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SYSTEM AND METHOD FOR CONTINUOUS 
STROKE WORD-BASED TEXT INPUT 

FIELD OF THE INVENTION 

The invention relates to a text input system and, more 
speci?cally, to a touch screen text input system. 

BACKGROUND OF THE INVENTION 

The origin of the modern keyboard as the primary method 
for inputting text from a human to a machine dates back to 
early typeWriters in the 19th century. As computers Were 
developed, it Was a natural evolution to adapt the typeWriter 
keyboard to use as the primary method for inputting text. For 
a skilled typist, it has remained the fastest Way possible to 
input text into the computer. 

With ongoing efforts to make computers smaller and more 
portable, the physical keyboard has become one of the most 
signi?cant limiting factors in just hoW small a device can 
become: the physical siZe of the human ?nger is not some 
thing computer designers could change. As a result, com 
puters for certain portable applications have been designed 
Without a physical keyboard, and use touch-screen based 
input methods as the primary form of human computer 
interface. (This is also the case for some applications Where 
people are physically unable to use a keyboard, such as 
persons With physical disabilities.) 

There are tWo primary requirements for touch-screen 
input methods Which frequently con?ict With each other. The 
method of input must be as fast as possible and at the same 
time the method of input must take as little of the display 
screen as possible. Unfortunately, as the space taken up for 
input on the display screen is decreased, it becomes dif?cult 
to increase speed Without adversely affecting accuracy. 

In spite of a recent surge in the market for pen-based 
computing devices, most people Who must generate text still 
do so With a standard keyboard. In fact, an entire industry 
has sprung up that provides portable keyboards for pen 
based computers that Were designed to be keyboard-less! To 
date, pen-based computing has not replaced conventional 
portable laptop computers as Was originally forecast, for the 
simple reason that text input on pen-based computers is too 
sloW. Even the recently introduced “Tablet PC,” largely due 
to the lack of a suf?ciently accurate handWriting recognition 
engine, serves largely as a Way to store and retrieve “digital 
ink”iactual graphic images of handWriting traced on the 
touch-screen by the userias opposed to recogniZing What 
Was handWritten and converting to computeriZed text. 

Analogous to one-?nger typing, the current state-of-the 
art for inputting using a virtual keyboard is called “point and 
tap”. A stylus is moved from letter to letter and pressed doWn 
on the desired key to select it. This results in the need to 
alWays lift and set doWn the stylus, sloWing input. Cursive 
handWriting Was invented to alloW a better (and faster) ?oW 
from letter to letter and reduce the number of pen (or quill) 
lifts. In a similar Way, the current invention reduces the 
number of taps required When inputting using an on-screen 
keyboard, thus speeding text entry. 

The natural Way for a human to create text on anything 
other than a machine is to “Write” it by hand. Accordingly, 
With the advent of touch-screen computers, it is not surpris 
ing that handWriting recognition softWare Was developed to 
alloW a user to enter text by Writing on the screen of the 
computer. HoWever natural, handWriting is sloW. Each letter 
requires several strokes of the stylus, making it very inef 
?cient. Further, With varying handWriting styles, accuracy of 
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2 
this softWare is still beloW user-acceptance levels (see 
MacKenZie, I. S., & Chang, L. (1999), A performance 
comparison of tWo handWriting recogniZers. Interacting With 
Computers, 11, 283*297). As mentioned above, the reliance 
on the use of “digital ink” by even the “latest and greatest” 
of computer touch-screen technology, the Tablet PC, pro 
vides clear evidence that handWriting recognition is still not 
good enough to satisfy most users. Furthermore, even if a 
completely accurate method of handWriting recognition 
Were available, handWriting itself is simply too sloW and 
tiring (especially on a touch-screen) to provide a satisfactory 
input method. 
Some methods make the job easier for the softWare by 

requiring the user to handWrite letters in a simpli?ed Way 
(see Goldberg, US Patent Application 20020009227, Unis 
trokes; or as populariZed by Palm Computing in their 
commercial product titled “Graf?ti”). Advantages of this 
method are that each character is suf?ciently unique as to be 
easily recogniZed by the softWare, that each character is 
draWn as a single stroke, and no virtual keyboard is required 
on the screen. Disadvantages of this method are it requires 
the user to learn a neW Writing method and still requires the 
stylus to be set-doWn and lifted once for each individual 
character (thus sloWing text entry). 

Again, it Was a natural evolution for the idea of a 
keyboard to be carried on into the virtual World of the 
computer display. Auer et al., in US. Pat. No. 4,725,694, 
describe a system Wherein one or more images of simulated 
keyboards are displayed on a touch-sensitive screen of a 
computer, and in response to the touching of the simulated 
keys, generate appropriate control signals. In a later re?ne 
ment of this concept, the image of the keyboard is displayed 
?oating above other applications running on the computer, 
rather than occupying a dedicated portion of the screen. The 
user interacts With this “on-screen keyboard” or “virtual 
keyboard” by either directing a cursor pointer over it, or 
directly touching the keys via a touch screen using a ?nger 
or stylus. On-screen keyboards have been primarily used for 
devices Which lack a standard keyboard, such as certain 
public information kiosks and personal digital assistants 
(PDAs), handheld computers that are too small to accom 
modate a physical keyboard. They are also frequently used 
by individuals With disabilities that prevent them from using 
a physical keyboard. 

There are tWo large shortcomings of on-screen keyboards: 
?rst they take up valuable screen space on the computer 
needed for Whatever task is requiring text input. Second, and 
more importantly, they are sloW because the user is forced 
to tap one letter at a timeieffectively reducing the user to 
input text in a Way that is analogous to single ?nger typing 
on a regular physical keyboard. 

In an effort to address the sloW rate of typing With 
on-screen keyboards, predictive softWare Was developed 
Which, based on preceding Words and on the initial letters 
typed for the current Word, attempts to predict What Word is 
being typed and presents the user With a list of Word or 
phrase choices that they can select as a quicker alternative to 
completing the Word or phrase letter by letter. Due to the 
need to divert attention from the task at hand (typing) in 
order to scan the prediction list and determine Whether the 
intended Word has been offered as a choice, this “Word 
Prediction” scheme offers only a marginal increase in speed 
of text entry, if any (depending on the user). 
As the siZe of the on-screen keyboard is reduced beyond 

a certain point, the speed of text entry is sharply reduced. 
This is due to the requirement for increased accuracy and 
dexterity in hitting the smaller targets. Various schemes have 
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been developed to minimize the siZe of the keyboard, yet 
still maintain accuracy Without unduly sacri?cing speed of 
entry. 

Grover et al., in Us. Pat. No. 5,818,437, describe a 
system that reduces the number of distinct keys required by 
assigning multiple letters on each key. This alloWs, for a 
given siZe of keyboard, relatively larger individual keys 
Which are therefore easier to hit accurately, thus alloWing the 
user to type more quickly. Text entry in this system is 
Word-based, so that disambiguation softWare uses a database 
of Words to analyZe each sequence of keystrokes and deter 
mine the most likely Word (or Words) corresponding to the 
sequence, and consequently determine Which letter Was 
actually intended by each ambiguous keystroke. While the 
system of Grover et al. makes it easier to hit an intended key 
by virtue of reducing the total number of keys and enlarging 
the individual keys, When implemented on a touch-screen 
device, it still requires the user to lift the stylus and set it 
doWn for each letter entered, signi?cantly sloWing doWn text 
entry. Furthermore, this approach requires the user to a very 
unfamiliar keyboard layout in Which completely unrelated 
letters are grouped together on a single key. Even When 
letters are grouped according to an “alphabetic” layout (as 
on the keys of cellular telephone), compared to the standard 
“QWERTY” keyboard, the arrangement is unfamiliar for the 
majority of individuals and further sloWs the text entry 
process. 

Lee, in Us. Pat. No. 6,292,179, describes another system 
that reduces the number of distinct keys required on a touch 
screen keyboard by assigning multiple letters on each key, 
and determining Which letter associated With a contacted key 
is intended by determining the direction in Which the stylus 
is moved after contacting a key. Each letter associated With 
a key is further associated With a range of directions in 
Which the point of contact can be moved. Lee’s method also 
alloWs each key of a given keyboard to be relatively larger, 
and therefore easier to initially contact, since multiple letters 
are combined into a single key and a smaller total number of 
keys is therefore required. HoWever, the user is still required 
to tap once for each desired letter, and is further required to 
move the point of contact in a particular direction before 
lifting the stylus and breaking contact With the screen. 

Kaehler, in Us. Pat. No. 5,128,672, describes another 
system designed to reduce the number of distinct keys that 
are required for a touch screen keyboard by displaying at any 
given time only a subset of the total set of characters that can 
be entered. The system attempts to determine the subset of 
characters comprising the most likely next characters to be 
entered, based on the previous character entered or the 
positioning of the text insertion point. When the desired 
character does not appear, the user must manually sWitch to 
a different keyboard to locate and enter the desired character. 
The large number of different (and constantly changing) 
partial keyboards Would tend to make this a sloW and 
frustrating input method for the majority of users. 

Vargas, in Us. Pat. No. 5,748,512, attempted to reduce 
the need for accuracy on a touch screen keyboard (and 
therefore increase speed) by considering tWo adjacent keys 
as possible candidates When a key is not activated in its 
central area. Based on the actual location at Which the 
keyboard Was contacted relative to the three keys, combined 
With the statistical analysis of preceding characters in the 
Word being entered (if any), and optionally also using 
information from a Word prediction engine, the system 
determines the most likely of the three possible candidate 
characters and displays it as the character to be input in 
response to the activation. HoWever, since each character, 
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4 
once input, forms the basis for the prediction of subsequent 
characters, When a character prediction is incorrect, it must 
be corrected by the user before the can proceed to type the 
next character. In the system as described, this is done by 
maintaining contact With the keyboard during an activation, 
observing Whether the predicted character is correct, and if 
necessary, sliding the point of contact in the direction of the 
actual intended letter. The advantage of this invention, as 
described, is that it enables the user to use something blunt 
(such as a ?ngertip, rather than a stylus) to activate keyboard 
keys that are actually smaller than the instrument of activa 
tion. HoWever, the nature of the feedback provided to the 
user and the consequent need to observe the result of each 
keystroke and correct it before moving on to the next 
keystroke, creates a system that generally Would sloW the 
rate of text input considerably. 

Robinson et al., in international patent publication WO 
00/74240 A1, describe a text input system for touch-screen 
devices that includes a keyboard With an auto-correcting 
region that includes the set of keys that are associated With 
letters. The advantage of the system is that, for Words that 
are included in the system database, the user does not need 
to contact Within the region of the key associated With 
desired letter, but instead need only tap in the neighborhood 
of the key. The user taps the keyboard once for each letter 
in the Word being entered, and the system records the 
location of each contact. The sequence of contacts is then 
compared With the key locations associated With Words in 
the database, and the most likely one or more matching 
Words are presented to the user for selection. This system is 
a signi?cant improvement over previous approaches in that 
it enables the user to type much more quickly on a small 
keyboard because it is no longer necessary to precisely 
contact Within the region of each intended key. HoWever, for 
each key activation, the user still needs to touch doWn on the 
screen With control, targeting the intended key, then lift the 
stylus from the screen and move to target the next key. The 
additional movements of lifting and setting doWn the stylus 
for each letter, combined With the additional effort required 
to control the relocation of the stylus When it is not in contact 
With the screen, result in signi?cantly sloWing doWn the 
input process compared to the system of the present inven 
tion. 

Another factor in sloWing text entry on touch-screen 
keyboards Was the time it takes to lift the stylus from the 
screen and then bring it back doWn betWeen each key 
selection (“tapping”). U.S. Pat. No. 5,574,482 (Niemeier) 
discloses a method for data input on a touch sensitive screen. 
The Niemeier patent teaches having What are described as 
computer generated “temporary” adjacent keys Which can be 
made to appear on top of a standard keyboard layout. When 
the user touches a key, selecting a ?rst letter, one or more 
temporary keys are displayed adjacent to the contacted key 
as long as the initial contact is maintained. A second letter 
(or group of letters) that is displayed on an adjacent tem 
porary key can then be selected by making What is described 
as a “Wiping” motion in Which one’s ?nger or a stylus is slid 
from the ?rst selected key to the adjacent temporary key. 
This teaching enables tWo (or more) adjacent letters to be 
input Without lifting the stylus from the screen, approxi 
mately cutting in half the number of times the stylus needs 
to be lifted from the touch screen. The “temporary” adjacent 
keys create arti?cial groupings of the most probable letters 
to provide more opportunity for “Wiping” input. 

HoWever, the method described by Niemeier has several 
signi?cant draWbacks. One is that the user needs to either 
memoriZe 26 neW “temporary” sub-keyboards that appear 








































