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ABSTRACT

This paper presents results of a comparative study that inves-
tigated the effects of different types of keyboard backgrounds
(themes) on actual and perceived text entry performance, in
terms of speed and accuracy. Two color and two image back-
grounds were compared with the default Google Android
keyboard. Results revealed that keyboard background does
not affect actual performance, however has a significant
effect on perceived performance. Most participants felt that
image backgrounds, regardless of whether they were pre or
self-selected, affected their speed and accuracy. This suggests
that it may be possible to enhance one’s text entry experience
simply by designing an effective keyboard theme. This paper
concludes with reflections on how these findings could benefit
text entry researchers and keyboard developers.
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INTRODUCTION

The ubiquity of mobile text entry has resulted in the availa-
bility of numerous third-party virtual keyboards for tablets
and smartphones. While many of these keyboards are target-
ed at languages other than English and special user groups,
such as the disabled, children, and elderly, or attempt to
improve on the state-of-the-art by incorporating new features
or predictive systems, many simply customize the look-and-
feel of the Qwerty layout. These keyboards usually do not
alter the factors that have been proven to affect text entry
performance, such as keyboard and key sizes [11,12,20-23],
instead use different backgrounds and colors to attract us-
ers. Some of these keyboards also enable users to select
background images or colors of their choice (e.g., [26-30]).
Recently, the default Android OS keyboard has also ena-
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bled this feature [31]. However, no data is available on
whether customizing keyboard background impacts text
entry performance and user preference. This paper attempts
to answer this question through an empirical study.

RELATED WORK

Many have investigated the effects of color in user interfac-
es. They recommended using simple color schemes in user
interfaces since its difficult for users to develop an effective
mental model when they are overwhelmed or confused by
too many colors competing for attention [16,17,25].

An early work reported that the degree of visual distinction
between different tasks impacts the extent of possible inter-
ference and perceived difficulty [8]. It showed that using
opposing contrast level outlines to encircle objects and fonts
(e.g., black border outlines for white objects) improves
visibility and distinctiveness of items in transparent inter-
faces. Some keyboard themes attempt capitalize on this. A
different work found out that the search time for finding an
item decreases “if the color of the item is known ahead of
time, and if the color only applies to that item” [18,25].

Numerous works have stressed the importance of using prop-
er color codes (picked based on common practices and
cultural usage) in user interfaces to reduce misinterpreta-
tions and incorrect responses [16,25]. Some have also stud-
ied the effects of color on performance. One work reported
that the color of computer screens can affect visual task
performance [9], while another identified a relationship
between personality and how users select and organize their
desktop wallpapers [14]. A different work [2] suggests that
translucency does not affect text entry speed or accuracy. Yet,
to our knowledge, no prior work has examined the effects of
different virtual keyboard backgrounds on input perfor-
mance and preference.

Motivation

This research is motivated by the following considerations.
First, when comparing a novel or improved virtual keyboard
with the state-of-the-art, or studying human interactions with
virtual keyboards, researchers spend a substantial amount of
time and effort in maintaining a visual resemblance between
the prototype and the baseline keyboard (e.g., [1,4,13,24]).
This due to the consideration that a different look-and-feel
can be a “confound” in the evaluation. This work will inform
them whether this rigorous process is really necessary.
Second, it will also inform practitioners about whether
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enabling different themes for virtual keyboard is indeed a
good idea.

AN EXPERIMENT

We conducted a user study to test the following hypotheses.
H1) Virtual keyboard background affects text entry perfor-
mance, in terms of speed and accuracy. Hz) Virtual keyboard
background influence perceived text entry performance, in
terms of speed and accuracy.

Apparatus

We used an Apple iPhone 7, 138.3x67.1x7.1 mm, 138 g for
the study (Figure 1). It ran on the Apple iOS 11.2.6 at 326
ppi- We used Gboard, the default Android keyboard [31], in
the study since it enables users to apply different colors and
images as background, which they could select from either
the theme library or their personal image galleries. All pre-
dictive features of the keyboard were disabled, including
word prediction and autocorrection, to eliminate a potential
confounding factor (since some participants may heavily rely
on the predictive features, while the others may not). Text
entry performance was recorded through WebTEM [3], which
is a freely available cross-platform Web application for
recording text entry performance metrics.

Participants

Twelve volunteers (5 female, 7 male) participated in the user
study. Their age ranged from 22 to 30 years, average 25.75
years (SD = 2.4). They all had normal visual acuity and none
of them were color blind. All were experienced smartphone
users and had an average of 9.6 years of experience in mobile
text entry (SD = 2.5). However, none of them had any expe-
rience with the keyboard themes used in the study. They all
received a small compensation for volunteering.

Design

The study used a within-subjects design, where the inde-
pendent variable was the keyboard background and depend-
ent variables were the performance metrics and user respons-
es. There were 5 background conditions: default, warm color,
cool color, preselected image, and user-selected image. We
included two color conditions based on prior research that
reported that color affects psychological functioning of
humans [7,9]. All conditions enabled key borders. All partic-
ipants started with the default condition, then the other condi-
tions were counterbalanced. However, we anticipated a negli-
gible effect of order since all our participants were experienced
virtual Qwerty users. In each condition, participants entered
fifteen random English phrases from a set [15]. In summary,
the design was: 12 participants x 5 conditions x 15 English
phrases = 900 phrases, in total.

Keyboard Backgrounds/Themes

For the color conditions, we selected two colors from the two
sides of a color display spectrum: orange (RGB #FF6F00)
and teal (RGB #58C7D1). Orange is a warm color that can
strain human eyes and often uncomfortable to look at for an
extended period time, while teal is a cool color that is pleas-
ing to human eyes [10].
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We added two image conditions since some users may
prefer using image backgrounds instead of colors. For the
preselected image condition, we randomly picked an image
from the 12 available landscape pictures in Gboard. In the
user-selected condition, participants selected an image from
the phone’s photo gallery. This condition was included with
the consideration that some users may prefer using personal
pictures as backgrounds, such as photographs of their signifi-
cant others, children, pets, etc. Since we could not request
access to their personal images due to privacy concerns, we
tried to replicate this scenario by creating a custom image

gallery.

Figure 1. The device and the application used in the study
(left); a volunteer participating in the study (right).

For this, first we identified the most popular image categories
for desktop, tablet, or smartphone backgrounds in the Internet
(e.g., [6,19]). Pets, nature, wildlife, motor vehicles, and
skyscrapers were found to be the most popular categories.
Then, we downloaded 5 images for each category, resulting
in 25 images in the gallery. Figure 2 shows some of the
keyboard backgrounds used in the study.
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Figure 2. From top left, the default, warm color, cool color,
preselected image, and two user-selected image backgrounds.

Procedure

First, we demonstrated Gboard’s theme selection feature to
all participant and explained the study procedure. Then, we
collected their consents and demographics. The study start-
ed shortly after that, where each participant entered fifteen
phrases in each condition. WebTEM [3] displayed one phrase
at a time. Participants had to transcribe each phrase and press
the Return key to see the next phrase. They were instructed
to read and memorize the phrase and then transcribe it as fast
and accurate as possible. Error correction was recommended
[5]. There was no practice session since all participants were
experienced virtual Qwerty users. To increase the external
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validity of the study, we allowed participants to enter text in
their usual posture and position. Interestingly, all participants
held the device with both hands in portrait position, and
entered text using the thumbs (Figure 1).

All participants started with the default (baseline) condition,
then the other conditions in a counterbalanced order. During
the user-selected condition, participants picked an image of
their liking from the gallery (included 25 images, see above).
There were mandatory short breaks (~one minute) between
the conditions. However, participants could request for addi-
tional breaks, when necessary. Upon the completion of the
study, participants were asked to fill out a short question-
naire, where they could rate the examined keyboards back-
ground on a 7-point Likert scale.

Results

The study lasted for about 30 minutes. It recorded the com-
monly used Words per Minute (WPM), Error Rate (ER), and
Keystroke per Characters (KSPC) metrics [5]. We used a
repeated-measures ANOVA to analyze all quantitative data.
To investigate the effects of different “types” of background,
we grouped the conditions into the default, color (warm and
cool), and image (preselected and self-selected) categories.
In the self-selected background condition, 58% participants
picked wildlife, 17% motor vehicles, 17% pets, and the ream-
ing 8% nature. We did not analyze the data for background
image categories due to insufficient data.
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Figure 3. Average entry speed per condition. The values inside
the brackets and the error bars represent standard deviations.

Entry Speed (WPM)

An ANOVA failed to identify a significant effect of condition
on entry speed (Fa11 = 0.53, p > .05). Figure 3 illustrates
average entry speed for all conditions. There was also no
significant effect of background type (F2,11 = 0.39, p > .05).
Entry speed for default, color, and image were 34.82 (SD =
12.36), 35.74 (SD = 13.52), and 35.7 (SD = 12.64) WPM,
respectively.
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Figure 4. Average error rate per condition. The values inside
the brackets and the error bars represent standard deviations.

Error Rate (ER)

An ANOVA failed to identify a significant effect of condition
on error rate (F.11 = 0.82, p > .05). Figure 4 illustrates aver-
age error rate for all conditions. There was also no significant
effect of background type (F2,11 = 2.4, p =.10). Average error
rate for default, color, and image were 1.35% (SD = 4.26),
1.22% (SD = 2.15), and 1.66% (SD = 3.01), respectively.
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Figure 5. Average Keystrokes per Character (KSPC) for all
conditions. The values inside the brackets and the error bars
represent standard deviations.

Keystrokes per Character (KSPC)

An ANOVA failed to identify a significant effect of condition
on KSPC (Fs,11 = 0.84, p > .05). Figure 5 illustrates average
KSPC for all conditions. There was also no significant effect
of background type (F>,11 = 1.16, p = .30). KSPC for default,
color, and image were 1.35 (SD = 0.37), 1.22 (SD = 0.4), and
1.66 (SD = 0.36), respectively.

User Feedback

In the study, participants responded to questions about speed,
accuracy, and interference for the color and image conditions
in comparison with the default condition on a 7-point Likert
scale. We used a Friedman Test to analyze user responses.
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Figure 6. Participant responses to whether keyboard
background affected their text entry speed. Here, 7 to 7
represent Definitely Disagree to Definitely Agree.

Perceived Speed

A Friedman Test identified a significant effect of condition
on perceived speed (}*(3) = 12.03, p < .01). Figure 6 shows
user responses to the question whether keyboard background
affected their entry speed, where one can see that most
participants responded that the image conditions reduced
their entry speed. About 83% (N = 10) and 67% (N = 8)
participants felt that the preselected and user-selected image
background, respectively, affected their speed. They were
mostly neutral about the other conditions (Table 1).

Perceived Accuracy

A Friedman Test identified a significant effect of condition
on perceived accuracy (¥*(3) = 9.61, p < .05). Figure 7
shows user responses to the question whether keyboard
background affected their accuracy, where one can see (sim-
ilar to entry speed) most participants responded that the
image conditions reduced their accuracy. About 83% (N =
10) and 58% (N = 7) participants felt that the preselected
and user-selected image background, respectively, affected
their accuracy. They were mostly neutral about the other
conditions (Table 1).

Warm Color mCool Color m Preselected Image M User-selected Image
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Figure 7. Participant responses to whether keyboard
background affected their text entry accuracy. Here, 1 to 7
represent Definitely Disagree to Definitely Agree.

Interference

A Friedman Test identified a significant effect of condition
on interference (*(3) = 13.82, p < .05). Figure 8 illustrates
user responses to the question whether keyboard background
swayed their attention away from text entry, where it is
apparent that most participants did not find the backgrounds
destructing. Over 67% (N = 8) participants either disagreed
or were neutral about this.
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Figure 8. Participant responses to whether keyboard
background interfered with the task of text entry. Here, 1 to 7
represent Definitely Disagree to Definitely Agree.

DISCUSSION

The results do not support acceptance of H;. Statistical tests
revealed that there was no significant effect of keyboard back-
ground on either text entry speed, accuracy, or keystrokes per
character. It is apparent in Figure 3-5 that all backgrounds
yielded comparable speed, accuracy, and KSPC.

Interestingly, the results support acceptance of H>. Statistical
tests identified significant effect of keyboard background on
both perceived speed and accuracy. Table 1 presents partic-
ipant responses to the questions about whether they felt that
the examined backgrounds affected their text entry speed or
accuracy, from where it is clear that substantially more
participants felt that image backgrounds compromised their
text entry speed and accuracy, although in reality, that was
not the case (Figure 3—5). They were mostly neutral about the
color themes, i.e., did not feel that they interfered with text
entry.

Background Perceived Speed | Perceived Accuracy
(Theme) Agree Disagree Neutral Agree Disagree Neutral
Warm Color 17% 42% 42% 25% 33% 42%
Cool Color 33% 33% 33% 17% 42% 42%
Preselected Image 83% 17% 0% 83% 17% 0%
User-selected Image 67% 8%  25% 58% 25% 17%

Table 1. Percentage of users agreed, disagreed, or were
neutral about the effects of keyboard backgrounds on speed
and accuracy. The numbers do not always add up to 100%
since they are rounded to the nearest integers.

The study used the same keyboard in all conditions, but with
diffident themes, yet participants had strong opinion about
some of the conditions. This is particularly interesting since
it suggest that it is possible to influence user impression of
a keyboard’s performance simply by changing its theme.

Recommendations

Based on the findings, we caution researchers against using
radically different keyboard themes in different conditions.
While it may be acceptable in studies interested only in quan-
titative measures, studies collecting user opinion must make
sure that all examined keyboards look more or less the same
since user preference for a theme could introduce a con-
founding variable. Further research is necessary to identify
the factors that influence user opinion. Keyboard develop-
ers must also be careful in tweaking the default or designing
new themes. Instead of making sudden and drastic changes,



Session 3: Mobility and Transportation

we recommend gradually switching to new themes by in-
troducing subtle changes. We also recommend enabling the
user to select and edit themes through a theme library.

CONCLUSION AND FUTURE WORK

In this paper, we investigated the effects of different types
of keyboard backgrounds (themes) on actual and perceived
text entry performance, in terms of speed and accuracy. We
conducted a user study that compared two color and two
image backgrounds with the default Google Android key-
board. Results revealed that there was no significant effect
of keyboard background on actual performance, yet, a sig-
nificant effect on perceived performance was identified.
Most participants felt that image backgrounds, regardless of
whether they were pre or self-selected, affected their entry
speed and accuracy. This indicated towards the possibility
that users’ text entry experience can be influenced by using
effective keyboard themes. Based on these findings, we made
design recommendations for text entry researchers and key-
board developers.

In the future, we will extend this work to various properties of
image (apply clutter metrics), different experience levels
(experts and novices), and investigate whether there is a long-
term effect of keyboard themes on performance. We will also
explore the possibility of improving text entry experience
using keyboards that can identify and adapt to the user’s
mood (or the current state of mind) by changing themes to
provide them with a pleasant text entry experience.
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