head motion navigation is achievable with current virtual reality technology. The interface 
relies on using “dwell,” or staying still, to make selections and head movements to move a 
curser over the interface. Eyeflite Ava is especially useful for me to study because it is 
specifically designed for people with limited motion disabilities and has features meant to 

 ANDREA BRUCCULERI 7

Figure 2: A screenshot from an Eyeflite Ava ad depicting the web browser user interface



best serve this population, such as being able to notify a caretaker when the user would like 
to have the headset removed.

Arca’s Path VR 

Arca’s Path VR is a hands-free virtual reality game in which the user guides a ball through a 
puzzle maze using head motions (Figure 3). The game offers 25 levels of challenging physics-
based gameplay, beautiful crystalline landscapes, and an ambient soundtrack of chilled 
experimental electro music. 

Arca’s Path VR provides the relaxing yet engaging and challenging hands-free experience 
that I strive to design in a virtual reality game. While not as complex as many virtual reality 
adventure experiences, this game still allows an immersive and aesthetically-pleasing escape 
with more interaction than simply watching a movie. Learning about Arca’s Path VR was a 
good reminder that my goal should not necessarily be to produce an interface for a highly 
complex game, but for a game that balances optimal user experience with challenge. 
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Figure 3: A screenshot from an Arca’s Path VR ad showing the user-guided ball rolling 

through one of the puzzle levels. 



Potential User Interviews

User interviews are important to any user experience design process, but due to existing 
circumstances, user interviews may not be possible for my thesis project. However, I have 
outlined some of the questions I would like to ask and audiences I would like to interview 
should I get the chance.

Audiences to Interview

Veteran user experience designers often repeat the mantra, “designing for everyone is 
designing for no one.” This is not meant to exclude people, but is to remind designers that 
having a specific target audience assures that the product is at least useful to someone, as 
opposed to no one. 

My target audience consists of people with limited-motion disabilities and people in limited-
motion situations. This audience is, therefore, the ideal group to interview. However, all 
kinds of people find themselves in limited motion situations, which means there are many 
types of people who would be great to interview for this project. In light of not wanting my 
target audience to be “everyone,” I have  constructed the following list of possible groups to 
interview:  

❖ People who have received intravenous chemotherapy or dialysis in the past or who are 
currently receiving these or similar treatments

❖ Avid virtual reality gamers
❖ People with limited-motion disabilities 
❖ People who cannot use their hands for gaming purposes
❖ Avid gamers who are not well acquainted with virtual reality games 
❖ Doctors, nurses, or other medical professionals who assist in the care and treatment of 

long-term hospital patients
❖ Disabilities studies researchers or professionals
❖ Children between the ages of 8 and 15
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Observations

Observing users can help spark ideas or bring attention to potential problems and pain points 
in designs. I thought of a few instances in which observing people could help me in my 
design process:

❖ Observe people playing Arca’s Path VR or using the Eyeflite Ava software
❖ Observe people playing popular high-motion VR games, such as Beat Saber and Super 

Hot
❖ Observe novice VR players navigating the Oculus Quest opening tutorial game
❖ Observe people with limited-motion disabilities use virtual reality headsets
❖ Observe children between 8 and 15 years old using virtual reality

Questions

Normally, questions are prepared before a user interview so that they are tailored specifically 
to the interviewee and any products that may be used during the interview. In this case, I will 
list a few general questions I may ask about a mix of products and experiences:

❖ What is it like to play a game in virtual reality?
❖ What do you think people can use virtual reality to do?
❖ What do you think about wearing the VR headset?
❖ Where would be a good place to wear a VR headset? Or a bad place? 
❖ What do you think about Arca’s Path?
❖ Who would have fun playing Arca’s Path? Why?
❖ What do you think about Eyeflite Ava?
❖ Do you know anyone who would like the Eyeflite Ava software? Why?
❖ Would you recommend VR games to people you know? Who? Why?
❖ Do you play video games? Why or why not?  What do you think about them?
❖ If you could make a game in virtual reality, what would it be? Why? 
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The Six Degrees of Freedom

The six degrees of freedom (6DOF) refers to the possible movement of an object in three-
dimensional space (Figure 4). Imagine an object floating freely in space — it may change 
position by moving up/down (heave), left/right (sway), or forward/backward (surge). It 
may also rotate in space on the normal axis (yaw), transverse axis (pitch), and longitudinal 
axis (roll). 

The three degrees of freedom (3DOF) commonly referred to in the context of virtual reality 
are the rotational motions pitch, yaw, and roll. The 3DOF are the ways in which a person’s 
head can move without moving other parts of the body, making the 3DOF especially relevant 
to my project and limited-motion virtual reality gaming. The easiest way to imagine these 
motions is roll as a nod (Figure 5), yaw as shaking the head “no” (Figure 7), and pitch as a 
confused head tilt (Figure 6). 

 I hypothesize that an ideal game interface relying on head motions will require at least the 
3DOF with an additional stillness gesture, or a dwell gesture. This can be considered a total 
of four possible movements which communicate unique information to the machine. I believe 

 ANDREA BRUCCULERI 11

Figure 4: The 6 Degrees of Freedom



this because, after looking closely at game controllers, arcade machines, and hands-free game 
interfaces, I noticed that even the most simple “controllers” allow for at least two degrees of 
freedom and two additional unique communications. For example, even the most basic 
arcade machines have a joystick (allowing two degrees of freedom: left/right, up/down) and 
two buttons (perhaps one to start the game, and another to shoot enemies). 

Additional gestures, such as a quick nod or quick shake of the head, could allow for 
additional communication with the machine. There are numerous other methods to consider 
when it comes to voice dictation, eye-tracking, and use of the full 6DOF. However, I believe 
the most simple interface relying on the 3DOF and a dwell gesture will be the best for my 
project. This is due to a user experience design mantra often parroted by my design mentors: 
it is easy to add buttons and complexity, but it is difficult to remove them. In other words, 
what can be navigated with four buttons can certainly be navigated with five, but nearly 
impossible to navigate with three. The most versatile and accessible interface will be one that 
relies on fewer gestures. 
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Figure 5: Roll - Neck Flexion, Dorsal (A), 

Ventral (B)
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Figure 6: Pitch - Neck Flexion, Right (A), 

Left (B)

Figure 7: Yaw - Neck Rotation, Right (A), 

Left (B)



Going Forward
This design document is just a small step toward the creation of my larger thesis project. In 
the future, I intend to expand on the ideas and research discussed in this document. The 
following is an unordered list of steps I would like to take going forward.

Contacting Experts and Researchers

I think it would be valuable to connect with professors and professionals outside of my 
department to gain insight on limited-motion disabilities and technology in hospital 
environments. I want to contact medical professionals, researchers specializing in disabilities, 
physical therapists, or others working in similar fields to hear their advice and learn from 
their experiences. 

I also believe it would be beneficial to connect with researchers from the psychology 
department to discuss stress, depression, happiness, productivity, and other states relevant to 
video games and people with limited-motion disabilities. Adding the insight from these 
professionals to my writings about flow and fiero would be a great way to bring together the 
fields of game design and psychology in my thesis. This is especially relevant because 
psychology is a major subject of research and consideration in the user experience design 
field.

Conducting User Interviews

This was covered earlier, but I felt it was worth mentioning again that I will hold user 
interviews if possible. Due to social distancing, these interviews may need to be held 
remotely or under suboptimal conditions, but any kind of interview will be better than 
nothing.

Researching Disabilities Studies

Of all of the subjects covered in this document, disabilities studies is the one in which I am 
the least familiar. I have been reading Dan Goodley’s book Disabilities Studies and Lennard J. 
Davis’s book The Disability Studies Reader to gain an overview of this topic. However, I am 
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seeking recommendations for books or studies that cover limited-motion disabilities more 
specifically. I believe it is important to use the correct terminology in my thesis and write 
with awareness and respect on these subjects, so I will continue to read and research 
disabilities studies more diligently going forward.

Researching Casual Games and Game Design

Although I have been playing casual games and video games since I was a small child, I have 
already found it incredibly useful to research the design and effects of casual games and 
simulation games. Previously, I have read books that broadly cover gamification theories and 
ideas about how games can help people learn, be productive, and make positive impacts on 
the world. Now I will shift toward studies that specifically discuss casual and simulation 
games, as I aim to design an interface that could suit a casual game.

I also know little about how to make a game in the first place. While I do not intend to make a 
fully fleshed-out game for my thesis project, understanding and implementing the 
fundamentals of game design in my project will be vital to creating a realistic, functional 
game interface.

Building Knowledge and Skills in the Unreal Engine

I intend to build my virtual reality interface in the Unreal Engine. I chose this engine because, 
having worked with Unity 3D in the past, I believe it offers the most seamless transition 
between the developer interface and testing a virtual reality game. I have gained some 
familiarity in Blueprints and game creation in this program so far, but I will work through 
interface design tutorials to learn more interface-specific building techniques for my thesis. 

This will include learning how to sketch and conceptualize the spacial navigation of a virtual 
reality interface in the Unreal Engine. I’ve never created a virtual reality interface before and 
expect to experience a learning curve when it comes to mastering new tools, Blueprints, and 
design methods. 
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