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A One-Dimensional Keyboard with Small Display Area
Leveraging Crossing-Based Selection for Virtual Reality

Shun Fujita*!, Buntarou Shizuki*?

Abstract — A conventional QWERTY keyboard with ray-cast key selection (conventional method),
which is often used for text entry in virtual reality, requires a large occupying display area. In this
study, we developed CrossBoard, a one-dimensional keyboard for virtual reality. The keys are arranged
densely in a single row to reduce the occupying display area, which are selected by ray-cast crossing;
that is, a key is selected when the ray cursor crosses the key. In addition, we designed its word pre-
diction function based on the results of preliminary experiments on the key selection characteristics
(spatial model) of CrossBoard and its optimal size of the keyboard. A comparative user study with the
conventional method shows that the performance of CrossBoard is 67.3% of the conventional method,
even though CrossBoard occupies the display area 26.0% smaller than the conventional method.
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Fig.1 CrossBoard. It Arranges the Keys in

a Single Row and Uses Crossing for
Key Selection to Reduce the Occupy-
ing Display Area.
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Fig.2 Word Input. Here, the User Is Typ-
ing “this”. a: The User First Pulls
the Trigger Button on the Controller.
b: The User Selects the Keys ‘t’, ‘h’,
4’ and ‘s’ With Crossing. c¢: The
User Releases the Trigger Button. The
Word Prediction Is Performed When
the Trigger Button Is Released.
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Fig.3 Deleteing Words. a:  The User

Pulls the Trigger Button and Scrib-
ble Through the Text to Be Deleted
at Least Three Times. b: When the
User Releases the Trigger Button, the
Words Scribbled Will Be Deleted.



Please type the following phrase.

the store will close at ten

QA7WSYEDCRFyTGRYHNUJM I KOLP

Please type the following phrase.

popularity is desired by all

Please type the following phrase.

public transit is much faster

QAZWSyY EDCRFyTGRYHNU UM I KOLP
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Fig.4 Keyboards Compared in Experiment 1. Left: Small, Center: Medium,

Right: Large.
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Fig.5 The Offset of the Selected Position of
Each Key in the Size of the Keyboard.
The Positive Offset Indicates Hitting
to the Right of the Center of Key.
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Fig.6 The Offset of the Selected Position of
Each Key in Each Participant. The
Positive Offset Indicates Hitting to the
Right of the Center of Key.
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Fig.7 The Variance of the Selected Position
of Each Key in the Size of the Key-
board.
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Please type the fofbwing phrase.
we dine out off the weekends

we dinner

dinner | cindy | dining | dmn
QazWsyBocRFyTegYHNyU ! KOLP

Please type the following phrase.

we dine out on the weekends

chema | Giner |0 an@i T _ cindy
GAZWSXEDORFVTGEYHNUJM|KDLP

Please type the following phrase.

we dine out on the weekends

we dine

LKOLP
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Fig. 10 Example of Typing on CrossBoard.

In This Example, the User Types
“dine”. a: Finished Typing ‘d’, ‘1,
‘n’, and ‘e’. b: Selecting “dine” From
the Candidate Words. c: “dine” Has
Been Entered.
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Fig.11 Keyboards Compared in Experiment
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Fig.12 Text Entry Rate for Both Keyboard
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KRIEELS—%K (%)

Practice 1 2 3 4

Jovy

13 7ry BB FIEI L DREIET
Z—R,

Fig.13 Uncorrected Error Rate for Both
Keyboard for Each Block.
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Fig.14 NASA-TLX Subscales and Work-
loads for Both Keyboard. MD: Men-
tal Demand, PD: Physical Demand,
TD: Temporal Demand, OP: Perfor-
mance, EF: Effort, FR: Frustration,
WL: Workload (Mean of Subscales).
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Fig.15 Application of CrossBoard to Smart
TVs. By Using CrossBoard, the
Display Area of Other Contents Is
Widened.
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