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(57) ABSTRACT

In one aspect of the present invention the user can rapidly
enter and search for text using a data entry system through
a combination of entering one or more characters on a
digitally displayed keyboard with a pointing device and
using a search list to obtain a list of completion candidates.
The user can activate the search list to obtain a list of
completion candidates at any time while entering a partial
text entry with the data entry system. When the search list is
active, a list of completion candidates is displayed on a
graphical user interface for the user to select from and the
user can perform one of several actions. The user can
deactivate the search list and return to modifying the current
partial text entry and other text. The user can select one of
the completion candidates in the search list and use the
selected completion candidate to replace the partial text
entry which the user is currently entering. When the user
deactivates the interactive search list, the user can immedi-
ately continue adding to or modifying the current partial text
entry being entered, and may re-invoke the search list to
further search for completion candidates based on the modi-
fied partial text entry. In the second case, the selected
completion candidate is used to replace the partial text entry
that the user is currently entering, and the data entry system
begins monitoring for a new partial text entry from the user.
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DATA ENTRY FOR PERSONAL COMPUTING
DEVICES

[0001] This application is a continuation of International
Application No. PCT/CA00/00285 filed Mar. 15, 2000,
which is designated, for the purposes of the United States of
America, a continuation-in-part of U.S. patent application
Ser. No. 09/272,700 filed Mar. 18, 1999. This application
claims the benefit of the aforementioned International Appli-
cation No. PCT/CA00/00285 and U.S. patent application
Ser. No. 09/272,700.

FIELD OF THE INVENTION

[0002] The present invention relates generally to com-
puter-assisted data entry and more particularly to a method,
system, and apparatus for computer-assisted text generation
and entry using a pointing device with a personal computing
device, and to computer-readable media having executable
instructions for supporting text generation and entry using a
pointing device.

BACKGROUND OF THE INVENTION

[0003] The wide-spread adoption of miniaturized personal
computing devices, such as hand-held devices and personal
digital assistants (PDAs), has led to an increasing use of
devices to send and receive text and data. One example of
this trend is pen-based computing, wherein users enter text
and commands into hand-held personal computers via a
touch-sensitive screen. While such pen-based computing is
popular, especially with the increasing power of miniature
computing devices, it does present challenges to a user
entering data in an application running on the hand-held
device. For instance, many hand-held computers and per-
sonal digital assistants require that the user enter data
according to a predetermined scripting style, such as with
the PalmPilot™ series of PDAs. Other hand-held devices
provide a handwriting recognition system which requires
that the computer learn the user’s handwriting style. While
such data entry mechanisms are useful, they are relatively
difficult to use and complex to learn and can be prone to
error in the event the user deviates from the predetermined
scripting style or the user’s traditional handwriting style.

[0004] Many pen-based computing systems, both large
and small, offer the user the option to enter text using an
on-screen digital keyboard. On-screen digital keyboards are
typically miniaturized replica of conventional full-sized
physical keyboards, such as QWERTY keyboards. Many
on-screen keyboards have shown themselves to be less than
efficient for entering text. When using a pointing device such
as a pen, a user is typically required to enter text one
character at a time by tapping out individual character
selections from the on-screen keyboard. This “hunt-and-
peck” method of typing with a single pointing device is
time-consuming, especially when a user is entering large
amounts of data.

[0005] Another common challenge when entering data
into a personal computing device with a single pointing
device such as a pen or stylus, and in particular when
entering text, is that each letter making up the word or phrase
must be entered manually. The longer the word or phrase,
the greater the amount of manual entry required.

[0006] Text completion systems have been developed in
an effort to assist users with text entry. In general, these
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systems predict and suggest a complete word completion
based on a partial text entry entered by a user. These systems
allow a user to type in the partial text entry and then accept
a predicted text completion for the partial text entry. This
avoids the keystrokes that would otherwise be required to
type the complete text desired by a user. While such text
completion systems provide some basic assistance for users
to more rapidly enter text than would be required if every
character of the desired text had to be typed in indepen-
dently, there remains a need in the art for a more flexible text
completion system for use with a single pointing device. It
would also be desirable for such a text completion system to
employ a convenient selection technique which would
reduce the amount of movement of the pointing device
required to enter text into a computer. It would further be
desirable if such a system were applicable to both large and
small personal computing devices.

[0007] Another problem in the art is that soft, or digital,
keyboards have tended to be continually displayed so as to
permanently consume screen space or have needed to be
manually invoked and dismissed by the user. It would be
desirable if a digital keyboard could automatically appear
and disappear as required.

SUMMARY OF THE INVENTION

[0008] The above and related desires are addressed in the
present invention by providing a novel and non-obvious
method, system and computer-readable instructions for
computer-assisted text generation and entry using a pointing
device with a personal computing device.

[0009] In one aspect of the present invention the user can
rapidly enter and search for text using a data entry system
through a combination of entering one or more characters on
a digitally displayed keyboard with a pointing device and
using a search list to obtain a list of completion candidates.
The user can activate the search list to obtain a list of
completion candidates at any time while entering a partial
text entry with the data entry system. When the search list is
active, a list of completion candidates is displayed on a
graphical user interface for the user to select from and the
user can perform one of several actions. The user can
deactivate the search list and return to modifying the current
partial text entry and other text. The user can select one of
the completion candidates in the search list and use the
selected completion candidate to replace the partial text
entry which the user is currently entering. When the user
deactivates the interactive search list, the user can immedi-
ately continue adding to or modifying the current partial text
entry being entered, and may re-invoke the search list to
further search for completion candidates based on the modi-
fied partial text entry. In the second case, the selected
completion candidate is used to replace the partial text entry
that the user is currently entering, and the data entry system
begins monitoring for a new partial text entry from the user.

[0010] In one embodiment, when the search list is active
the user may use one of the completion candidates in the
search list to initiate a further automated search to obtain a
more refined list of completion candidates. In this embodi-
ment, multi-level search lists and searching are available to
help accelerate completion of a partial text entry. As a result,
the user can automatically initiate an iterative search
wherein a completion candidate listed in the search list is
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used as the new partial text entry to dynamically obtain a
new list of completion candidates, which is then displayed
in the search list. The automated ability to use the search list
to obtain a refined list of completion candidates allows the
user to quickly make good use of search results that are only
partially successful. When the search list is revised with a
new list of completion candidates, the user can then choose
one of the completion candidates in the new list, or the user
can repeat the iterative search process once again by choos-
ing one of the completion candidates in the new list and
activating a further iterative search. In addition, the user may
return to keyboard entry with the last completion candidate
selected by the user in the previous iteration of the search
list. This latter feature provides the user with the conve-
nience of being able to automatically and seamlessly con-
tinue entering the desired word, phrase, or character
sequence using the last completion candidate selected by the
user in the previous iteration of the interactive search list.
Thus, the user can quickly and easily replace the user’s
current partial text entry with a partially successful comple-
tion candidate and continue building upon or modifying this
partial completion candidate using the keyboard while at the
same time allowing the user the flexibility to re-enter the
search list at any time.

[0011] In another aspect of the present invention, there is
provided a method of processing text entered into a personal
computing device with a pointing device. With this method,
a partial text entry is received and used to obtain a dynami-
cally generated list of completion candidates. The list of
completion candidates is displayed in a search list within a
graphical user interface. A user input signal associated with
the pointing device is received. If the user input signal
corresponds to a first type of user selection with the pointing
device, then the search list is deactivated. If the user input
signal corresponds to a second type of user selection with the
pointing device, then the partial text entry is replaced with
a completion candidate from the search list.

[0012] In one embodiment, if the user input signal corre-
sponds to a third type of user selection with the pointing
device, then a refined list of completion candidates is
dynamically obtained based on one of the completion can-
didates from the search list. The refined list is displayed in
the search list for further user selection.

[0013] In another aspect of the present invention, there is
provided a method of processing an input string at least
partially entered into a personal computing device with a
pointing device. This aspect includes performing a search of
a set of completion candidates to locate a plurality of
possible completion candidates for completing the input
string in response to a prior located possible completion
candidate or a character selectable by a user. At least one of
the plurality of possible completion candidates and charac-
ters selectable by the user are displayed.

[0014] In another aspect of the present invention, a
method is provided of user-based text entry. With this aspect,
a set of position coordinates for a pointing device is moni-
tored relative to a user interface and a digital keyboard is
displayed on the user interface at a last known set of
coordinates for the pointing device whenever the digital
keyboard is activated for user input.

[0015] In another aspect of the present invention, a
method is provided for interchanging the display of a digital
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keyboard and a search list. The digital keyboard is displayed
on a user interface when a user is entering text a keystroke
at a time. As the digital keyboard is displayed, user input is
monitored. If the user input corresponds to activating the
search list, then the digital keyboard is replaced with the
search list. If the user input corresponds to terminating use
of the search list once activated, then the search list is
replaced with the digital keyboard.

[0016] In another aspect of the present invention, a digital
keyboard is configured to include a plurality of characters
assigned to predetermined locations within a layout for the
digital keyboard according to a predetermined frequency
distribution associated with the plurality of characters. The
plurality of characters includes less commonly used char-
acters and more commonly used characters based on the
predetermined frequency distribution. The digital keyboard
is displayed on a graphical user interface with the less
commonly used characters displayed substantially further
from a center of the digital keyboard than the more com-
monly used characters.

[0017] In another aspect of the present invention there is
provided a system for computer-assisted text generation and
entry. The system includes an input interface, a processing
unit and a computer-readable medium. The input interface
receives user input signals based on actions with a pointing
device. The computer-readable medium contains computer-
readable instructions for directing the processing unit to
assist with text generation and entry based on user input
received via the input interface with the pointing device. The
computer-readable medium includes instructions for receiv-
ing a partial text entry; for obtaining a dynamically gener-
ated list of completion candidates based on the partial text
entry; for displaying the list of completion candidates in a
search list on a display device; and for receiving a user input
signal associated with the pointing device from the input
interface. If the user input signal corresponds to a first type
of user selection with the pointing device, the computer-
readable instructions are programmed to deactivate the
search list. If the user input signal corresponds to a second
type of user selection with the pointing device, the com-
puter-readable instructions are programmed to replace the
partial text entry with a completion candidate from the
search list. Other aspects and features of the present inven-
tion will become apparent to those ordinarily skilled in the
art upon review of the following description of specific
embodiments of the invention in conjunction with the
accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] In the accompanying drawings which illustrate
embodiments of the invention,

[0019] FIG. 1 is a schematic diagram of a personal com-
puting device loaded with a data entry system, according to
a first embodiment of the invention;

[0020] FIG. 2 is a schematic diagram of the data entry
system of the first embodiment;

[0021] FIG. 3 is a schematic representation illustrating the
display of a digital keyboard on a graphical user interface
within the personal computing device of the first embodi-
ment;

[0022] FIG. 4 is a schematic representation of a data
structure for a dictionary according to the first embodiment;
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[0023] FIG. 5 is a schematic representation illustrating the
interchangeable display of the digital keyboard and an
interactive search list according to the first embodiment;

[0024] FIG. 5A is a schematic representation illustrating
potential completion candidates for retrieval and display in
the interactive search list according to an example of the use
of the first embodiment;

[0025] FIG. 6 is a flow diagram illustrating, by way of
example from the user’s perspective, the use of the data
entry system of the first embodiment;

[0026] FIG. 7 to 9 are flow diagrams illustrating the flow
of operation of the data entry system according to the first
embodiment;

[0027] FIG. 10 is a schematic representation of an alter-
native embodiment of a digital keyboard layout according to
the present invention;

[0028] FIG. 11 is a schematic representation of another
alternative embodiment of a digital keyboard layout accord-
ing to the present invention;

[0029] FIG. 12 is a schematic representation of another
alternative embodiment of a digital keyboard layout accord-
ing to the present invention;

[0030] FIG. 13 is a schematic representation of another
configuration of a digital keyboard according to an embodi-
ment of the present invention;

[0031] FIG. 14 is a schematic representation of the layout
for the interactive search list according to the first embodi-
ment;

[0032] FIG. 15 to 18 are schematic representations of
alternative layouts for the interactive search list according to
alternate embodiments of the present invention;

[0033] FIG. 19 is a schematic representation of a configu-
ration for the digital keyboard and the interactive search list
according to an embodiment of the present invention;

[0034] FIG. 20 is a schematic representation of an alter-
native configuration for the digital keyboard according to an
embodiment of the present invention;

[0035] FIG. 21 to 22 are flow diagrams illustrating the
flow of operation of the data entry system according to an
alternative embodiment of the present invention;

[0036] FIG. 23 to 24 are flow diagrams illustrating the
flow of operation of the data entry system according to an
alternative embodiment of the present invention;

[0037] FIG. 25 to 26 are flow diagrams illustrating the
flow of operation of the data entry system according to an
alternative embodiment of the present invention;

[0038] FIG. 27 is a schematic representation of an alter-
native configuration for the digital keyboard according to an
embodiment of the present invention.

[0039] 1t will be appreciated that for simplicity and clarity
of illustration, elements illustrated in the accompanying
drawings have not necessarily been drawn to scale. For
example, the dimensions of some of the elements are exag-
gerated relative to other elements for clarity. Further, where
considered appropriate, reference numerals and labels have
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been repeated among the drawings to indicate corresponding
or analogous elements and features.

DETAILED DESCRIPTION

[0040] Reference will now be made in detail to imple-
mentations and embodiments of the invention, examples of
which are illustrated in the accompanying drawings.

Introduction

[0041] In one aspect of the present invention the user can
rapidly enter and search for text using a data entry system
through a combination of entering one or more characters on
a digitally displayed keyboard with a pointing device and
using an interactive search list to dynamically obtain a list of
completion candidates. The user can activate the interactive
search list to obtain a dynamically generated list of comple-
tion candidates at any time while entering a partial text entry
with the data entry system. In this specification “partial text
entry” means a sequence of one or more characters making
up a leading portion of a word, phrase or character sequence.
When the interactive search list is active, a dynamically
generated list of completion candidates is displayed on a
graphical user interface for the user to select from. The list
of completion candidates is retrieved from at least one
dictionary by a candidate prediction system which retrieves
completion candidates that are most likely to contain the
completion candidate desired by the user. Candidate predic-
tion is based on statistical measures ranking the entries
within the dictionary relative to each other. When the
interactive search list is active, the user can perform one of
several actions with the data entry system including any of
the following:

[0042] (1) the user can deactivate the interactive search
list and return to modifying the current partial text entry
and other text; or

[0043] (2) the user can select one of the completion
candidates in the interactive search list and use the
selected completion candidate to replace the partial text
entry which the user is currently entering.

[0044] In the first case, when the user deactivates the
interactive search list, the user can immediately continue
adding to or modifying the current partial text entry being
entered, and may re-invoke the interactive search list to
further search for completion candidates based on the modi-
fied partial text entry. In the second case, the selected
completion candidate is used to replace the partial text entry
that the user is currently entering, and the data entry system
begins monitoring for a new partial text entry (of a word,
phrase, or character sequence) from the user.

[0045] In certain embodiments of the present invention, as
illustrated further below, a third action available to the user
when the interactive search list is activated is to:

[0046] (3) use one of the completion candidates in the
interactive search list to initiate a further automated
search to obtain a more refined dynamic list of comple-
tion candidates from the dictionary.

[0047] In the third case, multi-level search lists and
searching are available to help accelerate completion of a
partial text entry. In this latter case, the user can automati-
cally initiate an iterative search wherein a completion can-
didate listed in the interactive search list is used as the new
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partial text entry to dynamically obtain a new list of comple-
tion candidates, which is then displayed in an updated
interactive search list. The automated ability to use the
interactive search list to dynamically obtain a refined list of
completion candidates allows the user to quickly make good
use of search results that are only partially successtul. When
the interactive search list is updated with a new list of
completion candidates, the user can then choose one of the
completion candidates in the new list, or the user can repeat
the iterative search process once again by choosing one of
the completion candidates in the new list and activating a
further iterative search. In addition, the user may return to
keyboard entry with the last completion candidate selected
by the user in the previous iteration of the interactive search
list. This latter feature provides the user with the conve-
nience of being able to automatically and seamlessly con-
tinue entering the desired word, phrase, or character
sequence using the last completion candidate selected by the
user in the previous iteration of the interactive search list.
Thus, the user can quickly and easily replace the user’s
current partial text entry with a partially successful comple-
tion candidate and continue building upon or modifying this
partial completion candidate using the keyboard while at the
same time allowing the user the flexibility to re-enter the
interactive search list at any time.

[0048] As discussed further in this specification, other
actions may also be carried out by the user when the
interactive search list is active.

Operation Environment

[0049] FIG. 1 shows a schematic diagram of a personal
computing device 10 for text entry according to a first
embodiment of the invention. The personal computing
device 10 shown in FIG. 1 contains at least one processing
unit 12 (such as a CPU or a similar processor or multipro-
cessor) connected by a bus to a computer-readable medium
16. The computer-readable medium 16 provides a memory
store for software and data residing within the personal
computing device 10. The computer-readable medium 16
can include one or more types of computer-readable media
including volatile memory such as Random Access Memory
(RAM), and non-volatile memory, such as a hard disk or
Read Only Memory (ROM). Preferably, the computer-read-
able medium 16 includes a combination of volatile and
non-volatile memory. In the first embodiment, the computer-
readable medium 16 contains an operating system, a data
entry system 26 and an application 27 receptive to user-
based text entry such as a word processor. The computer-
readable medium 16 may also store alternative or other
applications such as a browser or micro-browser, an e-mail
application, and/or other end-user applications.

[0050] The operating system can be any of several well-
known operating systems depending on the personal com-
puting device used. For example, for hand-held devices, the
operating system can be PalmOS™, Windows CE™, or an
equivalent operating system. For larger systems, such as
with work stations or desktop computers, a more robust
operating system may be used such as, for example, Win-
dows 95™, Windows 98™, Windows NT™, Windows
2000™, MacOS™, UNIX, Linux or the like. For the pur-
poses of the first embodiment, the operating system is
PalmOS™.

[0051] The data entry system 26 is implemented as soft-
ware that runs on the processing unit 12 to support com-
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puter-assisted text generation and entry for the user,
although in other alternatives the data entry system 26 can
be implemented as computer-readable instructions in firm-
ware or embedded in hardware components. In the first
embodiment, electronic text and documents are generated
and maintained by the application 27 and the user authors
and edits the electronic text and documents with the data
entry system 26 which communicates with the application
27 through an application programming interface (API).
This allows the data entry system 26 to be portable so that
it can be used by one or more applications to accept text and
data entry from the user. As an alternative, the data entry
system 26 may be integrated into part of an application.

[0052] The personal computing device 10 includes a
graphical display device 15 and a hardware input interface
17 receptive to user input from a pointing device. In this
specification, the term “pointing device” means an input
device that allows a user to select one choice amongst one
or many choices (a user-based selection). Some pointing
devices enable a user to make user-based selections by
pointing to a desired choice and include, by way of example,
a pen, stylus, or finger. More generally, pointing devices
capable of supporting user-based selections include, by way
of example, the pointing devices above capable of pointing,
as well as other input devices such as a mouse, trackball or
the like.

[0053] The graphical display device 15 is connected to and
controlled by the processing unit 12 via a video display
circuit 13. The graphical display device 15 may be a CRT,
a liquid crystal display, or an equivalent computer display.

[0054] In the first embodiment, the personal computing
device 10 is a personal digital assistant wherein the graphi-
cal display device 15 and the hardware input interface 17 are
combined in the form of a touch-sensitive screen 14 that
serves both as a graphical display 15 and as an input
interface receptive to generating coordinate position signals
in response to contact from a pointing device such as a pen
or stylus. It will be appreciated by those skilled in the art that
the personal computing device 10 is represented in the
following discussion as a personal digital assistant for
illustration purposes only, and that the invention may be
practised with other personal computing devices including
hand-held devices, personal computers and other micropro-
cessor-based electronic devices, mobile telephones, internet
appliances, and embedded devices, having a suitable graphi-
cal display and an input interface receptive to user input via
a pen, stylus, finger, mouse, or an equivalent pointing device
that allows the user to select one choice from many. Other
types of equivalent personal computing devices to which the
features and aspects of the present invention are applicable
include, by way of example, an internet appliance controlled
via a remote control (for instance, running an Internet
service through a television via a set top box and a remote
control). In other embodiments, the hardware input interface
17 may be a digitising tablet, a pressure-sensitive input
surface or a proximity sensing input surface. It will also be
appreciated that the personal computing device 10 may be
powered by an internal (18) or external power source.

[0055] As shown in FIG. 2, the data entry system 26
includes computer-readable instructions for a digital key-
board 28, a candidate prediction system 32, a dictionary 20,
and an interactive search list 30. The digital keyboard 28
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provides an interface for the user to enter text and data into
the personal computing device 10 (FIG. 1). As the user
enters in characters via the digital keyboard 28 to construct
a word, phrase, or character sequence, the characters entered
by the user are stored in a search string as a partial text entry.
The search string is used by the candidate prediction system
32 to search the dictionary 20 for completion candidates that
begin with the current partial text entry being stored in the
search string. The interactive search list 30 is used to display
for user selection the list of completion candidates retrieved
by the candidate prediction system 32. In the first embodi-
ment, the data entry system 26 supports gesture-based user
input for the selection of completion candidates from the
interactive search list 30 as will be described in further detail
below.

Digital Keyboard

[0056] As illustrated in FIG. 3, an image of the digital
keyboard 28 is displayed on a graphical user interface 34
within the screen area of the touch-sensitive screen 14 once
the data entry system 26 is initialised and ready to receive
input from the user. The digital keyboard 28 contains a
plurality of keys each of which is associated with at least one
character from a set of characters. For example, when the
English alphabet or a character set containing the English
alphabet is used, each key on the digital keyboard 28 can
contain one or more letters from the English alphabet. It
should be noted that reference to the English alphabet is by
way of example only, and that the digital keyboard 28 can
be configured to contain and display any set of characters
which the user may then select and use to enter text into the
personal computing device 10. The terms “character set” and
“set of characters” refer in this specification to a set con-
taining a plurality of letters, numbers and/or other typo-
graphic symbols. Examples of character sets include, but are
not limited to, one or more alphabets of a written language
(e.g. English, French, German, Spanish, Chinese, or Japa-
nese), and binary-coded character sets such as ASCII
(American Standard Code for Information Interchange),
EBCDIC (Extended Binary Coded Decimal Interexchange
Code), and BCD (Binary Coded Decimal).

[0057] In the first embodiment, the digital keyboard 28
displays digital keys containing characters from the English
alphabet along with special characters selected from the
ASCII character set. Words, phrases, and character
sequences can be typed into an electronic document or
electronic text by simply using the pointing device to tap or
select in sequence each key for the desired word, phrase, or
character sequence. As will be discussed further below, the
user can also use the digital keyboard 28 to initiate an
automated search for completion candidates to more rapidly
and flexibly enter words, phrases, and/or character
sequences in an automated manner. As will also be discussed
later in this specification, several enhancements to the digital
keyboard 28 may be implemented to further enhance the
user’s ability to quickly, efficiently, and flexibly enter text
using a pointing device.

Dictionary

[0058] FIG. 4 shows a sample data structure for the
dictionary 20. Preferably, as in the first embodiment, the
dictionary 20 contains completion candidates with weight
values for ranking completion candidates relative to each
other. The dictionary 20 contains a plurality of entries, with
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each entry having a completion candidate field 22 for storing
a completion candidate and a weight field 24 for storing a
numeric value associated with the completion candidate
stored in a corresponding completion candidate field 22.
Each completion candidate stored in the dictionary 20
represents a word, phrase, or character sequence according
to a particular language. Character sequences may include,
but are not limited to, word continuations. Word continua-
tions represent a leading part of a word, but not an entire
word. In the first embodiment where the dictionary is based
on American english, word continuations may include, by
way of example, such common word prefixes as “com”,
“con”, “dis”, “expl”, “inter”, “mis”, “para”, “pre”“‘syn”,
“tele”, “trans” and “univers”. Obtaining a list of completion
candidates which can include common word prefixes
reduces user effort in terms of the number of steps required
to generate a desired text entry. Furthermore, certain char-
acter combinations such as word prefixes are shared across
multiple completion candidates which can speed up learning
of the locations of completion candidates within sub-levels
of the interactive search list 30 when multi-level searching
(i.e. iterative searching) is available. Each weight field 24
stores a weight value for ranking the corresponding comple-
tion candidate stored in the corresponding completion can-
didate field 22 with other completion candidates in the
dictionary 20. The weight value stored in a weight field 24
may be based on one of many metrics. By way of example,
each weight field 24 may contain a value representing a
degree of common usage of the completion candidate stored
in the corresponding completion candidate field 22 relative
to the other completion candidates in the dictionary 20. As
another example, the weight fields 24 may contain numeric
values based on what words or phrase came before the
completion candidate stored in the corresponding comple-
tion candidate from an analysis of a large corpus of text.
Each weight field 24 may also be supplemented with one or
more related fields.

Candidate Prediction System

[0059] Referring to FIG. 2, the candidate prediction sys-
tem 32 is programmed to dynamically search the dictionary
20 for completion candidates that begin with the partial text
entry entered by the user. The candidate prediction system
32 retrieves completion candidates from the dictionary 20 by
determining which dictionary entries are more likely to be
the ones that the user is attempting to type. In the first
embodiment, the completion candidates are obtained from
the dictionary 20 on the basis of frequency values stored in
the weight field 24 for each entry. In the first embodiment,
completion candidates having the highest weight values are
retrieved. The frequency values represent the frequency of
usage of the entries relative to each other. These frequency
values may be predetermined on the basis of an analysis of
a large corpus of text or may be dynamically generated or
modified on the basis of the specific user’s usage of words,
phrases, and/or character sequences through the data entry
system 26. Other statistical measures may also be employed
to enhance the candidate prediction system 32, such as
ranking information or identifying the frequency with which
an entry in the dictionary 20 follows any of the other entries
in the dictionary 20.

[0060] Preferably, the candidate prediction system 32
retrieves all possible completion candidates limited by one
or more predetermined metrics. In the first embodiment, the
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total number of completion candidates retrieved is limited
by a predetermined maximum number of displayable
completion candidates. The maximum number of comple-
tion candidates retrieved by the candidate prediction system
32 is preferably a small but significant number sufficient
enough to provide the user with as many potential candi-
dates as possible without unduly saturating the user with an
excessive number of candidates and without unduly delay-
ing the user’s ability to quickly review and select from the
candidates selected. The maximum number of completion
candidates is also preferably sufficiently large enough to
provide a variety of completion candidates (if available) for
the user to choose from so as to avoid an excessive amount
of multi-level searching to complete a partial text entry. In
the case of the first embodiment, the maximum number of
displayable completion candidates is set to five. The data
entry system 26 can be configured by the user to present a
greater or lesser number of completion candidates. Prefer-
ably, the completion candidates are displayable in a con-
figuration that can also be selected by the user. Making the
number of completion candidates that can be displayed a
user-configurable feature provides enhanced capabilities for
computer-assisted text generation and entry with the data
entry system 26.

Interactive Search List

[0061] The interactive search list 30 receives completion
candidates retrieved from the dictionary 20 by the candidate
prediction system 32 and presents the user with a list of these
completion candidates. The interactive search list 30 can be
displayed to the user in any of several different ways
depending on which options the data entry system 26 has
been programmed with and which of those options have
been selected by the user, as will be discussed later in this
specification. In the first embodiment, the interactive search
list 30 is displayed on the touch-sensitive screen 14 as an
interactive vertical list of completion candidates. As
described further below, the interactive search list 30 is
programmed to support multi-level searches so that the user
can quickly use a completion candidate from one level of
search results to drill deeper into the dictionary 20 for a
narrower set of completion candidates.

[0062] In the first embodiment, the digital keyboard 28
and the interactive search list 30 are also interchangeably
displayed on the graphical user interface 34, as further
illustrated in FIG. 5. When the digital keyboard 28 and the
interactive search list 30 are interchangeable, the user can
easily and quickly swap between entering characters or
otherwise modifying a partial text entry from the digital
keyboard 28 and using the interactive search list 30 to
rapidly and flexibly complete the entry of words, phrases,
and/or character sequences. When the digital keyboard 28
and the interactive search list are interchangeable, the image
of the digital keyboard 28 and the image of the interactive
search list 30 share substantially the same display area on the
graphical user interface 34. The data entry system 26 for the
first embodiment is preferably programmed to automatically
swap between the digital keyboard 28 and the interactive
search list 30 depending upon the input provided by user
from the pointing device. This latter feature minimizes
disruption to the user’s attention to the data entry process
since the user’s attention remains focussed on the same
region of the graphical user interface 34 for both the digital
keyboard 28 and the interactive search list 30. Interchanging
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the display of the digital keyboard 28 and the interactive
search list 30 within the graphical user interface 34 provides
for a space-efficient layout for the use of the data entry
system 26 on the touch-sensitive screen 14. The interchange-
ability of the digital keyboard 28 and the interactive search
list 30 can also minimize hand movement as the user
switches between using the digital keyboard 28 and the
interactive search list 30 without having to move the point-
ing device to another part of the touch-sensitive screen 14
(or, more generally, without having to move the pointing
device to another part of the hardware input interface). This
arrangement can be particularly useful for smaller personal
computing devices such as PDAs or other hand-held
devices, or where the amount of space on the graphical user
interface 34 used by the data entry system 26 needs to be
minimized.

[0063] The interactive search list 30 enables the user to
more rapidly and flexibly complete the entry of words,
phrases, and/or character sequences than would otherwise be
required if the user were to simply type in each individual
character of the desired entry.

Overview of Methodology

[0064] The basic data entry methodology of the present
invention as applied to a personal computing device 10 of
the first embodiment will now be described. In what follows,
reference is made to FIG. 1 to 5.

[0065] Inthe first embodiment, the user interfaces with the
personal computing device 10 via the touch-sensitive screen
14 using a pen as a pointing device. However, it should be
noted that the following methodology can be used with
various other pointing devices, such as a stylus, finger, track
ball, or mouse. If a mouse or an equivalent pointing device
is used in place of a pen, stylus, or finger, then for the first
embodiment the act of depressing a mouse button should be
considered equivalent to touching the touch-sensitive screen
14 or touch pad with a stylus, pen, or finger, and similarly,
releasing a depressed mouse button should be considered
equivalent to lifting the stylus, pen, finger or other pointing
device from the touch-sensitive screen 14 (or a touch pad or
pressure sensitive pad).

[0066] With the data entry system 26 of the first embodi-
ment two primary entry modes are available to the user: a
keyboard mode and a search mode. In the keyboard mode,
the user can enter text a character (or keystroke) at a time by
simply pointing and selecting on keys on the digital key-
board 28 with the pointing device. With each selection of a
key on the digital keyboard 28, the one or more characters
that are associated with that key are forwarded to the
application 27 for entry into text in, for example, a document
or data entry field. In the search mode, the user can search
for and select amongst completion candidate suggestions for
the completion of a word, phrase, or character sequence as
further described below.

[0067] In the first embodiment, when the user begins
entering a word, phrase or character sequence using the
digital keyboard 28, the candidate prediction system 32
automatically begins searching the dictionary 20 for candi-
date words, phrases, and/or character sequences that the user
may be attempting to enter. The searching of the dictionary
20 performed by the candidate prediction system 20 begins
automatically in response to the emerging character
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sequence entered by the user. This is done by searching the
dictionary 20 for completion candidates that begin with the
leading character or characters which the user has entered
(i.e. the partial text entry). The leading characters manually
entered by the user with the pointing device are stored
temporarily as a search string. The search string is used by
the candidate prediction system 32 to search the dictionary
20 for potential completion candidates. The candidate pre-
diction system 32 retrieves completion candidates on the
basis of which entries in the dictionary 20 are most likely to
contain the completion candidate that the user is attempting
to type based on the partial text entry currently entered as
indicated by the weight fields in the dictionary.

[0068] The completion candidates retrieved from the dic-
tionary 20 by the candidate prediction system 32 are pro-
vided to the interactive search list logic which causes the
interactive search list 30 to be produced. As each new list of
completion candidates is produced by the candidate predic-
tion system 32 the interactive search list logic produces a
revised list of completion candidates as the user adds or
deletes characters to or from the partial text entry with the
digital keyboard 28. Whether the interactive search list 30 is
displayed on the graphical user interface 34, however,
depends on whether or not the interactive search list 30 has
been activated. In the first embodiment, the user may
activate the interactive search list 30 by pausing for a
predetermined delay period [.1 with the pointing device in a
selection made by touching down on a key on the digital
keyboard 28 containing one or more characters. The amount
of time that the user must pause with the key selected is a
user-configurable option. Typically, the delay chosen will be
less than one second, although the delay may be configured
to any time period the user desires. As soon as the user
pauses on a selected key for the delay period L1, the
interactive search list 30 becomes active. When the interac-
tive search list 30 is activated, the entry mode for the data
entry system 26 changes from the keyboard mode to the
search mode. In addition, when the interactive search list 30
is activated in the first embodiment, the image of the digital
keyboard 28 is cleared from the graphical user interface 34
and replaced by an image of the interactive search list 30.

[0069] Although the interactive search list 30 is updated
continvously in the first embodiment, in an alternative
configuration the interactive search list 30 may be generated
once the user activates the interactive search list 30 by
pausing on a selected key on the digital keyboard 28. In this
alternative configuration, the interactive search list 30 is
revised each time the user calls up a new or modified
interactive search list 30.

[0070] Once the user has activated the display of the
interactive search list 30 containing a list of completion
candidates, the data entry system 26 provides the user with
the flexibility to proceed with one of several operations
using the pointing device. With the interactive search list 30
displayed and active, the user can do any one of the
following:

[0071] (1) the user can deactivate the interactive search
list 30 and return to modifying the current partial text
entry and other text; or

[0072] (2) the user can select one of the completion
candidates in the interactive search list 30 and use the
selected completion candidate to replace the partial text
entry which the user is currently entering; or
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[0073] (3) the user can use one of the completion
candidates in the interactive search list 30 to initiate a
further automated search to dynamically obtain a more
refined list of completion candidates from the dictio-
nary 20; or

[0074] (4) the user can scroll or cycle through the list of
completion candidates displayed in the interactive
search list 30, selecting and deselecting one completion
candidate at a time as the user decides which of the
completion candidates (if any) will be used to complete
the current partial text entry or to initiate further
searching; or

[0075] (5) the user can gesture to or pause in a “dead
zone” within the graphical user interface 34 for any
length of time without triggering any further action by
the data entry system 26 so as to pause to consider
whether to continue using the displayed interactive
search list 30 or to carry out one of the other operations
listed above.

[0076] The user’s action with the pointing device gener-
ates user input signals which are monitored and analyzed by
the data entry system 26 to determine the type of user
selection or action being made. Which operation is executed
by the data entry system 26 once the interactive search list
30 is activated depends on what action the user takes with
the pointing device.

[0077] 1If the user does not want to select any of the
completion candidates presented in the interactive search list
30 and wishes to continue entering further characters or to
otherwise modify the partial text entry from the digital
keyboard 28, then with the interactive search list 30 active
and displayed on the graphical user interface 34, the user
may lift the pointing device without any significant move-
ment or may lift the pointing device after dragging it to or
returning it to a dead zone. Either of these actions causes the
hardware input interface 17 to generate a user input signal
which serves as an indication to the data entry system 26 that
the user wishes to deactivate the interactive search list 30
and return to modifying the current partial text entry manu-
ally with the digital keyboard 28. In the first embodiment,
when the interactive search list 30 is deactivated, the image
of the interactive search list 30 is cleared from the graphical
user interface 34 and replaced with the image of the digital
keyboard 28 which is enabled for further use by the user.
This allows the user to smoothly return to using the digital
keyboard 28 in keyboard mode without having to relocate
the pointing device. Once in keyboard mode, the user may
reinitiate searching with the interactive search list 30 to
obtain further completion candidates by pausing once again
on a subsequently selected key (or character) on the digital
keyboard 28 with the pointing device.

[0078] A completion candidate from the interactive search
list 30 is selected by the user by generating a gesture with the
pointing device. For the purposes of this specification the
term “gesture” refers to a motion with the pointing device
when the pointing device is in an active state. In general,
motions making up gestures may be linear or in another
computer-recognizable pattern. For the first embodiment
shown in FIG. 1 to 5 and for variations thereof, a gesture is
a motion with the pointing device in a particular direction for
at least a minimum distance when the pointing device is in
an active state. The minimum distance is used by the data
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entry system 26 in the first embodiment to ignore small,
insignificant gestures with the pointing device. This mini-
mizes false selections arising from inadvertent movements
with the pointing device.

[0079] Inthe first embodiment, the pointing device is in an
active state when the pointing device is held to the touch-
sensitive screen 14. In alternative variations of the graphical
display device 15 and the hardware input interface 17, other
conditions can be used to identify when the pointing device
is in an active state and are considered equivalent. For
example, with a pressure-sensitive pad, the pointing device
is in an active state when the pointing device is either in
contact with the pressure-sensitive pad or depressed on the
pressure-sensitive pad with at least a measurable amount of
pressure. Alternatively, when the pointing device is a mouse,
it is in an active state when a button on the mouse is pressed.

[0080] The data entry system 26 monitors the gestures
made with the pointing device to determine when and if a
completion candidate in the interactive search list 30 has
been selected. In the first embodiment the data entry system
26 does this by monitoring the current position coordinates
of the pointing device on the touch-sensitive screen 14
relative to a point of origin generated when the pointing
device first activates the interactive search list 30. The
current position coordinates of the pointing device are
monitored so long as the pointing device remains in contact
with the touch-sensitive screen 14. As the current position
coordinates are received, the data entry system 26 generates
a vector using the current position coordinates of the point-
ing device and the point of origin. This vector is used by the
data entry system 26 to determine if and when a particular
completion candidate in the interactive search list 30 has
been selected. The data entry system 26 is programmed to
associate certain types of vectors with certain entries in the
interactive search list 30. Each entry in the interactive search
list 30 may have associated with it one or more predeter-
mined vectors. When the vector formed by the user matches
such a predetermined vector, the data entry system 26
recognizes that the user is selecting the completion candi-
date displayed in the corresponding entry of the interactive
search list 30. If the data entry system 26 determines that the
vector currently being generated by the user’s gesture is
associated with one of the completion candidates in the
interactive search list 30, then the associated completion
candidate is selected from the interactive search list 30.
Preferably, when a completion candidate is selected from the
interactive search list 30, the particular selection is indicated
to the user by the data entry system 26 by highlighting the
selected completion candidate in the interactive search list
30.

[0081] In the first embodiment, the data entry system 26 is
programmed to require that the user gesture with the point-
ing device towards or onto a completion candidate in the
interactive search list 30 in order to select that completion
candidate. The gesture need only be a minimum distance. In
an alternative arrangement, however, when a user makes
selections from the interactive search list 30 using gestures
with the pointing device, the movement performed by the
user is relative. With this “relative” mode of gesture-based
candidate selection, the user need only gesture in a direction
associated by the data entry system 26 with a desired
completion candidate without the pointing device necessar-
ily moving towards or onto the portion of the graphical user
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interface 34 where the completion candidate is displayed. In
this case, the predetermined vectors associated by the data
entry system 26 with entries in the interactive search list 30
correspond to unique gestures with the pointing device but
not necessarily gestures which are towards or onto a par-
ticular entry in the interactive search list 30. With this
relative mode of selection, gestures with the pointing device
are used to select amongst the completion candidates on the
interactive search list 30 even if the user is not gesturing
with the pointing device towards or onto a particular
completion candidate within the interactive search list 30. In
this case, the user need not move the pointing device toward
or onto a particular fixed location within the interactive
search list 30 in order to select a specific completion
candidate. Associating a gesture with a particular comple-
tion candidate in the interactive search list 30 in the above
manner minimizes the amount of movement required with
the pointing device to make selections from the interactive
search list 30 and provides the user with the flexibility of
selecting completion candidates with gestures which do not
necessarily need to be towards or onto the desired comple-
tion candidate.

[0082] Once the user has selected a completion candidate
from the interactive search list 30, several options are
available to the user. If the completion candidate represents
the entry that the user wishes to add to the text, then the user
can accept the selected completion candidate for insertion
into the text by lifting the pointing device up from the
touch-sensitive screen 14 in less than a predetermined time
limit .2 while keeping the particular completion candidate
selected. This latter event generates a user input signal
which instructs the data entry system 26 to terminate all
searching based on the partial text entry and to signal to the
application 27 to use the selected completion candidate to
permanently replace the partial text entry. When the selected
completion candidate is used to permanently replace the
partial text entry at this point, the interactive search list 30
is cleared from the graphical user interface 34 and the image
of the digital keyboard 28 is re-enabled ready to receive the
next keystroke from the pointing device. With the partial text
entry thus completed, the data entry system 26 begins
monitoring anew for text entries by the user.

[0083] Ifthe user wishes to change selections, the user can
move through the list of completion candidates displayed in
the interactive search list 30 by gesturing with the pointing
device to other completion candidates in the interactive
search list 30. If the user is unsure of which completion
candidate to use, or wishes to pause to consider whether to
continue in search mode or to return to keyboard mode, the
user can gesture to or pause in a “dead zone” within the
graphical user interface 34 for any length of time without
triggering any further action by the data entry system 26. In
the first embodiment, when the interactive search list 30 is
first activated by pausing on a key on the digital keyboard
28, the data entry system 26 begins monitoring the length of
the vector that the user thereafter generates to determine
when and if the user is selecting a particular completion
candidate from the interactive search list 30 or when the user
is carrying out another recognized operation such as moving
the pointing device to a dead zone. If the data entry system
26 determines that the length of the vector generated from
the current position coordinates and the point of origin is less
than or equal to a predetermined length, then the pointing
device is deemed by the data entry system 26 to be in a dead
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zone on the graphical user interface 34. When the pointing
device is in a dead zone, the user has the freedom to pause
without activating any further operation by the data entry
system 26 and without clearing the interactive search list 30.
This provides the user with the option to pause and consider
what their next operation will be. Other dead zones may be
programmed into the graphical user interface 34 within the
data entry system 26 for the user to move to with the
pointing device so as to further enhance the user’s ability to
pause in different parts of the graphical user interface 34. If
the vector being generated through a gesture is found by the
data entry system 26 to exceed a predetermined length, the
data entry system 26 checks to determine whether or not the
particular vector being generated is associated with any of
the completion candidates in the interactive search list 30 or
with any other operation on the screen such as alternative or
additional dead zones.

[0084] If the completion candidate selected on the inter-
active search list 30 represents only part of the entry that the
user wishes to add to the text, then the user can use the
selected completion candidate to dynamically initiate a
further search for a more refined list of completion candi-
dates from the dictionary 20. The ability to dynamically
search for a more refined list of completion candidates based
on a selected completion candidate is also referred to in this
specification as an iterative search. This iterative search tool
is provided through the interactive search list 30 when the
interactive search list 30 is active and displays a list of
potential completion candidates for the user to select from.
An iterative search is triggered in the first embodiment by
the user continuing to keep a completion candidate in the
interactive search list 30 selected for more than the prede-
termined time limit [L.2. The automated ability to use the
interactive search list 30 to further search the dictionary 20
allows the user to make good use of search results that are
only partially successful. When the user continues to keep a
completion candidate selected in the interactive search list
30 for more than the predetermined time limit [.2, the data
entry system 26 determines that the user input corresponds
to a user selection to initiate a new search using the selected
completion candidate as the basis for the new search. When
this happens, the candidate prediction system 32 dynami-
cally obtains a refined list of completion candidates based on
the selected completion candidate. As illustrated in FIG. 5A,
the refined list of completion candidates provides a narrower
list of completion candidates based on a more specific search
string (ie. the selected completion candidate). Iterative
searching enables one to perform multi-level searches with
the interactive search list 30, so that the user can quickly use
a completion candidate from one level of search results to
drill deeper into the dictionary 30 for a narrower set of
completion candidates.

[0085] In the first embodiment, iterative searching can be
initiated when a completion candidate in the interactive
search list 30 represents only a first part (i.e. a leading part)
of the entry that the user wishes to add to the text.

[0086] Once the candidate prediction system 32 has
obtained the refined list of completion candidates, the inter-
active search list 30 is redisplayed with the refined list of
completion candidates. When the interactive search list 30 is
redisplayed, the point of origin coordinates, used by the data
entry system 26 to track vectors generated from gestures
with the pointing device, are set to the position coordinates
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of the pointing device at the time the selected completion
candidate is used to initiate the iterative search. With the
interactive search list 30 redisplayed, the user can then
choose one of the completion candidates in the refined list by
lifting the pointing device up after selecting the particular
completion candidate through a gesture, or the user can
further repeat the iterative search process by selecting one of
the completion candidates in the refined list and pausing
with that particular completion candidate selected for the
predetermined time limit [.2. With the refined list of comple-
tion candidates displayed, the user may also lift the pointing
device without selecting any completion candidates
obtained from the iterative search. This latter action leaves
the search string set to the last completion candidate selected
by the user in the previous iteration of the interactive search
list 30 and returns the data entry system 26 to keyboard
mode. At this point, the interactive search list 30 is cleared
from the graphical user interface 34, the digital keyboard 28
is redisplayed, and the data entry system 26 sends the
completion candidate last selected by the user from the
interactive search list 30 to the application 27 for entry into
the text, thereby replacing the contents of the partial text
entry currently under development by the user. New char-
acters can then be added. As a variation, using the digital
keyboard 28, the user can then, if desired, instruct the
application 27 to cancel the entry of the modified partial text
entry into the text by selecting a function button displayed
on or associated with the digital keyboard 28.

EXAMPLE

[0087] FIGS. 6 and 6A show an example 100 from the
user’s perspective of the operation and flexibility of the data
entry system 26 for the first embodiment in FIG. 1 to 5. For
the example shown in FIGS. 6 and 6A, suppose the user
wishes to enter in the word “endlessly” and begins by
entering at block 102 the letter “e” on the digital keyboard
28. In order to activate the interactive search list 30, the user
pauses on the letter “e” for at least the predetermined time
limit .1 which automatically triggers at block 104 the
candidate prediction system 32 to obtain a list of completion
candidates that are then displayed to the user in the inter-
active search list 30. Depending upon the contents of the
dictionary 20 and the ranking system used to rank comple-
tion candidates stored within the dictionary 20, the desired
completion candidate “endlessly” may not be one of the
choices displayed in the initial interactive search list 30.
Suppose for the moment, however, that the word “end” is
one of the completion candidates displayed in the initial
interactive search list 30. The user can select by gesture at
block 108 the completion candidate “end” and use it to
automatically initiate a further search of the dictionary 20 in
order to retrieve a list of prioritized completion candidates
which all begin with the prefix “end”. As discussed, this
iterative searching technique is performed with the pointing
device by simply pausing while selecting a completion
candidate (in this case the word “end”) in the interactive
search list 30 for the predetermined time limit [.2 at block
116 which thereby automatically initiates a new search using
the selected completion candidate as the basis for such a
search. If the desired completion candidate “endlessly”
appears in the updated interactive search list 30, the user can
then immediately add the desired completion word by



US 2008/0088599 Al

selecting it (block 120) from the interactive search list 30
and lifting the pointing device up in less than the predeter-
mined time limit [.2.

[0088] If the interactive search list 30 displayed after
block 104 does not include the prefix “end” or any other
prefix that would lead the user to rapidly enter the desired
word “endlessly” using the data entry system 26, then the
user has the option of lifting the pointing device up from the
touch-sensitive screen 14 at block 106 without selecting any
of the completion candidates. This type of user input notifies
the data entry system 26 to clear the interactive search list 30
from the screen and to re-enable and display the digital
keyboard 28. It should be noted that in this latter operation
the search string continues to contain the partial text entry
which the user has generated with the digital keyboard 28 (in
this case the search string contains only the letter “e”).

[0089] As a further illustration of the flexibility of the
present data entry system 26, if the partial completion
candidate “end” is used to initiate a further search and the
new list of completion candidates does not include the word
“endlessly” in the list of completion candidates, then the
user can choose to continue building upon the partial
completion candidate “end” by lifting the pointing device up
from the touch-sensitive screen 14 without any of the
completion candidates in the new list selected and proceed-
ing to continue entering in characters from the digital
keyboard 28. In this example the partial completion candi-
date “end” permanently replaces the partial text entry that
the user was generating with the digital keyboard 28 in the
user’s electronic text, the search string is cleared and any
new user input is automatically treated as being part of a new
partial text entry.

[0090] It will be appreciated from the above particular that
the user can follow the final steps to completing a partial
completion candidate by entering in the remaining letters at
the end of the partial completion candidate. For instance, if
the partial completion candidate “endless” was retrieved,
then the user can simply tap on the digital keyboard 28 the
letters “I” and “y” followed by a space (or the end-of-entry
function button) in order to notify the data entry system 26
of the completion of the current text entry. Thus, even when
a complete word, phrase, or sequence of characters is not
found in the dictionary 20, the use of the data entry system
26 to retrieve a partial completion candidate can result in
less time and effort being expended than if the user had
simply typed in each letter of the desired word, phrase, or
sequence of characters.

[0091] In an alternative embodiment, the data entry sys-
tem 26 is programmed with the ability to re-initiate auto-
mated searching even once the application 27 is instructed
by the data entry system 26 to permanently replace the
partial text entry in the text with a partial completion
candidate. In this alternative, the search string is set to the
partial completion candidate when the partial completion
candidate replaces the partial text entry in the user’s elec-
tronic text. The user may then return at any time to the
automated search facility of the data entry system 26 by
pausing on a key on the digital keyboard 28 for the prede-
termined time limit L.1. For instance, if the partial comple-
tion a selection “end” has already been used to initiate a
further search and the user then lifts up the pointing device
without selecting any of the completion candidates in the
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new list of completion candidates, the user can then return
to automated searching with the data entry system 26 by, for
example, touching on the letter “I”” on the digital keyboard
28 for a sufficient period of time to initiate a search on the
basis of the prefix “end]”. The partial text entry “end]” will
then be used by the candidate prediction system 32 to obtain
a list of completion candidates that are then displayed in the
interactive search list 30. If the desired completion candidate
“endlessly” appears in the new list of completion candidates,
the user may then choose that candidate and add it to the text
by selecting that candidate and lifting the pointing device
before the time limit 1.2 is reached. If the desired completion
candidate does not appear in the interactive search list 30,
the user can simply lift the pointing device without selecting
any of the completion candidates and continue building
upon the partial text entry “endl” by entering further char-
acters via the digital keyboard 28. Once the desired word is
complete, in order to clear the search string and instruct the
data entry system 26 to treat any new user input as being part
of'a new partial text entry in this alternative, the user selects
a key or function from the digital keyboard 28 programmed
to indicate that entry of the original partial text entry has
ended, as discussed further in the section below.

Forcing the End of a Partial Text Entry

[0092] As can be seen from the previous example, there
will be times when the user is entering a word, phrase, or
character sequence that does not appear in the dictionary 20.
In this case, if the user has activated the interactive search
list 30, it will be empty once the user has entered enough
characters for the candidate prediction system 32 to deter-
mine that the dictionary 20 does not have any words, phrase
or character sequences which could be completion candi-
dates for the partial text entry that is currently being entered
by the user. When this is the case, or when the user is
completing the entry of a word, phrase, or character
sequence by entering on the digital keyboard 28, the data
entry system 26 needs to know when the current partial text
entry being generated by the user has been completed and
when another partial text entry has begun. If the user has
selected and accepted a completion candidate from the
interactive search list 30 in the first embodiment, then the
data entry system 26 is programmed to recognize that the
user has completed the current partial text entry and auto-
matically initializes so that the next character selected from
the digital keyboard 28 will be treated as a leading character
for a new partial text entry. However, if the user is com-
pleting a partial text entry that is not found in the dictionary
20 and completes the partial text entry by simply entering
characters from the digital keyboard 28, then the data entry
system 26 may not know when the current partial text entry
is completed and when the next partial text entry has begun.
In order to assist in the identification of when a user has
completed an entry for a word, phrase, or sequence of
characters, the data entry system 26 can be programmed to
monitor for an “end-of-search” signal from the user via the
digital keyboard 28. In the first embodiment, an end-of-
search signal is received by the data entry system 26 when
a key or function button programmed to indicate an express
“end-of-search” instruction is selected from the digital key-
board 28. Alternatively, the data entry system 26 can be
programmed to recognize an implicit end-of-search instruc-
tion such as, for example, when the space key on the digital
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keyboard 28 is selected. Other non-alphabetic characters
may also be used to provide an implicit end-of-search
instruction.

System Flow

[0093] In the discussion that follows, the processing per-
formed by the data entry system 26 running on the process-
ing unit 12 is described in further detail. For this discussion,
reference is made to FIG. 7 to 9 which are logical flow
diagrams illustrating the flow of operation of the data entry
system 26. The description of the computer-implemented
process illustrated in FIG. 7 to 9 will be made with reference
to the personal computing device 10 and the data entry
system 26 shown in FIG. 1 to 5.

[0094] The data entry system 26 is initialized at block 202.
This includes the initialization of variables and flags used
within the data entry system 26 to track the state of user
input, processing, and output. This also involves initializing
the user interface for the data entry system 26 including
loading and setting up the digital keyboard 28 for display,
selecting the dictionary 20 to be used by the data entry
system 26, identifying the type of pointing device that will
be used for text entry, and setting up any user-defined
configurations for the display and use of the digital keyboard
28, and the interactive search list 30. Once the data entry
system 26 including the digital keyboard 28 is initialized, the
user interface for the data entry system 26 is then displayed
on the touch-sensitive screen 14 at block 204. In its most
basic form, the user interface initially displayed comprises
the digital keyboard 28. The user interface may also include
one or more toolbars or display boxes for the display of the
current value of the search string and the current contents of
the interactive search list 30. With the interface initialized
and displayed on the touch-sensitive screen 14, the data
entry system 26 awaits for user input from the pointing
device at block 206. Once user input is received at block
206, the data entry system 26 determines at block 208
whether the user input received by the data entry system 26
at block 206 corresponds to any of the characters displayed
on the digital keyboard 28. If the user input is found at block
208 to correspond with a character displayed in the digital
keyboard 28, then that character is added to the search string
at block 210. As indicated earlier, the search string is used
by the candidate prediction system 32 to search the dictio-
nary 20 for potential completion candidates. In the first
embodiment, the candidate prediction system 32 continu-
ously retrieves a list of completion candidates from the
dictionary 20 as contents of the search string change. As the
user modifies the current partial text entry under construc-
tion, the contents of the search string are modified and used
by the candidate prediction system 32 at block 212 to obtain
a new list of completion candidates from the dictionary 20.

[0095] The operation of the candidate prediction system
32 for the first embodiment is further illustrated in FIG. 9.
As illustrated in FIG. 9 for the first embodiment, the
candidate prediction system 32 retrieves the first and last
entry from the dictionary 20 that begin with the contents of
the search string. The first and last entry retrieved are then
used to define a search span. If the search span is greater than
the number of completion candidates that the data entry
system 26 is programmed to display, then the completion
candidates within the search span having the highest corre-
sponding weight values (for example, frequency values) are
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retrieved up to the maximum number of permissible comple-
tion candidates which may be displayed in the interactive
search list 30. The completion candidates retrieved by the
candidate prediction system 32 in this manner are then
compiled into a list of completion candidates which is used
for display in the interactive search list 30. In the case of the
first embodiment, this involves very little processing as the
list of completion candidates is updated whenever the partial
text entry currently under development by the user is modi-
fied. As indicated earlier, however, in an alternative embodi-
ment, the interactive search list 30 containing a list of
completion candidates may be generated once the user
invokes activation of the interactive search list 30 by paus-
ing on a key on the digital keyboard 28 (i.e. following block
214).

[0096] Once a character has been added to the search
string at block 210, the data entry system 26 determines at
block 214 whether or not the pointing device has been
released from the touch-sensitive screen 14 within the
predetermined time limit 1. If the data entry system 26
finds that the pointing device has been released within the
time limit L1, processing returns to block 206 where the data
entry system 26 waits for further user input. This allows the
user to use the digital keyboard 28 to type out a portion or
all of a desired text entry by briefly tapping on keys on the
digital keyboard 28 one keystroke at a time. On the other
hand, if the data entry system 26 determines at block 214
that the pointing device has not been released within the time
limit L1, the data entry system 26 determines at block 216
whether or not the list of completion candidates (also
referred to and shown in the drawings as a candidate list) is
empty. If the candidate list is found to be empty at block 216,
then the candidate prediction system 32 has not found any
completion candidates in the dictionary 20 which would
potentially complete the partial text entry under develop-
ment by the user. In this case, processing returns to block
206. From the user’s perspective, with no possible candi-
dates having been retrieved from the dictionary 20, the user
can complete the desired text entry by continuing to type in
the remaining characters from the digital keyboard 28 or
may otherwise modify the partial text entry under develop-
ment using other function keys available on the user inter-
face (such as canceling the current partial text entry or
backspacing one or more characters in the partial text entry).
If, on the other hand, the list of completion candidates is
found not to be empty at block 216, then the digital keyboard
28 is disabled at block 218 and the interactive search list 30
containing the candidate list obtained in block 212 is dis-
played within the interactive search list 30 on the touch-
sensitive screen 14 at block 222 and the data entry system 26
waits for further user input at block 224.

[0097] Tt will be recalled that once the user has activated
the display of the interactive search list 30 containing a list
of completion candidates, the user can use the data entry
system 26 to take one of several actions. The user can
deactivate the interactive search list 30 and return to modi-
fying or editing the current partial text entry by lifting the
pointing device from the touch-sensitive screen 14 without
any significant movement. If this action is detected at block
226 then the candidate list is cleared and the search string
contents are preserved at block 262. Processing then returns
to block 204 where the user can continue modifying the
current partial text entry using the digital keyboard 28.
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[0098] If, on the other hand, the user input received at
block 224 is identified at block 226 as being a gesture, then
the gesture is analyzed at block 228 to determine if it is
associated with a completion candidate displayed in the
interactive search list 30. If the gesture is found to be
associated with a completion candidate in the interactive
search list 30, then that completion candidate is selected
from the interactive search list 30 at block 230. Preferably,
when a completion candidate is selected in the interactive
search list 30 at block 230, the selected completion candi-
date is highlighted or otherwise emphasized in some way to
the user.

[0099] When a completion candidate is selected at block
230, a timer T2 is started. The timer T2 is used in the first
embodiment to monitor how long the selected completion
candidate remains selected by the user. As will be recalled,
the user can select one of the completion candidates in the
interactive search list 30 and use the selected completion
candidate to either replace the partial text entry that the user
is currently entering or use the selected completion candi-
date to initiate a further automated search to obtain a more
refined list of completion candidates from the dictionary 20.
In the first embodiment, the timer T2 is used to distinguish
between these latter two types of operations which the user
may initiate with the pointing device using the selected
completion candidate. It should be noted that if the gesture
analyzed at block 228 is not found to be associated with the
completion candidate, then processing returns to block 224
where the data entry system 26 awaits further user input
from the pointing device for analysis at block 226.

[0100] Once a completion candidate has been selected
from the interactive search list 30 at block 230, the data entry
system 26 monitors the timer T2 at block 232 and monitors
for further user input. If the data entry system 26 detects
further user input from the pointing device at block 236, the
timer T2 has not exceeded the predetermined time limit 1.2
and the user input is analyzed at block 238 to determine
whether the user has initiated a gesture or lift with the
pointing device. If a lift is detected at block 238, then this
event serves as an indication to the data entry system 26 that
the selected candidate in the interactive search list 30 has
been accepted by the user, in which case the completion
candidate is added to the text in place of the potential text
entry and the search string is cleared at block 240. Once a
selected completion candidate has been added to the text at
block 240, the data entry system 26 returns to block 204
where the initialized user interface is displayed on the
touch-sensitive screen 14, and the data entry system 26
awaits for further user input at block 206. Any new char-
acters received by the data entry system 26 are then treated
as being part of a new partial text entry.

[0101] If, on the other hand, a gesture is detected at block
238, then the gesture is analyzed to determine if it is
associated with a different completion candidate in the
interactive search list 30 at block 242, and if the answer to
the analysis of block 242 is “YES”, then the data entry
system 26 changes the completion candidate selection from
the interactive search list 30 and restarts the timer T2 at
block 244. The data entry system 26 then continues to
monitor the timer T2 at block 232 and user input at block
234. From the user’s perspective, a different completion
candidate from the list of completion candidates is high-
lighted. If a gesture is detected at block 238, but that gesture
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is not found to be associated with a different candidate at
block 242, then the data entry system 26 determines at block
246 whether the gesture is associated with a dead zone on
the user interface. As discussed, dead zones are used to allow
the user to deselect a selected completion candidate and to
pause to consider what further action the user may wish to
take. Dead zones are particularly useful when a timer such
as timer T2 is used as the triggering mechanism to determine
when a selected completion candidate is to be used to initiate
a further automated search of the dictionary 20. If a gesture
is found to be associated with a dead zone at block 246, the
currently selected completion candidate from the interactive
search list 30 is deselected at block 248, the timer T2 is
disabled, and the data entry system 26 awaits for further user
input at block 256. Otherwise, processing returns to block
232.

[0102] If the timer T2 is found at any time at block 232 to
have exceeded the predetermined time limit 1.2, then this
event serves as an indication to the data entry system 26 that
the selected candidate is to be used to initiate a further
automated search, in which case processing proceeds to
block 250 where the search string is set to equal the selected
completion candidate and a new list of completion candi-
dates is obtained from the dictionary 20 at block 252. This
new list of completion candidates is then displayed in the
interactive search list 30 at block 254, and the data entry
system 26 then awaits further user input at block 256. User
input received at block 256 is analyzed at block 258 and if
at block 258 the data entry system 26 determines that the
user input corresponds to a gesture with the pointing device,
the gesture is analyzed at block 260 to determine if the
gesture generated by the pointing device is associated with
any of the completion candidates from the new list of
completion candidates displayed in the interactive search list
30. If the gesture is not associated with a completion
candidate, then the data entry returns to block 256 and
awaits for further user input from the pointing device. If, on
the other hand, the gesture is associated with a completion
candidate in the interactive search list 30, then the data entry
system 26 returns to block 230 where the associated comple-
tion candidate is selected, the timer T2 is restarted, and the
data entry system 26 then monitors to see, as before, whether
or not the user will use the selected completion candidate to
either replace the partial text entry or initiate a further
automated search. It should be noted that when the new list
of completion candidates is displayed in the interactive
search list 30 at block 254, and the data entry system 26
awaits for user input at block 256, that the pointing device
remains in contact with the touch-sensitive screen 14. This
situation is similar to the one at blocks 222 and 224 except
that the interactive search list 30 has been updated to contain
a new list of completion candidates for the user to select
from.

Data Entry System Features

[0103] The data entry system 26 may include a variety of
features and aspects to further enhance functionality and
flexibility of text entry for the user when a single pointing
device is used. Furthermore, each of the following features
and aspects individually provides a beneficial enhancement
and is an embodiment of the present invention. These
additional features and aspects of the present invention will
now be described below. Many of the features and aspects
described below can also be applied in combination with
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various types of search lists containing completion candi-
dates, including single and multi-level search lists.

[0104] As before, the following features and aspects can
be applied to many types of personal computing devices and
may be stored as computer-readable instructions in one or
more types of computer-readable media.

Notification of Active Entry Mode

[0105] In one alternative embodiment, the data entry sys-
tem 26 is programmed to notify the user of the active entry
mode. In this variation, the data entry system 26 is pro-
grammed to display on the graphical user interface 34 an
express indication of the currently active entry mode (as
illustrated in blocks 218 and 240 of FIGS. 23 and 24). In this
variation, two entry modes are tracked with the data entry
system 26: (1) a keyboard mode to indicate that the digital
keyboard 28 is active, and (2) a search mode to indicate that
automated searching is active with the interactive search list
30. Displaying on the graphical user interface 34 an express
indication of the current entry mode for the data entry
system 26 is achieved by displaying a different color signal
(or set of signals) on the graphical user interface 34 depend-
ing on which entry mode is currently active. Alternatively,
specific icons can be assigned to each entry mode and
displayed on the graphical user interface 34 when the
corresponding entry mode is active. Notifying the user of the
entry mode with one or more express indicators on the
graphical user interface 34 minimizes the risk of the user
losing track of whether the user is in keyboard mode or in
search mode and enhances the ease of use of the data entry
system 26. This can be particularly useful when both the
digital keyboard 28 and the interactive search list 30 are
displayed simultaneously on the graphical user interface 34.

Notification of Completion Candidates

[0106] If the interactive search list 30 has fewer than the
predetermined maximum number of displayable completion
candidates, then this will serve as an indication to the user
that the interactive search list 30 currently displayed con-
tains all of the completion candidates in the dictionary 20
that begin with the partial text entry that the user has entered.
If, however, the interactive search list 30 is full when it is
activated by the user, it will not be clear from looking at the
interactive search list 30 whether any other potential
completion candidates for the current partial text entry may
reside in the dictionary 20. In order to remove this ambiguity
and expressly indicate if there are any more potential
completion candidates and if so, how many, in another
aspect the data entry system 26 is programmed to display on
the graphical user interface 34 the number of potential
completion candidates in the dictionary 20 that have leading
characters matching the current partial text entry. The num-
ber of potential completion candidates is displayed and
updated by the data entry system 26 when the digital
keyboard 28 is in use and whenever the interactive search
list 30 is activated or updated with new completion candi-
dates (as illustrated for example at blocks 213A and 254 of
FIGS. 21 and 22). Alternatively, the data entry system 26 can
be programmed to display on the graphical user interface 34
a graphical indication of whether or not additional comple-
tion candidates having leading characters matching the
current partial text entry are located in the dictionary 20, in
addition to those candidates displayed in the interactive
search list 30. Here again, the graphical indication is dis-
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played and updated by the data entry system 26 when the
digital keyboard 28 is in use and whenever the interactive
search list 30 is activated or updated with new completion
candidates. This notification feature enhances the user’s
ability to know, even before attempting to use the interactive
search list 30, when automated searching may retrieve a list
of possible completion candidates (or a refined list). With
this advanced notification feature, the user can better decide
when to continue adding further characters to the partial text
entry with the digital keyboard 28 and when to activate and
use the interactive search list 30.

Digital Keyboard Features

[0107] A variety of features may be implemented with the
digital keyboard 28 in order to further enhance the user’s
ability to enter text with the data entry system 26. In one
variation, the digital keyboard 28 can be programmed to be
displayed in a frequency distributed layout. The frequency
distributed layout takes advantage of the well known prin-
ciple that certain characters in a character set are more
frequently used than other characters within the same char-
acter set. For example, the digital keyboard may contain the
letters of the English alphabet displayed in a frequency
distributed layout based on an analysis of a large corpus of
text. It will be appreciated, of course, that the characters or
symbols in a particular character set may have different
relative frequencies depending upon the sample population
of data used to rank such characters relative to each other
within a particular character set. It will be appreciated that
when the data entry system 26 is employed, the frequency of
characters entered may be different than that of traditional
systems that enter text one character at a time. These general
principles are used to generate a frequency distributed layout
for the digital keyboard.

[0108] In one embodiment of the digital keyboard having
a frequency distributed layout, the digital keyboard is pro-
grammed to include a plurality of characters assigned to
predetermined locations within the layout for the digital
keyboard according to a predetermined frequency distribu-
tion associated with the plurality of characters. The plurality
of characters displayed on the digital keyboard include less
commonly used characters and more commonly used char-
acters based on the predetermined frequency distribution. In
this embodiment, the digital keyboard is displayed on a
graphical user interface with the less commonly used char-
acters displayed substantially further from the center of the
digital keyboard than the more commonly used characters.
An example of this type of digital keyboard is illustrated
generally in FIG. 3 except that the “space” key has been
located in the outer ring rather than closer to the center of the
digital keyboard 28. An example of the digital keyboard 28
having a frequency distributed layout with the space key
near the center is shown in FIG. 10.

[0109] With the frequency distributed layout, it is prefer-
able that the image of the digital keyboard 28, when sub-
stantially circular or elliptical, has a first group of most
frequently used characters (i.e. the most commonly used
characters) located substantially near to the center of the
digital keyboard 28 with at least one group of less frequently
used characters (relative to the first group) displayed at a
distance further from the center of the keyboard than the
characters of the first group. As illustrated by FIG. 3, the
digital keyboard 28 is preferably configured to be displayed
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in a frequency distributed layout comprising a plurality of
characters arranged into rings. When the characters on the
digital keyboard 28 are arranged into rings, then the char-
acters in a particular ring can be arranged to each be about
the same distance from the center of the digital keyboard 28
providing some uniformity to the movements required to
enter text. This can also be useful for certain arrangements
including, for example, when the digital keyboard 28 is
programmed to be dynamically re-positionable as discussed
further below.

[0110] In the keyboard layouts shown in FIGS. 3 and 10,
at least one most commonly used character of a pre-selected
character set or subset (such as a subset or the ASCII
character set) is located substantially in or near the center of
the digital keyboard 28. As also shown, the next most
commonly used characters are located within an intermedi-
ate ring, and the less commonly used characters of the
character set are distributed in an outer ring of the digital
keyboard 28. When the most commonly used characters are
located in or close to the center of the digital keyboard 28,
the degree of movement required with a pointing device to
select characters displayed within the intermediate or inner
rings of the digital keyboard 28 is minimized. In addition,
arranging characters on the digital keyboard 28 in concen-
tric-like rings according to their frequency of use provides
an easy and efficient mechanism for retrieving characters
and entering data using a pointing device.

[0111] When rings are used with the digital keyboard 28,
it will be appreciated that the arrangements of the characters
within each ring is by no means limited to the layout shown
in FIG. 3 or 10. For instance, the characters within a
particular ring may be organized alphabetically in a clock-
wise (or counter clockwise) order. A challenge with many
keyboard designs is that they take time to learn. The above
ordered organization increases the opportunity to quickly
learn and recall the location of characters displayed on the
digital keyboard 28, since user’s are already familiar with
this clockwise distribution. In another variation, the charac-
ters in one half of a ring (for example, the upper half) may
be ordered alphabetically in one direction (for example,
clockwise), and all characters in the other half of the same
ring (for example, the lower half) may be ordered alpha-
betically in the other direction (counterclockwise). These
type of organizations within the rings can also enable a user
to more quickly learn to locate a desired character displayed
in the digital keyboard 28.

[0112] Several other characteristics of the digital keyboard
28 may also vary. In general, the type of characters displayed
and available, the type and number of characters displayed
on particular keys of the digital keyboard 28, the font size of
each character displayed, and the value to be processed
when a particular key is contacted (or selected) may all vary
from keyboard to keyboard. As well, to minimize clutter the
digital keyboard 28 can be displayed with no graphics
outlining the keys on the digital keyboard 28. For circular or
ring-like keyboard layouts, several other characteristics may
also vary, including the number of rings making up the
keyboard layout, the number of keys displayed in each ring,
and in the keyboard as a whole and the thickness or width
of each ring.

[0113] In another variation, the digital keyboard 28 layout
may be dynamically replaced by the user with another
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keyboard layout. This feature can be particularly advanta-
geous when it is desirable to permit a user to quickly swap
between several keyboard layouts (for example, as between
the keyboard layouts in FIGS. 10, 11 and 12), as in the case
where the touch-sensitive screen 14 is relatively small or the
number of characters required to enter data exceeds the
space available to display the digital keyboard 28 within a
location on the touch-sensitive screen 14. Permitting the
user to swap between multiple keyboard layouts provides
the user with a significant degree of flexibility when entering
characters with the data entry system 26. In addition, when
multiple keyboard layouts are available, they can be orga-
nized according to various subclasses of characters. For
instance, a default keyboard layout may contain alphabetic
characters. A second keyboard layout may contain numeric
characters. A third keyboard layout may contain special
characters. Grouping a character set into logical subgroups
and organizing these subgroups on multiple keyboard lay-
outs provides the user with the ability to logically navigate
amongst different types of keyboard layouts when desired.
Preferably, the user may activate a particular keyboard
layout using one or more hot keys each associated with at
least one of the available keyboard layouts. A hot key may
be any key or function associated with the digital keyboard
28 that triggers the display of an alternative keyboard layout.
When a hot key associated with a particular keyboard layout
is selected by the user from the digital keyboard 28, the
currently displayed keyboard layout is replaced with the
keyboard layout associated with the selected hot key.

[0114] In another variation, a number of different related
symbols or characters may be accessed through one key on
the digital keyboard 28. For example, when the user touches
a punctuation key, a number of different punctuation marks
may be displayed, and the user may select one of these
choices by gesturing to select the desired symbol or char-
acter.

Dictionary Features

[0115] In another aspect of the present invention, multiple
dictionaries may be stored in the computer-readable medium
16 (FIG. 1), with each dictionary containing completion
candidates with associated weight values for ranking
completion candidates relative to each other. For example,
the weight values may represent frequency of use values
weighted according to usage in a particular language or a
particular field of use (eg. engineering, general business,
law, accounting) or a particular user’s use. With multiple
dictionaries, a user may readily switch between language
sets or language subsets or dictionaries for a particular
application.

[0116] In one variation, the data entry system 26 (for
example, in FIG. 1 to 5) can contain multiple simultaneously
accessible dictionaries that the user can enable and disable
individually. For instance, the data entry system 26 can have
a first dictionary containing completion candidates based on
Oxford English and a second dictionary containing comple-
tion candidates based on American English, both active at
the same time and both accessed and used by the candidate
prediction system 32 when a list of completion candidates is
to be obtained. As another example, the data entry system 26
can have a legal dictionary, a civil engineering dictionary,
and a regular American English dictionary all active simul-
taneously. This feature enables the user to obtain a list of
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completion candidates simultaneously containing variations
on particular words, phrases, or character sequences par-
ticular to specific areas of practice or particular to specific
types of dictionaries.

[0117] With multiple, simultaneously accessible dictionar-
ies, the candidate prediction system 32 can be programmed
to retrieve completion candidates from two or more dictio-
naries, each having their own weighting function for
completion candidates (as illustrated in blocks 212 and 252
of FIGS. 25 and 26). When this is done, the candidate
prediction system 32 can generate a final list of completion
candidates based on a combining function that takes into
account the weight values associated with the completion
candidates retrieved from the multiple dictionaries and
which also prioritizes the completion candidates based on
the source dictionary from which a particular completion
candidate is retrieved. By way of example, the candidate
prediction system 32 may be programmed to include in the
final list the top N completion candidates (where N=1) from
each list of completion candidates retrieved from the mul-
tiple a dictionaries.

[0118] A predefined dictionary may also be modified or
generated based on a particular user’s usage of particular
words or character sequences over the course of using the
data entry system 26. Such a “personalized” dictionary may
also be used to produce lists of the most common completion
candidates used by a user. For example, the actual usage of
completion candidates from the dictionary may be tracked
by the data entry system 26. A personalized dictionary may
also be used in combination with other dictionaries. For
example, using a standardized dictionary and a personalize
dictionary the candidate prediction system 32 may be pro-
grammed to give priority first to completion candidates (up
to a predetermined limit) beginning with the contents of the
search string and recorded in the personalized dictionary as
having the highest weight values, and then, if space remains
in the interactive search list 30, to completion candidates
having the highest weight values in the standardized dictio-
nary and beginning with the contents of the search string. As
another example, a new dictionary may be generated based
on the completion candidates selected by the user through
the use of the data entry system 26 over time. The user may
activate the new dictionary at any time so that it takes
priority over any pre-existing dictionary(ies) if completion
candidates beginning with the search string are located in the
new dictionary.

[0119] Inanother variation of the dictionary 20 and the use
of the dictionary 20 via the data entry system 26 of the
present invention, the data entry system 26 may be pro-
grammed to monitor a specific user’s pattern of usage of
completion candidates from the interactive search list 30
over time. For example, as completion candidates are
selected by the user and entered into the text using the data
entry system 26, an additional weight field in each entry of
the dictionary 20 may be used by the data entry system 26
to track the user’s actual frequency of completion candidate
usage. In this user-oriented variation the candidate predic-
tion system 32 may be configured to find the most common
completion candidates in the dictionary 20 beginning with a
search string based firstly on the degree of actual user usage
tracked in the additional usage fields of the dictionary 20
associated with completion candidates therein, and secondly
based on the predefined weight fields 24 if the additional
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usage fields are null or are less than a predetermined
threshold value defining a minimum percentage level of
usage for evaluation, or if the list of completion candidates
retrieved using the additional usage fields results in a
number of completion candidates less than the maximum
number which may be displayed with the interactive search
list 30. In such a user-oriented variation, the candidate
prediction system 32 tracks the total number of selections
made from the dictionary 20 (for example, in a TOTAL_US-
AGE field in the candidate prediction system 32) over time
by the user, as well as the total number of occasions on
which a particular completion candidate in the dictionary 20
is actually used by the user to replace a partial text entry (for
example, ina COMPLETION_CANDIDATE_USAGE field
in the candidate prediction system 32). To determine
whether or not an additional usage field for a particular
completion candidate in the dictionary is less than the
predetermined threshold value for acceptable usage and
evaluation, the data entry system 26 compares the value
COMPLETION_CANDIDATE_USAGE/TOTAL_USAGE
with the predetermined threshold value. In such a variation
the end-most commonly used completion candidates
retrieved for display may be configured based primarily on
the user’s actual completion candidate usage as opposed to
a predefined frequency distribution preprogrammed into
fields 24 of the dictionary 20.

[0120] 1t will be further appreciated from reading this
specification that including common word prefixes in lists of
completion candidates can reduce user effort in arriving at
the desired final completion candidate. The inclusion of
prefixes provides for one common entry path to all words
that begin with that prefix. Compared to using an initial
candidate list which, for example, simply lists all words
beginning with certain characters this alternative method
may in turn shorten the number of searches, or search
iterations, required to find the final completion candidate.
This results because the weight field for the prefix comple-
tion candidate can be made the sum of the weight fields for
all entries that begin with the prefix which in turn means the
prefix is more likely to show up at an earlier stage of an
iterative search sequence.

[0121] An example of this is if the desired final candidate
is the word ‘telescope’. Without the use of prefixes the user
might enter ‘t” but find no words beginning with ‘tele’ in the
completion candidate list. This would then require the user
to enter the next letter ‘e’ however telescope may still not
have a high enough weight to show up in the next list of
completion candidates and so the process would continue.
The use of prefixes as completion candidates can shorten
this process since the combined weight of all completion
candidates beginning with ‘tele’ would cause this prefix to
show up early in the search process, possibly as soon as ‘t’
is entered, which would then allow the user to immediately
narrow the search to only those words beginning with the
characters ‘tele’. Because the desired candidate is found
after fewer searches or search iterations it reduces the
memory load on the user which in turn can ease learning of
the necessary sequence of operations the user must perform
to enter words that begin with those prefixes.”

Re-Positionable Keyboard

[0122] In another aspect of the present invention, the
digital keyboard 28 is programmed to be dynamically re-
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positionable so as to follow the pointing device. When the
digital keyboard 28 is programmed to be dynamically re-
positionable, its image follows the movement of the pointing
device on the touch-sensitive screen 14 so that the keyboard
image remains generally centered beneath the pointing
device after each keyboard selection. In this aspect, when-
ever the data entry system 26 is in keyboard mode, the
digital keyboard 28 is programmed to automatically re-
center itself on a location within the graphical user interface
34 associated with a last known set of position coordinates
for the pointing device. For example, if the character “u” is
selected with the pointing device from the digital keyboard
28 in FIG. 3, the =digital keyboard 28 re-centers itself
substantially over the position coordinates which were used
by the pointing device to select the character “u”. By
substantially re-centering the digital keyboard 28 over the
last known set of position coordinates for the pointing
device, the position and distance of the keys on the digital
keyboard 28 relative to the user’s pointing device remains
substantially constant. This provides a uniform mechanism
for consistently selecting the same key on the digital key-
board 28 using substantially the same movement with the
pointing device. In addition, when the digital keyboard 28 is
dynamically re-positionable the degree and frequency with
which the user is required to reposition the pointing device
after selecting keyboard characters is minimized. If this
re-positionable feature is combined with a frequency dis-
tributed keyboard having the most common characters near
the center, the pointing device will generally always rest in
the center of the most common characters. If the frequency
distributed keyboard is made up of rings, then each of the
characters in a particular ring will be equidistant from the
pointing device when the pointing device is resting in the
center of the keyboard, resulting in a uniformity of move-
ment for character entry.

[0123] When the digital keyboard 28 is programmed to be
dynamically re-positionable, it may also be programmed to
reposition to a substantially central location within the
graphical user interface 34 (or to another user-definable
position) when the digital keyboard 28 approaches within a
predetermined distance of any of the boundaries of the
graphical user interface 34. Repositioning the digital key-
board 28 in this way provides a mechanism to adjust for
circumstances where the digital keyboard 28 drifts too close
to a boundary of the touch-sensitive screen 14. In an
alternative repositioning mechanism, a hot key may be used
to automatically re-center the digital keyboard 28. In yet
another alternative, the dynamically re-positionable digital
keyboard 28 may be programmed to re-center about position
coordinates for the pointing device when the position coor-
dinates correspond to a part of the graphical user interface 34
(or screen) that is not currently occupied by the digital
keyboard 28. For example, if the digital keyboard 28
approaches an edge of the graphical user interface 34 the
user can simply touch down in a center of the graphical user
interface 34 and the digital keyboard 28 will relocate to that
point.

[0124] When the digital keyboard 28 is dynamically re-
positionable, it is preferable in general that the amount of
keyboard movement, or drift, is minimized. This can be
achieved by arranging the keyboard layout so that the
keyboard characters are distributed about the digital key-
board 28 in a configuration that reduces the amount of
drifting experienced when it is dynamically re-positionable.
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One way of achieving this is by configuring the digital
keyboard 28 so that the total of the frequency of use values
for characters located within a particular portion (or sector)
of the digital keyboard 28 is substantially the same as other
similarly shaped portions (sectors) of the digital keyboard
28. It will be recalled that for the frequency distributed
arrangement of keyboard characters discussed earlier, each
keyboard character has a predetermined frequency of use
value assigned to (or associated with) it. In order to mini-
mize drifting, the digital keyboard 28 may be divided into
notional, substantially equally shaped sectors, and the key-
board characters may be assigned to locations within the
digital keyboard 28 such that the total of combined fre-
quency values for characters within a particular sector of the
digital keyboard 28 is substantially equal to the total of
combined frequency values for characters within any of the
other sectors of the digital keyboard 28.

[0125] In this way, the likelihood of selecting a character
from any one of the predetermined sectors of the digital
keyboard 28 is substantially the same. Thus, if one wishes to
minimize drift in the case of the circular-type digital key-
board 28 layout in FIG. 3, it is preferable that the keyboard
characters are distributed such that when the digital key-
board 28 is notionally divided into substantially equally
shaped wedge-like sectors, each sector of the keyboard has
substantially the same total ‘weight’ of characters, according
to their frequency of use, as each of the other sectors.

[0126] Another way to minimize drift is to configure the
digital keyboard 28 in a substantially symmetric layout of
characters with pairs of opposing characters displayed on the
digital keyboard 28 having substantially similar frequencies
of' use. With this configuration, the frequency of use of one
character in a pair of opposing characters is as close as
possible to that of the other character in the pair. An example
of this configuration is shown in FIG. 13 which shows the
frequencies (f(X,) and f(X,)) of characters X, and X, being
substantially the same as each other, and the frequencies
(f(X;) and 1(X,)) of characters X, and X, being substantially
the same as each other. The frequencies of use of the
characters displayed in the digital keyboard 28 may be
calculated using well-known techniques of analysis on a
large corpus of text.

[0127] The dynamically re-positionable digital keyboard
28 minimizes the need for repositioning the pointing device
and instead operates on the basis of repositioning the digital
keyboard 28 relative to the pointing device. Making the
digital keyboard 28 dynamically re-positionable also pro-
vides uniform movement for a particular character resulting
in a more intuitive keyboard and a more intuitive data entry
mechanism. When combined in a single embodiment, the
character frequency distribution and the dynamically re-
positionable aspects of the digital keyboard 28 further
reduce the movement required for the pointing device when
characters are to be selected from the digital keyboard 28.

Candidate Selection

[0128] In the first embodiment described earlier above,
completion candidates are selected from the interactive
search list 30 by way of gestures. Alternatively, other forms
of candidate selection may be performed with pointing
devices. For instance, if gesture-based selection is not
desired for a particular implementation, candidates may be
selected based on their location in the interactive search list
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30. As another example, when the data entry system 26 is
programmed to receive input from a mouse having two or
more buttons, the data entry system 26 can be programmed
to use input from one mouse button to toggle between
activating and deactivating the interactive search list 30, and
to use input from a second mouse button to insert a comple-
tion candidate from the interactive search list 30 into the text
when the interactive search list 30 is active and the mouse
has been used to highlight that completion candidate. In this
latter case, the data entry system 26 may also be pro-
grammed to use input from the second mouse button as a
trigger to select a key from the digital keyboard 28 if the
mouse’s cursor position (i.e. the mouse’s position coordi-
nates) on the graphical user interface 34 is associated with
a key on the digital keyboard 28 at the time input from the
second mouse button is received.

[0129] In another aspect, candidate selection using the
interactive search list 30 may be modified to replace the time
delay-based technique for triggering the activation of the
interactive search list 30 or for triggering iterative searching,
with other forms of input indicators from the pointing
device. For instance, with a mouse, an input signal from a
mouse button when the mouse position is located over a
particular function button or location on graphical user
interface 34 or when a double click signal from that mouse
button is received by the data entry system 26.

Interactive Search List Layout

[0130] Although the interactive search list 30 is displayed
in the first embodiment (FIG. 1 to 5) as a vertical list of
completion candidates, the interactive search list 30 can be
displayed in several different ways depending upon which
options the data entry system 26 has been programmed with
and which of those options have been selected by the user.
There are four main considerations for the display of the
interactive search list 30. The first is where the interactive
search list 30 is to be positioned within the graphical user
interface 34. The second is whether the interactive search list
30 is continuously visible or not. The third consideration is
the type of interactive search list, more specifically, how the
completion candidates in the interactive search list 30 are
arranged visually within the graphical user interface 34. The
fourth consideration is whether the interactive search list 30
replaces the digital keyboard 30 or whether the interactive
search list 30, when active, temporarily appears remote from
or superimposed over a portion of the digital keyboard 30.

[0131] In an alternative to swapping the display of the
interactive search list 30 with the digital keyboard 28, the
interactive search list 30 may be displayed in a fixed location
within the graphical user interface 34. In another variation,
the interactive search list 30 may be docked with the digital
keyboard 28, when it is repositionable, and displayed con-
tinuously. With either the docked or fixed location interac-
tive search list 30, the results of automated searching are
continuously displayed within the interactive search list 30
as the user enters characters with the digital keyboard 28 or
uses the interactive search list 30 itself (as illustrated by
block 213B and 254 of FIGS. 23 and 24). Activating a
docked or fixed location interactive search list 30 can be
achieved by pausing with the pointing device on a keyboard
character selected within the digital keyboard 28. As soon as
the predetermined time limit [.1 has expired, the interactive
search list 30 becomes active. At this point, if the user
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wishes, the user can select one of the completion candidates
(if any) within the interactive search list 30 or the user can
return to keyboard mode and continue adding to or other-
wise modifying the current partial text entry from the digital
keyboard 28. In a further variation, the interactive search list
30, when arranged in a docked or fixed location, may be
continuously updated with potential completion candidates
based on the current contents of the search string being
constructed by the user via the digital keyboard 28. In this
variation, the user can simply continue adding characters to
the end of the current partial text entry one character at a
time via the digital keyboard 28 so as to continue building
the desired word, phrase, or character sequence until such
time as the desired completion candidate or a partial comple-
tion candidate thereof appears in the interactive search list
30. In a further alternative, the interactive search list 30,
when activated, may be shown superimposed over a portion
of the digital keyboard 28.

[0132] The digital keyboard 28 may be instructed to make
itself visible or invisible to view on the graphical user
interface 34. For instance, in the first embodiment in FIG. 1
to 5 the digital keyboard 28 may be programmed to be
displayed on the graphical user interface 34 in response to a
user selection on the personal computing device, and to be
hidden (or cleared) from view in response to another user
selection. This feature also provides, for example, the option
for the application 27 to instruct the digital keyboard 28
when to be visible and when to be invisible. Preferably, the
application 27 is programmed to decide when and where the
digital keyboard 28 is to be displayed. This feature can be
applied to many types of personal computing devices includ-
ing, for example, where a touch-sensitive screen is used, or
where the digital keyboard 28 is displayed on a display
device that is separate from the hardware input interface 17
such as with a data tablet, a proximity sensing input surface
or an equivalent input interface. For example, the hardware
input interface can be located on a remote control device
used to control when the digital keyboard 28 is displayed on
a television or a remotely located computer display. With a
proximity sensing input surface, the digital keyboard can be
displayed when the pointing device is detected within a set
predetermined distance of a proximity sensing input surface,
and the digital keyboard can be hidden when the pointing
device is not detected within the set predetermined distance
of the proximity sensing input surface. As another example,
if a proximity sensing input surface is used capable of
position sensing, then when a stylus or the like is lifted a set
predetermined distance from the proximity sensing input
surface, the application 27 can instruct the digital keyboard
28 to become invisible so as to swap to full text mode. When
the stylus or the like is brought back within the set prede-
termined distance of the proximity sensing input surface, the
application 27 reactivates the display of the digital keyboard
28 over position coordinates associated with the position of
the pointing device over the proximity sensing input surface
or to an area remote to the pointing device. Variations on
handling text entry with the proximity sensing input surface
are discussed further on below.

[0133] The API for the data entry system 26 also allows
the application 27 to programmatically change the partial
text entry which is used for searching. For example, the user
of a text editor might place the cursor after a word or
character sequence and the application 27 could then tell the
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data entry system 26 to use that word or character sequence
as a partial text entry for further searching.

Types of Interactive Search List Layouts

[0134] Several alternative layouts for the interactive
search list 30 may be used by the data entry system 26. In
the first embodiment, a vertical list of completion candidates
is used, as further illustrated in FIG. 14. In other layouts,
completion candidates within the interactive search list 30
may be displayed in an X configuration (FIG. 15), in a
rectangular configuration (FIG. 16), in a cross configuration
(FIG. 17), in a T configuration (FIG. 18), or in a horizontal
configuration. With the X configuration, one completion
candidate is preferably located slightly offset in the x-axis or
y-axis from a central location within the X configuration and
surrounded by four or more completion candidates located
within the north-west, north-east, south-west, and south-east
directions (relative to the central completion candidate dis-
played). With an X configuration of the search list (like the
one above) a unique direction is provided for each of the five
completion candidates displayed in the list, so as to mini-
mize pen movement. For the cross configuration, a substan-
tially centrally displayed completion candidate within the
interactive search list 30 is surrounded by up to four comple-
tion candidates in the north, east, south, and west directions
(relative to the central completion candidate displayed).

Interactive Search List Configuration

[0135] When the digital keyboard 28 is programmed to
share the same display space on the graphical user interface
34 as the interactive search list 30, it is preferable that the
data entry system 26 is also programmed to display all
completion candidates near the last known position coordi-
nates for the pointing device so that they are slightly off-set
from the x-axis or y-axis of the last known position coor-
dinates so as to minimize the degree to which such comple-
tion candidates in the interactive search list 30 are obscured
from the user’s view by the pointing device. This feature can
be particularly useful when the pointing device is a pen or
finger and the user interfaces with a touch-sensitive screen
14. In this way, the interactive search list may be displayed
in a location which makes it easily visible and accessible to
the user.

[0136] In another variation, when the digital keyboard 28
and the interactive search list 30 are interchangeably dis-
played, the list of completion candidates within the interac-
tive search list 30 can be displayed such that the most
common of the completion candidates is displayed closest to
the last known position coordinates of the pointing device
while the other completion candidates within the interactive
search list 30 are displayed further away from the last known
position coordinates of the pointing device relative to the
most common of the completion candidates. This variation
results in a frequency distributed interactive search list 30
which can assist in further minimizing the amount of motion
required with the pointing device in order to use and select
from the interactive search list 30.

[0137] As illustrated in FIG. 19, in another variation, both
the digital keyboard 28 and the interactive search list 30 may
be continuously displayed within fixed separate locations on
the graphical user interface 34, along with a search string
window 40 used to display the current contents of the search
string. A tool bar 42 may also be displayed to identify
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predefined functions and commands that may be selected by
the user while using the data entry system 26. When the tool
bar 42 is included in the dynamically re-positionable con-
figuration for the digital keyboard 28, the tool bar 42 may be
repositioned dynamically along with the digital keyboard
28, or the tool bar 42 may be located and remain in a fixed
location within the graphical user interface 34. As illustrated
in FIG. 20, whenever the digital keyboard 28 is displayed,
with or without the interactive search list 30, a toolbar 42
and =additional character layouts 44 may be used to enhance
the functionality for the user while using the digital key-
board 28.

[0138] In another aspect of the present invention, a com-
monly used word or character sequence may appear in the
same position each time such a word or character sequence
is displayed in a search list. This helps the user become
familiar with the location of such a word or character
sequence within the search list, and thereby helps the user to
access such a word or character sequence more readily.

[0139] In another alternative embodiment, as the user
begins to learn the position of common words within a
search list, the user may begin to know which gesture is
required to enter a certain word even before the predeter-
mined delay period L1 has expired and the search list is
displayed. In this case, the date entry system 26 may be
programmed to recognize such gestures even before the
predetermined delay period L1 has expired and the interac-
tive search list 30 is displayed.

[0140] In another alternative embodiment, the interactive
search list may display completion candidates with the part
of each completion candidate matching the search string
displayed in a different manner (for example a different
color, font, or boldness) than the remaining parts of the
completion candidates. For example, if the remaining parts
were significantly bolder than the part of the completion
candidates matching the search string, the user’s eye can be
drawn to those portions which distinguish the completion
candidates on the interactive search list from one another,
therefore facilitating selection of the desired completion
candidate.

Tracking the Movement of the Pointing Device

[0141] In another variation, when a stylus (or pen, finger
or the like) is used with a touch-sensitive or pressure-
sensitive input surface (e.g. a touch-sensitive screen, a data
tablet or input pad), the data entry system 26 may be
programmed to determine whether or not the position of a
cursor displayed on the graphical user interface 34 tracks the
stylus position precisely or whether it moves relatively to the
stylus movement. In the first case, if the cursor position
tracks the stylus position precisely, then the stylus and cursor
function like a mouse and the cursor on a conventional user
interface and the position of the cursor tracks precisely the
position of the stylus tip on the hardware input surface (i.e.
the last known position coordinates for the stylus).

[0142] In the second case, the cursor displayed on the
graphical user interface 34 is moved by a distance propor-
tional to the movement with the stylus. This latter behaviour
can come into effect when the interactive search list 30 is
displayed. For instance, when moving up a vertical list of
completion candidates, the cursor can move up faster than
the actual physical movement of the stylus.
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[0143] In either case, the stylus (or other pointing device)
can be used locally on the display device if it is a touch-
sensitive screen, or remotely such as with a data tablet, a
proximity-sensing input interface, or with the character
input space on a Palm Pilot™ or another hand-held personal
computing device.

[0144] Using the cursor to track the position coordinates
of the pointing device can help the user keep their attention
on the digital keyboard 28 or the interactive search list 30
displayed on the display device 15 without having to be
distracted with looking at the physical position of the
pointing device (see, for instance, cursor 48 as illustrated in
FIG. 27). This can be helpful when, for example, a data
tablet or input pad is used and is located remote from the
display area of the graphical display device 15 where the
digital keyboard 28 or the interactive search list 30 (or both)
are displayed. Also, using the cursor to remotely track the
movement of the stylus, pen or finger provides a mechanism
for using the digital keyboard 28 and the interactive search
list 30 without obscuring them from the user’s view with the
stylus, pen or finger.

[0145] When the data entry system 26 is programmed to
use the cursor to remotely track the movement of the stylus,
pen or finger, the cursor may be displayed over the digital
keyboard 28 when the data entry system 26 is in keyboard
mode, and the cursor may be programmed to relocate to the
center of the digital keyboard 28 whenever a character from
the keyboard or a completion candidate from the interactive
search list 30 is selected. Once the cursor is centered in the
digital keyboard 28, further movements with the pointing
device can be used to make selections from the digital
keyboard 28 as if the pointing device were physically
centered about the center of the digital keyboard 28. In this
variation, the digital keyboard 28 is displayed in a fixed
remote location on the graphical user interface 34. With this
variation, the user is not visually distracted by movement of
the digital keyboard 28, while enjoying many of the advan-
tages of the dynamically re-positionable digital keyboard 28.
For instance, when the cursor relocates to the center of the
digital keyboard 28 when the keyboard is active and waiting
for user input, a particular character on the digital keyboard
28 remains the same distance and direction from the point-
ing device no matter what input was made last with the
pointing device. This feature of the cursor enables the user
to incorporate unconscious learning and therefore, learned
efficiency. When a frequency distributed keyboard layout is
used with most frequently used characters located near a
central location, relocating the cursor to the center of the
digital keyboard 28 enables ready access to the characters
most likely to be chosen next, thereby reducing finger
movement and increasing efficiency.

[0146] In one variation, the movement of the cursor need
not necessarily be directly proportional to the movement of
the pointing device. In this variation, the data entry system
26 is programmed so that moving the pointing device a small
distance equates to moving the cursor a larger distance on
the digital keyboard 28 or the interactive search list 30. This
variation uses scaling to minimize the movement required to
accurately distinguish and select characters from the digital
keyboard 28 and completion candidates from the interactive
search list 30. In another variation, the distance of the cursor
movement may be related by the data entry system 26 to the
speed that the pointing device moves, so that the faster the
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movement with the pointing device, the greater the distance
traveled by the cursor, and the slower the movement of the
pointing device, the less distance traveled by the cursor on
the graphical user interface 34.

[0147] 1t will be appreciated, as indicated above, that
when the pointing device is used on a digital keyboard that
is displayed in a location remote from the pointing device,
such as where the pointing device is a mouse, a finger on a
touch sensitive palette, or a stylus. In such cases the digital
keyboard is not displayed under the pointing device, but is
viewed on a display device, and pointer motion is seen as
relative motions of a cursor displayed on the digital key-
board. In these cases characters on the digital keyboard are
not obscured.

Obtaining Completion Candidates of Specific Type or Mini-
mum Length

[0148] In another aspect of the present invention, a special
display area containing a series of numbers are displayed as
part of or in association with the digital keyboard 28 to
enable the user to rapidly instruct the data entry system 26
to obtain and display in the interactive search list 30 comple-
tion candidates having at least a minimum number of
characters. In this aspect, when a user selects one of the
characters on the digital keyboard 28 followed by one of the
numbers in the special display area, the data entry system 26
is programmed to have the candidate prediction system 32
obtain from the dictionary 20 completion candidates begin-
ning with the selected character and having at least as many
characters as the number that was selected by the user from
the special display area. Alternatively, the user may type in
a number from the special display area, followed by holding
down on one of the characters on the digital keyboard 28 to
instruct the data entry system 26 to have the candidate
prediction system 32 obtain from the dictionary 20 comple-
tion candidates beginning with the selected character and
having at least as many characters as the number that was
selected by the user from the special display area. In another
variation, the data entry system 26 may be programmed so
that when the user touches a number from the special display
area and lifts the pointing device, the data entry system 26
retrieves a list of completion candidates having a number of
characters equal to the number selected touched on the
special display area. In yet another variation, the data entry
system 26 may be programmed to obtain completion can-
didates of at least a predetermined length when the user
selects a number from the special display area with the
pointing device, gestures a significant distance in a prede-
termined direction (for example, to the right), lifts up the
pointing device, touches down on a character on the digital
keyboard 28 and then pauses on that character. In yet a
further variation, another special display area may be
included with the digital keyboard 28 from which the
category of completion candidates can be narrowed. In this
further special display area, for example, the data entry
system 26 may be programmed to display general identifiers
for nouns, verbs, adjectives, etc. If a general identifier is
selected by the user before the interactive search list 30 is
activated, the data entry system 26 in this variation is
programmed to have the candidate prediction system 32
obtain completion candidates that are identified in the dic-
tionary 20 as falling within the category associated with the
selected identifier (for example, only nouns, or only verbs).
This variation may be combined with the other aspects
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herein to assist the user in obtaining completion candidates
of'one or more specific categories identified in the dictionary
20.

[0149] In another aspect, a physical button or switch
located on the personal computing device, or on the pointing
device, and within easy reach of a user’s finger or hand, may
be used to easily activate certain features of the data entry
system 26. As an example, when the button on the personal
computing device is pressed, the data entry system 26 may
be programmed to make, with each press, the digital key-
board 28 invisible or visible. Alternatively, the data entry
system 26 may be programmed to recognize that if the
button or switch is pressed, the interactive search list 30,
when displayed, should display only certain types of
completion candidates available within the dictionary. As
another example, when the button is depressed, the data
entry system 26 may be programmed to activate the inter-
active search list 30. As another example, when the button
on the personal computing device is pressed, the data entry
system 26 may be programmed to require that the interactive
search list 30 display completion candidates of a certain
minimum length of characters.

Proximity Triggered Display of Digital Keyboard

[0150] In another variation, a stylus (or pen or finger or
like hand-held pointing device) is used with a proximity
sensing input surface. Proximity sensing input surfaces can
detect the proximity of a pointing device to the input surface
as well as the location of the pointing device over the
proximity sensing input surface. The proximity sensing
input surface may also detect the distance and angle that a
pointing device is being held relative to the input surface.
When a proximity sensing input surface is used, the data
entry system 26 can be programmed so as to display the
digital keyboard 28 (or another digital keyboard) with the
cursor displayed over it when the stylus approaches within
a set predetermined distance of the proximity sensing input
surface. The proximity sensing input surface detects the
position of the stylus over the proximity sensing input
surface when the stylus is within the set predetermined
distance. As the user moves the pointing device over the
proximity sensing input surface, the cursor moves corre-
spondingly. The digital keyboard 28 can be displayed
directly beneath the stylus in some embodiments or, for
other embodiments, remote from the stylus. When the stylus
is moved away from the proximity sensing input surface
further than the set predetermined distance, the data entry
system 26 is programmed to hide (or clear) the digital
keyboard 28 from the graphical user interface 34. This
variation enables the entire screen to be used to display text
while the digital keyboard 28 is hidden. This variation also
avoids screen clutter by displaying the digital keyboard 28
only when the stylus is found to be within the set predeter-
mined distance of the proximity sensing input surface. At the
same time, the user can quickly and intuitively return to
adding to or deleting from the text using the digital keyboard
28 by bringing the stylus within the set predetermined
distance of the proximity sensitive input surface. Thus, the
digital keyboard 28 is displayed when the user’s hand
controlling the stylus (the “typing hand”) is placed in a
natural position for continuing text and data entry. The
location where the digital keyboard 28 is displayed on the
graphical user interface 34 may be near and possibly follow
the line of text under construction by the user, so as to
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facilitate the eye following the digital keyboard 28 and the
entered text simultaneously. In another variation, the digital
keyboard 28 can be displayed in the same location as the
stylus. In another variation, the digital keyboard 28 is
programmed to be displayed just below or above the line of
text that the user is creating or editing on a personal
computing device. These variations also allow the user to
view the digital keyboard 28 and the text simultaneously.

[0151] As an alternative to the above variation, if the user
wishes to use the stylus (or pen or finger) to reposition the
cursor within previously typed text, the data entry system 26
may be programmed to allow for the cursor to be reposi-
tioned within previously typed text with the stylus while the
stylus is within the minimum distance, provided the stylus is
detected as approaching the proximity sensing input surface
from a particular side of the input surface (for example, the
right side of the proximity sensing input surface). Once the
cursor was repositioned, the user could then approach the
proximity sensing input surface from another direction (for
example, from above) to trigger the display of the digital
keyboard 28 to assist with further text entry and modifica-
tion.

[0152] Inthe first embodiment, the data entry system 26 is
application independent and communicates with applica-
tions via an API In an alternative embodiment, the data
entry system 26 may be embedded in an application.

[0153] 1t will be appreciated that many of the aspects of
the present invention may be applied to several types of
digital keyboards and keyboard layouts, including tradi-
tional keyboard layouts, and rectangular keyboard layouts. It
will also be appreciated that the digital keyboard may
contain other symbols that could encode a language. One
example of this would be a digital keyboard that contains
regions representing the strokes used in writing an oriental
language. The user would select the strokes by pointing to
them, and the characters would be constructed from the
strokes.

[0154] Although this invention has been described with
reference to illustrative and preferred embodiments of car-
rying out the invention, this description is not to be con-
strued in a limiting sense. Various modifications of form,
arrangement of parts, steps, details and order of operations
of the embodiments illustrated, as well as other embodi-
ments of the invention, will be apparent to persons skilled in
the art upon reference to this description. It is therefore
contemplated that the appended claims will cover such
modifications and embodiments as fall within the true scope
of the invention.

1-92. (canceled)
93. A method of computer-assisted text generation, the
method comprising:

(a) receiving a user input signal via a computer, the user
input signal corresponding to a partial text entry com-
prising at least a first character;

(b) in response to receipt of the first character of the
partial text entry, obtaining via the computer a first
plurality of completion candidates from a dictionary
based on a set of predetermined metrics; and

(c) providing the first plurality of completion candidates
to an internet appliance remote from the computer for
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display of the first plurality of completion candidates
on a display device associated with the internet appli-
ance, wherein the display device is remote from the
computer.

94. The method of claim 93, further comprising:

(a) selecting a particular completion candidate from the
first plurality of completion candidates in response to a
first type of user input signal associated with the
particular completion candidate; and

(b) modifying the partial text entry to correspond to the
particular completion candidate selected from among
the first plurality of completion candidates at least
while the particular completion candidate remains
selected.

95. The method of claim 94, further comprising providing
the modified partial text entry to the internet appliance for
display on the display device.

96. The method of claim 94, further comprising display-
ing the modified partial text entry on the display device
associated with the internet appliance.

97. The method of claim 94, further comprising:

(a) detecting modification of the partial text entry by the
user via the computer; and

(b) obtaining a modified plurality of completion candi-
dates from the dictionary based on the modified partial
text entry, wherein each of the modified plurality of
completion candidates includes a portion matching the
modified partial text entry;

wherein the set of predetermined metrics comprises
instructions for obtaining the first plurality of comple-
tion candidates and the modified plurality of comple-
tion candidates from the dictionary on the basis of
frequency values stored in the dictionary.

98. The method of claim 97, further comprising display-
ing the first plurality of completion candidates on the display
device associated with the internet appliance.

99. The method of claim 98, further comprising display-
ing the modified plurality of completion candidates on the
display device associated with the internet appliance.

100. The method of claim 93, further comprising:

(a) detecting modification of the partial text entry by the
user via the computer; and

(b) obtaining a modified plurality of completion candi-
dates from the dictionary based on the modified partial
text entry, wherein each of the modified plurality of
completion candidates includes a portion matching the
modified partial text entry.

101. The method of claim 100, wherein each individual
completion candidate from either the first plurality of
completion candidates or the modified plurality of comple-
tion candidates is displayed in a search list with the part of
the individual completion candidate matching the partial text
entry displayed in a manner different from the remaining
part of the individual completion candidate.

102. The method of claim 93, wherein at least part of the
partial text entry is generated by an input device remote from
the computer.

103. The method of claim 93, wherein at least part of the
partial text entry is generated by an input device associated
with the internet appliance.
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104. The method of claim 93, wherein the internet appli-
ance is controlled via a remote control and wherein at least
part of the partial text entry is generated via the remote
control.

105. The method of claim 93, wherein at least part of the
partial text entry is generated by a digitizing tablet associ-
ated with at least one of the computer and the internet
appliance.

106. A computer-readable medium having computer-read-
able instructions for execution by a processing unit, the
computer-readable instructions comprising:

(a) instructions for receiving via a computer a user input
signal corresponding to a partial text entry comprising
at least a first character;

(b) instruction for, in response to receipt of the first
character of the partial text entry, obtaining via the
computer a first plurality of completion candidates
based on the partial text entry including obtaining the
first plurality of completion candidates from a dictio-
nary based on a set of predetermined metrics; and

(c) instruction for, providing the first plurality of comple-
tion candidates to an internet appliance remote from the
computer for display of the first plurality of completion
candidates on a display device associated with the
internet appliance, wherein the display device is remote
from the computer.

107. The computer-readable medium of claim 106, the

computer-readable instructions further comprising:

(a) instructions for detecting modification of the partial
text entry by the user via the computer; and

(b) instructions for obtaining a modified plurality of
completion candidates from the dictionary based on the
modified partial text entry, wherein each of the modi-
fied plurality of completion candidates includes a por-
tion matching the modified partial text entry.

108. The computer-readable medium of claim 107, the
computer-readable instructions further comprising instruc-
tions for displaying the modified plurality of completion
candidates on the display device associated with the internet
appliance.

109. The computer-readable medium of claim 106, the
computer-readable instructions further comprising instruc-
tions for displaying the first plurality of completion candi-
dates on the display device associated with the internet
appliance.

110. The computer-readable medium of claim 106, the
computer-readable instructions further comprising instruc-
tions for receiving at least part of the partial text entry from
an input device remote from the computer.

111. The computer-readable medium of claim 106, the
computer-readable instructions further comprising instruc-
tions for receiving at least part of the partial text entry from
an input device associated with the internet appliance.

112. The computer-readable medium of claim 106, the
computer-readable instructions further comprising instruc-
tions for receiving at least part of the partial text entry from
a remote control associated with the internet appliance.

113. The computer-readable medium of claim 106, the
computer-readable instructions further comprising instruc-
tions for receiving at least part of the partial text entry from
a digitizing tablet associated with at least one of the com-
puter and the internet appliance.
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114. A method of supporting text entry via an input
device, the method comprising:

(a) receiving via the input device user input associated
with a partial text entry, the partial text entry compris-
ing at least a first character;

(b) in response to receipt of user input associated with the
first character of the partial text entry, obtaining a first
plurality of completion candidates from a dictionary,
wherein each of the first plurality of completion can-
didates comprises at least a portion matching the partial
text entry; and

(c) providing the first plurality of completion candidates
to a display device remote from the input device for
display of the first plurality of completion candidates
on the display device.

115. A computer-readable medium having computer-read-

able instructions for execution by a processing unit, the
computer-readable instructions comprising:

(a) instructions for receiving a partial text entry via an
input device, the partial text entry comprising at least a
first character;

(b) instructions for, in response to receipt of the first
character of the partial text entry, obtaining a first
plurality of completion candidates from among a group
of completion candidates stored in a dictionary,
wherein each of the first plurality of completion can-
didates comprises at least a portion matching the partial
text entry; and

(c) instructions for providing the first plurality of comple-
tion candidates to a display device remote from the
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input device for display of the first plurality of comple-
tion candidates on the display device.

116. A system for supporting computer-assisted text gen-
eration for remote display, the system comprising:

(a) a computer operable to communicate via the Internet;

(b) a computer-readable medium operable to communi-
cate with the computer, the computer-readable medium
comprising computer-readable instructions for direct-
ing the computer to assist with text generation by:

(1) receiving a user input signal via the computer, the
user input signal associated with a partial text entry
comprising at least a first character;

(ii) obtaining, via the computer, a first plurality of
completion candidates from a dictionary stored on at
least one of the computer and the computer-readable
medium, wherein the first plurality of completion
candidates are obtained from the dictionary based on
a set of predetermined metrics; and

(iii) communicating, via the Internet, the first plurality
of completion candidates to a display device remote
from the computer for display of the first plurality of
completion candidates on the display device.

117. The system of claim 116, wherein the set of prede-
termined metrics comprises instructions for obtaining the
first plurality of completion candidates from the dictionary
on the basis of frequency values stored in the dictionary.



