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Abstract

Touch screen devices, which have become ubiquitous in
our daily lives, offer users flexible input and output
operations. Typical operation methods for touch screen
devices include the use of a stylus or a finger. A touch
screen user can select a stylus or finger depending on
the user’s situation and preference. In this paper, we
propose a dynamic method of assigning symbols to
keys for a software keyboard on a touch screen device.
This method provides flexible adjustment to both the
stylus operation and finger operation.
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H5.2. Information interfaces and presentation (e.g.,
HCI): User Interfaces.

General Terms
Design, Human factors, Performance

Introduction

Portable computing devices with a touch screen such as
mobile phones, personal digital assistants, and portable
music players have become familiar devices. Using a
touch screen as an input—output device can enable the
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selection; Right, the C or V key selection.

figure 1. Dynamic split keys in use.
The circles on the keyboards represent

user’s contact surfaces.
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figure 2. Text entry option of the pie

menu: Top, example of the pie menu

visual feedback; Bottom, user’s

contact surface.

QI|W|E[R[T|Y|W[!I[O]|P Q|W|E T|Y|U[I[O]|P
A|S|D|F[G|H]| J|K|L A[S[D|F|G|H|]J[K]|L
Z|X|C|V[B|N|M 4 Z[X|€|V|B[N[M 4
(a) Stylus operation examples: Left, the U key selection;
Right, the C key selection.
Q|W|E[R|T]Y | [O]P Q[W[E|R|T[Y[U]I]|O]|P
A[S[D|F|G|H L A[S[D|F|G|H[]J|K]|L
z[x]c[v[B[N[M] [» z[x B[N[M] [»
(b) Finger operation examples: Left, the U, |, J, or K key

body of a portable computing device to be smaller and
can make the look-and-feel of the user interface much
more intuitive. Flexible input operations are possible,
such as gesture commands, freehand input, and
tapping and dragging of on-screen objects.

A typical and critical task for a touch screen is text
entry. Major commercial touch screen devices have a
software keyboard for text entry. It is assumed either
that a stylus is used for smaller devices such as PDAs
or that a finger is used for larger devices such as
tabletops and interactive surfaces. Furthermore,
software keyboards have various designs. It is assumed
that a standard telephone keypad is used for smaller
devices and that several letters are assigned to a key
to use the limited screen space effectively. For larger
devices, a standard qwerty keyboard is employed.

However, input device and keyboard design based on
the screen size ignores the user’s circumstances and
preferences. Users might prefer to use fingers for short
intermittent use in replying to an SMS message or
micro-blogging even if typing with a software keyboard
with a stylus is usually used.

As described in this paper, we propose a touch screen
keyboard that dynamically arranges split-keys based on
the contact surface area and position. Based on the
contact surface, the dynamic split-key software
keyboard adjusts to a user’s circumstances. It
addresses occlusion and fat finger problems of finger
use on the touch screen.

Related Works
Several works have examined assignment of multiple
letters to a single key. For example, a qwerty-like-
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phone keypad [1] uses a qwerty-like key pattern for a
standard telephone keypad. Alphabetically Constrained
Design [2] uses complete enumeration and Genetic
Algorithm-based heuristic to find keypad design
(mappings of letters to keys) solutions. It creates
several unconstrained and constrained keypad designs.
Stick [3] and TouchMeKey4 [4] have more
sophisticated keypad design with less-standard keypads.
MacKenzie and Soukoreff [5], after conducting
extensive surveys of mobile text entry, presented a
theoretical discussion and proposed the key-ambiguity
continuum. Other examples of keypad design are
examined in that study. In addition, a universal
technique like Shift [6] can be used for typing small on-
screen keyboard.

Prior studies of keypad design use either a qwerty
arrangement or alphabetical order as a basic design.
The former is used because of its property of
transformation. Most users have some experience using
a gwerty standard keyboard for PC use. For that reason,
the gwerty-based keypad enables ease of learning.
Alphabetical order is used for its reasonability. Users
with less experience on a gwerty keyboard can
comprehend it.

Dynamic Split Keys

Software keyboards’ sizes and shapes depend on the
touch screen and the device used with it, e.g. a stylus
or bare finger. A stylus can point and select smaller a
target on a screen. Consequently, a standard qwerty
keyboard, with one key pressed per touch operation,
might be appropriate. A bare finger can point and
select a larger target on a screen: a split-key keyboard
with good use of screen space might be appropriate.
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figure 3. Hypothetical text entry
speed (Top) and error rate (Bottom).

Basic concept: dynamic split keys

This paper presents a proposal of a dynamic split-key
software keyboard that adjusts to stylus and bare
finger operation, providing advantages of both a full
gwerty keyboard and a split-key keyboard for a touch
screen. Figure 1 presents the dynamic split-key
keyboard concept. Fundamentally, the contact surface
size and position change visual feedback and selection
processes. With a small contact surface, as in area
stylus operation (figure 1(a)), it behaves as a standard
software keyboard with no key selection ambiguity.
With a large contact surface, as in finger operation
(figure 1(b)), it behaves as a split-key keyboard with
key selection ambiguity. The ambiguity is resolved
using techniques such as menu selection, callout, and
multi-tap. An example is to ask the user to select one
display item from a pie menu, as figure 2 shows.

The dynamic split-key software keyboard presents
various advantages for touch screens. First, it deals
with differences among individuals, such as different
finger sizes and contact surfaces. Our approach adapts
to any finger size and contact surface. Second, it deals
with differences among use contexts. A user might
operate it using one-handed thumb use while others
use it with two hands, holding the body of device with
the non-dominant hand and operating it using the
dominant hand. It therefore creates different contact
surfaces. Third, it addresses personal preferences for a
larger software keyboard and preferences for a smaller
one. A user might even prefer the pie menu or flick-
input method as a key selection method. Finally, this
method is adaptable to different display sizes, from the
tiny touch screens of mobile phones to the large touch
screens of tabletop and interactive surfaces.
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Moreover, our approach can use any selection method
for input letter disambiguation. As described in this
paper, we adopt the pie menu as the selection method
(figure 2) because all selection items are accessible
with a stylus or finger with minimum sliding operation.

Hypothesis related to performance

Regarding the performance of the dynamic split-key
software keyboard for a touch screen, we present the
following hypothesis.

Hypothesis: The dynamic split-key software keyboard
for a touch screen in stylus use has the same
performance as a full qwerty keyboard, in finger use, it
has equal performance to a static split-key keyboard.

A hypothetical text entry speed is presented in figure
3(Top). In stylus use, a full qwerty software keyboard
has the best performance on text entry speed among
the three keyboard types. Using the full qwerty
software keyboard, each letter can be typed using a
single operation. For instance, a user points and selects
the appropriate key k when she wishes to type k. In
contrast, a static split-key keyboard has the worst
performance on text entry speed among the three
keyboard types. Using the static-split key keyboard,
each letter must be typed with more than single
operation. A user wishing to type k must point and
select a group key representing m, k, and |I. Then she
resolves the ambiguity of keys m, k, and | by selecting
k from the displayed menu items. Finally, the dynamic
split-key software keyboard for a touch screen behaves
as a full gwerty software keyboard to provide the same
text entry speed as a full qwerty keyboard.
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figure 4. Keyboard design for the

full qwerty keyboard and the
dynamic split-key keyboard.
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figure 5. The static split-key

keyboard design.

With finger use, the full qwerty software keyboard has
the best performance for text entry speed among the
three keyboard types, even though its performance is
slightly worse: the finger use with the touch screen
causes the occlusion problem and fat finger problem.
The static split-key keyboard has the worst
performance of text entry speed among the three
keyboard types; nevertheless, its performance
maintains the same text entry speed as that of stylus
use. Finally, the dynamic split-key software keyboard
for the touch screen behaves like the static split-key
keyboard, offering the same text entry speed as that of
the static split-key keyboard.

Figure 3(Bottom) presents the hypothetical error rate.
In stylus use, the three keyboard types maintain similar
error rates because the stylus use enables finer
operations. Among the three keyboard types, the static
split-key keyboard has the best error rate performance:
it has larger key sizes. A full gwerty keyboard has the
worst error rate performance among the three
keyboard types because of its smaller key sizes. Finally,
the dynamic split-key software keyboard for a touch
screen behaves like the full qwerty software keyboard
to have the same error rate as a full gwerty keyboard.

In finger use, the static split-key keyboard has the best
error rate performance among the three keyboard
types because the occlusion problem and fat finger
problem on the finger use of touch screen are resolved
using larger group keys and menu selection. The full
gwerty keyboard has the worst error rate performance
among the three keyboard types. The occlusion and fat
finger problems greatly affect the smaller key size of
the full gwerty keyboard. Finally, the dynamic split-key
software keyboard for a touch screen behaves as a
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static split-key keyboard, showing the same error rate
as the static split-key keyboard.

Evaluation

To test our hypothesis, we implemented a dynamic
split-key software keyboard on a touch screen PDA and
conducted evaluation. We used the pie menu to resolve
the candidate letter ambiguity.

Evaluation task and participant

Our software keyboard evaluation is based on text
entry speed and the error rate. Showing a random
target phrase on the screen, we ask participants to
type it using each software keyboard. We prepared 80
English proverbs as target phrases. The humbers of
letters in the target phrases were 10-43 including
spaces (28.5 letters on average).

We recruited six participants (two female, four male)
from our Computer Science Department. The
undergraduate students, who had much experience in
typing with a standard qwerty keyboard on a PC, were
instructed to proceed “quickly and accurately” while
performing evaluation tasks. They were asked to
continue typing without correction if they made errors.

Experimental setting

Independent variables are keyboard type (full qwerty
keyboard, static split-key keyboard and dynamic split-
key keyboard) x key size (small, medium and large) x
device (stylus and finger). The dependent variables are
text entry speed and the error rate.

We used an HP iPAQ hx4700 Pocket PC, with a 4-inch
touch screen detecting both stylus and finger use; it
had a 640 x 480 pixel (VGA) 64K color TFT LCD.

USA
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figure 6. Mean text entry speed.

Figures 4 and 5 show software keyboards presented on
the screen. The full gwerty keyboard key size and the
dynamic split-key keyboard are designed based on the
key size of a standard PDA software keyboard (4 mm x
4 mm) as the medium size. We prepared the larger key
size (5 mm x 5 mm) and the smaller size (3 mm x 3
mm). Therefore, the keyboard sizes were 50 mm (W) X
15 mm (H) for the large size, 40 mm x 12 mm for the
medium size and 30 mm x 9 mm for the small size.

The static split-key keyboard has two designs. The
large and medium keyboards have 10 keys (figure
5(a)). The small keyboard has six keys (figure 5 (b)).
Their key arrangement resembles the standard qwerty
keyboard. Ambiguity is resolved by displaying a pie
menu and asking the user to select one menu item. To
examine the basic performance and to test our
hypothesis specifically, we assigned lower-case letters
and the space key to the keyboards.

In the finger operation condition, each participant held
the PDA with both hands and used the thumbs to type
using the onscreen software keyboard. Both arms
remained on the table to avoid fatigue. We asked
participants to maintain the same holding style and
body position during the experiment. The presentation
order of the device (stylus and finger) is
counterbalanced. Using the three keyboards, each
participant conducts practice sessions immediately
before she inputs 10 phrases chosen randomly for the
actual experiment session.

Results and Discussion

Text entry speed

The text entry speed is calculated as characters per
minute (CPM). Figures 6(a), (b), and (c) respectively
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show text entry speeds for small, medium, and large
keyboards. Data were analyzed using ANOVA. The
results are described based on a 5% significance level.

Using the small keyboard, the text entry speed of the
static split-key keyboard was significantly lower than
the other two keyboards in stylus use. For finger use,
however, no significant difference was found among the
three keyboards. Using the medium keyboard, the text
entry speed of the static split-key keyboard was
significantly lower than the other two keyboards in
stylus use. For finger use, however, no significant
difference was found among the three keyboards. For
the large keyboard, the full gwerty keyboard text-entry
speed was significantly higher than that of the static
split-key keyboard for both stylus use and finger use.
The dynamic split-key keyboard text-entry speed was
significantly higher than that of the static split-key
keyboard in stylus use. For finger use, no significant
difference was found among the three keyboards.

Error rate

The error rate is the number of incorrect letters among
all input letters, represented as a percentage (%).
Figures 7(a), (b), and (c) respectively portray error
rates for small, medium, and large keyboards.

The small keyboard shows a significantly higher error
rate for dynamic split-key keyboards than for the static
split-key keyboard in stylus use. The full gwerty
keyboard error rate was higher than the other two
keyboards in finger use. For the medium keyboard, no
significant difference was found among the three
keyboards in stylus use. The error rate of the full
qwerty keyboard was higher than those of the other
two keyboards in finger use. For the large keyboard,
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figure 7. Mean error rate.

the error rate of the dynamic split-key keyboard was
higher than the static split-key keyboard in stylus use.
No significant difference was found among the three
keyboards in finger use.

Discussion

The result supports our hypothesis that the dynamic
split-key software keyboard for a touch screen in stylus
use has the same performance as the full qwerty
keyboard. The text entry speed of the dynamic split-
key keyboard is significantly higher than that of the
static split-key keyboard; no significant difference was
found among the full qwerty keyboards in the three
keyboard conditions. Similarly, the error rate of the
dynamic split-key keyboard shows no significant
difference between the full gwerty keyboard in the
three keyboard conditions. Our hypothesis is valid for
the text entry speed and error rate in stylus use.

The results support our hypothesis that the dynamic
split-key software keyboard design for a touch screen
in finger use offers equal performance to that of a static
split-key keyboard. The dynamic split-key keyboard’s
text entry speed is not significantly different from that
of the static split-key keyboard in the three keyboard
conditions, although it shows no significant difference
from the full qwerty keyboard. The error rate of the
dynamic split-key keyboard shows no significant
difference from the static split-key keyboard, but it is
significantly different from the full gwerty keyboard,
specifically in the small and medium keyboard
conditions. No significant difference was found among
the three keyboard conditions for the large keyboard.
Therefore, our hypothesis is validated for the text entry
speed and error rate in finger use.
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Conclusion

As described in this paper, we proposed a flexible split-
key interface for a touch screen software keyboard,
which can be adjusted for either stylus use or finger
use. Evaluations show that our proposed approach has
equal performance to that of the full qwerty keyboard
for stylus use and to that of the static split-key
keyboard for finger use.

Future studies might be undertaken to design an
appropriate pop-up menu. The current interface uses a
pie menu. The menu items change from time to time
depending on the user’s touch area. This dynamism
might decrease the text input performance because the
user must always confirm the position of the targeting
menu item in a dynamically changeable menu.
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