
 
 
 
 
 
 
 
 
 
 
 
 
 
 

User Input in Virtual Reality 
Graduate Student #8: Noah de Longpre’ 

Team 3: Team ACL  

 



Abstract 
Typing is the most basic way for a human to interact with a computer. Since the early 

days of computing, being able to type into a computer was the only way that a human could 
influence the choices that it could make. As computers have advanced, so have the ideas on how 
to interact with them. Virtual reality is an emerging technology that allows for users to wear 
head-mounted displays instead of having to look at computer monitors. The head-mounted 
display allows the user to look around the virtual space naturally by just moving their head as 
though it was truly surrounding them. This also begins to complicate things, as the head-mounted 
display is meant to be used as a screen that tricks your brain into being in another location, that 
means you can’t see any of the world around you, including your hands on the keyboard below 
you. In this paper we explore different ways to augment a normal keyboard for improved use in 
virtual reality. This includes adding sensors to your hands and having specialized equipment that 
tracks those sensors for very precise location tracking. However, we’ll talk about how Logitech 
is doing research to make sensor mechanisms like this one cheaper and less invasive. After that, 
we begin to explore how a common device like a smartphone could be augmented to input text. 
That involves using a specialized app and smartphone keyboard that can display the same 
keyboard in VR with the location of their keypress. Next, we look into a few ways to use the 
controllers that come with the VR kit for text entry. The controllers that come with the kit have 
movement and exploration in mind, with not much emphasis on the ability to type. No matter the 
use of virtual reality, being able to type and move within a space will be important, and if 
someone can develop a way to type at reasonable speeds while maintaining their ability to roam 
around freely within the Virtual space will be important. This technology looked at here includes 
using Two-Thumb Touchpad typing with haptic feedback and visualization of thumb position on 

a split keyboard in virtual space.   
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Background 
Virtual Reality is a relatively new and upcoming technology that allows users to interact 

with 3 dimensional environments like never before. With the use of a headset, a screen takes up 
most of your field of view, teleporting you to a different place. Virtual Reality (VR) was always 
a pipedream in both the film and video game industry. Early iterations of VR include 3-D 
movies, where they overlap blue and red filters, and require you to wear glasses that give the 
effect of something coming out of the screen. Since then, scientists have been striving to make 
the experience feel more lifelike. As the movie industry has moved from using those old red and 
blue 3-D glasses, the gaming industry has been working smaller, more pixel dense screens to put 
in their VR headsets. The more pixels you have, the better the resolution, the better the headset 
can trick your brain into actually perceiving what’s on screen as what’s really happening to you. 
However, the technology would fall flat if it was just a tour simulator. Video games require 
interaction between the player and other elements. With the vast number of video game genres, 
this can either be with a mouse and keyboard, a console controller, a fake steering wheel, or the 
new VR Controllers that fit a player's hand. In this paper we’ll look deeper into how these 
different user input methods can be used or augmented to work better in a Virtual Environment.  

 
Firstly, we’ll start by exploring older methods of user input, and whether we can augment 

them to work in virtual Reality or not. The keyboard is a common input peripheral, something 
humans have been using for decades, even before computers really existed. Dating back to the 
use of typewriters, humans have evolved to using keyboards in our day to day life. The 
familiarity of a keyboard would be a great advantage in inputting text into a virtual world, as the 
users are already used to the layout and function. Secondly, we’ll look into using a smartphone 
as a way to type and interact with objects.  Penultimately, we’ll look into using the specially 
made VR controllers and how they are currently being used, following that with improvements 
that can be made for the future.  
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Introduction 
Keyboards 

Starting off we have to look at the basics of user input into a computer. As it started with 
the very first computer, the keyboard. No matter the use case, typing in VR is going to be a 
requirement at some point. Whether or not the user is using a desktop-like environment, or going 
on a virtual tour, being able to type into that environment will be a requirement. But how easy is 
using a keyboard in a virtual environment? Generally, when humans are using a keyboard, they 
are allowed to look down at the keyboard if needed for guidance on where the keys are placed. 
However, while you have the VR headset on, the ability to look at your hands and keyboard 
dissipates.  
 

Pascal Knierim from LMU-Munich conducted research on an interesting way to get 
around this strange challenge. By using cameras located around the users keyboard, they could 
generate avatar hands that would match the physical representation of the users hands, as well as 
the keyboard underneath it. But before he could dig into the benefits, he had to figure out the 
average typing speed and error rate of someone with the VR headset on, without the avatar hands 
showing. During this research, they had to make several modifications to the keyboard to have 
the different keys be recognized by both the camera and finger tracking software, as well as 
modifying the actors hands to add sensors. During Knierim’s research, he had his study 
participants attempt to use the physical keyboard by typing and resting for 3 seconds between 
each task. This would allow the scientists to record how well the participants could recover their 
hands after taking them off the keyboard, and putting them back in a regular fashion. The 
participants were asked to enter a random phrase as quickly and accurately as possible. They 
were allowed to correct errors, but that would take more time for making the phase more 
accurate. Once they pressed the enter key, it would give them another phrase after the short 3 
second countdown to reset their hands. During the test, each participant was given 10 phrases per 
VR visualization of their hands.  
 

The visualization of the participants changed between 4 different types, all with another 
where the opacity of the visualization was set to 50%, for a total of 8 different tests. The first test 
was with the VR headset off, so that the scientists could get a control for how well the 
participants could type before putting them into Virtual Reality. The participants were also split 
up among each other, where they put both experienced and inexperienced typist groups.  
 

Knierim’s research showed that among both the inexperienced and experienced typists, 
having no hands whatsoever had a negative impact on their ability to type, when compared to the 
control where they could see their own physical hands. In the real world example, the 
inexperienced typists had an average of 45 words per minute (WPM), and no hands brought that 
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down to around 30 WPM. A 33% reduction in WPM is a very large margin, but no hand 
visualization was supposed to be the worst of all of them. In the experienced typist tests, the lack 
of visualization brought their average down from 67 WPM (control) to 60 WPM. This was a 
much lower decrease than the inexperienced tests of about 11%. Moving along, the participants 
saw a very minimal visualization of  just their fingertips on both hands as little black spheres. 
This saw an expected increase from no visualization for both participant groups. The 
inexperienced group saw a WPM increase from 30 (No Vis) to 36 (AVG of 100% Opacity and 
50%), and from 60 WPM back to 67 for the experienced typists. Overall the opacity change 
made minimal differences in typing speed, and only had a minor effect in how many corrections 
were made, where the lower opacity led to more corrections.  
 

After analyzing the data, Knierim concluded that for experienced typists, being in VR 
was a hindrance to their ability to type in comparison to the real world. This was to be expected 
though, as it’s outside of the comfort of most of these typists, and it wouldn’t make sense for 
their WPM to increase when put into VR. However, when looking at controls of no visualization 
and real world, it was shown that any visualization was a significant boost to productivity over 
not having any. As mentioned above, the opacity / transparency change for each of the 
visualizations didn’t show if it affected the participants ability to type. The realistic hands 
visualization was the most effective, as it allowed for the inexperienced typists to use their 
natural visual cues they use when they aren't typing in VR. Overall, VR didn’t have much of an 
impact on the participants ability to type that couldn’t be overcome with practice and familiarity 
with the technology.  
 

A main question of Knierim’s research may be, “But how can everyday people get ahold 
of this virtualization without all the special cameras and sensors?”. Back in 2017, Logitech was 
working with a company called HTC who was responsible for another VR kit called the Vive, 
and was trying to develop a better way to bridge the gap between virtual reality, and normal 
everyday reality. This research came out as a software development kit (SDK) called the 
Logitech Bridge[2]. The Bridge kit came with a “Vive tracker” that was a plug-in attachment to 
Logitech's already successful gaming keyboard that allowed for no sensors to be worn by the 
participant, but that the Vive tracker would be able to watch the users hands and give a best 
estimate of where they were in location to the specific keyboard shipped with the SDK. 
However, this Bridge software also doubles as accessibility research. Logitech baked into their 
SDK a way to customize the keyboard into meeting the needs of the users. Let’s say an elderly 
man with bad eyesight is trying to use his keyboard, but the font size of the keyboard is too 
small. With the bridge, you can change the color of the keycaps and increase the font size to 
make everything more readable, as long as it still fits on the keys in virtual space. This allows for 
high contrast filters to be applied and used for accessibility, just an extra bonus added by 
Logitech. 
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Smartphones 

Since the mid 2000’s, humans have become attached to their smartphones. These devices 
have only become easier to use since the original versions back then. Smartphones have users in 
mind when it comes to design, either with the bigger screens or with touchscreen pens that come 
included inside of the device itself. So it’s natural that the next logical step would be to use this 
device that everyone is familiar with inside of Virtual Reality. Youngwon Kim and Gerard Kim 
from Korea University ran an experiment when they used a specialized application on a 
smartphone to be able to type in VR. The name of this app they developed is called HoVR-Type, 
and has two settings on the keyboard for text entry[3]. The first version of text entry called 
HoVR-Type-D, worked as a normal smartphone keyboard does. As soon as the participants 
finger touched the on-screen button, the letter was input into the system. The second version of 
the keyboard worked in a slightly different, but very important way. Called HoVR-Type-U, the 
letter is only typed when you release your finger off of the screen. This hopefully allowed the 
user to move their finger around to have greater accuracy on a per letter basis, and therefore 
increasing the speed in which they can complete the typing test.  

Three tests were included in the experiment. The first test included using a regular mouse 
to fill out the typing tests using a soft-keyboard. The next test required the participant to use the 
smartphone and HoVR-Type-D for input, with the last test using Type-U. The participants had 
an average age between 25-30 years old, making them very familiar with the use of smart 
devices. The tests allow the participants to perform a series of short phrases with an average of 5 
words per phrase.  

 
As expected, HoVR-Type-D had lots of errors when it came to typing during the tests. 

Since the user had no way to know where their hand/finger was (just like during the keyboard 
test with no visualization ), their ability to type was hindered heavily. However, both scientists 
found something surprising. Neither version of HoVR-Type showed faster performances than 
their control with the soft keyboard and mouse. HoVR-Type-D had a much higher rate of error, 
which was to be expected with the inability to see where your hand rests on the smartphone 
screen until you begin to type a letter.  
 

The scientists in this paper concluded that HoVR-Type-U was the best variation that was 
tested. With competitive performance to conventional methods and the increased familiarity with 
a smartphone keyboard, HoVR-Type is a great alternative to other hover typing methods. 
Improvements to the software that they mentioned included better ways to interact with other 
objects in a virtual environment, such as a controller of sorts that you could use to select objects 
or navigate within the space. This would be a cheaper alternative to a specialized controller, but 
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only if a user already owned a smartphone that was supported. However, using a smartphone 
instead of a specialized controller would lead to less precise control over the environment.  
 
 
Hand-held Virtual Reality Controllers 
Text Entry 

As virtual reality has become more mainstream, scientists have been looking for better 
ways to interact with the environment in the most natural way possible. Scientists want to make 
their virtual “reality” a “reality”, and the best way for a human to believe what they’re seeing, is 
to be able to interact with the environment. A major advancement in this area includes 
specialized wireless controllers that allow for a user's hands to be represented in the space around 
them, as well as individual finger movement based on how they are gripping the controller. An 
example of this being sold today is the Valve Index[4]. Using these controllers in VR allow you 
to move objects in 3-D space more naturally. On Valve’s main page for the Index VR system, 
they tout that by using gestures such as “making a peace sign”, the controller will recognize that 
you’ve “let go” of whatever item you were holding in the virtual environment, and vice versa to 
pick up objects. Not only this, but by employing the use of the thumbsticks located on the top of 
the controller, the user can walk around the environment, or type sentences using a split 
keyboard via both thumbsticks or the trackpad found on both controllers. However, Valve was 
not the first company to include trackpads on their handheld controllers, and it also wasn’t added 
without a bit of research behind the usefulness of the trackpad.  
 

A main use of the trackpad was shown off in Jeongmin et al’s research titled “Improving 
Two-Thumb Touchpad Typing in Virtual Reality”[5]. In their research, they explored the use of 
a touch pad instead of an analog stick for two-thumb text input. This would be akin to using a 
smartphone for text input, but this is much more customizable via on screen prompts and can 
take advantage of the specialized technology to make it more user friendly. The first experiment 
these scientists performed included looking at the effects of hovertyping (As mentioned above 
with the smartphone input) using the touchpads and how much feedback you got from the 
controller, and “grip stability” which was how the controller shape impacted the stability of the 
participant in being able to type effectively. This was split into 20 blocks,which took on average 
4 minutes per block, but required a 1 minute break between each testing block. The second 
experiment included having the participants run a series of tests over a few days, where they 
would type a test set on a smartphone in landscape mode, and then run the same 20 blocks as 
done in experiment 1 with HoverFeedBack enabled, as they found that to be more effective than 
GripStability. Experiment 2 was run to learn if there was noticeable improvement in typing 
speed only over a few days of training with this technology.  
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Digging into Experiment 1, the scientists found that displaying the positions of the users 
thumbs via green bubbles in the virtual environment played a big part in the accuracy of the 
typing tests. Working similar to the smartphone app mentioned above, the trackpads can sense 
the users thumbs above the pad itself, requiring no extra material or sensors as needed for the 
hand visualization talked about previously in the keyboard section, which had a big impact in the 
ability to type. In addition to that, The keyboard that the participants typed upon in the virtual 
environment was split in half. This way it resembled someone using their smartphone in 
landscape mode to type, which was their control group. Underneath each of the touchpads 
included a haptic feedback module, that would buzz and vibrate as the user interacted with the 
touchpad, and had feedback based on what was happening on screen. After concluding the first 
experiment, the scientist found that the haptic feedback was of great help to the participants in 
accurately and quickly selecting each character of each phrase. They also found that the 
GripStability system had very little impact on the users ability to type, and was thrown out of the 
second experiment.  
 

Experiment 2 was a much shorter experiment in nature, as it was just a test on how well 
the subjects could type after having about an hour's worth of practice for two days. The scientists 
believed that the participants could achieve a WPM of over 30 with just the 2 hours of practice, 
which would be a better rate than that shown with just two analog sticks. This hypothesis held up 
after the experiment, as the participants reached almost exactly 30 WPM. However, a WPM 
value of 30 is still much lower than the recorded average of their typing speed on a smartphone 
in landscape of 44 WPM. In comparison, this was only with 2 hours of practice, while the 
participants have had countless hours of practice typing on their smartphones. The scientists 
concluded that with more practice, these values could increase even further, but it would require 
more data collection to find where the technology limits the users from being able to type faster.  
 
Physical Head Movement 

Typing isn’t the only hurdle to overcome in virtual reality. The human body has evolved 
over time to perceive the world around it, and to have senses that help us stay alive. By putting 
on a VR head-mounted display, you are already tricking one of your main senses into perceiving 
something that none of your others do. Scientists want to make the feeling of being in a virtual 
environment as seamless as putting on clothes in the morning. To make that dream a reality, 
they’ve needed to develop inventive methods to allow users to interact with their environments 
in natural ways. This includes being able to just pick something up by making normal hand 
motions, or throwing an object and having the physics react in a believable way. If the user’s 
virtual actions don’t line up with their physical actions, it can sometimes induce something 
called virtual reality sickness[6]. It’s essentially motion sickness caused by “misinformation” fed 
to the brain via your eyes, and what they are perceiving in VR, while your physical body doesn’t 
feel any of the actions required to make a movement like that. Motion sickness requires your 
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body to move, while VR sickness requires your body to think it’s moving, when it’s not. Not 
everything about virtual reality sickness has been figured out, but scientists have found a few 
things that contribute to the severity of the symptoms. One of these contributing factors include 
the refresh rate of the head mounted display. Generally, the refresh rate of devices (whether that 
be monitors, TV’s, or smartphones), has been capped at 60Hz, which means that the screen only 
updates 60 times in a second. To the untrained eye, most would think that this is good enough for 
everyday use, and in most cases, it is! However, your eye perceives the world at a rate of around 
1000Hz. Seeing the world where you see almost 17 times less information would be disturbing, 
let alone disorienting, especially if it’s the only information being let in through your eyes. By 
increasing the refresh rate (and by proxy the framerate of whatever application you’re running), 
the images begin to smooth out, creating a better transition as the user moves their head around 
in the virtual environment. Just increasing the rate from 60Hz to 120Hz provides twice the 
information per second for relatively cheap, which drastically lowers the chances of being 
affected with VR sickness.  
 
 

  

8 



Conclusion 
 

Virtual Reality is a large technological hurdle that has required advancements and 
experiments to refine. Whether that’s the many forms of text entry, to being able to look around 
a virtual space, scientists are still looking for answers on what is the best way to achieve true 
virtual reality. One of the biggest hurdles includes the inability to see the physical world around 
the user while they have the headset on, which leads to both trouble typing and physical 
ailments. We’ve seen in this paper that allowing humans to be able to visualize the location of 
their hands in virtual space is very beneficial in comparison to no visualization at all. This leads 
into faster, more accurate ways to type without having to leave the virtual environment. Whether 
you’re using VR in an office environment and only need to worry about text entry, or if you’re a 
game developer and need to worry about realistic physics and refresh rates, virtual reality is 
coming. Doing studies and research on how human participants manipulate the environment 
around them, and which of those methods feels the most natural is how we take VR from a 
novelty technology, to something that humans could use in their everyday life.  

 
Proving which technology is useful in what situation is the hard part. As shown, 

visualization of hands during the use of a standard keyboard has drastic improvements over not 
being able to see your hands at all. However, that just comes with the added cost of having 
sensors to track that during normal operation. With VR headsets like the Valve Index coming in 
at $1000 for the kit that includes the head-mounted display, wireless controllers, and sensors to 
track where the user is in the indicated room. Adding sensors to track the users hands only adds 
to the base price of that system, not to mention the current PC specifications required to use VR. 
However, this could be offset by the price of the unneeded monitors if a company were to switch 
to VR completely. 

 
Typing is the most basic form of interaction with a computer, and being able to 

successfully accomplish that no matter the working situation is important, this is why I believe 
that touchpad typing is the future of typing in virtual reality. Whether the advancement comes 
from a better mobile app to be used in conjunction with a smartphone, or from better typing 
methods developed around the touchpad. For virtual reality to truly become the next form of 
entertainment and productivity, it needs to make strides to make itself comparable to normal 
reality, with all the quirks and features that are needed to make transition from the real world to 

the virtual world as seamless and natural as possible.   
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