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SMART USER-CUSTOMIZED GRAPHICAL
KEYBOARD

[0001] This application is a continuation of U.S. applica-
tion Ser. No. 13/441,489, filed Apr. 6, 2012, the entire con-
tents of which are hereby incorporated herein by reference.

TECHNICAL FIELD

[0002] The disclosure relates to graphical keyboards pro-
vided by computing devices.

BACKGROUND

[0003] A user may interact with applications that are
executing on a computing device (e.g., a mobile phone, tablet
computer, smart phone, desktop computer, or the like). In
some examples, a computing device may include a touch-
sensitive display that may enable a user to interact with the
computing device. For instance, an application executing on
a computing device may cause a touch-sensitive display to
display a graphical keyboard that may enable a user to register
key presses by touching certain areas of the graphical key-
board.

[0004] Individual users of graphical keyboards may have
varying typing styles. The graphical keyboard may be smaller
in size than a physical keyboard to which a user may be
accustomed. In some cases, an individual user may make
generally consistent errors when typing on a graphical key-
board. For example, the actual key on the graphical keyboard
that is touched by the user may be different from an intended
target key.

SUMMARY

[0005] In one aspect, a method includes outputting, at an
input-sensitive display of a computing device, a first graphi-
cal keyboard arrangement including a first representation of a
key that is associated with a target region of the input-sensi-
tive display, and receiving a plurality of user inputs at the
input-sensitive display, each user input from the plurality of
user inputs being associated with a respective touch region of
the input-sensitive display. The method also includes, respon-
sive to determining that each input from the plurality of user
inputs is associated with the first representation of the key,
determining whether one or more of the associated touch
regions is not substantially aligned with the target region
associated with the first representation of the key. The method
also includes identifying a quantity of the touch regions that
are not substantially aligned with the target region, and, sub-
sequent to determining that the quantity exceeds a threshold
quantity of touch regions that are not substantially aligned
with the target region, outputting, at the input-sensitive dis-
play, a second graphical keyboard arrangement that includes
a second representation of the key, wherein at least one
attribute of the second representation of the key is graphically
modified relative to the first representation of the key so as to
substantially align one or more of the touch regions with a
target region associated with the second representation of the
key.

[0006] In another aspect, a system includes at least one
processor, a keyboard application operable by the at least one
processor to generate graphical keyboard arrangements, and
an input-sensitive display that outputs a first graphical key-
board arrangement including a first representation of a key
that is associated with a target region of the input-sensitive
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display. The input-sensitive display is configured to receive a
plurality of user inputs each associated with a respective
touch region of the input-sensitive display, wherein the plu-
rality of user inputs are received during use by a user of an
application executing on the system other than the keyboard
application, and the keyboard application, responsive to
determining that each input from the plurality of user inputs is
associated with the first representation of the key, determines
whether one or more of the associated touch regions is not
substantially aligned with the target region associated with
the first representation of the key. The input-sensitive display
outputs a second graphical keyboard arrangement that
includes a second representation of the key, wherein at least
one attribute of the second representation of the key is graphi-
cally modified relative to the first representation of the key so
as to substantially align one or more of the touch regions with
a target region associated with the second representation of
the key.

[0007] In another aspect, a computer-readable storage
medium comprising instructions that, if executed by one or
more processors of a computing system, cause the computing
system to perform operations comprising outputting a first
graphical keyboard arrangement for display, the first graphi-
cal keyboard arrangement including a first representation of a
key that is associated with a target region of an input-sensitive
display, receiving data indicative of a plurality of user inputs,
each user input from the plurality of user inputs being asso-
ciated with a respective touch region of the input-sensitive
display, and responsive to determining that each input from
the plurality of user inputs is associated with the first repre-
sentation of the key, determining whether one or more of the
associated touch regions is not substantially aligned with the
target region associated with the first representation of the
key. The operations also include, subsequent to determining
that one or more of the touch regions is not substantially
aligned with the target region associated with the first repre-
sentation of the key, outputting for display a second graphical
keyboard arrangement that includes a second representation
of the key, wherein at least one attribute of the second repre-
sentation of the key is graphically modified relative to the first
representation of the key so as to substantially align one or
more of the touch regions with a target region associated with
the second representation of the key.

[0008] The details of one or more examples are set forth in
the accompanying drawings and the description below. Other
features, objects, and advantages will be apparent from the
description and drawings, and from the claims.

BRIEF DESCRIPTION OF DRAWINGS

[0009] FIG. 1 is a conceptual diagram illustrating an
example of a computing device that is configured to execute
a keyboard application.

[0010] FIG. 2 is a block diagram illustrating further details
of one example of the computing device shown in FIG. 1.
[0011] FIG. 3 is a conceptual diagram illustrating an
example of a keyboard application.

[0012] FIGS. 4A-4D are block diagrams illustrating
example portions of a graphical keyboard.

[0013] FIG. 5 is a conceptual diagram illustrating an
example distribution of user inputs associated with a repre-
sentation of a key on a graphical keyboard.

[0014] FIG. 6 is a flow diagram illustrating an example
operation of a computing device that is configured to execute
a keyboard application.
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DETAILED DESCRIPTION

[0015] In general, the disclosure is directed to customizing
attributes of a graphical keyboard on a computing device. For
example, a computing device can execute or otherwise imple-
ment akeyboard application that automatically customizes an
arrangement of a graphical keyboard based on data collected
from a user’s use of the graphical keyboard, and presents the
customized graphical keyboard to the user. The graphical
keyboard may, for example, be presented on an input-sensi-
tive display of the computing device.

[0016] Inanexample aspect, the keyboard application may
present a training program to the user for customizing the
graphical keyboard. For example, the training program may
be presented to the user upon initial use of a default graphical
keyboard ofthe computing device. According to one example
aspect, the training program may present a sample training
text to the user by a display, and the user may be instructed to
type the training text using the default graphical keyboard.
The keyboard application may record instances of mistyping
by the user that occur when the user types the training text.
The keyboard application may be configured to disregard
other types of mistakes, such as misspelled words or displace-
ment of fingers on the keys, which do not result from misdi-
rected key presses.

[0017] Inanother example aspect, in addition to or instead
of the training program mode, the keyboard application may
operate in a continuous keyboard learning mode. In the con-
tinuous keyboard learning mode, the keyboard application
executes in the background while the user is using the com-
puting device, and gathers data based on the user’s typing
associated with other applications of the computing device.
[0018] In some aspects, for each key represented on the
graphical keyboard, the keyboard application may log the
exact locations that the user inputs to the input-sensitive sur-
face, and over time develop a distribution of the locations of
touches within an area associated with each key. In some
examples, the keyboard application automatically custom-
izes the graphical keyboard based on the data collected from
a user’s use of the graphical keyboard, and presents the cus-
tomized the graphical keyboard to the user. The keyboard
application may compare the touch regions to a target region,
and modify the graphical keyboard (or propose modifications
to the user) when, for example, a position associated with a
maximum quantity of touches is located outside of an inner
touch region for the key, and the quantity of touches exceeds
a threshold value. The keyboard application may, for
example, modify the shape, size, and relative position of keys
on the graphical keyboard.

[0019] Customizing the graphical keyboard to the typing
habits of an individual user in this manner may help to
improve the quality of the user’s experience when using the
graphical keyboard, such as by reducing an amount of errors
and corrections made by the user. The keyboard application
may associate the customized graphical keyboard layout with
auser login, allowing multiple users of the computing device
to each have a different customized graphical keyboard.
[0020] FIG. 1 is a conceptual diagram illustrating an
example of a computing device that is configured to execute
a keyboard application. As illustrated in FIG. 1, computing
device 2 can include input device 4 and output device 6.
Computing device 2 may be configured to execute keyboard
application 8, which may cause output device 6 to display
graphical keyboard 10. Keyboard application 8 may be oper-
able by at least one processor of a computing system includ-
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ing computing device 2 to generate graphical keyboard
arrangements. Examples of computing device 2 can include,
but are not limited to, portable or mobile devices such as
cellular phones, tablet computers, personal digital assistance
(PDAs), portable gaming devices, portable media players,
and e-book readers, as well as non-portable devices such as
desktop computers.

[0021] Input device 4, in some examples, is configured to
receive input from a user through tactile, audio, or video
feedback. Examples of input device 4 can include an input-
sensitive display, such as a touch-sensitive and/or a presence-
sensitive screen, mouse, keyboard, voice responsive system,
or any other type of device for detecting a command from a
user. In some examples, input device 4 can include a touch-
sensitive display, mouse, keyboard, microphone, or video
camera.

[0022] Output device 6, in certain examples, may be con-
figured to provide output to a user using tactile, audio, or
video stimuli. Output device 6, in one example, includes an
input-sensitive display (e.g., touch-sensitive display or pres-
ence-sensitive display), a sound card, a video graphics
adapter card, or any other type of device for converting a
signal into an appropriate form understandable to humans or
machines. Additional examples of output device 6 can
include a speaker, a cathode ray tube (CRT) monitor, a liquid
crystal display (LCD), an organic light emitting diode
(OLED), or any other type of device that can generate intel-
ligible output to a user. Output device 6 may present the
content of computing device 2 to a user. For example, output
device 6 may present a web browser, or other output that may
need to be presented to a user. In some examples, output
device 6 may be a touch screen that can allow a user to provide
one or more user inputs to interact with computing device 2.
[0023] Keyboard application 8, executing on computing
device 2, may provide one or more signals to cause output
device 6 (e.g., a touch-sensitive display) to display graphical
keyboard 10. In some examples, a user may provide a user
input to cause computing device 2 to select one or more
character keys of graphical keyboard 10 by touching the area
of output device 6 that displays the character key of graphical
keyboard 10. For instance, a user may perform a tap gesture at
a displayed character key of graphical keyboard 10, such as
character key 9. The tap gesture can include touching a dis-
played character key and releasing the character key.

[0024] Insomeexamples, as when output device 6 includes
apresence-sensitive display, touching output device 6 may be
accomplished by bringing an input device such as a finger, a
stylus, a pen, and the like, within proximity of output device
that is sufficiently close to enable output device 6 to detect the
presence of the input device. As such, touching a displayed
character key of graphical keyboard 10 may, in some
examples, not include actual physical contact between an
input device and graphical keyboard 10. Similarly, in certain
examples, as when output device 6 includes a presence-sen-
sitive display, releasing a displayed character key of graphical
keyboard 10 may be accomplished by removing the input
device from the detectable range of output device 6.

[0025] In an example aspect, keyboard application 8 may
present a training program to the user for customizing graphi-
cal keyboard 10. For example, the training program may be
presented to the user upon initial use of a default graphical
keyboard of the computing device 2. According to one
example aspect, the training program may present a sample
training text to the user by a display (e.g., presented by output
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device 6), and the user may be prompted to type a predefined
series of characters using the default graphical keyboard
arrangement. The sample training text presented by the train-
ing program ofkeyboard application 8 can include a variety of
characters, and may be selected such that each character
appears multiple times and such that the order of the charac-
ters varies.

[0026] Keyboard application 8 may record instances of
mistyping by the user that occur when the user types the
training text. For example, keyboard application 8 may reg-
ister key presses on the touch-sensitive display, and determine
when a touch region associated with the key presses is not
substantially aligned with a target region of the touch-sensi-
tive display associated with a target key. Keyboard applica-
tion 8 may determine what target region for a key the user
input is associated with based on comparison of an order of
the user inputs with an order of the predefined series of
characters presented by the training program. Keyboard
application 8 may determine whether certain mistakes are due
to the user missing an intended target key and pressing a
nearby area of graphical keyboard 10 instead. Keyboard
application 8 may be configured to disregard other types of
mistakes, such as misspelled words, that do not result from
misdirected key presses.

[0027] Insome aspects, for each key represented on graphi-
cal keyboard 10, keyboard application 8 may record the exact
locations that the user touches on the touch-sensitive surface,
and over time develop a distribution of the locations of
touches within an area associated with each key. In one
example aspect, when a maximum point of the location dis-
tribution is located outside of a particular inner region asso-
ciated with a key, and the value of the maximum point is
greater than a threshold, keyboard application 8 may propose
to move a boundary of the key to better align with a location
of'the maximum point, i.e., where the user actually presses the
key. For example, keyboard application 8 may move the key
boundary for a given key when the maximum point of the
location distribution exceeds the threshold and is located at
least a certain distance away from a current center area asso-
ciated with the key. Keyboard application 8 may, for example,
modify attributes of graphical keyboard 10, such as the shape,
size, and relative position of keys on graphical keyboard 10.
[0028] In another example aspect, in addition to or instead
of the training program mode, keyboard application 8 may
operate in a continuous keyboard learning mode. In the con-
tinuous keyboard learning mode, keyboard application 8
executes in the background while the user is using computing
device 2, and gathers data based on the user’s typing associ-
ated with other applications (not shown) of computing device
2. Keyboard application 8 may gather key touch location
distribution data, as described above. As another example,
keyboard application 8 may learn where the user may makes
typing mistakes, such as based on instances in which the user
goes back and corrects their typing.

[0029] Keyboardapplication 8 may, for example, occasion-
ally present a display to the user that shows a new proposed
graphical keyboard layout, allowing the user to elect to use
the new graphical keyboard layout or stay with the current
layout. Keyboard application 8 can output a previous graphi-
cal keyboard arrangement and the new graphical keyboard at
the same time, so that the user can see the proposed changes
and select the desired arrangement. Keyboard application 8
can solicit a user selection of one of the first graphical key-
board arrangement and the second graphical keyboard for
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future use. The new graphical keyboard arrangement may
have a different overall size and shape than the first graphical
keyboard arrangement, where the overall size and shape of
the second graphical keyboard arrangement is selected by
keyboard application 8 so as to substantially align one or
more of the touch regions with a target region associated with
a second representation of a key. Keyboard application 8 may
also provide the user the option to accept, reject, or modify the
key layout changes on a key-by-key basis, such as by solic-
iting a user selection of one or more modifications of
attributes of one or more representations of keys of the first
graphical keyboard arrangement for future use. For example,
the user can be given options to modify the proposed layout
by moving a key or by resizing the keyboard. In some
examples, keyboard application 8 may automatically change
the layout of graphical keyboard 10 without requesting user
approval. In this manner, techniques of this disclosure may
enable the computing device to provide the user with a cus-
tomized graphical keyboard that is tailored to the particular
typing style of the user.

[0030] Keyboard application 8 may associate the custom-
ized graphical keyboard layout with a user login, allowing
multiple users of the computing device to each use a different
customized graphical keyboard. The user may be able to turn
off the continuous keyboard learning mode, such as by select-
ing an option indicated on the display to cease execution of
the keyboard customization application as a background task.
Keyboard application 8 may be, for example, a downloadable
or pre-installed application executing on computing device 2.
In another example, keyboard application 8 may be part of a
hardware unit of computing device.

[0031] FIG. 2 is a block diagram illustrating further details
of one example of the computing device shown in FIG. 1.
FIG. 2 illustrates only one particular example of computing
device 2, and many other example embodiments of comput-
ing device 2 may be used in other instances. As shown in the
specific example of FIG. 2, computing device 2 includes input
device 4, output device 6, one or more applications 19, one or
more processors 20, one or more storage devices 26, and
network interface 24. Computing device 2 also includes oper-
ating system 16, which may include modules that are execut-
able by computing device 2. Computing device 2, in one
example, further includes keyboard application 8 that is also
executable by computing device 2. Keyboard application 8
includes gesture determination module 12, training module
14, and keyboard customization module 18. Each of compo-
nents 4, 6, 8, 12,14, 18, 20, 24, and 26 may be interconnected
(physically, communicatively, and/or operatively) for inter-
component communications. In some examples, communi-
cation channels 22 may include a system bus, network con-
nection, interprocess communication data structure, or any
other channel for communicating data. As one example in
FIG. 2, components 4, 6, 20, 24 and 26 may be coupled by one
or more communication channels 22.

[0032] Computing device 2 can include additional compo-
nents that, for clarity, are not shown in FIG. 2. For example,
computing device 2 can include a battery to provide power to
the components of computing device 2. Similarly, the com-
ponents of computing device 2 shown in FIG. 2 may not be
necessary in every example of computing device 2. For
instance computing device 2 may not, in all examples, include
network interface 24.

[0033] Although shown as separate components in FIG. 2,
in some examples, one or more of keyboard application 8,
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gesture determination module 12, training module 14, and
keyboard customization module 18 may be part of the same
module. In some examples, one or more of keyboard appli-
cation 8, gesture determination module 12, training module
14, and keyboard customization module 18, and one or more
processors 20 may be formed in a common hardware unit. In
certain examples, one or more of keyboard application 8,
gesture determination module 12, training module 14, and
keyboard customization module 18 may be software and/or
firmware units that are executed on or operable by one or
more processors 20.

[0034] One or more processors 20 may include, in certain
examples, any one or more of a microprocessor, a controller,
a digital signal processor (DSP), an application specific inte-
grated circuit (ASIC), a field-programmable gate array
(FPGA), or equivalent discrete or integrated logic circuitry.
One or more processors 20 may be configured to implement
functionality and/or process instructions for execution within
computing device 2. For example, one or more processors 20
may be capable of processing instructions stored in one or
more storage devices 26.

[0035] One or more storage devices 26, in one example, are
configured to store information within computing device 2
during operation. Storage device 26, in some examples, is
described as a computer-readable storage medium. In some
examples, storage device 46 is atemporary memory, meaning
that a primary purpose of storage device 46 is not long-term
storage. Storage device 46, in some examples, is described as
a volatile memory, meaning that storage device 46 does not
maintain stored contents when the computer is turned off.
Examples of volatile memories include random access
memories (RAM), dynamic random access memories
(DRAM), static random access memories (SRAM), and other
forms of volatile memories known in the art. In some
examples, storage device 46 is used to store program instruc-
tions for execution by one or more processors 20. Storage
device 26, in one example, is used by software or applications
running on computing device 2 (e.g., keyboard application 8)
to temporarily store information during program execution.
[0036] One or more storage devices 26, in some examples,
also include one or more computer-readable storage media.
One or more storage devices 26 may be configured to store
larger amounts of information than volatile memory. One or
more storage devices 26 may further be configured for long-
term storage of information. In some examples, one or more
storage devices 26 include non-volatile storage clements.
Examples of such non-volatile storage elements include mag-
netic hard discs, optical discs, floppy discs, flash memories, or
forms of electrically programmable memories (EPROM) or
electrically erasable and programmable (EEPROM) memo-
ries.

[0037] Asshown in FIG. 2, storage devices 26 include user
settings 28, training programs 30, key regions 32, thresholds
34, and touch data 36. User settings 28, training programs 30,
key regions 32, thresholds 34, and touch data 36 may each be
configured as a database, flat file, table, tree, or other data
structure stored within storage devices 26 of computing
device 2. In some examples, user settings 28, training pro-
grams 30, key regions 32, thresholds 34, and touch data 36
may be configured as separate data repositories while, in
other examples, they may be a part of a single data repository.
[0038] In the example of FIG. 2, computing device 2
includes network interface 24. Computing device 2, in one
example, uses network interface 24 to communicate with
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external devices via one or more networks, such as one or
more wireless networks. Network interface 24 may be a net-
work interface card, such as an Fthernet card, an optical
transceiver, a radio frequency transceiver, or any other type of
device that can send and receive information. Other examples
of such network interfaces may include Bluetooth, 3G and
WiFi radios in mobile computing devices as well as USB. In
some examples, computing device 2 uses network interface
24 to wirelessly communicate with an external device (not
shown) such as a server, mobile phone, or other networked
computing device.

[0039] Computing device 2 may include operating system
16. Operating system 16, in some examples, controls the
operation of components of computing device 2. For
example, operating system 16, in one example, facilitates the
interaction of keyboard application 8 with processors 20,
network interface 24, storage device 26, input device 4, and
output 6.

[0040] Computing device 2 includes keyboard application
8, executable by computing device 2, such as by one or more
processors 20. As shown in FIG. 2, keyboard application 8
may include gesture determination module 12, training mod-
ule 14, and keyboard customization module 18. Applications
19, which include keyboard application 8, may each include
program instructions and/or data that are executable by com-
puting device 2. For example, gesture determination module
12, training module 14, and keyboard customization module
18 may include instructions that cause keyboard application 8
executing on computing device 2 to perform one or more of
the operations and actions described in the present disclosure.
Gesture determination module 12 may receive one or more
inputs, such as from input device 4 or output device 6 (e.g., a
touch sensitive display), and may determine that the one or
more inputs comprise a gesture. Examples of gestures can
include, but are not limited to, tap gestures, sliding gestures,
circular gestures, and the like.

[0041] As one example, keyboard application 8, executing
on one or more processors 20, may cause a touch-sensitive
display of computing device 2, such as output device 6, to
display a graphical keyboard. Gesture determination module
12 may receive an input from output device 6 indicating that
a displayed character of the graphical keyboard has been
touched, such as by a finger, stylus, pen, or the like. Gesture
determination module 12 may determine that a tap gesture
has been performed when the selected character has been
released. As another example, after receiving an input from
output device 6 indicating that a displayed character has been
touched, gesture determination module 12 may determine
that a sliding gesture has been performed when the selected
character is released by sliding the input device off the
selected character while maintaining contact with output
device 6.

[0042] In some example aspects, computing device 2 may
operate according to a training program mode. In the training
program mode, training module 14 may execute a training
program of training programs 30 to provide a block of train-
ing text to output device 6 for display to the user. Training
module 14 may, for example, run a training program 30 upon
initial use of the graphical keyboard by a user of computing
device 2. Training programs 30 can include a variety of
sample training texts. The training texts may provide a series
of characters, including letters, numbers, and other symbols
that correspond to characters on graphical keyboard 10. The
training texts may be selected to ensure that each character
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occurs at least once, or multiple times. The training texts may
be selected to include common words, common character
combinations, and/or a variety of different character combi-
nations, for example.

[0043] Gesture determination module 12 registers key
presses on the touch-sensitive display by the user, and may
determine a touch region associated with each key press.
Gesture determination module 12 may determine a touch
region associated with a portion of a touch-sensitive display
(e.g., output device 6) that is in contact with an input unit,
such as a finger, stylus, or other input unit. In some examples,
output device 6 may indicate a radius of a contact area
between the input unit and output device 6. For instance, the
contact area may be an area of the touch-sensitive display
where a detected capacitance of the touch-sensitive display
changes responsive to a surface area of the input unit (e.g., a
finger). In such examples, gesture determination module 12
may determine the touch region of the portion of output
device 6 that is in contact with the input unit using the radius
indicated by output device 6. In certain examples, output
device 6 may indicate a number of pixels or other units of
known area of output device 6 that are in contact with the
input unit. Gesture determination module 12 may determine a
center of the portion of output device 6 that is in contact with
the input unit, such as by extrapolating based on the number
of units of known area.

[0044] Insomeexamples, gesture determination module 12
may indicate that multiple gestures are being performed at
once. For instance, a user may provide user inputs that include
touching and releasing multiple displayed characters at the
same time. In such examples, gesture determination module
12 may track the multiple gestures individually, and keyboard
customization module 18 may make a determination for each
individual gesture.

[0045] Keyboard customization module 18 determines that
each user inputis associated with akey, i.e., that the user input
is intended for contact with a representation of the key on the
graphical keyboard. As described in further detail below,
keyboard customization module 18 may compare the touch
regions with expected target regions associated with the rep-
resentation of the key on the display, to determine whether a
given touch region and the associated target region are sub-
stantially aligned.

[0046] In the example of a training program mode, key-
board customization module 18 obtains the expected target
regions from training module 14 and key regions 32. Key
regions 32 may store data specifying boundaries of the target
regions on the graphical keyboard. Keyboard customization
module 18 can determine which key the user was supposed to
press, and obtains a key boundary ofthis key from key regions
32. For example, an expected order of key characters of the
training text may be known by keyboard customization mod-
ule 18 from training module 14, and keyboard customization
module 18 can compare this with an order and identity of user
inputs registered by gesture determination module 12. Key-
board customization module 18 is configured to identify
extraneous typing mistakes that are unrelated to misdirected
key presses, such as spelling errors or displaced fingers. For
example, keyboard customization module 18 may note that a
misdirected key press may be located very close to an
intended key, while a key press associated with a spelling
error may be located farther from an intended key. As another
example, keyboard customization module 18 may recognize
and correct for errors due to displacement of the user’s fingers
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on the graphical keyboard, such as may occur when the user’s
fingers have drifted slightly from the original positioning
without the user’s knowledge. Keyboard customization mod-
ule 18 may ignore the extraneous typing mistakes or finger
displacement when comparing touch regions with expected
target regions of the graphical keyboard.

[0047] In some example aspects, keyboard customization
module 18 of computing device 2 may operate in a continuous
learning mode for determining whether modifications to a
graphical keyboard might be proposed for a user. Computing
device 2 may operate according to the continuous learning
mode alternatively or additionally to a training program mode
such as that described above. In the continuous learning
mode, keyboard customization module 18 may execute as a
background task while the user makes use of computing
device 2. For example, a user may make use of one or more
other application(s) 19 executing on operating system 16 of
computing device 2, where the other applications 19 are
applications other than keyboard application 8. Keyboard
customization module 18 may gather data based on the user’s
inputs to computing device 2 using graphical keyboard 10,
and may, for example, store the gathered data at touch data 36
of storage device(s) 26. As one example, while a user types
using graphical keyboard 10 using an email application of
applications 19, keyboard customization module 18 may
operate in the continuous learning mode to record data asso-
ciated with user inputs during use of the email application and
calculate touch regions associated with the user inputs.

[0048] Keyboard customization module 18 may identify a
target region associated with each touch region. In other
words, for each user input, keyboard customization module
18 may identify which key was intended to be pressed by the
user input, and then identifies a corresponding target region
for the key intended to be pressed. For example, a target
region may coincide with a boundary of the representation of
the intended key. Keyboard customization module 18 may
identify which key was intended to be pressed by the user
input, and thus the corresponding target regions, based on
user typing self-corrections, such as when a user deletes and
retypes some text, selection of an auto-correct suggestion,
and/or other user typing corrections, for example. That is,
keyboard customization module 18 may identify what key
character(s) the user has selected to replace what was origi-
nally typed by the user.

[0049] Keyboard customization module 18 may determine
whether a touch region corresponding to a given user input is
substantially aligned with an associated target region of the
graphical keyboard, and keyboard customization module 18
identifies instances in which the touch regions do not substan-
tially align with the corresponding expected key region 32.
For example, keyboard customization module 18 may com-
pare a center of a touch region to a center of a corresponding
target region. Keyboard customization module 18 may deter-
mine that the touch region substantially aligns with the cor-
responding target region when, for example, the centers of the
touch region and the target region are within a certain con-
figured distance from one another. In some examples, even
though some or all of a touch region lies within a boundary of
the representation of the key, if a center of the touch region is
too close to an edge of the key boundary, it may be determined
not to be substantially aligned. In some example aspects,
keyboard customization module 18 may build a cumulative
record of user touches in touch data 36 for each user, and may
determine whether a distribution of the cumulative user
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touches is substantially aligned with the target region. In
other examples, keyboard customization module 18 may
determine that the touch region does not substantially align
with the corresponding target region when greater than a
threshold quantity of surface area of the touch region is posi-
tioned outside of the target region.

[0050] Based on user touch data 36 and/or thresholds 34,
keyboard customization module 18 may determine that one or
more parameters of graphical keyboard could be modified to
improve the user experience. Keyboard customization mod-
ule 18 may, for example, propose to modify one or more
attributes such as a shape, size, and relative position of keys
on the graphical keyboard. As another example, keyboard
customization module 18 may propose to modify an attribute
such as an overall layout of the graphical keyboard, including
modifying the size of the entire graphical keyboard. For
example, keyboard customization module 18 may increase an
overall size of the graphical keyboard, such as by increasing
a size of one or more keys of the graphical keyboard.

[0051] When keyboard customization module 18 deter-
mines that one or more parameters of the graphical keyboard
should be modified, keyboard customization module 18 may
suggest proposed modifications to the graphical keyboard to
the user, such as by showing proposed modifications on a
display of output device 6. Keyboard customization module
18 may, for example, occasionally present a display to the
user that shows a new proposed graphical keyboard layout.
Keyboard customization module 18 may simultaneously dis-
play both a current layout of the graphical keyboard and a
proposed modified layout of the graphical keyboard on a
single display.

[0052] Insome examples, keyboard customization module
18 may give the user an option to elect to use the new graphi-
cal keyboard layout or stay with the current layout. Keyboard
customization module 18 may also provide the user an option
to accept the key layout changes on a key-by-key basis. In
some examples, keyboard customization module 18 may
automatically change the layout of the graphical keyboard
without requesting user approval. The user may be able to
turn the continuous keyboard learning mode on or off, e.g.,
via a user menu presented by computing device 2. The user
may also be able to defer participation in a keyboard customi-
zation training program.

[0053] When multiple different users make use of comput-
ing device 2 and have, for example, different user names and
associated profiles on computing device 2, training module
14 may run one or more training programs 30 for each user.
Keyboard customization module 18 may create different cus-
tomized graphical keyboards for each user. Keyboard cus-
tomization module 18 may store data associated with the
different customized graphical keyboards to user settings 28.
For example, keyboard customization module 18 may store
data to user settings 28 indicating the mapping between users
and respective customized graphical keyboard layouts. User
settings 28 can include a variety of user settings for each user,
in addition to settings related to the customized graphical
keyboards.

[0054] Inoneexample, keyboard customization module 18
may suggest enlarging an overall size of the graphical key-
board 10 based on comparisons of touch regions and target
regions. For example, if touch data 36 collected based on the
user’s typing indicates that the user often touches locations
beyond a boundary of the current graphical keyboard, then
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keyboard customization module 18 may propose to enlarge
the overall size of the graphical keyboard 10.

[0055] FIG. 3 is a conceptual diagram illustrating an
example of a keyboard application. For purposes of illustra-
tion, the example keyboard application is described below in
the context of computing device 2 of FIG. 1 and FIG. 2.
Keyboard application 8, executing on one or more processors
20, may provide one or more signals to cause a touch-sensi-
tive display, such as output device 6, to display graphical
keyboard 40. As illustrated in FIG. 3, a user may perform a
gesture, such as a tap gesture, at a location of the touch-
sensitive display (e.g., output device 6) that displays one or
more of the characters of the graphical keyboard. A tap ges-
ture may be defined as touching the touch-sensitive display at
one or more of the displayed characters with an input unit (a
finger, in the illustrated example) and releasing the character
by removing the input unit from the touch-sensitive display.
In certain examples, a user may perform a sliding gesture (not
illustrated), such as by releasing the character by removing
the input unit from the selected character while maintaining
contact between the input unit and the touch-sensitive dis-
play.

[0056] In the illustrated example of FIG. 3, a tap gesture
begins with gesture 42, where a user begins to initiate touch-
ing graphical keyboard 40 at the displayed character “k”. At
gesture 44, the user has made contact with the displayed letter
“k” of graphical keyboard 40. Gesture determination module
12 may determine that a gesture, such as the illustrated tap
gesture, has begun when output device 6 provides one or more
signals indicating that an input device has made contact with
the touch-sensitive display. In certain examples, as when
output device 6 includes a presence-sensitive display, gesture
determination module 12 may determine that a gesture has
begun when output device 6 provides one or more signals
indicating that an input device has come into a detectable
range of the presence-sensitive device.

[0057] At gesture 46, a user has released the displayed
character “k” by removing his or her finger from the touch-
sensitive display. Gesture determination module 12 may
determine that a tap gesture has been performed because the
input unit (a finger in the illustrated example) was removed
from the selected character by removing the input unit from
the touch-sensitive display.

[0058] Upon determining that a tap gesture has been per-
formed, gesture determination module 12 may determine the
touch region of the portion of output device 6 that is in contact
with the input unit, such as by using position data and a radius
of'a touch region indicated by output device 6. Gesture deter-
mination module 12 may store user touch data, such as the
position of a tap gesture on the graphical keyboard, a key
character associated with the position, and a radius of the
touch region associated with the tap gesture, to touch data 36.
[0059] FIGS. 4A-4D are block diagrams illustrating
example portions of a graphical keyboard. FIG. 4A includes
three target regions S0A-50C (“target regions 50”). In the
example of FIG. 4A, target region 50A is associated with a
representation of the “H” key, target region 50B is associated
with a representation of the “J” key, and target region 50C is
associated with a representation of the “N” key. FI1G. 4A also
includes a touch region 52 associated with the representation
of the key “H.” In this example, target regions 50 are co-
extensive with outer boundaries of a representation of the
respective keys on the graphical keyboard. In other examples,
target regions 50 may not be co-extensive with the outer
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boundaries of the representations of the keys. For example, a
target region 50 may consist of a different region associated
with the respective key, such as by delineating an inner region
of a representation of a key.

[0060] Insome aspects, touch region 52 may be determined
by gesture determination module 12 based on a single user
input, or may be determined by keyboard customization mod-
ule 18 based on multiple user inputs, such as based on a set of
user inputs like those represented by the distribution of graph
60 of FIG. 5. In an example in which a target region 50
corresponds to a single user input, keyboard customization
module 18 may determine that the touch region 52 is associ-
ated with target region 50A, in the sense that keyboard cus-
tomization module 18 determines that a user is expected to
have typed “H” when the user input associated with touch
region 52 occurred. Keyboard customization module 18 may
determine the association based on data from a training pro-
gram 30, or other method.

[0061] Inthe example of FIG. 4A, keyboard customization
module 18 may determine that touch region 52 is substan-
tially aligned with target region 50A. For example, keyboard
customization module 18 may determine that a center of
target region 52 is within a threshold distance of a center of
target region 50A. In the example of FIG. 4B, keyboard
customization module 18 may likewise determine that touch
region 54 is associated with target region S0A. Gesture deter-
mination module 12 may compute a radius 55 of touch region
54, and may use the radius 55 to determine the touch region
54.

[0062] Keyboard customization module 18 may determine
that the touch region substantially aligns with the correspond-
ing target region when, for example, the centers of the touch
region and the target region are within a certain configured
distance from one another. In some examples, even though
some or all of a touch region lies within a boundary of the
representation of the key, if a center of the touch region is too
close to an edge of the key boundary, keyboard customization
module 18 may determine that the touch region is not sub-
stantially aligned with the target region. FIG. 4C illustrates
one such example. In the example of FIG. 4C, keyboard
customization module 18 may determine that touch region 56
is not substantially aligned with target region 50A because a
center 57 of touch region 56 is greater than a threshold dis-
tance away from a center 59 of the target region 50A. F1G. 4D
may be another example in which a touch region 58 is found
not to be substantially aligned with a target region 50A asso-
ciated with the representation of the key corresponding to the
character of “H.”’

[0063] FIG. 5 is a conceptual diagram illustrating an
example distribution of user inputs associated with a repre-
sentation of a key on a graphical keyboard. FIG. 5 illustrates
a portion 61 of a graphical keyboard that includes represen-
tations keys 63A-63C. Key 63 A is a representation of the “H”
key, key 63B is associated with a representation of the “J” key,
and key 63C is associated with a representation of the “N”
key. In the example of FIG. 5, three-dimensional graph 60
includes an x-axis 62 that represents a position along a first
dimension in the plane of the graphical keyboard 10, and a
y-axis 64 that represents a position along a second dimension
in the plane of the graphical keyboard 10. Three-dimensional
graph 60 further includes a z-axis 66 that represents a cumu-
lative quantity N of touches that have occurred at a given
position of a key on the graphical keyboard. Keyboard cus-
tomization module 18 may maintain distribution data 36,
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which may include data such as that represented by three-
dimensional graph 60 for each key represented on the graphi-
cal keyboard for each user (e.g., the key associated with the
letter “H”).

[0064] The example of FIG. 5 includes a key boundary 68
that indicates a position on the graphical keyboard associated
with a particular key, for example, the key associated with the
letter “H.” FIG. 5 also includes a target region 72 associated
with the representation of the key “H.” In the example of F1G.
5, target region 72 is not coextensive with the key boundary
68, but represents an inner region having less surface area
than a region encompassed by key boundary 68.

[0065] When a user touch is registered by gesture determi-
nation module 12 as being associated with a particular (X, y)
position in the plane of the graphical keyboard 10, keyboard
customization module 18 may log record the instance of the
touch, such as by incrementing a counter associated with that
(x,y) position. A cumulative quantity of touches up to a given
point of time at each (x, y) position within the key boundary
for the key “H” is illustrated by three-dimensional graph 60.
Keyboard customization module 18 may not record those
touches that are determined to be actual typing errors (e.g.,
spelling mistakes), but instead may only record those touches
that are determined to be attempts to type at the representation
of the key for “H.”

[0066] Computing device 2 may be configured with a
threshold 70 that specifies a threshold quantity of touches. If
the (x, y) position within key boundary 68 that is most
touched by the user when the user is attempting to touch the
key for “H” is too close to an edge of key boundary 68, then
keyboard customization module 18 may determine to modify
the location, shape, or other parameter or characteristic of the
key to better suit the typing habits of the user.

[0067] Keyboard customization module 18 may initiate
modification of one or more parameters of the graphical key-
board upon determining that a touch region associated with
the key “H” is not substantially aligned with the target region
72 associated with the key “H.” For example, keyboard cus-
tomization module 18 may initiate modification of the graphi-
cal keyboard when a most touched position associated with
the key “H” is located outside of a configured inner region 72
of the key. The most touched position is represented by a
maximum 74 of the distribution represented in three-dimen-
sional graph 60. In some aspects, keyboard customization
module 18 may be configured not to modify the graphical
keyboard when only a few touches have occurred outside the
inner region 72, but may instead modify the graphical key-
board only when the quantity of touches at a position outside
the target region 72 exceeds a threshold quantity of touches
70. Sensitivity of keyboard customization module 18 may be
configured by adjusting settings for threshold 70 and/or target
region 72.

[0068] Alternatively or additionally, as described above,
keyboard customization module 18 may initiate modification
of the graphical keyboard when a center of a touch region is
located greater than a configured distance from a center of the
target region 72, where the touch region may be determined
based on cumulative user inputs represented by graph 60.
Keyboard customization module 18 may user other tech-
niques for determining whether a touch region is substantially
aligned with the corresponding target region. In response to
determining that a touch region is not substantially aligned
with the corresponding target region, keyboard customization
module 18 may propose to modify the location, shape, or
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other parameter or characteristic of the key to better suit the
typing habits of the user. In this manner, keyboard customi-
zation module 18 may help to improve the quality of the
user’s experience when using the graphical keyboard, such as
by reducing an amount of errors and corrections made by the
user.

[0069] FIG. 6 is a flow diagram illustrating an example
process of a computing device or computing system (e.g.,
computing device 2 of FIGS. 1-2) that is configured to
execute a keyboard application. In the example of FIG. 6, a
computing device having an input-sensitive display operates
by outputting a first graphical keyboard arrangement includ-
ing a first representation of a key that is associated with a
target region of the input-sensitive display (80). The opera-
tion includes receiving a plurality of user inputs at the input-
sensitive display, each user input from the plurality of user
inputs being associated with a respective touch region of the
input-sensitive display (82). Responsive to determining that
each input from the plurality of user inputs is associated with
the first representation of the key, the operation includes
determining whether one or more of the associated touch
regions is not substantially aligned with the target region
associated with the first representation of the key (84). The
operation includes identifying a quantity of the touch regions
that are not substantially aligned with the target region (86),
and, subsequent to determining that the quantity exceeds a
threshold quantity of touch regions that are not substantially
aligned with the target region, outputting, at the input-sensi-
tive display, a second graphical keyboard arrangement that
includes a second representation of the key, wherein at least
one attribute of the second representation of the key is graphi-
cally modified relative to the first representation of the key so
as to substantially align one or more of the touch regions with
a target region associated with the second representation of
the key (88).

[0070] In one example, the process can further include
receiving the plurality of user inputs in response to a training
program presented by the computing device that prompts a
user to type a predefined series of characters using the first
graphical keyboard arrangement, and determining that each
user input from the plurality of user inputs is associated with
the first representation of the key based on a comparison of an
order of the user inputs with an order of the predefined series
of’characters presented by the training program. Alternatively
or additionally, the process can include executing a keyboard
customization application as a background task of the com-
puting device, and receiving the plurality of user inputs dur-
ing use by auser of an application executing on the computing
device other than the keyboard customization application. In
some examples, the process can include determining, for
example, that each user input from the plurality of user inputs
is associated with the first representation of the key at least in
part based on typing corrections received from the user. The
process can include outputting, at the input-sensitive display
of the computing device, an indication of an option to cease
execution of the keyboard customization application as a
background task.

[0071] Alternatively or additionally, in some examples the
process can include outputting, at the input-sensitive display
of'the computing device, the first graphical keyboard arrange-
ment and the second graphical keyboard at the same time, and
soliciting a user selection of one of the first graphical key-
board arrangement and the second graphical keyboard for
future use, and/or soliciting a user selection of one or more

Dec. 25,2014

modifications of attributes of one or more representations of
keys of the first graphical keyboard arrangement for future
use. The process can include associating the second graphical
keyboard arrangement with a profile of a user of the comput-
ing device. The process can also include modifying one or
more attributes of the second representation of the key to
graphically modify relative to the first representation of the
key, such as a shape, a size, a position, or other attribute.
[0072] In some examples, the process can include deter-
mining that one or more of the associated touch regions is not
substantially aligned with the target region associated with
the first representation of the key based at least on determin-
ing that a center of the touch region is positioned greater than
athreshold distance away from a center of the target region. In
some examples, the process can include determining that one
or more of the associated touch regions is not substantially
aligned with the target region associated with the first repre-
sentation of the key based at least on determining that greater
than a threshold quantity of surface area of the touch region is
positioned outside of the target region.

[0073] Techniques described herein may be implemented,
at least in part, in hardware, software, firmware, or any com-
bination thereof. For example, various aspects of the
described embodiments may be implemented within one or
more processors, including one or more microprocessors,
digital signal processors (DSPs), application specific inte-
grated circuits (ASICs), field programmable gate arrays (FP-
GAs), or any other equivalent integrated or discrete logic
circuitry, as well as any combinations of such components.
Theterm “processor” or “processing circuitry” may generally
refer to any of the foregoing logic circuitry, alone or in com-
bination with other logic circuitry, or any other equivalent
circuitry. A controlunit including hardware may also perform
one or more of the techniques of this disclosure.

[0074] Such hardware, software, and firmware may be
implemented within the same device or within separate
devices to support the various techniques described herein. In
addition, any of the described units, modules or components
may be implemented together or separately as discrete but
interoperable logic devices. Depiction of different features as
modules or units is intended to highlight different functional
aspects and does not necessarily imply that such modules or
units are realized by separate hardware, firmware, or software
components. Rather, functionality associated with one or
more modules or units may be performed by separate hard-
ware, firmware, or software components, or integrated within
common or separate hardware, firmware, or software compo-
nents.

[0075] Techniques described herein may also be embodied
orencoded in an article of manufacture including a computer-
readable storage medium encoded with instructions. Instruc-
tions embedded or encoded in an article of manufacture
including an encoded computer-readable storage medium,
may cause one or more programmable processors, or other
processors, of a computing system to implement one or more
of' the techniques described herein, such as when instructions
included or encoded in the computer-readable storage
medium are executed by the one or more processors. Com-
puter readable storage media may include random access
memory (RAM), read only memory (ROM), programmable
read only memory (PROM), erasable programmable read
only memory (EPROM), electronically erasable program-
mable read only memory (EEPROM), flash memory, a hard
disk, a compact disc ROM (CD-ROM), a floppy disk, a cas-
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sette, magnetic media, optical media, or other computer read-
able media. In some examples, an article of manufacture may
comprise one or more computer-readable storage media.

[0076] In some examples, computer-readable storage
media may comprise non-transitory media. The term “non-
transitory” may indicate that the storage medium is tangible
and is not embodied in a carrier wave or a propagated signal.
In certain examples, a non-transitory storage medium may
store data that can, over time, change (e.g., in RAM or cache).
[0077] Various examples have been described. These and
other examples are within the scope of the following claims.

1. A method comprising:

outputting, at an input-sensitive display of a computing

device, a first graphical keyboard arrangement including
a first representation of a key that is associated with a
target region of the input-sensitive display;

receiving a plurality of user inputs at the input-sensitive

display, each user input from the plurality of user inputs
being associated with a respective touch region of the
input-sensitive display;

responsive to determining that each input from the plurality

of user inputs is associated with the first representation
of the key, determining whether one or more of the
associated touch regions is not substantially aligned
with the target region associated with the first represen-
tation of the key;

identifying a quantity of the touch regions that are not

substantially aligned with the target region; and

subsequent to determining that the quantity exceeds a

threshold quantity of touch regions that are not substan-
tially aligned with the target region, outputting, at the
input-sensitive display, a second graphical keyboard
arrangement that includes a second representation of the
key, wherein at least one attribute of the second repre-
sentation of the key is graphically modified relative to
the first representation of the key so as to substantially
align one or more of the touch regions with a target
region associated with the second representation of the
key.

2. The method of claim 1, wherein receiving the plurality of
user inputs at the input-sensitive display comprises receiving
the plurality of user inputs in response to a training program
presented by the computing device that prompts a userto type
a predefined series of characters using the first graphical
keyboard arrangement, the method further comprising:

determining that each user input from the plurality of user

inputs is associated with the first representation of the
key at least in part based on a comparison of an order of
the user inputs with an order of the predefined series of
characters presented by the training program.

3. The method of claim 1, further comprising:

executing a keyboard customization application as a back-

ground task of the computing device,

wherein receiving the plurality of user inputs at the input-

sensitive display comprises receiving the plurality of
user inputs during use by a user of an application execut-
ing on the computing device other than the keyboard
customization application.

4. The method of claim 3, further comprising:

determining, by the keyboard customization application,

that each user input from the plurality of user inputs is
associated with the first representation of the key at least
in part based on typing corrections received from the
user.
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5. The method of claim 3, further comprising:

outputting, at the input-sensitive display of the computing
device, an indication of an option to cease execution of
the keyboard customization application as a background
task.
6. The method of claim 1, further comprising:
outputting, at the input-sensitive display of the computing
device, the first graphical keyboard arrangement and the
second graphical keyboard at the same time; and

soliciting a user selection of one of the first graphical
keyboard arrangement and the second graphical key-
board for future use.

7. The method of claim 1, further comprising:

outputting, at the input-sensitive display, both the first

graphical keyboard arrangement and the second graphi-
cal keyboard at the same time; and

soliciting a user selection of one or more modifications of

attributes of one or more representations of keys of the
first graphical keyboard arrangement for future use.

8. The method of claim 1, further comprising:

associating the second graphical keyboard arrangement

with a profile of a user of the computing device.

9. The method of claim 1, further comprising:

selecting the at least one attribute of the second represen-

tation of the key to which to graphically modity relative
to the first representation of the key, wherein the selected
attribute comprises a shape of the second representation
of the key.

10. The method of claim 1, further comprising:

selecting the at least one attribute of the second represen-

tation of the key to which to graphically modity relative
to the first representation of the key, wherein the selected
attribute comprises a size of the second representation of
the key.

11. The method of claim 1, further comprising:

selecting the at least one attribute of the second represen-

tation of the key to which to graphically modity relative
to the first representation of the key, wherein the selected
attribute comprises a position of the second representa-
tion of the key in the graphical keyboard.

12. The method of claim 1,

wherein the first graphical keyboard arrangement includes

a plurality of representations of a plurality of respective
keys,

wherein the second graphical keyboard arrangement com-

prises a second plurality of representations of respective
keys,

wherein the second graphical keyboard arrangement has a

different overall size and shape than the first graphical
keyboard arrangement, and

wherein the overall size and shape of the second graphical

keyboard arrangement is selected so as to substantially
align one or more of the touch regions with a target
region associated with the second representation of the
key.

13. The method of claim 1, wherein the input-sensitive
display comprises a presence-sensitive display of the com-
puting device that registers each of the plurality of user inputs
at least in part based on presence of an input unit without
requiring physical contact between the input unit and the
presence-sensitive display.

14. The method of claim 1, wherein the input-sensitive
display comprises a touch-sensitive display of the computing
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device, wherein the plurality of user inputs comprise a plu-
rality of user touches of the touch-sensitive display.
15. The method of claim 1, wherein determining that one or
more of the associated touch regions is not substantially
aligned with the target region associated with the first repre-
sentation of the key comprises determining that a center of the
touch region is positioned greater than a threshold distance
away from a center of the target region.
16. The method of claim 1, wherein determining that one or
more of the associated touch regions is not substantially
aligned with the target region associated with the first repre-
sentation of the key comprises determining that greater than a
threshold quantity of surface area of the touch region is posi-
tioned outside of the target region.
17. A system comprising:
at least one processor;
akeyboard application operable by the at least one proces-
sor to generate graphical keyboard arrangements; and

an input-sensitive display that outputs a first graphical key-
board arrangement including a first representation of a
key that is associated with a target region of the input-
sensitive display,
wherein the input-sensitive display is configured to receive
a plurality of user inputs each associated with a respec-
tive touch region of the input-sensitive display, wherein
the plurality of user inputs are received during use by a
user of an application executing on the system other than
the keyboard application,
wherein the keyboard application, responsive to determin-
ing that each input from the plurality of user inputs is
associated with the first representation of the key, deter-
mines whether one or more of the associated touch
regions is not substantially aligned with the target region
associated with the first representation of the key, and

wherein the input-sensitive display outputs a second
graphical keyboard arrangement that includes a second
representation of the key, wherein at least one attribute
of the second representation of the key is graphically
modified relative to the first representation of the key so
as to substantially align one or more of the touch regions
with a target region associated with the second represen-
tation of the key.

18. The system of claim 17, wherein the keyboard appli-
cation identifies a quantity of the touch regions that are not
substantially aligned with the target region, and wherein the
keyboard application generates the second graphical key-
board arrangement subsequent to determining that the quan-
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tity exceeds a threshold quantity of touch regions that are not
substantially aligned with the target region.

19. A computer-readable storage medium comprising
instructions that, if executed by one or more processors of a
computing system, cause the computing system to perform
operations comprising:

outputting a first graphical keyboard arrangement for dis-

play, the first graphical keyboard arrangement including
a first representation of a key that is associated with a
target region of an input-sensitive display;

receiving data indicative of a plurality of user inputs, each

user input from the plurality of user inputs being asso-
ciated with a respective touch region of the input-sensi-
tive display;

responsive to determining that each input from the plurality

of user inputs is associated with the first representation
of the key, determining whether one or more of the
associated touch regions is not substantially aligned
with the target region associated with the first represen-
tation of the key; and

subsequent to determining that one or more of the touch

regions is not substantially aligned with the target region
associated with the first representation of the key, out-
putting for display a second graphical keyboard arrange-
ment that includes a second representation of the key,
wherein at least one attribute of the second representa-
tion of the key is graphically modified relative to the first
representation of the key so as to substantially align one
or more of the touch regions with a target region asso-
ciated with the second representation of the key.

20. The computer-readable storage medium of claim 19,
wherein receiving the data indicative of the plurality of user
inputs comprises receiving data indicative of a plurality of
user inputs received in response to a training program pre-
sented by a computing device that prompts a user to type a
predefined series of characters using the first graphical key-
board arrangement,

the computer-readable storage medium further comprising

instructions that, if executed by one or more processors
of a computing system, cause the computing system to
perform operations comprising determining that each
user input from the plurality of user inputs is associated
with the first representation of the key at least in part
based on comparison of an order of the user inputs with
an order of the predefined series of characters presented
by the training program.

#* #* #* #* #*



