
Impact of Key Shape and Dimension
on Text Entry in Virtual Reality

Tafadzwa Joseph Dube
Human-Computer Interaction Group
University of California, Merced
Merced, CA 95343, USA
tdube@ucmerced.edu

Ahmed Sabbir Arif
Human-Computer Interaction Group
University of California, Merced
Merced, CA 95343, USA
asarif@ucmerced.edu
https://www.asarif.com

Permission to make digital or hard copies of part or all of this work for personal or
classroom use is granted without fee provided that copies are not made or distributed
for profit or commercial advantage and that copies bear this notice and the full citation
on the first page. Copyrights for third-party components of this work must be honored.
For all other uses, contact the owner/author(s).
CHI ’20 Extended Abstracts, April 25–30, 2020, Honolulu, HI, USA.
© 2020 Copyright is held by the author/owner(s).
ACM ISBN 978-1-4503-6819-3/20/04.
http://dx.doi.org/10.1145/3334480.3382882

Abstract
Virtual Qwerty is the most popular method of text entry in
virtual reality. Since virtual keyboards are not constrained
by the physical limitations of actual keyboards, designers
are taking the liberty of designing novelty keys for these
keyboards. However, it is unknown whether key design af-
fects text entry performance or user experience. This work
presents results of a user study that investigated the effects
of different key shapes and dimensions on text entry per-
formance and user experience. Results revealed that key
shape affects text entry speed, dimension affects accuracy,
while both affect user experience. Overall, square-shaped
3D keys yielded the best actual and perceived performance,
also was the most preferred by the users.

Author Keywords
Head-Mounted Display (HMD); Virtual Reality (VR); 3D; 2D;
dimension; virtual keyboard.

CCS Concepts
•Human-centered computing→ Text input; Empirical
studies in interaction design; Virtual reality; Usability
testing;

Introduction
The use of virtual reality has significantly grown over the
last decade due to the affordability of virtual reality hard-
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Key Design Reference

Round 3D [4, 5, 10, 26]
Square 2D [4, 14, 15, 17, 27, 32, 34, 36]
Square 3D [6, 11, 16, 24, 29, 32]
Hexagonal 3D [8]

Table 1: Commonly used key shapes in Qwerty for virtual reality.

ware and its applicability in many areas [28], including office
work [13], collaboration and training [21], and social net-
works [25]. However, text entry in virtual reality remains a
challenge [14, 32]. Most works in this domain explore dif-
ferent tracking mechanisms and develop novel input tech-
niques and technologies without much consideration for
how the design of the keys (the shape, size, dimension,
and color of the keys) affects text entry performance. This
has resulted in the emergence of virtual keyboards with a
range of key designs (a quick search on the Unity Asset
Store1 can attest to this). This lack of understanding can
slow down the progress in optimizing text entry in virtual
reality. To address this, we conducted a comparative study
to evaluate the performance of six different key designs (3
shapes × 2 dimensions) on text entry performance and
user experience in virtual reality.

Figure 1: A Leap Motion Controller
was attached to the front of the
Oculus Rift at a 20◦ down angle to
increase its field of view when the
user’s head is upright.

Figure 2: The setup used in the
study. The black material on the
desk is duvetyne4.

Related Work
Recently, researchers have been tackling the text entry
challenge in virtual reality. Although a range of novel tech-
niques and technologies have been proposed, the most
popular solution is still virtual Qwerty (see a recent review
[12]). These keyboards use the the standard Qwerty lay-
out, but the design of the base and the keys vary (Table 1).
Rajana and Hansen [27] studied flat and curved keyboard

1Unity Asset Store https://assetstore.unity.com

bases in virtual reality. They found out that entry speed with
a flat base is significantly faster than with a curved base.
Outside virtual reality, the effects of keyboard shape [22],
size [31], and background [35], and key size [7, 18] and
spacing [7] on text entry performance have been explored.
However, to our knowledge no work has explored whether
key shape and dimension affect text entry performance and
user experience in the context of virtual reality.

Experiment
This study investigated the effects of key shape and dimen-
sion on text entry performance and user experience.

Apparatus
We developed a custom system with Unity3D 2017.14.17
and Orion 4.4.0 SDKs. It ran on a Windows 10 HP OMEN
desktop computer with an AMD Ryzen 5 2500X Quad-
Core processor, 8 GB RAM, and an Nvidia GeForce GTX
1060 graphics card. It used an Oculus Rift2 Head-Mounted
Display (HMD). It also used a Leap Motion Controller3 to
track hands, which was attached to the front of the HMD
at a 20◦ down angle to increase its field of view when the
user’s head is upright (Figure 1). We covered the base with
a duvetyne4 fabric (Figure 2) to absorb light since reflective
surfaces affect Leap Motion’s tracking ability [9]. We used
Leap Motion regardless of its limitations [16, 23, 33] due to
its availability and affordability.

Design
The study used a within-subjects design with two indepen-
dent variables: key shape and key dimension. Key shape
had three levels: round, square, and hexagonal. Key di-
mension had two levels: 2D and 3D. In each condition par-

2Oculus Rift https://www.oculus.com
3Leap Motion Controller https://www.leapmotion.com
4Duvetyne https://en.wikipedia.org/wiki/duvetyne
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ticipants transcribed five random English phrases from a
corpus [19]. The conditions were counterbalanced using
a Latin square. The dependent variables were the perfor-
mance metrics. In summary, the design was: 12 partici-
pants × 6 conditions × 5 phrases = 360 phrases in total.

Figure 3: The abstract hand
representation used in the study.

Figure 4: A volunteer participating
in the user study.

Key Design Area

2D Round 19.63 cm2

3D Round 70.69 cm2

2D Square 25 cm2

3D Square 150 cm2

2D Hexagonal 16.24 cm2

3D Hexagonal 62.48 cm2

Table 2: Each key was designed to
fit a 5×5 cm square, which acted
as the active touch area for the
keys. The height of the 3D keys
were 2 cm.

Metrics
The study recorded the standard words per minute (wpm),
error rate, and corrected error rate performance metrics.
Words per minute is the average number of words entered
in one minute, where a “word” is measured as five charac-
ters [2]. Error rate is the average percentage (%) of incor-
rect characters remained in the final text. Corrected error
rate is the average percentage (%) of incorrect characters
corrected by the user (which are not in the final text).

Virtual Keyboard
We developed a custom virtual Qwerty that used round,
square, and hexagonal keys in both 2D and 3D (Figure 6).
These shapes was chosen since these are commonly used
in Qwerty for virtual reality (Table 1). Table 2 displays the
area covered by each key. All keys were positioned in a
5×5 cm active area with a 7 mm padding between the keys
to facilitate comfortable 3D pointing [3]. Users saw a virtual
representation of their hands (Figure 3). The keyboard pro-
vided visual feedback on each key press. The 2D keys were
highlighted in a different color [34] and the 3D keys played
a key-down animation mimicking actual keys [32]. The key-
board used a dark-blue background with light-grey keys
and black font for better contrast. All keys used the same
font and font size. Neutral colors were used as bright colors
can cause visual fatigue [20]. Abstract hands were used to
avoid the effect of gender and the “uncanny valley” [1, 30].

Virtual Environment
The virtual environment had a desk, the custom virtual Qw-
erty on the desk, and a text input area floating above the

Figure 5: The virtual environment used in the study. It had a
wooden desk, the virtual keyboard on the desk, and a text input
area floating above the desk.

desk (Figure 5). When participants entered the virtual envi-
ronment, they felt like they were sitting in a chair facing the
desk. We used a minimalistic approach to design the envi-
ronment to ensure that it did not distract the participants.

Participants
Twelve participants voluntarily took part in the study (Figure
4). Eight of them were female and four were male. Their
age ranged from 19 to 32 years (M = 22.9, SD = 3.5). They
all identified themselves as native or bilingual speaker of
the English language. Three of them wore eyeglasses.
They all were experienced Qwerty users. Four of them had
used an HMD before, but none had experience typing in
virtual reality.

Procedure
The study was conducted in a quiet room. Upon arrival, we
explained the study procedure to all participants, collected
their consents, and asked them to complete a demograph-
ics and experience questionnaire. They then participated in
two 10-minute practice sessions. In the first session, they



Figure 6: The six key designs used in the study, from left: 2D round, 3D round, 2D square, 3D square, 2D hexagonal, and 3D hexagonal.

played around with their hands to get a feel of the virtual
hands. In the second session, they typed the “The quick
brown fox jumps over the lazy dog” pangram with either
of the six key designs (Figure 6) in a counterbalanced or-
der. These sessions were necessary since most partici-
pants were unfamiliar with virtual reality. Besides, these
enabled us to observe any symptoms of virtual reality sick-
ness5 (none recorded in this study), adjust the headset, and
calibrate the keyboard position for each user.

In the main study, participants transcribed five short phrases
from a corpus [19] with each key design in a counterbal-
anced order. A random phrase was presented above the
input area. Participants were instructed to read, under-
stand, and memorize the phrase before transcribing it as
fast and accurate as possible, then press the ENTER key
to see the next phrase. Error correction was encouraged,
but not enforced. There were 2-minute breaks between the
conditions, where participants were instructed to remove
the HMD. Upon completion of the study, participants ranked
the key designs in terms of how natural they felt, speed,
accuracy, and their overall preference.

Results
For statistical tests, we removed all instances where the
user’s hands were not visible due to tracking issues (7%
of the data). We used repeated-measures ANOVA for all

5Virtual Reality Sickness https://en.wikipedia.org/wiki/virtual_
reality_sickness

Figure 7: Average entry speed for the six different keys explored
in the study. Error bars represent ±1 standard deviation.

analysis as a Shapiro-Wilk test and a Mauchly’s test con-
firmed that the filtered data did not violate its normality and
sphericity assumptions, respectively.

Entry Speed
An ANOVA identified a significant effect of shape on entry
speed (F 2,11 = 3.64, p < .05). The average entry speed with
round, square, and hexagonal keys were 10.82 wpm (SD
= 2.9), 11.83 wpm (SD = 2.9), and 10.92 wpm (SD = 2.7),
respectively. A Duncan’s test revealed that entry speed with
square keys was significantly faster than with round keys.
An ANOVA failed to identify a significant effect of dimen-
sion (F 1,11 = 2.16, p = .2). The average entry speed with 2D
and 3D keys were 10.75 wpm (SD = 4.4) and 11.63 wpm
(SD = 2.6), respectively. There was also no significant ef-
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Figure 8: Average error rate for the six different keys explored in
the study. Error bars represent ±1 standard deviation.

fect of shape × dimension (F 2,11 = 0.84, p = .4). Figure 7
illustrates average entry speed with all key designs.

Error Rate (%)
An ANOVA failed to identify a significant effect of shape
on error rate (F 2,11 = 0.61, p = .5). The average error rate
with round, square, and hexagonal keys were 4.79% (SD =
4.2), 4.35% (SD = 4.4), and 5.27% (SD = 3.2), respectively.
However, there was a significant effect of dimension (F 1,11

= 10.03, p < .01). The average error rate with 2D and 3D
keys were 6.56% (SD = 4.4) and 3.04% (SD = 2.5), respec-
tively. A Duncan’s test revealed that error rate with 2D and
3D keys were significantly different. However, an ANOVA
failed to identify a significant effect of shape × dimension
(F 2,11 = 0.80, p = .5). Figure 8 illustrates average error rate
for all key designs.

Corrected Error Rate (%)
An ANOVA failed to identify a significant effect of shape on
corrected error rate (F 2,11 = 3.26, p = .05). The average
corrected error rate with round, square, and hexagonal keys

Figure 9: Average corrected error rate for the six different keys
explored in the study. Error bars represent ±1 standard deviation.

were 6.28% (SD = 5.8), 4.98% (SD = 4.6), and 4.57% (SD
= 4.2), respectively. There was also no significant effect of
dimension (F 1,11 = 4.54, p = .05). The average corrected
error rate with 2D and 3D keys were 6.63% (SD = 5.9) and
3.92 (SD = 3.3), respectively. An ANOVA failed to identify
a significant effect of shape × dimension as well (F 2,11 =
3.05, p = .06). Figure 9 illustrates average corrected error
rate for all key designs.

Qualitative Data
Table 3 presents all user responses, where one can see
that most participants found the square 3D keys the most
natural. They also felt that square 3D keys enhanced their
text entry speed and accuracy, thus wanted to use it in vir-
tual reality. The square 2D keys were the second most pre-
ferred, followed by the round 3D keys. Participants were in
agreement that the hexagonal keys were not natural and af-
fected their entry speed and accuracy. Yet, one participant
wanted to keep using the 3D hexagonal keys, because they
“looked cool”.



Key Design Natural Speed Accuracy Preference

Round 2D 0 0 0 0
Round 3D 0 2 2 1

Square 2D 0 2 2 2
Square 3D 12 8 8 8

Hexagonal 2D 0 0 0 0
Hexagonal 3D 0 0 0 1

Table 3: User responses to the key designs they found the most
natural, enhance entry speed and accuracy, and their overall
design preference. The study involved 12 participants (N = 12).

Most participants preferred the 3D keys since they thought
they imitated the behavior of an actual key the best. One
participant commented that he liked the 3D keys because
he is “used to them from the real world”. Participants who
preferred 2D keys stated that they found the visual feedback
on 3D keystrokes distracting (the key-down animation). One
participant commented that she kept looking at the anima-
tion, which "disturbed" her typing.

Discussion
Results showed that entry speed with different key shapes
were significantly different. Square keys yielded about 8%
faster entry speed than round and hexagonal keys. Par-
ticipant responses also corroborate this. Most participants
(83%, N = 10) felt that their entry speed was much faster
with square keys (Table 3) compared to the other keys. Text
entry speed with 3D keys were also about 8% faster than
2D keys. This effect was not statistically significant. How-
ever, it appears that participants picked up on this behavior
since most of them (83%, N = 10) responded that 3D keys
enhanced their entry speed (Table 3). Although there was
no significant effect of key shape on error rate, most partic-

ipants (83%, N = 10) felt that square keys were more ac-
curate than the other keys (Table 3). They were not totally
amiss since round and hexagonal keys were 9% and 17%
more error prone than square keys. There was a significant
effect of key dimension on error rate. 3D keys were 54%
more accurate than the other keys. Participants noticed this
too, as most of them (83%, N = 10) responded that they
were more accurate with 3D keys than 2D keys (Table 3).
There was no significant effect of key size or shape on cor-
rected error rate. This suggests that participants did not
face any major difficulties in correcting errors with any of the
keys.

Overall, 3D square keys yielded the best actual and per-
ceived performance. These findings suggest that imitating
the design and behavior of real world objects in the virtual
world is a good idea, especially at the infancy of the tech-
nology. Further qualitative research in needed to find out
whether this finding can be generalized to a larger sample.
We also stress the importance of revisiting this in the future
since the need for imitating physical objects in the digital
world often diminishes as technologies become ubiquitous.

Conclusion and Future Work
We presented a study that investigated the effects of differ-
ent key shapes and dimensions on text entry performance
and user experience. Results revealed that key shape af-
fects text entry speed, dimension affects accuracy, and both
affect user experience. These findings will aid in design-
ing keyboards that can facilitate faster, more accurate, and
pleasant text entry experience in virtual reality. In the future,
we will investigate the effects of different types of visual, au-
ditory, haptic feedback on text entry performance and user
experience. Further, we will replicate this study in the fu-
ture to find out if the behaviors observed in this study recurs
when the technology matures.
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