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ABSTRACT

When units of serialized input are analyzed by an engine or
algorithm that provides a plurality of entry Suggestions for
competing or replacing a unit of the serialized input, one or
more haptic effects can be identified and provided in conjunc
tion with display, selection, or use of one or more of the entry
Suggestions to aid in the use of the engine or algorithm. The
haptic effects can represent a confidence level with respect to
one or more of the entry suggestions or may otherwise indi
cate the relative success of the engine/algorithm. For
example, the serialized input may comprise characters input
to a mobile or other device. The engine or algorithm may
Suggest words or phrases with varying degrees of confidence,
with the confidence with respect to some or all of the Sugges
tions communicated by use of haptic effects. Additional
embodiments include dynamic text input interfaces, hapti
cally-enhanced serial presentation of content, and interfaces
that provide haptic effects at a first device based on remote
text entry, display, reading, or other activity at a different
device.
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SYSTEMS AND METHODS FOR
HAPTICALLY ENHANCED TEXT
INTERFACES
BACKGROUND

Communications options for mobile (and other) devices
are often directed to making users more efficient while mes
saging. As an example, predictive text technologies such as
T9 enable users to increase their text entry speed in words per
minute (WPM). Based on serialized input, such as input
received using keys each mapped to one or more letters,
groups of letters can be used to suggest words corresponding
to the input. The words that are Suggested may be based on
frequency of use and/or a dictionary and may be provided as
selections in a menu or simply inserted to complete the user's
input. The words orphrases that are suggested can be selected

10

15

from numerous candidates based on a confidence indicator,

Such as a probability of a correct match based on usage
statistics tracked by the text engine. Some predictive text
technologies also support spelling Suggestions, punctuation,
and other enhancements.
SUMMARY
25

Embodiments of the present invention include methods
and systems for providing haptically-enhanced user inter
faces. Embodiments configured in accordance with one or
more aspects of the present invention can result in a more
compelling user experience. Such as by enhancing user expe
riences increating, sending, reading, and/or receiving content

30

in a text interface.

Some embodiments of the present invention provide sys
tems and methods for haptic feedback for text completion. In
one embodiment, units of serialized input can be analyzed by
an engine or algorithm that provides a plurality of entry
Suggestions for competing or replacing a unit of the serialized
input. One or more haptic effects can be identified and pro
vided in conjunction with display, selection, or use of one or
more of the entry Suggestions to aid in the use of the engine or
algorithm. The haptic effects can represent a confidence level
with respect to one or more of the entry Suggestions or may
otherwise indicate the relative Success of the engine/algo

accessed when needed to select individual characters and
35

hidden when not needed to reduce the screen space occupied
and/or to make room for additional whole-word buttons.

40

rithm.

For instance, in one embodiment, the serialized input can
comprise input data representing a series of characters
received at a computing device or mobile phone, with the
units of serialized data comprising words or phrases. A
method can comprise generating a text entry Suggestion Such
as a word or phrase based on the received input data and
determining a confidence level associated with the text entry
Suggestion by using a predictive text engine. The method can
further comprise identifyingahaptic effect from a plurality of
potential haptic effects based at least in part on a confidence
level (or other indicator) identified by the text engine and
outputting at least one haptic signal configured to cause an
actuator to generate the identified haptic effect.
In one embodiment, a system can comprise a processor, the
processor having access to a computer-readable medium
embodying program components, and an actuator. The pro
gram components can comprise a user interface module con
figured to receive input data, a text engine configured to
generate a text entry Suggestion and confidence level based on
the received input, and a haptic effect module. The input data
may represent one or more characters, phrases, and/or words.
The haptic effect module can be configured to identify a
haptic effect from a plurality of potential haptic effects based

2
at least in part on the confidence level and to output at least
one haptic signal configured to cause the actuator to generate
the identified haptic effect. In some embodiments, the haptic
effect module and user interface module are configured so
that the haptic effect corresponding to each text entry Sugges
tion is provided in conjunction with display or selection of the
text entry Suggestion. The text entry Suggestion may com
prise a suggestion completing partial entry of text, a Sugges
tion to replace entered text, and/or suggestion of an entire
word or phrase.
A device may include an interface providing selection
mechanisms for selecting amongst text inputs comprising
characters, words/phrases, or both. For instance, embodi
ments of the present invention include a dynamic key or text
input interface. An on-screen keyboard may be hidden and
then partially or fully restored to view in response to selection
of a restore control. If a touch-enabled display is used, a user
may touch the restore control and pull the keyboard into view,
for example.
A device providing the dynamic key or text input interface
can keep the keyboard in view until a discontinuity in selec
tion occurs—for instance, if a touch-enabled display is used,
the keyboard can be kept in view until contact with the display
is broken. When the discontinuity occurs, the last key that was
reached can be used as an input value and the keyboard can be
automatically re-hidden. The dynamic key or text input inter
face may be used to augment haptic effects provided based on
confidence levels associated with Suggested words. Addition
ally or alternatively, haptic effects may be tied to selection of
keys and/or movement of the keyboard.
The dynamic key or text input interface can include inter
face elements such as buttons to allow for selecting text inputs
comprising entire words or phrases. The keyboard can be

45

50

Further embodiments of the present invention include pro
viding an option for a user to select serialized display of
incoming content. Selection may be indicated by physics
based input, such as shaking or tapping a device. When seri
alized display is used, serialized data can be divided into a
plurality of units such as words, characters, punctuation
marks, and the like that are displayed in sequence. Haptic
effects can be provided before, after, and/or while units are
displayed. Additional embodiments of the present invention
provide for haptic effects at a first device based on activity at
a second device. The activity can comprise input of words,
characters, or other units of serialized data and/or may com
prise display/viewing of words, characters, or other units of
the data.
These illustrative embodiments are mentioned not to limit

55

or define the limits of the present subject matter, but to pro
vide examples to aid understanding thereof. Illustrative
embodiments are discussed in the Detailed Description, and
further description is provided there. Advantages offered by
various embodiments may be further understood by examin
ing this specification and/or by practicing one or more
embodiments of the claimed subject matter.

60

BRIEF DESCRIPTION OF THE DRAWINGS

65

A full and enabling disclosure is set forth more particularly
in the remainder of the specification. The specification makes
reference to the following appended figures.
FIG.1 illustrates an illustrative computing device compris
ing a mobile device configured to provide haptic effects with
text entry suggestions.

US 9,317,116 B2
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FIG. 2 illustrates an illustrative computing device config
ured to provide haptic effects with text entry Suggestions.
FIG.3 is a flowchart showing illustrative steps in a method
for providing haptic effects based on a confidence level asso
ciated with one or more text entry Suggestions.
FIG. 4 is a flowchart showing illustrative steps in a method
for providing haptic effects in conjunction with output of one
or more text entry suggestions.
FIG. 5 is a flowchart showing illustrative steps in a method
for a dynamic key or text input interface.
FIGS. 6A-6D are each a diagram showing an illustrative
dynamic key or text input interface in operation.
FIG. 7 is a flowchart showing illustrative steps in a method
for providing serialized presentation of a message.
FIGS. 8A and 8B are each a diagram showing illustrative
output of a message using serialized presentation.
FIG.9 is a flowchart showing illustrative steps in a method
for providing haptic effects while a communications session
is in progress between two or more devices.

4
various additional non-limiting embodiments and examples
of methods and systems for use of haptic feedback in text
completion.
Illustrative Systems for Haptic Feedback for Text
Entry

10

15

F1, F2, and F3 as illustrated. In some embodiments, a com

DETAILED DESCRIPTION

Reference will now be made in detail to various and alter

native illustrative embodiments and to the accompanying
drawings. Each example is provided by way of explanation,
and not as a limitation. It will be apparent to those skilled in

25

the art that modifications and variations can be made. For

instance, features illustrated or described as part of one
embodiment may be used on another embodiment to yield a

30

still further embodiment. Thus, it is intended that this disclo
Sure includes modifications and variations as come within the

Scope of the appended claims and their equivalents.
Illustrative Example of Haptic Feedback for Text
Completion
One illustrative embodiment of the present invention com
prises a mobile device. Such as a mobile phone, music player,
or smart phone. In the illustrative embodiment, the mobile
device comprises a Nokia 5800 featuring the T9 text comple
tion engine. The mobile device can comprise a screen and a
plurality of keys; the keys may comprise physical buttons or
may be touchscreen based. A processor of the mobile device
receives input from a user, the input comprising one or more
key inputs for a field, such as a text field in a message. Based
on the input, the processor can utilize the text completion
engine to determine one or more candidates for completing
the input. The candidate(s) can be associated with a confi

35

40

45

50

dence level.

Based on the confidence level, haptic output can be pro
vided. For example, a haptic effect such as vibration of the
phone may be provided in conjunction with a selection
mechanism for allowing the user to choose a completion
candidate. The haptic effect may change based on the confi
dence level of each selected Suggestion and/or may be

55

selected based on an overall confidence level for the available

candidates. As another example, the haptic effect may be
provided after the completion candidate with the highest
probability is automatically inserted into the message or field
to provide the user an opportunity to re-evaluate the insertion.
Confidence levels may be measured for candidates relative to

60

one another or relative to an absolute scale.

This illustrative example is given to introduce the reader to
the general Subject matter discussed herein. The invention is
not limited to this example. The following sections describe

FIG. 1 depicts an illustrative computer system 100 com
prising a processor 102 with access via bus 106 to a computer
readable medium 104 embodying program components. Sys
tem 100 also comprises an actuator 114. In this example,
processor 102, medium 104, and actuator 114 are comprised
in a mobile telephone including display 110, keypad 112, and
speaker/microphone components 116. For instance, keypad
112 can comprise a 12-key keypad plus three function keys

65

puter system can comprise a touch-enabled display and may
or may not comprise separate keys for receiving input. Addi
tionally, although actuator 114 is illustrated as included in
computer system 100, an actuator 114 could be included in a
peripheral device in communication with processor 102 (e.g.,
a Bluetooth headset).
In this example, computer-readable medium (memory)
104 comprises several program components that configure
the computing system to provide functionality in accordance
with one or more aspects of the present invention. Particu
larly, user interface module 118 is configured to receive input
data representing selection of one or more characters, words,
or phrases, a text engine 120 is configured to generate a text
entry Suggestion based on the received input data and deter
mine a confidence level associated with the text entry Sugges
tion, and a haptic effect module 122 configured to identify a
haptic effect from a plurality of potential haptic effects based
at least in part on the confidence level.
Memory 104 also includes one or more applications 124,
Such as an e-mail application, browser, address book appli
cation, messaging application, operating System, or any other
executable code utilized by the computing device. Data 126 is
representative of user data, application data, and other stored
information used in operation of the computing system.
Although data and applications are illustrated as hosted at the
mobile device, embodiments can include remotely-hosted
applications, program components, and/or data.
An application, such as one or more of applications 124.
may provide an option for a user to provide one or more input
values. For example, a user may enter text comprising content
and/or an address for an email, message, or web page. Text
engine 120 can comprise any number or type of algorithm
based predictive text engines that analyze that input and pro
vide one or more text entry Suggestions for the input value
based on the users input. For example, probabilistic algo
rithms can be used by text engine 120 to provide one or more
Suggested completions for an input value based on partially
provided input values. As another example, a user may input
a complete value and text engine 120 may provide one or
more Suggested corrections for the input value. The user input
and text entry Suggestions may comprise one or more words
or phrases and may include punctuation, numbers, and other
characters as appropriate.
One or more of applications 124 can also include program
components for handling network connections and one or
more modules configured to access serialized data. For
instance, an application may provide for receipt and review of
data comprising messages sent via email, short message sys
tem (SMS), instant messaging, or another protocol during a
communications session. As another example, one or more
modules can access and decode stored data representing

US 9,317,116 B2
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HTML content, word processor documents, and/or other
electronic documents for display, Such as for use in a browser,
productivity application, or another application.
As will be noted below, content output by applications 124
may be enhanced through the use of one or more haptic
effects handled by haptic effect module 122; these effects
may be in addition to or instead of haptic effects based on text
entry suggestions. Additionally. UI module 118 can be used
to enhance delivery of content output by applications 124.
Such as by providing a serialized output mode discussed
below. UI module 118 can also coordinate the receipt of input
via keypad 112, a touch enabled display, and/or other input

10

mechanisms.

In some embodiments, text engine 120 provides one or
more Suggested completions or entries based on previously
completed or entered words. As an example, a completion
Suggestion and/or a Suggestion of a word for entry may be
based on evaluating the sentence structure and/or subject
matter context of the previous entry or entries. More gener
ally, a text engine 120 can include any application or compo
nent that suggests one or more words, characters, or phrases
for entry based on previously-provided input.
Text engine 120 may provide text entry Suggestions based

15

elsewhere.

on a confidence level associated with one or more candidate

Suggestions to determine the one or more most likely correc
tions or completions to suggest and/or a presentation scheme
for Suggesting the text entries. The user may be presented an
option to select from one or more candidate text entry Sug
gestions and/or text engine 120 may insert the completion/
correction with the highest confidence level for confirmation
by a user. If the completion/correction is inserted, the text
engine may simply assume the inserted completion/connec
tion is desired unless other input is provided.
For example, while or after a user enters a series of char
acters, an interface may be provided to display one or more
text entry Suggestions, with the Suggestion with the highest
confidence level pre-selected. In some embodiments, the
number and order of text entry Suggestions may change as the
confidence levels change while a user continues to type. If a
user keys a 'space' or another predetermined stop character
without changing the selected text entry Suggestion, then the
selected text entry suggestion may be inserted by default.
Examples of predictive text engines include the T9 text
engine available from Nuance Communications of Burling
ton, Mass., the iTap technology available from Motorola, Inc.
of Libertyville, Ill., and the SureType engine available from

25

30

35

40

45

Research in Motion, Inc., of Waterloo, Ontario, Canada.

Additional examples of predictive text engines include Pri
Text from Keisense of Hartford, Conn. and TouchType
Express, information available online at http://www
...touchtype-online.com.

50

AS was noted above, in accordance with one or more

aspects of the present Subject matter, haptic effects can be
added to text entry Suggestions to enhance the user experi
ence. A haptic effect can be selected based on the confidence
level associated with one or more text entry suggestions,
which can allow a user to more easily or quickly determine
the confidence level associated with the Suggestion than
would otherwise be possible. For instance, rather than stop
ping text entry and looking down at a display, the user may be
able to simply scroll through various suggested completions
in order to determine which is the most likely match.
The haptic effect may also be used as a cue to indicate
whether a single Suggestion has been made, whether multiple
Suggestions are available, and may simultaneously indicate
the confidence level of the text engine with regard to the
available Suggestion(s). For example, an input interface may

6
be presented with the highest confidence text entry Sugges
tion relative to other potential Suggestions highlighted. If the
highest-confidence text entry Suggestion has a low confidence
level on an absolute scale, then different haptic feedback may
be provided in order to attract the user's attention and to avoid
the user inadvertently using a poorly-suggested completion/
correction by default.
Haptic effect module 122 can be used to provide one or
more haptic effects by providing at least one haptic signal
configured to cause actuator 114 to generate the haptic effect.
In this example, a single actuator 114 is illustrated, but mul
tiple actuators could be used together and/or separately to
provide various haptic effects. Examples of actuators include,
but are not limited to, a piezoelectric actuator, an electric
motor, an electromagnetic actuator, a Voice coil, a linear
resonant actuator, a shape memory alloy, an electro-active
polymer, a Solenoid, an eccentric rotating mass motor (ERM)
or a linear resonant actuator (LRA). Actuators may be
included in the device housing, in the device Screen, and/or

55
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In some embodiments, haptic effects are selected based on
data mapping different effects to different confidence levels.
For example, in some embodiments the confidence levelcom
prises a probability value between 0 and 1 and the haptic
effect module is configured to use a function correlating
probability values to different haptic effects. As an example,
the magnitude of the actuating signal can be used to adjust the
amplitude of the vibration based on the probability value. As
another example, the haptic effect may be based on the num
ber of potential text input Suggestions. The confidence levels
indicate relative confidence between entry suggestions for a
particular set of suggestions and/or may indicate confidence
for entry suggestions relative to an absolute scale.
Haptic effects can be varied in any suitable manner. For
example, amplitude and frequency of vibration can be
adjusted to create a range of possible responses. As an
example, a series of high-frequency, sharp pulses may be used
in some instances while a low frequency continuous pulse
may be used in other instances. The different types of haptic
effects can be mapped to different confidence levels in some
implementations. For example, high frequency and 'sharp'
output may be associated with low confidence levels in order
to attract a user's attention, while lower frequency and other
“subtle' output may be associated with high confidence lev
els. As another example, different types of haptic effects may
be mapped to different categories of Suggestions—for
instance, different haptic effects may be used to indicate when
a completion is suggested, when a substitution is suggested,
and/or to differentiate between suggestion of an entire word
or suggestion of punctuation.
In some embodiments, haptic effect module 122 relies on
user settings, such as selection of haptic themes, to map
confidence levels and other criteria to haptic effects. As an
example, one theme may associate short, sharp effects with
high-confidence Suggestion of entire words while another
theme may associate long, soft effects with the same type of
Suggestions.
Haptic effects may be stored and retrieved in any suitable
manner. For example, data representing one or more signals
for generating the haptic effects may be stored in a data store
and then accessed based on an identifier or on attributes of the

65

haptic effect. Additionally or alternatively, a haptic effect may
be created using a stored effect and adjusting the amplitude,
frequency, etc. based on the type of effect needed.
FIG. 2 is a block diagram showing another embodiment in
which haptic effects are provided in a computing system
comprising computing platform 200. For example, comput

US 9,317,116 B2
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ing platform 200 may comprise a portable or desktop com
puter. In this example, computing platform 200 comprises
one or more processors 200, memory 204, bus 206, I/O inter
face 208, and graphics processor 210. I/O interface 208 and
graphics processor 210 connect processor 202 to display 211,
network 212, I/O devices 214, and storage 216 (e.g., hard
disk, CD-ROM, and the like).
In this example, memory embodies UI module 218, text
engine 220, and haptic effect module 222, which may be
configured in accordance with UI module 118, engine 120,
and haptic effect module 122. This example also illustrates
one or more applications 224, data 226, and an operating
system 228.

5

10

As mentioned above, one or more I/O devices 214 can be

interfaced to computing platform 200. Examples of I/O
devices include, but are not limited to, a mouse, keyboard,
trackpad, joystick, game controller, touch enabled display, or
a pen/touch tablet. Some or all such I/O devices or other
devices in communication with processor 202 can comprise
one or more actuators for providing haptic feedback. For
example, haptic effects can be provided via a keyboard and/or
mouse as a user types in a word processing application, web
browser, e-mail application, operating system, interactive
game, or other application.
In the examples above, UI module 118 (218), text engine
120 (220), and haptic effect module 122 (222) are shown
separate from one another and from applications/operating
systems. However, in some embodiments, functionality of the
haptic effect module and/or UI module can be integrated into
the text engine, one or more applications, and/or an operating
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FIG.3 is a flowchart showing illustrative steps in a method
300 for providing haptic effects based on a confidence level
associated with one or more text entry Suggestions. Block 302
represents receiving input data representing selection of one
or more words or characters. For example, a user may input
one or more characters and/or select words for entry via
multitap keys on a mobile device, via a keyboard, or using
another Suitable input mechanism. As another example, a user
may provide handwritten or touch input that is recognized as

40

one or more letters or words.
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Block 304 represents ascertaining a text entry suggestion
based on the input data. In this example, ascertaining the text
entry Suggestion comprises generating the Suggestion at the
device. For instance, a text engine may utilize existing tech
nology to determine intended an intended word based on the
input. For example, key inputs from a 12-key mobile tele
phone keyboard can be analyzed using the T9 algorithm to
identify possible input sequences from permutations of mul
titap input keys. The text engine may be remote from the
device; for instance, the device may provide a call to a web
service or other functionality provided by a second device in
order to obtain the text entry suggestion.
In one illustrative embodiment, the keys are mapped as
shown in FIG. 1 (i.e., no mapping for the “1” key, the letters
“ABC mapped to the “2 key, the letters "DEF" mapped to
the '3' key, and so on). If the input is “228, then possible
permutations include (but are not limited to) “AAT,” “BAT:
“BAU”; “BAV and “CAT” Based on a dictionary of potential
words and Statistical data, indicating frequency of usage of
prior words, the algorithm may determine that “CAT is the
most-frequently used word based on that input, followed by
“BAT.” These may be suggested, followed by AAT and
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“BAU. Alternatively, the latter words may not be suggested
at all in the absence of an entry in the dictionary and/or past
use. Other key mappings can be used, and the key mapping
may depend on the text engine used for a particular device.
In one embodiment, the text entry Suggestion is provided
for entry of a new word. For example, previously-entered
words (if any) may be evaluated by the text engine in terms of
the grammatical and/or subject-matter context to determine
likely words for completing an expression. For instance, if the
user has entered 'send then the text engine may determine
that a likely next word will comprise “to.” The word “to may
be offered as a suggested entry even before further input is
provided. In some embodiments, a plurality of potential
words for entry may be offered in an interface. Such as a
plurality of onscreen keys for selecting from the potential
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Block 306 represents determining a confidence level asso
ciated with one or more of the text entry suggestions. For
example, analysis based on the dictionary and frequency of
usage can be used to arrive at a probability value between 0
and 1 for each Suggestion to be provided. As another example,
the text engine may be configured to tag each Suggestion with
a confidence identifier (e.g., “low,” “medium', or “high’)
during analysis of the input.
At block 308, one or more haptic effects are identified from
a plurality of potential haptic effects. For example, a library of
haptic effects may be accessed and one or more effects
selected based on the probability value or other indicator of
confidence level for a particular text entry Suggestion.
Different haptic effects can be identified in different sce
narios. For example, in Some embodiments, a haptic effect is
identified for each of a plurality of text entry suggestions.
Then, as a selected one of the text entry Suggestions is dis
played, selected, or used, its corresponding haptic effect can
be provided. As another example, a haptic effect may be
identified for a single text entry Suggestion, Such as the Sug
gestion with the highest confidence level. The haptic effect
can be provided when the text entry Suggestion is displayed
and/or after the text entry Suggestion is selected or automati
cally inserted.
As a further example, a single haptic effect can be selected
based on evaluating the confidence levels of the text entry
Suggestions in aggregate. For instance, a plurality of text
entry Suggestions may be provided for display to the user. The
confidence level of each Suggestion can be used as an input in
an algorithm to obtain an average, median, or other aggregate
confidence value. Then, a singlehaptic effect can be identified
using the aggregate value.
For example, the single haptic effect may be provided
when the input interface is displayed. This may alerta user to
pay closer attention when confidence levels for all available
Suggestions are low. On the other hand, if the confidence
levels are high, a different, less jarring haptic effect may be
displayed and the user may simply continue typing, with the
Suggestion with the highest confidence level selected or
inserted by default.
Block 310 represents outputting at least one haptic signal
to cause one or more actuators to generate the selected haptic
effect(s). For example, definition data for the haptic signal
can be accessed and used to drive the actuator(s) in conjunc
tion with output of one or text entry Suggestions.
As another example, an actuator may be configured to
provide one or more haptic effects in response to a selection
signal by generating its own drive signal. Such as by main
taining an onboard memory of different haptic outputs. This
may be the case when an actuator is comprised in a separate
device in communication with the processor, for instance.
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Accordingly, the haptic signal can comprise data identifying
the selected haptic effect and can be sent to the actuator along
with a trigger identifying when to begin the selected effect.
The haptic effect can be provided at any suitable time. For
example, as noted above, a haptic effect may be provided
when a text entry Suggestion is displayed, selected, and/or
inserted in some embodiments. In certain embodiments, a

first haptic effect is provided when an interface for choosing
a Suggestion is displayed and then a haptic effect for each
respective text entry suggestion within the input interface is
provided upon selection of the text entry suggestion. In some
embodiments, entire words are mapped to real or screen
based keys. The confidence level associated with each Sug
gested word can be used as the basis of a haptic effect played
when the key is selected. This may, for example, allow a user
to “feel the confidence level for each word by touching the
respective keys before making a final selection.
In some of the examples above, haptic effects were pro
vided based on a confidence level from a text completion/
Suggestion engine based on partial or complete text input as
analyzed by a predictive text engine. However, aspects of the
present Subject matter are applicable to other serialized input.
Generally, serialized input can be analyzed by an engine or
algorithm that provides a plurality of entry Suggestions for
competing or replacing a unit of the serialized input. One or
more haptic effects can be identified and provided in conjunc
tion with display, selection, or use of one or more of the entry
Suggestions to aid the use of the engine or algorithm.
FIG. 4 is a flowchart showing illustrative steps in a method
400 for providing haptic effects in conjunction with output of
one or more Suggestions for replacement of a unit of serial
ized input. Block 402 represents receiving serialized input,
Such as keyed input data representing a series of characters,
words, or phrases. Based on the input, at block 404 a plurality
of entry Suggestions are generated for replacing one or more
intended units within the serialized input. Entry Suggestions
can include, but are not limited to, text entry Suggestions. In
Such a case, a unit of the serialized input can comprise a word
or phrase.
At block 406 of this example, a corresponding haptic effect
is determined for one or more of entry suggestions. As was
noted above, a haptic effect can be selected in some embodi
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ments based on a confidence level associated with one or

more text entry suggestions as determined by a predictive text
engine. As another example, a haptic effect can be selected
based on the number of available Suggestions. For instance, if
no entry Suggestions are provided or available, a correspond
ing haptic effect may be selected. A different haptic effect
may indicate a large number of selections.
At block 408, one or more haptic effects are provided in
conjunction with the display, selection, or other use of one or
more of the entry Suggestions. Additionally or alternatively, a
haptic effect can be provided alongside other output indicat
ing the results of the Suggestion process.
In some embodiments, a plurality of entry Suggestions may
be displayed in sequence with the respective haptic effect for
each suggestion provided when the respective suggestion is
displayed. As another example, a computing system can com
prise a plurality of input keys, with at least Some of the
plurality of suggestions displayed simultaneously but at posi
tions mapped to respective input keys. The haptic effect for
each respective suggestion can be provided when the respec
tive input key is actuated. A "key may comprise a physical
key or button or may comprise an area (e.g., a button) in a
graphical user interface. The key can be actuated when it is
pressed, touched, or clicked on/hovered over in a graphical
user interface.

10
As noted above, aspects of the present Subject matter can be
used in the context of any serialized input in which entry
Suggestions for replacing one or more units of the serialized
input are provided.
For example, handwritten characters or gestures made
using a pointing device or motion-sensing device can be the
Source of serialized input. A handwriting recognition or ges
ture recognition engine can be used to recognize and provide
entry Suggestions. The engine can provide a confidence level
or other indicator of the perceived accuracy of the recogni
tion, which can be used to identify one or more haptic effects
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As another example, a text recognition engine (e.g., optical
character recognition (OCR)) or speech recognition engine
may be used to obtain and serialized input, with haptic effects
provided in the context of confirming the text or speech rec
ognition on a letter-by-letter, word-by-word, phrase-by
phrase, or other basis. For instance, the haptic effects may be
provided via a keyboard or mouse interfaced to a computer
system verifying the OCR process in a word processing or
other application.
The serialized input may comprise one or more data files
comprising text that is being edited in a word processing
application, integrated development environment (IDE), or
other application. For example, a spell checker, grammar
checker, or code syntax analysis module may analyze words
or phrases of a text and provide one or more text entry Sug
gestions for selection by a user. Haptic effects can be provided
to indicate the confidence level of the Suggestions individu
ally and/or in aggregate as noted above.
Several examples above refer to haptic effects. Haptic
effects can include, but are not limited to, tactile feedback
such as vibration of a device. Haptic effects can include or
may be provided alongside changes in the appearance of a
display (e.g., different colors), Sounds, or other types offeed
back. Additionally, in several of the examples above, entry
Suggestions, such as text entry Suggestions, were displayed
while haptic effects were provided. Additionally or alterna
tively, entry suggestions may be presented to a user via an
audio interface.

Embodiments configured in accordance with the present
Subject matter can offer advantages in some situations. For
example, a user's experience with a device may be enhanced
by a reduction of errors in auto-completed text low-prob
ability matches may be called to the user's attention before
the wrong word is used, for instance. Text completion speed
may be increased as well. For instance, different types of
feedback may allow a user to type without referring to a
display except if a low-probability match or other problem is
indicated, which can allow for a more compelling user expe
rience.
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AS was mentioned above, embodiments can be used along
side any Suitable user interface. A user interface can include,
but is not limited to, a dynamic key or text input interface
presented on a touch-enabled surface. FIG. 5 is a flowchart
showing illustrative steps in a method 500 for a dynamic key
or text input interface. For example, a user interface module
such as modules 1187218 discussed above may be configured
to provide an embodiment in accordance with FIG.5 to allow
for selection of characters, phrases and/or words for input via
a touch-enabled display or Surface.
Turning to FIG. 5, block 502 represents displaying a key
board restore control. For example, in Some embodiments, a
dynamic key or text input interface can include a keyboard
selectively hidden from view in order to reduce the display
area occupied by input elements. This may be particularly
advantageous for Small screen sizes, but can also enhance use
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of a screen of any size. In place of the keyboard, a device may
feature one or more other input mechanisms. For example,
one or more rows of buttons may be displayed, with the
buttons used to provide input representing entire words or
phrases. Thus, at block 502 a keyboard restore control or tab
is displayed to allow the keyboard to be requested for use in
providing input as needed. In some embodiments, the key

5

board restore control is rendered as a tab or other interface

element at an edge of the display area and can be used to
“pull the keyboard back onto the display.
Block 504 represents receiving input selecting the restore
control. For example, in a touch-enabled display, coordinates
for a tab may be mapped to an area within the display area;
when that area is touched, then the tab can be considered to be

“selected.” Block 506 represents displaying some or all of the
keyboard in response. If the keyboard restore control is rep
resented as a tab or other element, the input selecting the
restore control may further include dragging the keyboard
into view. However, in some embodiments, the keyboard
automatically appears after the restore control is touched.
One or more visual and/or haptic effects can be played back
when the keyboard is displayed.
If other on-screen elements are displayed while the key
board is hidden, the currently-displayed elements may be
Supplemented or replaced by the keyboard. As an example, if
four rows of word entry keys are displayed when the keyboard
is hidden, then when the keyboard is displayed, only a single
row of word entry keys (or no word entry keys) may be
displayed.
Block 508 represents determining if the selection is con
tinuous—i.e. determining if there is any discontinuity in
selection of the keyboard restore control or keyboard. In some
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above in FIGS. 1-4.
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embodiments, a continuous or near-continuous selection of

the keyboard restore control followed by a dragging motion
across the keyboard is handled differently than discontinuous
selection of the keyboard restore control and then selection of
one or more keys. This may be achieved, for example, by
determining if there are any breaks in contact with the touch
surface in the time period between selection of the keyboard
restore control and a key on the keyboard and evaluating the
length of any such breaks. For instance, a timing threshold
value may be consulted to determine if a gap in contact/
selection of the restore control and one or more keys is suffi
ciently long to determine whether selection is “continuous.”
In this example, if selection is not continued, then at block
508 the dynamic subroutine ends and the keyboard is dis
played until hidden again in response to user input; addition
ally or alternatively the keyboard may be re-hidden after a
predetermined length of time has elapsed.
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On the other hand, if selection is continuous, then block

510 is reached. Block510 represents displaying the keyboard
until the selection ends and determining which key was
reached at the time of discontinuity. For example, a user may
touch the keyboard restore control to pull out the keyboard
and then drag a finger, stylus, or other object across the
keyboard until a desired key is reached. The selection can be
considered to end when the user stops touching the keyboard
or if the user lingers at a particular key for a threshold length
of time.

In some embodiments, one or more haptic effects are pro
vided in conjunction with use of the dynamic key or textinput
interface. For example, different haptic effects can be played
back when selection of the keyboard restore control occurs,
when the keyboard is displayed, when different keys are
encountered, to simulate gaps between keys, and/or to simu
late other effects.

12
Block 512 represents hiding the keyboard and using the
last-selected key as an input value. For example, if the user
pulls out the keyboard, drags a finger across to the “R” key,
and then stops dragging (and/or stops touching the keyboard),
the “R” key can be considered to be the desired input. Data
identifying the “R” key can be stored in memory for use by
another component.
In some embodiments, the last-selected key can be used by
a text engine as an input value to update a set of Suggested
words. For example, as was noted above, one or more buttons
can be presented for selection of text entries comprisingentire
words. If a desired word is not displayed amongst the avail
able candidates, a user can drag the keyboard into view and
provide one or more letters. The provided letter(s) can be used
to generate a new collection of candidate words and buttons
with the updated collection of candidate words can be dis
played when the keyboard is hidden.
The dynamic key or text input interface can be used inde
pendently of haptic effects based on confidence levels in
Some embodiments. However, other embodiments incorpo
rate the use of haptic effects to indicate confidence levels for
the candidate words in accordance with the examples noted
FIGS. 6A-6D are each a diagram showing aspects of an
illustrative dynamic key or text input interface in use. FIG.6A
represents an initial view of a device 600 providing an inter
face 602. In this example, a display area 604 is provided and
may, for example, allow a user to compose an e-mail, SMS,
blog posting, document, command, or to otherwise provide
input that includes textual content. Other content such as web
pages, previous email messages, and the like may be viewed
in display area 604.
An input area 606 is shown in the lower half of interface
602 in this example for receiving user input. Particularly, a
plurality of keys 608 allow for selection of entire words or
phrases for entry, while a keyboard 610 comprises an arrange
ment of keys for selection of one letter/character at a time for
entry. The whole-word selection keys may allow for selection
of single letters (such as “I” shown in FIG. 6A) when the text
engine indicates a single-letter “word.” The particular layout
and composition of the keyboard is for example only; other
layouts can include more or fewer letters, punctuation, sym
bols, numbers, function keys (e.g., shift), and the like.
In this example, no text has yet been entered and so no text
is shown in display area 604. For example, the user may have
just begun composing a message. A text engine has deter
mined a plurality of candidate Suggestions, three of which
(“I”, “Ok”, and “Do”) are shown in FIG. 6A as options that
can be selected using corresponding whole-word selection
keys 608. In this example, keyboard 610 can be minimized so
that input area 606 can be reduced in size relative to display
area 604 and/or so that more keys 606 can be displayed to
allow selection of entire words.
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FIG. 6B shows interface 602 after keyboard 610 has been
minimized. In this example, additional whole-word selection
keys 608 with corresponding suggestions (“Where”, “Hey,
“Why”, “am”, “What”, and “When') are shown. Addition
ally, a keyboard restore control 612 has been rendered at the
bottom of interface 602 to allow a user to request keyboard
610 to be returned for use. In this example, keyboard 610
drops off the bottom of interface 602, but it will be understood
that the relative position and arrangement of display area 604,
input area 606, and the size, layout, and format for keys 608
and keyboard 610 can vary. When keyboard restore control
612, keyboard 610 can be returned for use by moving upward
from the bottom edge of interface 612 as indicated by the
upward-pointing arrow.

US 9,317,116 B2
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In this example, single words are suggested. Embodiments
include suggestion of multiple words (i.e. phrases) in a single
key 608 (e.g., “No Way”) and/or inclusion of punctuation or
other characters in a suggestion (e.g., “LOL). Additionally,
the single word Suggestions can comprise a single letter or
character that also appears on the keyboard. For instance, the
letter “A” may be a suggested word. Text entry Suggestions
can include words, characters, and/or phrases in other lan
guages or alphabets than those shown here, and a mixture of
languages/alphabets could be used if supported by the under
lying text engine.
FIG. 6C illustrates an exploded view of keyboard 610. A
user may desire to use keyboard 610 to enter one or more
characters if the available whole-word input keys 608 do not
display a desired word. In this example, the user initially
selects restore control 612 and drags upward (Schematically
illustrated by the arrow in FIG. 6B). Then, while keeping a
finger, stylus, or other pointer in contact with interface 600 or
otherwise maintaining a selection of keyboard 610, the user
can drag across keys to a letter of interest as shown by arrow
614 in FIG. 6C. Haptic feedback can be provided during this
motion, Such as feedback as the user's finger moves from key
to key.
In this example, the user drags downward from restore
control 612 to the “Y” key and then across the “T” and “R”
keys until reaching the "D' key. If the user lingers at “D' key
beyond a predetermined threshold or breaks contact with the
touch interface at the "D' key, then this action can be inter
preted as selection of the "D' key.
FIG. 6D illustrates a state of interface 600 following selec
tion of the "D' key. Keyboard 610 has again been hidden as
indicated by the downward-pointing arrow and restore con
trol 612 is again shown at the edge of interface 612. A plu
rality of whole-word input keys are shown at 616. However,
keys 616 differ from keys 608 in that the set of candidate
Suggestions has been updated based on input of the "D' key.
In this example, all of the suggested words (“Do”, “Don’t.
“Down”, “Dude, “Doubtless”, “Dog”, “Disorderly”, “duh”)
begin with the letter “D.” The particular set of candidate
Suggestions may, of course, depend on the operation of the
text engine. For instance, based on past and/or present con
textual information, other words starting with "D' or even
other letters may be deemed to be the most likely words for
entry and can be reflected in the available keys 614. If the text
engine Supports different languages/character sets, foreign
language words, characters, and phrases can be included in
the available keys 614.
Examples were provided above with respect to a touch
enabled interface. However, the dynamic key or text input
interface may be provided via a display and input received via
another device. Such as a mouse or other peripheral. For
example, a user may position a pointer on-screen at tab 612.
click tab 612, and drag the keyboard on-screen. Then, the user
may then move to and hover overa key of interest. Continuous
selection of the keyboard may be inferred from a continuous
clicking of the pointer and/or may be based on movement of
the mouse pointer over the keyboard without lingering until
the key of interest is reached.
FIG. 7 is a flowchart showing illustrative steps in a method
700 for providing serialized presentation of a message. In
Some embodiments, a device may be configured to operate in
a serialized presentation mode where individual units of a
message are displayed individually and one after another
rather than as a string of text or characters. This may be
advantageous when a user cannot pay close attention to a
display. Instead of (or in addition to) rendering an entire
message at once, the serialized presentation mode can be
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invoked and individual words (or other units) are then dis
played one-by-one. For example, the serialized words (or
other units) may be displayed using larger font size than
would otherwise be possible if multiple portions of the mes
sage were displayed together.
Block 702 represents receiving input selecting use of the
serial presentation mode. For example, a mobile or other
device may support multiple output modes, with serial pre
sentation mode selected via a menu, input key, or other device
control. In some embodiments, serial presentation mode can
be selected in response to physics-based input. For instance,
a device may include one or more sensors, such as an accel
erometer, that detects motion of a device. As an example, a
device may be configured to Switch into serial presentation
mode in response to shaking or tapping of the device.
Block 704 represents accessing a serialized data stream. A
serialized data stream can include any communication that
can be broken into units for serial output. For instance, the
serialized data stream may comprise data representing textual
content, Such as an e-mail message, an instant message, or a
short message service (SMS) message. As another example,
the serialized data stream may comprise data representing
content of a web page, word processing document, or another
document.
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Block 706 represents determining units within the data
stream and one or more haptic effects for use in outputting
data. For example, determining units within the data stream
can comprise identifying words, punctuation, and other char
acters (e.g., icons, Smilies) from the syntax of the message—
words may be differentiated based on spaces and/or punctua
tion, for instance. Haptic effects can be determined based on
data included in the message, such as information requesting
output of a particular haptic effect, data mapping message
content to haptic effects, and/or data mapping message activ
ity to particular haptic effects.
As an example, a device may access data mapping particu
lar types of haptic effects to corresponding punctuation
marks. As another example, different words can be mapped to
different types of haptic effects and/or word characteristics
can be used to determine effects to use. For instance, a list of

keywords of interest may be consulted and, if a keyword is
present in a message, the haptic effect(s) associated with the
keyword can be played back when the keyword is displayed.
As another example, different haptic effects may be associ
ated with different grammatical portions of the message. For
instance, a device may determine one or more subjects, verbs,
and objects in a message and play corresponding haptic
effects when the word(s) corresponding to the respective
Subject(s), Verb(s), and object(s) are to be serially output.
Additional embodiments may display some, but not all,
units of a serialized data stream. For example, the syntax or
context of a message may be used to identify unneeded or
undesired content, such as email headers, portions of a pre
vious message quoted in a reply, in order to expedite the
display process.
Block 708 represents displaying one or more individual
units of the data and/or providingahaptic effect or effects. For
example, a word may be displayed while a corresponding
haptic effect is played back. Additionally or alternatively,
haptic effects may be played back before and/or after a word
or other unit is displayed. In some instances, a haptic effect
may be played in place of a word or other unit. For example,
a sharp vibration may be provided instead of displaying an
exclamation point or a slow vibration may be played back
instead of a comma. Punctuation may also be used in deter
mining the timing the display. For instance, a comma, semi
colon, period, or other indicator may introduce delay between
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display of a first word and one or more Subsequent words.
These pauses may be associated with haptic effects in some
instances.

Blocks 710 and 712 represent a loop proceeding through
the serialized data stream. In this example, block 710 repre
sents checking for additional units and block 712 represents
moving to the next unit, which is then used as the basis for
displayed and/or haptic output until no more units remain.
In this example, process 700 proceeds until no units of data
remain. In some embodiments, one or more additional steps
are included to base display of serialized data upon user input.
For example, the method may not proceed to display addi
tional units until or unless input is received, such as haptic
input representing shaking, tapping, or other movement of the
device. In some embodiments, moving the device can be
interpreted as a command to step forward to the next word,
step backward to a previous word, or to pause display of the
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information. For instance, in some embodiments, each time a

character or word is selected at a device, the device provides

an indicator of the selected character?word for the other
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serialized data.

FIGS. 8A and 8B are each a diagram showing illustrative
output of a message using serialized presentation. In this
example, a user has sent a message comprising the text
“That’s Awesome to a user of device 802. As shown in FIG.

8A, device 802 has received the datastream and determined

that the message comprises three textual units: “That's',
“Awesome” and “”. In FIG. 8A, the first unit (“That’s”) has
been displayed. FIG.8B represents display of the second unit
(Awesome’”) along with a graphical illustration 806 of a
haptic effect associated with the exclamation point. In some
embodiments, punctuation, Such as the exclamation point, is
displayed and a haptic effect is provided, although in this
example the haptic effect is provided instead of displaying the
exclamation point.
Different haptic effects can be provided in order to preserve
the overall flow and tone of a message. For example, a series
of haptic effects can be determined based on word order and
context to determine one or more points of emphasis in a
sentence. For instance, if a message indicates an assignment
is due “by 2 pm Friday,” a haptic effect can be triggered when
the due date/time is displayed. As another example, the pho
nemes of the message can be identified and then mapped to
appropriate haptic effects to simulate speech effects. For
instance, sharp haptic effects may be mapped to stressed
syllables, softer haptic effects can be mapped to unstressed
syllables, and/or combinations of haptic effects can be
mapped to phonemes. When a word is displayed, the appro
priate haptic effects can be played back to simulate the syl
lables/phoneme effects.
In Some embodiments, a device may provide haptic effects
based on input or other activity at one or more other devices.
FIG. 9 is a flowchart showing illustrative steps in a method
900 for providing haptic effects while a communications
session is in progress between two or more devices. Block
902 represents beginning the communications session. For
example, two or more devices may connect to one another via
a direct connection using Suitable onboard networking tech
nology and/or via a network. As another example, the devices
may log into a service provider. For purposes of clarity, the
details of setting up and maintaining the underlying connec
tion and relaying messages are not shown, as such details
should be within the abilities of one of ordinary skill in the art.
Block 904 represents determining if the session is over; if
so, the method is complete. However, in this example, while
the session continues, incoming data is evaluated to deter
mine if one or more haptic effects should be played back
based on activity by one or more users involved in the com
munication session. The haptic effect(s) can be provided in
addition to haptic effects associated with receipt of the com
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munication and can, for example, allow users to be aware of
when other users are inputting data.
Block 906 represents determining if any incoming data has
been provided with regard to remote user input or other
remote activity. For example, each user involved in the com
munication session may utilize a client that provides status
data indicating whether the user is typing/inputting a message
or response for the other user(s) of the session. The incoming
data may simply indicate a status (e.g., “typing.” “entered text
but not sent, etc.) that is mapped to a particular haptic effect.
However, the incoming data may comprise more detailed
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user(s) in communication with the device. For example, dif
ferent indicators may be mapped to corresponding haptic
effects for individual letters, punctuation marks, or selection
of entire words. In some embodiments, rather than indicators,
an originating device sends data specifying a haptic effect.
For example, a user typing a message at a device may con
figure the device to send particular haptic effects as different
letters, words, punctuation marks, or other characters are
typed.
Another example of remote activity is playback of haptic
effects while data is output at the remote device. For instance,
the remote device may be operating in a serialized output
mode such as discussed above in conjunction with FIG. 7 or
in another mode in which haptic effects are provided when
words, characters, or other content is displayed. Data indicat
ing this display activity may be provided so that the local
device feels a corresponding haptic effect, Such as an "echo
of the playback of the haptic effect at the remote device.
At block 908, the haptic effects are identified and played
back at the device based on the data from the remote user
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activity. For instance, ifa haptic effect is explicitly identified,
Suitable signals can be generated and used to drive one or
more actuators. If the data regarding the remote input activity
does not specify a haptic effect, then the data can be cross
referenced to haptic effects for playback based on consulting
data in memory mapping remote activity to haptic effects.
Block 910 represents evaluating input and other activity at
the device. If so, then at block 912, data is sent regarding the
user input state. For instance, if a user types a character or a
word, appropriate data identifying that the user is typing
and/or what has been typed can be sent. If a haptic effect is to
be specified, then data identifying the haptic effect can be
sent. Ifhaptic effects are provided in conjunction with output
of content received from remote devices, data indicating play
back of the haptic effect can be provided to the remote
device(s) so that an "echo' or other indicator can be provided
at the remote device(s).
Some embodiments combine aspects of the embodiments
noted above. As an example, a computing system can com
prise an actuator, a display, a sensor, and a processor with
access to a computer-readable medium embodying program
components. The computing system may comprise a mobile
device, a computer, or two or more mobile devices, comput
ers, or other systems in communication with one another.
The program components can include a user interface
module that configures the system to receive input data rep
resenting a series of characters, words, or phrases. The input
data may be received using a dynamic key or text input
interface rendered on the display device, with the dynamic
key or text input interface configured to selectively display an
onscreen keyboard in response to selection of a keyboard
restore control and to hide the keyboard after determining
selection of a single key. The user interface module may also
configure the system to display units of the serialized data
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stream individually and in sequence in response to selection
of a serialized display mode. Selection of the serialized data
mode can be determined based on motion detected by the
sensor—if the computing system comprises a mobile device,
the motion may comprise shaking of the device or a periph
eral.

The program components can include a text engine con
figured to generate a plurality of text entry Suggestions based
on the received input data and determine a confidence level
associated with each text entry suggestion. For example, the
text entry Suggestions may comprise one or more words or
phrases presented in word selection buttons of the dynamic
key/text input interfaces. Additionally or alternatively, the
text entry Suggestions can include automatic or Suggested
corrections of entered text and/or completions of partially
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entered text.

The program components can include a haptic effect mod
ule configured to identify a haptic effect from a plurality of
potential haptic effects based at least in part on the confidence
levels and output at least one haptic signal configured to cause
the actuator to generate the identified haptic effect. For
instance, different haptic effects may be played back when
text entry suggestions are selected or displayed and additional
haptic effects may be played back when a text entry Sugges
tion is used to replace previously-entered (or partially-en
tered) text. Still further haptic effects may be played back
when the keyboard is restored, hidden, or used.
The program components can also include one or more
communication applications such as an email application,
messaging application, browser, or the like that configures the
system to access a serialized data stream and status informa
tion indicating activity by a remote user or data Source. The
application may, for example, indicate when or what a remote
user is typing, viewing, and/or when a haptic effect is pro
vided to the remote user. This information may be used by the
haptic effect module to provide a haptic effect in response to
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the status information.
General Considerations

The use of “adapted to’ or “configured to herein is meant
as open and inclusive language that does not foreclose devices
adapted to or configured to perform additional tasks or steps.
Additionally, the use of “based on is meant to be open and
inclusive, in that a process, step, calculation, or other action
“based on' one or more recited conditions or values may, in
practice, be based on additional conditions or values beyond
those recited. Headings, lists, and numbering included herein
are for ease of explanation only and are not meant to be
limiting.
Embodiments in accordance with aspects of the present
Subject matter can be implemented in digital electronic cir
cuitry, in computer hardware, firmware, software, or in com
binations of the preceding. In one embodiment, a computer
may comprise a processor or processors. The processor com
prises or has access to a computer-readable medium, Such as
a random access memory (RAM) coupled to the processor.
The processor executes computer-executable program
instructions stored in memory, Such as executing one or more
computer programs including a predictive text algorithm or
other input recognition engine.
Such processors may comprise a microprocessor, a digital
signal processor (DSP), an application-specific integrated cir
cuit (ASIC), field programmable gate arrays (FPGAs), and
state machines. Such processors may further comprise pro
grammable electronic devices such as PLCs, programmable
interrupt controllers (PICs), programmable logic devices
(PLDs), programmable read-only memories (PROMs), elec
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tronically programmable read-only memories (EPROMs or
EEPROMs), or other similar devices.
Such processors may comprise, or may be in communica
tion with, media, for example tangible computer-readable
media, that may store instructions that, when executed by the
processor, can cause the processor to perform the steps
described herein as carried out, or assisted, by a processor.
Embodiments of computer-readable media may comprise,
but are not limited to, ail electronic, optical, magnetic, or
other storage or transmission device capable of providing a
processor, such as the processor in a web server, with com
puter-readable instructions. Other examples of media com
prise, but are not limited to, a floppy disk, CD-ROM, mag
netic disk, memory chip, ROM, RAM, ASIC, configured
processor, all optical media, all magnetic tape or other mag
netic media, or any other medium from which a computer
processor can read. Also, various other devices may include
computer-readable media, Such as a router, private or public
network, or other transmission device. The processor, and the
processing, described may be in one or more structures, and
may be dispersed through one or more structures. The pro
cessor may comprise code for carrying out one or more of the
methods (or parts of methods) described herein.
Some embodiments may be computationally-intensive.
The problem of ensuring adequate performance of a compu
tationally-intensive application is conventionally addressed
in a number of ways, such as by utilizing more powerful
processors and larger memories. Other approaches for
addressing these needs include allocating some processing
tasks at a device while relying on a server for other tasks. For
example, a mobile device may handle processing tasks for
generating a user interface and receiving input but provide
calls to a text engine at a remote server or other device acces
sible over a network connection. As another example, the
remote server or other device may be used to determine
appropriate haptic effects.
While the present subject matter has been described in
detail with respect to specific embodiments thereof, it will be
appreciated that those skilled in the art, upon attaining an
understanding of the foregoing may readily produce alter
ations to, variations of and equivalents to Such embodiments.
Accordingly, it should be understood that the present disclo
Sure has been presented for purposes of example rather than
limitation, and does not preclude inclusion of such modifica
tions, variations and/or additions to the present Subject matter
as would be readily apparent to one of ordinary skill in the art.
What is claimed:
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1. A method, comprising:
receiving, at a computing device, input data representing a
series of input selections, the input selections compris
ing characters, words, or phrases;
ascertaining, by the computing device, at least one text
entry Suggestion generated based on the received input
data;

determining, by the computing device, a confidence level
associated with each text entry Suggestion;
identifying, by the computing device, a haptic effect from
a plurality of potential haptic effects based at least in part
60

65

on the confidence level; and

outputting, by the computing device, at least one haptic
signal configured to cause an actuator to generate the
identified haptic effect.
2. The method set forth in claim 1, wherein the text entry
Suggestion comprises at least one of a completion suggestion
based on the received input data or a correction suggestion
based on the received input data.

US 9,317,116 B2
19
3. The method set forth in claim 1, wherein the confidence

level is based on a probability value and identifying com
prises:
identifying the haptic effect from a function correlating
probability values to the plurality of potential haptic

5

effects.

4. The method set forth in claim 1, further comprising:
providing an interface, the interface configured to presenta
plurality of text entry Suggestions and receive a selection
of one of the plurality of text entry suggestions; and
wherein identifying the haptic effect comprises identifying
the haptic effect associated with the selected one of the
plurality of text entry Suggestions.
5. The method set forth in claim 1,

wherein generating comprises generating a plurality of text
entry Suggestions:
wherein determining comprises determining a confidence
level associated with each of the text entry suggestions;
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and

wherein identifying comprises identifying a haptic effect
for each of the text entry Suggestions.
6. The method set forth in claim 5, further comprising
providing a display signal to display each of the text entry
Suggestions in sequence, wherein outputting at least one hap
tic signal comprises outputting a signal to generate the haptic
effect corresponding to each text entry suggestion while the
text entry suggestion is displayed.
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7. The method set forth in claim 1,

wherein generating comprises generating a plurality of text
entry Suggestions:
wherein determining comprises determining a confidence
level associated with each of the text entry suggestions;
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cation with one another.

16. A tangible non-transitory computer-readable medium
embodying program code executable by a computing system,
the program code comprising:
program code for receiving serialized input;
program code for generating an entry Suggestion to replace
a unit of the serialized input based on the received input
program code for determining a confidence level associ
ated with the entry Suggestion; and
program code for identifying a haptic effect from a plural
ity of potential haptic effects based at least in part on the
confidence level.
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and

a haptic effect module configured to identify a haptic effect
from a plurality of potential haptic effects based at least
in part on the confidence level and output at least one
haptic signal configured to cause the actuator to generate
the identified haptic effect.
10. The system set forth in claim 9, wherein the confidence
level is based on a probability value and the haptic effect
module is configured to identify the haptic effect from a
function correlating probability values to the plurality of
potential haptic effects.
11. The system set forth in claim 9, further comprising a
display,
wherein the user interface module is configured to present
a plurality of text entry Suggestions on the display and to
receive a selection of one of the plurality of text entry
Suggestions; and

and

identifying comprises identifying a single haptic effect
based on evaluating the confidence levels of the text
entry Suggestions in aggregate.
13. The system set forth in claim 9.
wherein the haptic effect module is configured to output the
at least one haptic signal after the user interface module
has received selection of a text entry suggestion for use
as an input value.
14. The system set forth in claim 9, wherein the processor,
actuator, and computer-readable medium are comprised in a
system comprising at least one of a mobile telephone, per
Sonal digital assistant, or a computer.
15. The system set forth in claim 9, wherein the processor
and actuator are comprised in separate devices in communi

data;

and

wherein identifying comprises identifying a single haptic
effect based on evaluating the confidence levels of the
text entry Suggestions in aggregate.
8. The method set forth in claim 1, further comprising
receiving input selecting the text entry Suggestion for use as
an input value;
wherein outputting occurs after the text entry suggestion
has been selected for use as an input value.
9. A system comprising a processor with access to a com
puter-readable medium embodying program components and
an actuator, the program components comprising:
a user interface module configured to receive input data
representing a series of characters, words, or phrases;
a text engine configured to generate a text entry suggestion
based on the received input data and determine a confi
dence level associated with the text entry Suggestion;
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wherein the haptic effect module is configured to identify
the haptic effect associated with the selected one of the
plurality of text entry Suggestions.
12. The system set forth in claim 9.
wherein generating comprises generating a plurality of text
entry Suggestions:
wherein determining comprises determining a confidence
level associated with each of the text entry suggestions;
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17. The computer-readable medium set forth in claim 16,
wherein the serialized input comprises input data represent
ing a series of characters, words, or phrases and the entry
Suggestion comprises a text entry Suggestion.
18. The computer readable medium set forth in claim 17,
further comprising program code for causing the computing
system to output at least one haptic signal configured to cause
an actuator to generate the identified haptic effect.
19. The computer-readable medium set forth in claim 18,
wherein the confidence level comprises a probability value
and identifying comprises identifying the haptic effect from a
function correlating probability values to the plurality of
potential haptic effects.
20. The computer-readable medium set forth in claim 18,
further comprising program code for providing an interface,
the interface configured to present a plurality of text entry
Suggestions and receive a selection of one of the plurality of
text entry Suggestions,
wherein identifying the haptic effect comprises identifying
the haptic effect associated with the selected one of the
plurality of text entry Suggestions.
21. The computer-readable medium set forth in claim 18,
wherein generating comprises generating a plurality of text
entry Suggestions:
wherein determining comprises determining a confidence
level associated with each of the text entry suggestions;
and

wherein identifying comprises identifying a haptic effect
for each of the text entry suggestions.
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22. The computer-readable medium set forth in claim 18,
wherein generating comprises generating a plurality of text
entry Suggestions:
wherein determining comprises determining a confidence
level associated with each of the text entry suggestions;
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and

wherein identifying comprises identifying a single haptic
effect based on evaluating the confidence levels of the
text entry Suggestions in aggregate.
23. The computer-readable medium set forth in claim 18,
further comprising program code for receiving input select
ing the text entry Suggestion for use as an input value, wherein
outputting occurs after the text entry Suggestion has been
selected for use as an input value.
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