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Abstract: I propose an interactive text entry system in virtual reality (VR)

which makes the best use of a commercially available smartphone, a head

mounted display (HMD) and a finger sensing device. There has been works

related to text entry in VR but they are confined to buttons or slide bars. Most

recent works also used a physical keyboard and projected a virtual represen-

tation of it in VR. The problem with the first approach is that sensor data from

VR is noisy and sometimes it is unreliable. And the problem with the second

approach is that a user will have to use a physical keyboard with many keys

on it and there is some scalability and usability issues while interacting in VR.

My proposed system includes at most 12 keys and the interface fits on a user’s

wrist. It also provides accurate word-prediction based on a minimal amount

of key presses.

1 Introduction

Today most of the interactions of text entry take place in physical keyboard or touch screens.

However, it is anticipated that most of the future interactions will take place in virtual reality

(VR) or in augmented reality (AR). There has not been a lot of work regarding text entry in

such environments. The idea proposed in this paper is an approach to get text entry in VR
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one step ahead. The idea involves entering text with a smartphone while a user is wearing a

head mounted display (HMD). To my best knowledge, there has not been any work where a

smartphone has been used to enter text in VR.

The body of the paper is organized in the following way. In the beginning, Section 2 dis-

cusses some of the research questions and how my proposed idea is related to those questions.

Some hypothesis on the questions has also been mentioned. Section 3 discusses the related

works that have been conducted related to the proposed idea. Section 4 briefly describes the

system. Section 5 illustrates the study conditions, apparatus and how the investigation will be

conducted to conform the study conditions. Finally, Section 6 discusses how the data will be

analyzed and Section 7 sums up everything in a nutshell.

2 Research Questions

I will primarily be investigating the three following questions:

Research Question 1: Does smaller keypad with less number of keys provide better usabil-

ity?

Hypothesis: In my proposed idea the user will have to interact with a small T9 keyboard

which is smaller than a regular size QWERTY keyboard and it also contains a few keys. So, my

primary hypothesis is the user will have more control while interacting with my system.

Research Question 2: Does audio feedback provide any improved performance while in-

teracting in VR?

Hypothesis: Audio feedback plays an important role while entering text.

Research Question 3: What’s the performance throughput if no visual feedback or limited

visual feedback is provided?

Hypothesis: Limited visual feedback is better than no visual feedback. Limited visual feed-

back along with audio feedback may result in better performance throughput.

3 Related Works

There are a lot of applications where text entry in VR environment can be beneficial. These

applications include training (1) (2) (3), prototyping (4), rehabilitation (5), education (6) , data
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visualization (7) etc. A significant amount of works have been done in investigating the inter-

actions with buttons and menus in the VR environment, but there have been limited works with

keyboards in VR. Also, there have been a lot of works of text entry in touch surfaces using

touches and in mid air using gestures.

Frode et al. (8) suggested a bimanual text entry system using game controllers. They used

two handed game controllers with two analogous joysticks and used a QWERTY keyboard

layout. They facilitated limited visual feedback and achieved a typing rate of 6.75 words per

minute (WPM).

Truong et al. (9) proposed a 2 Thumb Gesture (2TG) system where text was entered using

two hands. They achieved a typing rate of 24.43 WPM with an uncorrected error rate of 0.65%

compared with Swype, a one finger drawing method.

Bowman et al. (10) investigated task performance and usability characteristics in VR with

four techniques: pinch key board, a chorded keyboard, a virtual handheld controlled keyboard

and speech. But none of the techniques showed high levels of performance or satisfaction.

McGill et al. (11) showed that adding a dose of reality in the view of VR increased the per-

formance. They also investigated the limit to which reality can be applied in VR and found that

selectively presenting reality is optimal in terms of performance and users’ sense of presence.

Chun Yu et al. (12) explored the viability of text based entry in VR by incorporating the

HMD with a game controller. By investigating three text entry methods: Tap, Dwell and Gesture

they achieved an entry rate of 25 (WPM) in the word gesture keyboard input method.

In terms of improving the performance in touch screen surfaces, redesign of keyboards have

been proposed. Redesigned keyboard approach includes gesture keyboards (13) optimized key-

boards such as interlaced QWERTY (14), ATOMIK (15), multidimensional Pareto keyboard

optimization (16), multilingual keyboard optimization (17), KALQ (18). Another approach

is to increase the performance by assisting user by offering predictions and automatic typing

correction. Goodman et al. (19) proposed auto correction by combining probabilistic touch

model and a character language model. Kristensson and Zhai (20) proposed a dictionary based

word-level correction system based on geometric pattern matching. However, Vertanen et al.

(21)proposed a sentence based decoder named VelociTap which delayed the auto correction

process until an entire sentence has been entered but they could accurately recognize the input
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sentence despite the delay or if the input is noisy.

The idea I am proposing uses T9 text prediction and takes advantages of a smartphone touch

screen for entering texts.

Figure 1: A Leap Motion Device

4 SmartVRKey

4.1 System Description

I propose an interactive text entry system which will incorporate a few technologies to provide

a comfortable interface while entering text in VR. In this system a user will input text for VR

environment using a smartphone. A schematic diagram is illustrated in Figure 1 to provide

an overall idea of the idea. A user will wear a head mounted display and it will be attached

to the main system. A leap motion device and a smartphone will be attached to the user’s

non-dominant hand. The smartphone will run a text entry interface with T9 keypads. The T9

keypads are those like the keypad used in a traditional phone before the smartphones came into

play. The leap motion device will be used as a finger tracking sensor. Since the user wearing a

headset will not be observing what is happening on the smartphone screen, leap motion sensor
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will provide some feedback of the user’s finger and the user will use this feedback to interact

with the smartphone.

Figure 2: Smartphone and the placement of a Leap Motion Device on it (not drawn to scale)

The smartphone will communicate with the main system over a TCP Client-Server protocol.

In this case, the smartphone will work as a client and the main system will act as a server. The

leap motion sensor will sense the presence of a finger and checking some bounds it will figure

out if the finger is within a bounding box around the smartphone keypad. An audio will be

played if the finger is within the bounding box. The role of the leap motion device in this

system will only be to detect the presence of finger within the bounding box. Now the main

system will map the coordinate of the leap motion origin and the bounding box to the virtual

environment. If the finger of the user is within the bounding box and the fingers taps a key in

the smartphone application, the smartphone will log the key tap and send it to the server. The

server will take notice of the information received and will check if it is valid. If it is valid

then it will highlight the key in VR. I will include or exclude audio and video feedback to study

various input conditions.

4.2 T9 Text Prediction

T9 (Text on 9 keys) is a U.S.-patented (22) predictive text technology for mobile phones. It was

hugely used in the mobile phones before smartphones with touch screen QWERTY keyboards

came. T9 text prediction can be implemented using a few methods. These methods include

Trie (23) (24), nested hash tables etc. The idea behind every method is almost similar. To
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illustrate let us assume a user has pressed the keys 5, 3, 9 and 7. 5 represents the set of characters

{J, K, L}, 3 represents {D, E, F}, 9 represents {W, X, Y, Z} and 7 represents {P, Q, R, S}. T9

text prediction first filters out the words starting with J, K and L from a dictionary. Then it

applies filtering again with the second set of characters on the filtered information and so on.

Figure 3: A keypad having T9 text prediction

Figure 4: A trie for keys ”A”,”to”, ”tea”, ”ted”, ”ten”, ”i”, ”in”, and ”inn” (Image Source:
Wikipedia)
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5 Design and Implementation

5.1 Apparatus

For the implementation of the proposed work, the latest Leap Motion Sensor (Orion Beta, SDK

version 3.2) will be used as the primary finger tracking device. An android phone (screen size

4.7 inches, SDK version 8- Oreo) will host a text entry application and will be used as a touch

sensor for the fingers. To set up the VR environment a HMD (Oculus Rift, Windows SDK

version 1.14.0) will be used. I will be using Unity (Version 5.5.3) as the platform for getting

the visual feedback of the fingers from Leap Motion device. For scripting, Monodevelop Unity

and Microsoft Visual Studio 2017 will be used. To integrate Unity, Leap Motion and Oculus I

will use Unity Core Assets (version 4.1.5). The scripting language for Unity, Oculus and Leap

Motion related tasks will be C#. However, the T9 text prediction system will be written in JAVA

and one simple TCP client and and a server will be used to communicate between Unity and T9

prediction system hosted in the smartphone.

5.2 Study Conditions

The following conditions will be investigated in the experiment:

• Condition 1- SmartVRKey with no key outline or limited visual feedback: In this

condition the visual feedback in the VR will not have any key outline. It will only show a

rectangular area and the user will memorize the key mapping and later enter texts based

on the mapping they could remember. No audio feedback will be provided.

• Condition 2 - SmartVRKey with key outline: In this condition the outlines of every

key will be provided in VR. The keys will also be highlighted if a touch is detected on a

key. No audio feedback will be provided for this case also.

• Condition 3 - SmartVRKey without key outline and with audio feedback: This con-

dition is similar to condition 1 but the only difference is that there will be audio feedback

in this case.
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• Condition 4 - SmartVRKey with key outline and audio and visual feedback: In this

condition every type of feedback will be provided. A user will view the keyboard in VR,

will see the keys being highlighted and hear some audio if a touch is detected.

While performing the study, these conditions will appear to participants in a counterbalanced

order.

5.3 Participants

For the study 24 participants will be recruited. Since, the study requires interacting with a head

mounted display, any participant with uncorrectable vision deficits or motor impairments will

not be recruited. Each participant will be scheduled for a one hour session and will be paid $10.

5.4 Procedure

In the beginning of the experiment each participant’s informed consent will be properly docu-

mented. A participant will be informed about the purpose of the research, what tasks he has to

do, any foreseeable risks of harm, and that the study is voluntary.

Next, a participant will fill up a questionnaire which will ask demographics questions.

After that, the participant will be advised to wear the HMD. The Leap Motion device will

be attached to the smartphone and velcro will be used to mount the phone on the wrist of the

participant’s non-dominant hand. Then the participant will be given some time to familiarize

himself with the virtual environment. Each participant will be allowed a few minutes for each

condition for practice. During this period, he will try to enter text in all the specified conditions.

As soon as the practice session is finished, the participant will enter texts in four different

conditions.

For each condition, a participant will copy memorable sentences from Enron mobile test

set (25). Sentences with 5-10 words that had been memorized correctly by at least 6 out of 10

workers in (25) will be chosen. A participant will never see the same sentence twice and each

participant will go through four conditions in counterbalanced order. Participants will be asked

to enter the sentences quickly and accurately.
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The conditions will be studied in a counterbalanced order. After each condition the partic-

ipant will take a break and will fill up a questionnaire to share his experience. He will also fill

up the Borg CR10 form to rate physical exertion level during each condition. Finally he will fill

up the SSQ questionnaire (26) to indicate if he has experienced any kind of simulator sickness.

5.5 Data

The position of the tip of the index finger will be logged. It will be logged as a 3D coordinate

in the form (x, y, z). The touch event for a key will also be logged.

5.6 Metrics

The following list of metrics will be used to measure the user experience in my proposed study:

• WPM: Entry rate in Words Per Minute (WPM) is a standard measure in text entry.

Since the length of words can be variable, each word is considered as of five characters

including space. Entry rate will be measured for each phrase from a user’s first key entry

until the recognized text from T9 prediction is displayed.

• CER: Character Error Rate (CER) compares the entered text phrase by the user with

the target text phrase. It is calculated by taking the minimum edit distance between the

entered phrase and the target phrase.

• Backspacing: While entering text in VR it is pretty normal that a participant will mistype

a key. The participant will be allowed to enter a backspace to correct the mistyped key by

using a backspace. The frequency of a mistyped key will be counted and how frequent a

participant uses backspacing will be determined by calculating the backspace to character

count ratio.

• Perceived Exertion: Borg CR10 is a scale that asks users to rate their perception of

physical exertion after completing a specified task. This scale is used to measure different

kinds of sensations including pain, agitation, taste, smell, loudness etc. The statistics

found in all experimental conditions will be used to calculate the physical exertion level.
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• Simulator Sickness: A possible problem while using HMDs is simulator sickness. Since

user’s peripheral vision is occluded in VR, they have to concentrate on highly immersive

contents and the focal length of eyes changes arbitrarily which affects the optical nerves

resulting in simulator sickness. We will measure simulator sickness with Simulator Sick-

ness Questionnaire (SSQ) (26).

• Questionnaire: After all the conditions have been implemented by the user, a final

questionnaire will be asked to the user to rate the overall satisfaction over the entire ex-

periment.

6 Analysis

I will be using the following methods for data analysis:

• Repeated Measure Analysis of Variance (RM-ANOVA): It is used when all the members

of a random sample are tested under a number of various condition. In my study, 24 par-

ticipants will be exposed to four different conditions. Therefore, I will use RM-ANOVA

to check if there is omnibus difference between four conditions that I proposed.

• Bonferroni Corrected Post-Hoc Test: If there is omnibus difference between conditions I

will use Bonferroni Corrected Post-Hoc tests for significant main effects.

7 Discussion

I believe my proposed idea, if implemented, will show a significant improvement in user satis-

faction and better text prediction. The reasoning is valid in the sense that in my proposed system

a user will have to interact with a fewer number of keys in comparison to a full size QWERTY

keyboard. Since, the interactions in VR in some kind of messy my system will provide a more

deterministic prediction as the keys will have a fewer locations. The only drawback is- filtering

on a large dictionary using a set of characters in the first few steps may show some prediction

delay. In this case a probabilistic approach will be less time consuming for the predictive part.

Probabilistic approach will be adapted in my system along the development process.
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