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Abstract

Introduction

Text input is still one of the primary modes of interacting with a technology. In recent years, 
Virtual Reality has seen a drastic increase in popularity, requiring more research on text input 
methods. In the following report we discuss the design, prototyping and evaluation of two 
variations of a radial text input system. The radial design was able to perform at 6.32 and 5.76 
WPM, with significantly lower fatigue levels than floating QWERTY layout. The report also 
discusses a model for developing keyboards in Virtual Reality.

Development of interaction methods in Virtual Reality is an ongoing process. Lack of a 
satisfactory text input is a major barrier VR will need to overcome if it intends to become a 
mainstream computing technology. Current approach is retrofitting the QWERTY layout as a 
floating keyboard in Virtual Reality and then selecting the intended key by pointing towards it 
using the Head Mounted Display (HMD) or the controller. This approach has several disad-
vantages such as inability to enter text eyesfree, usage of only one or two pointing devices in 
a keyboard designed for multiple finger input, ambiguity in feedback all of which contribute 
towards frustration on users end. The main advantage of doing so is utilising the familiarity of 
users with the QWERTY layout, nonetheless system is ill suited for prolonged typing tasks. 
This situation therefore calls for researching novel ways of inputting text in VR. In the following 
report, we comment on the advantages and disadvantages of existing input methods. Also 
a model for developing a VR keyboard is presented to create a framework for conversation. 
Finally we present the design, development and evaluation of two radial layouts as the 
outcome of this project.  



Summary of papers read
Following papers were most influential for understanding the development and evaluation of a 
keyboard design.

The paper is about various writing technologies ranging from Mesopotamian clay tablets to 
the introduction of paperless ARPANET communication. It elucidates various technical, social, 
cultural situations which led to the development of next technology and which were caused 
due to emergence of a writing technology. 

The seminal paper by Hisao Yamada is the authoritative text on origins of the typewriter and 
the QWERTY layout. It points out the importance of studying history of typewriters from the 
west so that Japanese designs may avoid similar mistakes.

The paper explores how Fitts’ Law and different cost optimisation algorithms can pro-
grammed to generate keyboard layouts and predict input speed for respective layouts.

The paper documents contextually aware development and research methods for evaluating 
and designing a keyboard for Indic scripts. 

The paper provides a database on various character combinations usage in English language. 
It was used as a corpus resource for feeding bigram frequencies into the algorithm for 
development of radial keyboard.

This paper revisits the present understanding of typing. It reports various strategies used by 
everyday typists (Touch and Non-touch typists) and predicts factors influencing typing speed 
based on behaviour.

History of writing technologies

A Historical Study of Typewriters

The Metropolis Keyboard – An Exploration of Quantitative Techniques for Virtual 
Keyboard Design

Design & Evaluation of Devanagari Virtual Keyboards for Touch Screen Mobile Phones

English Letter Frequency Counts: Mayzner Revisited or ETAOIN SRHLDCU

How We Type: Movement Strategies and Performance in Everyday Typing



The paper studies text entry on a virtual keyboard, discusses the design space for assessing 
a keyboard in Virtual Reality and suggests appropriate selection of keyboard in an application.

The paper by MacKenzie and Soukoreff presents key factors in conducting sound evaluations 
of new technologies for mobile text entry, including methodology and experiment design. It 
provides a survey of existing mobile text entry techniques, both in research papers and in 
commercial products.

Apart from these we read few other papers to understand what designs are already done to 
avoid moving in similar directions. Various Wikipedia articles about alternate keyboard layouts 
such as DVORAK, FITALY, OPTI and others were referred to as well.

Selection-based Text Entry in Virtual Reality

Text Entry for Mobile Computing: Models and Methods, Theory and Practice



Scope of text input in Virtual Reality

Evaluation of existing input methods in VR

Currently Virtual Reality is a new medium and is primarily used as a secondary computing 
device. It is being engaged to play video games, browse internet or watch 360 degree 
content. The usual setup is that a Head Mounted Display (HMD) will be attached to either a 
mobile phone or a desktop. From user research, we were able to identify the following areas 
in which text input is essential-

There are currently five prominent text input methods in Virtual Reality. For the project an 
informal analysis of these was done to understand their respective advantages and disadvan-
tages. The need for a more formal analysis was resolved by referring to the paper Selection 
based Text Entry in Virtual Reality, quantitative measures of their performance are mentioned 
as well.

These tasks are short string tasks which demand the user to either take off the HMD and use 
the hardware keyboard or use the floating QWERTY layout keyboard in VR.

• Browsing: Entering search query, entering site url
• Chatting: Interactions on VR Chat, Steam Chat, What’s App
• Creating profiles: At the start of games and other web services
• Inputting login information: While visiting websites, user is required to input login ID and 

password in order to identify and authenticate
• Contact forms: There are several forms such as to place an order, to receive communica-

tion, to calculate something which the user needs to fill while browsing internet 
• Commenting: To comment on social media platforms 

Motivation: 
Why is Text Input in Virtual Reality an inter-
esting and relevant topic?



of this method is its independence from the controller. Disadvantages include fatigue in neck, 
dependency on trigger time, need to direct focused vision for prolonged periods of time, lack 
of haptic feedback.

Controller Pointing

Controller Tapping

Freehand Technique

Controller pointing method is analogous to HP but allows bimanual pointing using both con-
trollers. It is designed for scenarios where controller tracking is available and extends a ray 
from each controller. Here, the user controls the cursors’ positions on the virtual keyboard by 
simply pointing at the character to select it, which is visualised by changing the key’s colour. 
The character selection is then done by pressing a trigger button. This is the fastest text entry 
method offering 15 WPM. It is still prone to gorilla arm movement and lacks haptic feedback.

In this approach, the controllers are used as the stylus to push keys on the floating keyboard. 
The HTC Vive controllers are used for tapping the virtual keys by reversing and holding them 
like digital pens. In contrast to pointing, this method requires physical manipulation, i.e. the 
virtual keys need to be pushed physically with the tracked hand-held controllers. This was 
considered as the most natural input technique by the users during the informal evaluation. 
The disadvantages include gorilla arm movement, greater space requirements for operation, 
lack of feedback (Users reported visually movement of key was not sufficient feedback), 
unintentional engagement with environment is a possibility. 

In Freehand technique the user’s fingers are tracked to type directly on a virtual keyboard. 
This technique doesn’t require any tracked hand-held controllers, but instead the tracking of 
the fingers (e.g. using gloves or Leap Motion).

Pointing is one of the most fundamental patterns for selection and is usually done with the 
head or handheld controller. The basic idea is to follow an imaginary ray from the point of view 
(or object of interest) through the virtual environment. If the first intersected object is a char-
acter, it can be selected by a user-controlled trigger (button or dwelling time). The advantage 

Head Pointing



Pad-based Cursor Control
The majority of gaming consoles use text entry methods using the attached controller, 
more precisely the directional pad (d-pad) or thumb-sticks. The text input is performed by 
controlling one discrete cursor over a virtual QWERTY keyboard for character selection, and 
conforming the input by a trigger button. Users reported that this method was least stressful 
to work with but felt it was slow and inefficient. 



QWERTY is designed for multiple finger input

Incapable of eyes free input

Limitations of floating QWERTY in VR

The layout was developed for telegraph companies and keys were arranged in a manner to 
prevent jamming of the keys. Several researchers have proven that it is not the most efficient 
layout, especially in case of novice performance. Still the design facilitates and becomes 
usable because of multiple finger input, which provides a typing rhythm as one key is pressed 
by left hand and the next one by right. The ergonomics are designed for physical hands as 
well. Qwerty arrangement makes little sense if the keys are being pressed by a single finger 
and typing becomes a hunt and peck operation. 

Experts at touch typists can perform up to 70 wpm without looking at the physical keyboard 
but when used in VR the operation becomes hunt and point giving only 1/6th of the maximum 

This section makes an argument against QWERTY layout in Virtual Reality. Following points 
have been consolidated from user feedback, design principles and personal inferences. 
It must be noted that QWERTY is still the most familiar layout due to its ubiquity and thus 
nobody can take away the legacy it has made.

Floating QWERTY keyboard

speed. Despite being aware of the key position, pointing requires the user to look at the 
keyboard to input, increasing FOA(focus of attention)s required to input text. 

Tracking of hardware is essential

Lacks haptic feedback

Fatigue

With HTC VIVE, the controllers and the HMD must be tracked in a three dimensional room. 
This increases the cost of setup which can otherwise be avoided with a better design.

As mentioned earlier, lack of hard surfaces to press or physical button to interact with, the 
feedback is ambiguous and demands user to monitor input in order to ensure intended 
actions are being registered by the system. This after prolonged periods of time becomes 
frustrating and decreases the overall usability of QWERTY. 

Head Pointing causes neck pain and Controller Pointing causes hand tremors and gorilla arm 
fatigue after prolonged usage. The back can not be relaxed even in a seated position and 
causes frustration as pointed out during user feedback.



No special treatment for editing keys

Ineffective usage of hard keys

Space and backspace are the most frequently pressed keys on any keyboard. The current 
floating QWERTY layout does not leverage various sensors in the controller to make operation 
for these keys any smoother. 

There are three hard keys available on HTC VIVE along with a thumbpad. Two keys and 
joystick in case of oculus rift. Floating QWERTY does not utilise these keys for input.



Radial layout mapped onto the thumpad or joystick

ABCD layout

Layout variations

The system works with radial movements on the thumbpad of the controller to select char-
acters, numbers and special characters. The user swipes on the circular thumbpad or the 
joystick (depending on the model) of the motion controller to indicate the desired character 
and selects it by clicking a button. The finger movement on the touchpad is visualised in VR 
environment with a circular ring. Since input is to be done by a single pointer, in accordance 
with Fitts’ Law, the distance between the key and pointer was minimised with the radial de-
sign. The input also naturally maps onto the circular shape of thumbpad or the tilting joystick 
of a controller. Input via thumbpad was also found to be least fatiguing of all. This concept 
was taken forward and eventually developed as a prototype.

This layout was based on the natural sequence of Latin alphabets. This was done to provide 
a familiar arrangement to users, it was speculated that familiarity would ease scanning and 
hunting. During initial informal evaluations, this didn’t seem to be the case. Users would get 
an idea of where the key should be but were unable to accurately pinpoint the location. The 
layout lacked efficiency since bigram frequency of individual pairs was ignored in this design.

Concept 3

ABCD Layout

Concept



YOTU layout
The goal of this layout was to place letters such that the statistical travel distance between 
keys could be optimised to minimum. Based on MacKenzie’s approach, a model was created 
by summing the Fitts’ Law movement times between all digraphs. By using Monte Carlo 
algorithm to optimise cost, the model checked 1,00,000 variations and suggested the one 
with minimum cost.

where a and b are empirically determined coefficients. I choose the same values a = 0, 
b = 1/4.9 as suggested by Mackenzie for this model.
If the frequency of letter j to follow letter i (digraph i-j) among all digraphs is Pij, then the mean 
time (cost) in seconds for typing a random character comes out to be:

5 characters including space is the average word length, therefore equation two helps in 
predicting potential WPM for this layout (wpm=60/5t ). 
Bigram frequencies: Bigram frequency data was picked up from Google’s open source 
corpus ETAOIN SRHLDCU which is based on the frequency of words appearing in English 
language books on google books. It must be noted that this corpus is not an accurate rep-
resentation of typing behaviour as during chatting, the word and language usage is different. 
Despite this ETAOIN SRHLDCU was chosen due to the lack of a better available option.
Variation Generation: Method used for optimising cost is similar to the Metropolis Keyboard 
which also utilises Monte Carlo for layout generation. In each step of the walk, the algorithm 
picked a key and moved it in a random direction by a random amount to reach a new configu-
ration. The cost of the new configuration, based on equation (2), was then evaluated. Whether 
the new configuration was kept as the starting position for the next iteration depended on the 
following Metropolis function-

Where, W (A-B) was the probability of changing from configuration A (old) to configuration B 
(new), ∆E was the energy change, k was a coefficient, T was “temperature”, which could be 
interactively adjusted. 

Cost calculation: Based on Fitts’ Law, the time to move the finger from one key i  to another j 
for a given distance (Dij) and key size (Wj) will be:

YOTU Layout



Through this algorithm, following arrangement was reached-

Final ABCD layouts

[‘f’, ‘i’, ‘k’, ‘c’, ‘m’, ‘p’, ‘l’, ‘s’, ‘a’, ‘h’, ‘g’, ‘y’, ‘o’, ‘t’, ‘u’, ‘w’, ‘j’, ‘e’, ‘z’, ‘q’, ‘x’, ‘b’, ‘r’, ‘n’, ‘d’, ‘v’]

The predicted word rate for experts (assuming no time is spent in scanning) in this 
layout comes out to be 30 WPM, double the 15 WPM of QWERTY in VR. As were not 
able to perform longterm User Tests, nevertheless the ABCD-Layout was implemented 
for our prototype to give the User a familiar arrangement. In order to keep User Tests as 
simple as possible, the layout was reduced and all unnecessary functions (like numbers 
and uppercase letters) removed

Primary face keyboard layout Secondary face keyboard layout



Event action mapping
Mapping of all possible events and interactions with the design on controller buttons and 
sensors. These mapping were reached via trial and error and informal feedback of users.



Arrangement variations

Radial Design

Radial Design Front

For different Use Cases and evaluation two different arrange-
ment Variations were implemented

Radial Design: Menus on top of the Touch-Pads
In this arrangement the Menus are on top of the touch-pad 
which is used for Input. The Menu is always fixed on this 
position while the user is free to move the controllers.

Radial Design Front: Menus in front of the User
In this arrangement the Menus are in front of the user, the 
Input via touch-pads stays the same. The Menus are magni-
fied, translated on the controllers z-axis and rotated around 
90 degrees to be in front of the user, who is in this way able 
to control the position of the menus with the controllers 
position..



Speculated advantages of radial design
Capable of eyes free input

Designed for single cursor input

Enlarging the keyboard is a possibility

Tracking of device is not required

Lower fatigue levels

Intuitive input for frequently used editing keys

Though the design is hard to master, experts do have the possibility to completely ignore the 
keyboard and focus on the typing task. This potentially reduces one focus of attention and 
could contribute to an efficient design.

The radial design maps the circular thumbpad or joystick movement onto the keyboard, 
hence only the thumb is required to operate the machine. Since the keys are arranged in a 
radial manner, entire keyset is equidistant and within the reach of the user without requiring 
the user to clutch.

The users and developers have the option of resizing the keyboard according to their needs 
without sacrificing the speed. A QWERTY layout if enlarged would result in slower typing 
speed as the distance between the keys is increased however radial keyboard will never 
face a similar issue because the radial angle between the keys will always remains constant 
regardless of how large the keyboard is. 

The design is independent of the tracking stations and can be used by gaming console 
controllers as well. This can open up development of new cheaper controllers and ability to 
input text from anywhere in the room. 

The entire system can be accessed in any position (standing, sitting, reclining). During testing, 
most users rested the controller on their thighs. This reduces the chances of fatigue and gorilla arm 
movement.

Space and backspace are most frequently used keys while typing regardless of the layout. 
The design utilises hardware keys of the controller to facilitate easier input of these keys 
contributing to faster typing speeds. 



Technical Realization and Implementation
Hardware used

Software development

The prototype was implemented with a powerful PC and the HTC Vive HMD.

The running project was written in C# in Unity. The Virtual Reality Toolkit Library was used 
for several modifiable prefabs and to simulate the project on screen during the development. 
SteamVR was used as interface between PC and the HTC Vive.



Evaluation
Hypothesis

Experiment setup

Following hypothesis were chosen to research for:

Formal testing for final ABCD radial layout was conducted with 6 participants in two sessions. 
The VR system used an HTC Vive and ran on a Windows 10 machine with Unity 2018.3.1. 
Initially all the controls were explained to the subjects and a period of five minutes was given 
for them to get familiarised with the system. For testing, 6 male participants were chosen 
randomly from the university campus and friends. Average age of participants was 21.75 
years old. All the participants had previous experience in interacting with Virtual Reality. In 
both sessions, subjects were asked to copy a paragraph chosen from the University website. 
Participants were encouraged to make corrections while typing and were not prompted to 
write as fast as possible. After the second session, they were asked to fill out a survey form to 
record their subjective feedback.

For measuring speed, Words per minute (WPM) was computed by dividing the number of 
transcribed words (any 5-character string) by the time it takes to transcribe the text, formally:

where S is the time (in seconds) from the first to the last key press and |T| is the number of 
characters in the transcribed text. 

For measuring error rate percentage, number of extra keys pressed from the minimum required 
keys to input correctly was divided by minimum required keys and multiplied by hundred.

Error rate(%) = 100 - ((Total keystrokes - Minimum required keystrokes)/Minimum required keystrokes)* 100

• H1 - Radial keyboard will provide greater text performance (speed & accuracy) than 
Controller Pointing in VR environment

• H2 - Radial keyboard will have higher user preference (greater dependability, subjective 
efficiency) than Controller Pointing in VR environments

• H3 - Radial keyboard will have lower fatigue levels than Controller Pointing



For measuring fatigue, NASA TLX survey was used. It is a commonly used questionnaire to 
assess task workload based on six factors (mental, physical and temporal demand, effort, 
performance and frustration). The lower the rating the lower the workload.

For measuring user experience, User Experience Questionnaire (UEQ) was used. It consists of 
26 short questions to measure user experience. The scales cover classical usability (efficiency, 
perspicuity, dependability) and user experience aspects (attractiveness, novelty, stimulation). 
The higher the score the better the experience. 

Results collected during the experiment for Radial Design (RD) and Radial Design Front 
(RDF) are as following. Since same research methods were used by Marco Speicher and 
team, their results of Controller Pointing (CP) technique are mentioned for reference. This 
however does not directly imply comparison of results as our testing was lenient in compari-
son to theirs. 

Results

WPM Speed comparision

(Higher is better)

Fatigue comparison 

(Lower is better)



User prefrence comparision

(Higher is better)



Conclusions
• First hypothesis is rejected as the keyboard was unable to outperform QWERTY with 

Controller Pointing.
• Second hypothesis is accepted as the radial keyboard has higher overall user preference 

than QWERTY with controller pointing.
• Third hypothesis is accepted as the radial keyboard has significantly lower physical 

demands than QWERTY with controller pointing.

According to the evaluation results, the concept has strengths like the lower physical demand 
and the possibility to move and adjust the Menus location according to the users preferences 
in a VR-Environment. Nevertheless, the layout must be revised and different options (also 
outside the radial layout) should be developed and evaluated, to reach a competitive WPM-
Rate compared to current Input Methods.


