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1. Introduction
Touchscreen interfaces have attracted attention in recent years because their flexibility,
functionality, and usability for design have become better known. They have been used in
public-use terminals such as automated teller machines, ticket machines, and information
kiosks. Recently, they are used for small, mobile device interfaces such as Apple’s iPhone
and iPod touch (Apple Inc., 2006). Furthermore, they are employed as large tabletop
interfaces such as Microsoft Surface (Microsoft Corp., 2007) and MERL DiamondTouch
(Dietz & Leigh, 2001).
For touchscreen interfaces, touchscreen keyboards are a fundamental function because text
entry is a primary and frequently used task in several applications. Physical screen size
affects the touchscreen keyboard design. A keyboard might include a different type of
keyboard, display fewer keys on a small screen, or enable selection of an appropriate typing
device such as a finger or stylus. Fundamentally, the touchscreen keyboard is created by
software. It therefore has flexibility in visual presentation and software-based technique.
In this chapter, we specifically examine touchscreen software keyboards for finger typing.
We first examine criteria for analyzing and discussing touchscreen keyboards. Then the
chapter presents a description of our ongoing efforts at designing a Customizable and
Adaptable Touchscreen Keyboard with bubble cursor-like visual feedback (CATKey). We
are particularly interested in addressing the needs of a wide range of user classes by
improving its perceived usability without decreasing the text entry rate. Many touchscreen
systems are targeted at the public-use market. For that reason, users’ skills and experiences
are expected to vary widely. Users would refuse to use a touchscreen keyboard if the text
entry method were to provide low perceived usability.

2. Touchscreen Keyboard for Finger Typing
A touchscreen keyboard is a virtual keyboard: it displays a keyboard image on a computer
display and is operated mainly with a finger or stylus. It is intended to be used in place of a
physical keyboard. The keyboard image is created and controlled by software and displayed
on a screen. Therefore, the touchscreen keyboard is categorizable as a soft keyboard
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(software keyboard) or onscreen keyboard. Although several alternative approaches for
onscreen-based methods have been used for text entry such as handwriting recognitionbased approaches and alphabetic gesture-based approaches (e.g., Graffiti, Unistrokes), we
specifically examine display of a keyboard image onscreen and typing with a finger or
stylus because of the user’s familiarity with physical keyboards. Figure 1 shows our criteria
for classifying touchscreen keyboards for text entry. Listing the criteria, we specifically
examine important factors related to text entry with touchscreen keyboards.

Screen size
” Small (Mobile and smart phones, Personal Digital Assistant, Handheld computer)
” Medium (Standard PC, Tablet PC)
” Large (Tabletop, Wall-sized display, projector)
Touchscreen keyboard types
” Soft keyboard
” Gesture-based keyboard (menu-based)
Number of keys
” Alphabetical (selection keyboard)
” Numerical (10-key numeric keypad)
Typing device
” Finger typing
” Stylus typing
” Hybrid use (Finger + Stylus)
Technique
” Prediction of input word
” Customization of keyboard layouts
” Adaptation
” Visual appearance (size, shape, color, visual feedback, etc.)
Fig. 1. Criteria for classifying touchscreen keyboards for text entry
2.1 Screen Size
The touchscreen device size and the touchscreen’s effective area affect the touchscreen
keyboard design. The device sizes are categorizable into three groups: small, medium, and
large. Small touchscreen devices include mobile and smart phones, Personal Digital
Assistants (PDAs), and handheld computers. Their effective touchscreen area is small; hence
onscreen objects become small. Therefore, users are assumed to use a stylus for
manipulating them. The finger use of small touchscreen devices has become more popular
in the research community since Apple’s iPhone and iPod touch were released.
Medium-size touchscreen devices include standard PCs and tablet PCs.
Finally, large touchscreen devices contain table-top displays, wall-sized displays and
projectors. Recently, researchers started to examine text entry specifically for tabletop
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displays (Hinrichs et al., 2007). They analyzed properties of tabletop displays and
summarized existing text entry methods for tabletop use.
2.2 Touchscreen Keyboard Types
Touchscreen keyboards of two types have been investigated: soft keyboards and gesturebased keyboards. Soft keyboards can have various keyboard layouts. The QWERTY layout
is the standard for soft keyboards, but an alphabetical layout is used as a selection keyboard
in some cases. These two layouts are suitable for walk-up-and-use scenarios (Hinrichs et al.,
2007). For example, with a public terminal, people might come to use it briefly then leave.
Consequently, we cannot assume their prior knowledge and experience of sophisticated
tools and methods. Users can transfer their knowledge related to alphabetical order if we
use a selection keyboard with alphabetical order for a touchscreen keyboard on a public
terminal. Users can transfer their skills and experience gained using common hardware
keyboards if we were to use QWERTY layouts for touchscreen keyboards (MacKenzie et al.,
1995). Notwithstanding, previous studies have shown that the text entry rate for a
touchscreen keyboard is considerably lower than that for a hardware QWERTY keyboard,
even for expert typists (Shneiderman, 1991; Sears et al., 1993).
Although public terminals usually use these layouts for touchscreen keyboards, private
devices might implement any keyboard layout. Because the primary emphasis of text entry
is its performance, several efforts have been conducted to find a keyboard layout with
higher performance for text entry: the Dvorak layout, the Metropolis layout (Zhai, Hunter &
Smith, 2000), and so forth.
On the other hand, with a gesture-based keyboard, the user inputs a gesture, drawing a line
without lifting up the finger or stylus. Gesture-based approaches might display specialized
menus (Venolia & Neiberg, 1994; Guimbretiere & Winograd, 2000), provide a dedicated
input area (Perlin, 1998; Mankoff & Abowd, 1998), or a dedicated soft keyboard for gesture
input (Zhai & Kristensson, 2003). Finally, Masui (1998) provides combined usage of a soft
keyboard and a gesture-based keyboard.
2.3 Number of Keys
Onscreen keyboards present several advantages over physical keyboards. The main
advantage is their flexibility to keyboard design. For example, keyboard layouts, even the
number of keys, can be modified easily and tested for actual use. Two typical cases for the
number of keys include alphabetical (full-size) keyboards such as the 101 keyboard for
standard PCs and the numerical 10-key pad for mobile phones.
MacKenzie and Tanaka-Ishii (2007b) described the number of keys for text entry from the
concept of a key-ambiguity continuum. In their concept, if each symbol is assigned to a
dedicated key, it has no ambiguity. If some symbols are assigned to a key, such as a key
with upper and lower case letters, it creates ambiguity. The ambiguity increases if we assign
more symbols to a key. A typical example is a 10-key pad with the assignment of English
letters: three or four letters are assigned to each key. In general, the fewer keys we provide,
the greater the ambiguity, given set of letters.
A technique to resolve the ambiguity must be used when we design a keyboard with
ambiguity. Two approaches exist: multi-tap method and prediction-based method. Using
the multi-tap method, the user presses a key one or more times to specify a desired letter
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from a cyclic sequence of letters. The multi-tap method is a standard for numeric 10-key pad
text entry. Using a prediction-based method, the user presses a series of keys; then, the
system creates a list of possible words from the combinations of assigned letters to the keys
using a dictionary. A typical example of this method is T9 (Tegic Communications).
2.4 Typing Device
Although a soft keyboard might be used with a mouse or other pointing device, a
touchscreen keyboard is typed in mainly with a finger or stylus. For large keys or buttons on
screen, finger typing is a reasonable approach. Sears et al. (1993) investigated the effect of
touchscreen keyboard size on text entry speed. Results showed that expert typists achieve
32.5 wpm using the largest keyboard (24.6 cm wide) out of four levels of keyboard size
condition. The narrower the keyboard, the fewer words typed per minute. Nevertheless,
expert typists achieved 21.1 wpm using the smallest keyboard: 6.8 cm wide.
For small screen devices such as mobile and smart phones, PDAs, and handheld computers,
stylus typing is used. However, in some daily situations, people feel that taking out a stylus
is cumbersome, especially in brief use. Vogel & Baudisch (2007) proposed a technique for
operating stylus-based interfaces with touch: a hybrid approach. It displays an offset callout when the finger occludes small dense targets; the user operates the offset cursor in the
call-out area to select a target. Tsurumi et al. (2008) applied this concept for a touchscreen
keyboard to implement a hybrid approach.
2.5 Technique
As noted already, the touchscreen keyboards are created and displayed onscreen with
software. For that reason, they have flexibility of design and functionality as opposed to
hardware keyboards. A gesture-based keyboard described in Section 2.2 is a typical
approach for software-based dynamic control. A menu can be created and displayed easily
on a touchscreen. It is easy to record a sequence of typed characters, predicting subsequent
characters based on a dictionary, and showing a menu of candidate words.
A customization function can be realized easily when we design a touchscreen keyboard.
For example, its appearance––the size, shape, color, font, and borderline––can be set. Visual
feedback when the user types can be modified if we design the software as it is. In addition,
the keyboard layout itself can be modified to fit the size and shape of the keyboard to the
user’s hands. The concept of adaptation is realized if we frequently customize the keyboard
layout. Himberg et al. (2003) proposed online personalization of the keyboard layout.

3. CATKey: Customizable and Adaptable Touchscreen Keyboard using
Bubble Cursor-Like Visual Feedback
3.1 Motivation
Text entry tasks undertaken using touchscreen keyboards are cumbersome because (1) the
user cannot touch, feel, or distinguish the positions of the keys displayed on the screen; and
(2) it is difficult to feel the visual and tactile feedback from the keys, especially with
conventional touchscreen devices, even though tactile displays have developed rapidly
(Benali-Khoudja et al., 2004). However, as described in the previous section, touchscreen
keyboards present practical advantages because (1) they can be designed as customizable
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and adaptable keyboards; and (2) they can be designed to display the visual feedback of
they keys and on the keys.
Our approach to designing touchscreen keyboards is to address the weak points using
customizable and adaptable functions and effective visual feedback to improve their
perceived usability. We designate the method as Customizable and Adaptable Touchscreen
Keyboard with Bubble Cursor-Like Visual Feedback: CATKey (Go & Endo, 2007).
3.2 Customizable Key Layout
Figure 2 portrays the concept of Voronoi key area of our keyboard design. Figure 2(a)
depicts a typical QWERTY layout keyboard, consisting of rectangular keys. Figure 2(b) is the
initial key layout of our CATKey. Each key has a maximum area; consequently, the overall
key area forms a Voronoi diagram (Aurenhammer, 1991). Himberg et al. (2003) employ this
approach for an onscreen numeric 10-key pad. In the keyboard, each key consists of a set of
points.
Vi = { x | d(x, ci) < d(x, cj), for all j ≠ i }

(1)

In that equation, x is the coordinate of a point, d is the Euclidean distance, and c signifies the
coordinate of the key centroid.
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(a) QWERTY layout of rectangular keys

(b) QWERTY layout of keys with Voronoi
area

Fig. 2. The Voronoi key area concept
Figure 3 presents a key layout customized by a user in the customization mode of CATKey.
In this mode, the user adjusts each key by touching and manipulating it directly so that the
user feels that the layout is easy to use. The customized key area also forms a Voronoi
diagram.

E

W
Q

D

S

A

X
Z

C

R T

Y U

F G

H J

V B

N

I
K

O

P

L

M

SPACE

Fig. 3. A key layout customized by a user
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3.3 Adaptable Keys
We designed an adaptable function similar to that presented by Himberg et al. (2003). In the
adaptive mode of CATKey, the key centroid is moved to the centroid of recorded keystroke
points in each key (Fig. 4). The keystroke coordinates are recorded for the period of the prespecified number of keystrokes.

(a) Original key area

(b) User’s typing
points (X-mark)

(c)
Recalculated (d) Adjusted key
centroid
of
the area
typing points
Fig. 4. The key adaptation mechanism of CATKey: Black point, the original centroid. Xmark: keystroke points; White circle, the centroid of the keystroke points and the weighted
original centroid; Dotted line, recalculated key area.

3.4 Visual Feedback
Figure 5 depicts the design of visual feedback in CATKey. Figure 5(a) portrays an actual
view of CATKey. We assigned a round key area to communicate the touched location to the
user. The yellow f and j keys show home positions of the index fingers. The presence of the
line and color of keys can be modified using the parameter-setting dialogue.
Figure 5(b) shows the bubble cursor-like visual feedback (Grossman & Balakrishnan, 2005).
The bubble-shaped cursor in red adjusts dynamically to the closest key and provides the
sensation of an offset cursor (Sears & Shneiderman, 1991). Figure 6 presents the concept of
bubble cursor-like visual feedback used in CATKey. Figure 6(a) shows the Voronoi area of a
key that has a colored circle with the centroid as its middle. It redraws the circle in a
different color as visual feedback when the user touches inside the color circle (Fig. 6(b)).
When the user touches outside the color circle, it redraws the circle in a different color,
draws a circle with its keystroke point as its middle, and merges them (Fig. 6(c)). The radius
of the second circle is the distance from user’s keystroke point to the color circle.

(a) Overview of CATKey with lines and color circles
Fig. 5. Design of visual feedback in CATKey
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(a) Color circle

(b) User’s keystroke point (c) User’s keystroke point
is in the color circle
is outside the color circle
Fig. 6. Concept of bubble cursor-like visual feedback: Black point, the centroid of the key;
Dotted line, the inscribed circle of the key; X-mark, keystroke point.

4. Evaluation of CATKey
We evaluated the usability of CATKey based on ISO 9241-4 (1998). We measured the text
entry speed and error rate using a hardware QWERTY keyboard, a software QWERTY
keyboard, and CATKey, and assessed its comfort; finally, we conducted a debriefing
interview.
Ten college students (two women and eight men) participated in the evaluation. Each uses a
hardware QWERTY keyboard regularly, but seldom uses a touchscreen keyboard for daily
activities.
A CAD Center NEXTRAX 15 touchscreen computer was used for evaluation. It has a 15-inch
TFT monitor with 1024 × 768-pixel resolution. Also, CATKey was implemented using C#
(Visual Studio.Net 2003; Microsoft Corp.). Figure 7 shows a user typing with NEXTRAX 15,
which has a 20-deg mounting angle. For hardware keyboards, standard QWERTY
keyboards (Dell Computer Corp.) were used. The sentences were chosen randomly from
among pangrams such as “a quick brown fox jumps over the lazy dog,” “how quickly daft
jumping zebras vex,” and “pack my box with five dozen liquor jugs.”

Fig. 7. Experimental setting (NEXTRAX 15).
Each experimental session included 10 sentences for the typing task. Each participant
performed two practice sessions, then completed four sessions for measurement. The
presentation order of keyboard types was counterbalanced.
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Results indicate that the respective mean entry speeds of the hardware QWERTY keyboard,
software QWERTY keyboard, and CATKey were 33.5, 23.8, and 22.8 wpm. A significant
difference was found among the keyboards (F(2, 18) = 7.5, p<0.05); but no significant
difference was found between the levels of the software QWERTY keyboard and CATKey.
Similarly, the respective mean error rates of the hardware QWERTY keyboard, software
QWERTY keyboard, and CATKey were 3.4, 5.9, and 6.8%. A significant difference was
found among the keyboards (F(2, 18) = 6.3 (p<0.05)); but no significant difference was found
between the levels of software QWERTY keyboard and CATKey. Furthermore, no
significant difference was found from the assessment of comfort between the software
QWERTY keyboard and CATKey.

5. Conclusion
In this chapter, we examined the criteria of touchscreen keyboard text entry. We specifically
emphasized the use of a touchscreen keyboard use for finger typing. We analyzed it from
five aspects: screen size, touchscreen keyboard types, number of keys, typing device, and
technique.
Additionally, we described the CATKey design: it is a customizable and adaptable
touchscreen keyboard with the bubble cursor-like visual feedback. Our criteria suggest that
CATKey is better used for medium or larger touchscreen devices. Incorporating a soft
keyboard approach, it has alphabetical keys. It specifically examines finger typing, but is
useful for a stylus also. Although it has no prediction function, its keyboard layout can be
customized. It has an adaptation function. Finally, its visual appearance has a bubble cursorlike visual feedback.
Early results of evaluation show that the mean text entry speed and mean input error rate of
CATKey are not significantly different from those of a standard software QWERTY
keyboard. This result might indicate limitations of our design: users need a compelling
reason to replace their text entry device from a static standard QWERTY keyboard from a
performance viewpoint. Notwithstanding, during the debriefing interview, the participants
expressed their preference for the design and usability of CATKey.
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