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(57) Abstract: A user edits text in a draft document
by providing input including left and right "anchor"
text and replacement text. In response, a document
editing system identifies an instance of the left anchor
text followed by the right anchor text in the draft doc-
ument, and replaces text between these instances with
the replacement text specified by the user. For exam-
ple, the user may type a string containing the left an-
chor text followed by the replacement text followed by
the right anchor text, in response to which the system

may perform the replacement just described. As a re-
sult, the user may specify both the location of, and a
correction for, text in the draft document without us-
ing cursor keys or other navigation commands to nav-
igate to the location of the text to be corrected, thereby
increasing correction efficiency by avoiding the delay
associated with such manual navigation.
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Document Editing Using Anchors

BACKGROUND

Field of the Invention

[0001] The present invention relates to editing
documents and, more particularly, to correcting errors in
draft documents produced using an automatic document

transcription system.

Related Art

[0002] It is desirable in many contexts to generate a
structured textual document based on human speech. In the
legal profession, for example, transcriptionists transcribe
testimony given in court proceedings and in depositions to
produce a written transcript of the testimony. Similarly, in
the medical profession, transcripts are produced of diagnoses,
prognoses, prescriptions, and other information dictated by
doctors and other medical professionals. Transcripts in these
and other fields typically need to be highly accurate (as
measured in terms of the degree of correspondence between the
semantic content (meaning) of the original speech and the
semantic content of the resulting transcript) because of the
reliance placed on the resulting transcripts and the harm that
could result from an inaccuracy (such as providing an
incorrect prescription drug to a patient). It may be
difficult to produce an initial transcript that is highly
accurate for a variety of reasons.

[0003] The first draft of a transcript, whether
produced by a human transcriptionist or an automated speech
recognition system, may therefore include a variety of errors.
Typically it is necessary to proofread and edit such draft

documents to correct the errors contained therein. Such error
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correction is typically performed by human proofreaders and
can be tedious, time-consuming, costly, and itself error-
prone. What is needed, therefore, are improved techniques for

correcting errors in draft documents.

SUMMARY

[0004] A user edits text in a draft document by
providing input including left and right “anchor” text and
replacement text. In response, a document editing system
identifies an instance of the left anchor text followed by the
right anchor text in the draft document, and replaces text
between these instances with the replacement text specified by
the user. For example, the user may type a string containing
the left anchor text followed by the replacement text followed
by the right anchor text, in response to which the system may
perform the replacement just described. As a result, the user
may specify both the location of, and a correction for, text
in the draft document without using cursor keys or other
navigation commands to navigate to the location of the text to
be corrected, thereby increasing correction efficiency by
avoiding the delay associated with such manual navigation.

[0005] For example, one embodiment of the present
invention is directed to s computer-implemented method
comprising: (A) identifying first anchor text, second anchor
text, and replacement text; (B) determining whether a document
contains an instance of the first anchor text and an instance
of the second anchor text at a position in the document after
the first anchor text; and (C) if it is determined that the
document contains an instance of the first anchor text and an
instance of the second anchor text at a position in the
document after the first anchor text, then replacing text in
the document between the instance of the first anchor text and
the instance of the second anchor text with the replacement

text.
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[0006] Other features and advantages of various
aspects and embodiments of the present invention will become

apparent from the following description and from the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] FIG. 1 is a dataflow diagram of a system for
editing a draft transcript according to one embodiment of the
present invention;

[0008] FIGS. 2A-2C are flowcharts of document editing
methods performed by the system of FIG. 1 according to various
embodiments of the present invention; and

[0009] FIGS. 3A-3B are illustrations of graphical user
interfaces used by the document editing system of FIG. 1

according to various embodiments of the present invention.

DETAILED DESCRIPTION

[0010] A user edits text in a draft document by
providing input including left and right “anchor” text and
replacement text. In response, a document editing system
identifies an instance of the left anchor text followed by the
right anchor text in the draft document, and replaces text
between these instances with the replacement text specified by
the user. For example, the user may type a string containing
the left anchor text followed by the replacement text followed
by the right anchor text, in response to which the system may
perform the replacement just described. As a result, the user
may specify both the location of, and a correction for, text
in the draft document without using cursor keys or other
navigation commands to navigate to the location of the text to
be corrected, thereby increasing correction efficiency by

avoiding the delay associated with such manual navigation.
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[0011] For example, referring to FIG. 1, a dataflow
diagram is shown of a system 100 for editing a draft
transcript 106 according to one embodiment of the present
invention. Referring to FIG. 2A, a flowchart is shown of a
method 200 performed by the system 100 of FIG. 1 according to
one embodiment of the present invention. A transcription
system 104 transcribes a spoken audio stream 102 to produce a
draft transcript 106 (step 202). The spoken audio stream 102
may, for example, be dictation by a doctor describing a
patient visit. The spoken audio stream 102 may take any form.
For example, it may be a live audio stream received directly
or indirectly (such as over a telephone or IP connection), or
an audio stream recorded on any medium and in any format.

[0012] The transcription system 104 may produce the
draft transcript 106 using a human transcriptionist, an
automated speech recognizer, or any combination thereof. The
draft transcript 106 may, for example, be either a literal
(verbatim) transcript or a non-literal transcript of the
spoken audio stream 102. Furthermore, although the draft
transcript 106 may be a plain text document, the draft
transcript 106 may also, for example, be a structured
document, such as an XML document which delineates document
sections and other kinds of document structure.

[0013] A user 150 uses a document editing system 108
to edit the draft transcript 106 and thereby to produce a
modified (edited) version 130 of the draft transcript 106.
For example, the user 150 may edit the draft transcript 106 to
correct errors in the transcription process performed by the
transcription system 104. The user 150 may, however, perform
editing for other purposes, such as to clarify the meaning of
text in the draft transcript 106 even when the original text
produced by the transcription system 104 accurately
represented the corresponding speech in the spoken audio

stream 102. Therefore, although the following description may
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refer to “error correction” being performed by the user 150,
more generally the user 150 may perform any kind of editing on
the draft transcript 106.

[0014] Referring to FIG. 3A, an illustration is shown
of a first state 300a of a graphical user interface that is
used by the editing system 108 to interact with the user 150
according to one embodiment of the present invention. The
graphical user interface includes a frame 302 which displays a
portion of text 314 in the draft transcript 106, in the manner
similar to that used by a conventional word processor or other
text editor. The document editing system 108 may play back
the spoken audio stream 102 to the user 150 to enable the user
150 to determine whether the text 314 accurately represents
the speech in the spoken audio stream 102. The editing system
108 may maintain the state of an audio cursor position 110
(FIG. 1), which represents the location in the spoken audio
stream 102 that is currently being played back to the user
150. The document editing system 108 may provide a wvisual
indication of the current audio cursor position 110 by
highlighting the portion of the text 314 that corresponds to
the audio cursor position 110. 1In FIG. 3A, the word
“complaining” 324 is highlighted, indicating that in the state
300a of the graphical user interface illustrated in FIG. 33,
the audio cursor position 110 corresponds to speech in the
spoken audio stream 102 that was transcribed as the word
“complaining” 324 in the draft transcript 106. The document
editing system 108 may dynamically update the visual
indication of the audio cursor position 110 (e.g., the
highlighted text) as the spoken audio stream 102 is played
back, to enable the user 150 to visually track the text
corresponding to the audio stream 102 as it is played back.

[0015] The editing system 108 may also maintain a
state of a text cursor position 112, which indicates the

position in the text 314 (and hence in the draft transcript
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106) at which the next editing command (e.g.,
addition/deletion of text) will be applied. In the state 300a
illustrated in FIG. 3A, the text cursor position 112 is
visually indicated by a vertical line 326 between the words
“history” and “of.” ©Note that the text cursor position 112
and audio cursor position 110 may change independently of each
other. For example, the user 150 may type text at the text
cursor position 112 (e.g., at line 326) while the audio cursor
position 110 continues to follow the playback of the spoken
audio stream 102.

[0016] In the example state 300a shown in FIG. 3A, the
draft transcript 106 includes an error, namely that the speech
“than known history” in the spoken audio stream 102 was
incorrectly transcribed as the text 316 “than no history,”
which includes individual words “than” 318, “no” 320, and
“history” 322. To correct such an error using a conventional
document editing system, the user 150 would typically move the
text cursor 326 to the location of the incorrect word 320
manually, such as by using various arrow keys. This might
require the user 150 to perform a significant amount of
navigation. For example, conventional transcription editing
systems may allow the text cursor 326 to be configured to
follow the audio cursor 324 automatically in a so-called
“piggy-back” mode. For example, the editing system 108 may
allow the user 150 to issue commands which cause the system
108 to enter/exit the piggy-back mode. If the system 108 is
in piggy-back mode and the user 150 did not notice the
incorrect word 320 until the audio cursor 324 and piggy-backed
text cursor 326 had reached the word “complaining,” the user

150 would need to manually reposition the text cursor 326 to

W ”

the incorrect word “no” 320 before manually correcting it.
This might require entering several cursor navigation

commands, which is often time-consuming, simply to reach the
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incorrect word 320, before manually deleting the incorrect
word 320 and typing its replacement.

[0017] Furthermore, using the cursor keys or otherwise
issuing text cursor navigation commands typically causes the
system 108 to exit piggy-back mode. Therefore, if the user
150 of a conventional editing system 150 uses such manual
navigation commands to move the text cursor 326 to the
location of the text to be edited and then edits that text,
the audio cursor position 110 will continue to move forward as
the spoken audio stream 102 continues to play back, while the
text cursor position 112 remains behind at the editing
location. To “catch up” with the audio cursor position 110
the user 150 must then either re-enter piggy-back mode by
manually issuing an “enter piggy-back mode” command (e.g., by
hitting a predetermined “enter piggy-back mode” key
combination), or visually identify the location in the text
314 corresponding to the current audio cursor position 110 and
then manually move the text cursor position 112 so that it is
at the same position as the audio cursor position 110. Either
of these options is tedious and time-consuming, and may result
in the user 150 losing track of the spoken audio stream 102
and/or corresponding text, thereby requiring the user 150 to
manually rewind the spoken audio stream 102 to ensure
accuracy, thereby introducing additional delay into the
editing process.

[0018] In contrast, in the embodiment shown in FIGS.
1-3, the user 150 may edit the incorrect word 320 without
issuing cursor navigation commands, and instead by providing
text replacement input 152 to the document editing system 108
(FIG. 2A, step 204). The replacement input 152 may, for
example, include left “anchor” text 154 (step 2006),
replacement text 156 (step 208), and right “anchor” text 158
(step 210).
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[0019] For example, in the example shown in FIG. 33,
the graphical user interface includes a replacement input
field 304 into which the user 150 may type the replacement
input 152. The user 150 may activate the replacement input
field 304 to receive input by, for example, typing a
predetermined key or key combination. Alternatively, for
example, the user 150 may activate the replacement input field
304 for input by positioning a mouse cursor (not shown) within
the field 304 and clicking a mouse button. As yet another
example, the system 108 may enter a “anchor replacement” mode
by default, or in response to a command from the user 150,
during which any text typed by the user 150 may be entered
into the replacement input field 304. These are merely
examples of ways in which the user 150 may enter the
replacement input 152 into the replacement input field 304.
Once the field 304 is activated, the user 150 may provide the
replacement input 152 by typing the replacement input 152 in
the field 304.

[0020] In the example shown in FIG. 3A, the user 150
has typed “than known history” 306 as the replacement input
152, in which the left anchor text 154 is the word “than” 308,
the replacement text 156 is the word “known” 310, and the
right anchor text 158 is the word “history” 312. This
indicates that the user 150 desires to locate “than” followed
by “history” in the draft transcript 106, and to replace the
text between those words with the word “known.” The words
“than” and “history” are referred to as “anchors” because they
fix the location of the text to be replaced.

[0021] In general, the document editing system 108
uses the replacement input 152 to correct the incorrect word
320 by using an anchor search module 114 to identify an
instance of the left anchor text 154 (e.g., “than” 308)
followed by the right anchor text 158 (e.g., “history” 312) in
the draft transcript 106 (step 212). Note that some amount of
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text may be between instances of the left anchor text 154 and
the right anchor text 158 in the draft transcript 106. The
anchor search module 114 may also identify text 124 (e.g., the

W

word “no” 320) between the identified instances of the anchors
(step 214). The search module 114 may store the positions of
the left anchor instance, right anchor instance, and text to
be replaced in state 116, 118, and 120, respectively. The
document editing system 108 may then use a replacement module
122 to replace the identified text 124 with the replacement
text 156 (e.g., the word “known” 310) in the document 106
(step 216).

[0022] The result of performing this replacement in
the case of FIG. 3A is shown in the updated state 300b of the
graphical user interface in FIG. 3B, in which the original

W

(incorrect) word “no” 320 has been replaced with the

W

replacement text “known” 328, and in which the word “no” 320
is shown in strikethrough 330 to indicate that it has been
deleted. Note that in this example the user 150 has replaced

”

the word “no” with “known” simply by typing the replacement
input 306, rather than by manually moving the text cursor 326
to the location of the word to be replaced 124 using arrow
keys or other cursor navigation commands. The document
editing system 108 enables the user 150 to edit the draft
transcript 106 in this way by performing two steps in response
to the user 150 providing the replacement input 152: (1)
locating the text 124 to be replaced, and (2) replacing that
text 124 with the replacement text 156 specified by the user
150.

[0023] The editing system 108 may be configured to re-
enter piggy-back mode automatically after the replacement has
been performed so that the user 150 may continue proofreading
the draft transcript 106 at the current audio cursor position

110 without any delay. Furthermore, the contents of the

replacement field 304 may be cleared automatically after the
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replacement has been performed so that the user 150 may enter
another replacement input into the field 304 without having to
clear the contents of the field 304 manually.

[0024] Referring to FIG. 2B, a flowchart is shown of
another method 220 that may be used to edit the draft
transcript 106 according to one embodiment of the present
invention. Like the method 200 shown in FIG. 224, the method
220 transcribes the spoken audio stream 102 to produce the
draft transcript 106 (step 202) and receives the replacement
input 152 from the user 150 (step 204).

[0025] The search module 114 then initializes a
location 126 within the draft transcript 106 at which to begin
searching for instances of the anchors 154 and 158 (step 222).
For example, the search location 126 may be initialized to be
the beginning of the draft transcript 106, the current text
cursor position 112, or the position of the text in the
document 106 corresponding to the current audio cursor
position 110. The search module 114 may be configurable by
the user 150 to initialize the search location 126 in any of
these or other ways.

[0026] The search module 114 searches for an instance
of the left anchor text 154 followed by the right anchor text
158 in the document 106, beginning at the current search
location 126. If the search module 114 finds an instance of
the pair of anchors 154 and 158 (step 224), the search module
114 may update the left and right anchor positions 116 and 118
to reflect the positions of the currently-found left and right
anchor positions, resgpectively, and the replacement module 122
may prompt the user 150 to confirm that the text between the
anchors 154 and 158 (e.g., the word “no” 320 in FIG. 3A)
should be replaced with the replacement text 156 (e.g., the
word “known” 310) (step 226). The replacement module 122 may
prompt the user 150 in any of a variety of ways. For example,

the replacement module 122 may highlight the current

_10_
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combination of left anchor text 154, text to be replaced 124,
and right anchor text 158 in the display of the draft document
106, as illustrated by highlighted text 316 in FIG. 3A.
Different formatting may be used to distinguish the instances
of the anchors 154 and 158 from the instance of the
replacement text 156. For example, the anchor instances 318
and 322 may be highlighted in a color (such as green), the
replacement text instance 328 (FIG. 3B) may be highlighted in
the same or a different color and underlined, and the replaced
(deleted) text 330 may be highlighted in the same or a
different color and displayed in strikethrough text.

[0027] If the search module 114 finds only a partial
match for an anchor, such as matching the anchor “an” to the
middle of a word (e.g., “stand”) rather than to an entire word
or the end of a word, the search module 114 may highlight the
partial matching instance in a different color (e.g., yellow)
than the color (e.g., green) used to indicate full matches.

If the search module 114 does not find any instances of an
anchor in the draft transcript 106, the search module 114 may
display that anchor in a different color (e.g., red) in the
replacement field 304 to indicate to the user 150 that the
search has failed.

[0028] Furthermore, although in certain examples
disclosed herein, the search module 114 matches the left
anchor text 154 to suffixes of words in the draft transcript
106, this is merely an example and does not constitute a
limitation of the present invention. For example, the search
module 114 may match the left anchor text 154 to prefixes of
words in the draft transcript 106. For example, the user 150
may provide the text “th” as the left anchor text 154 to match
the word “than” 318. As a result, typing “th know h” in the
replacement field 304 may match the text 316 “than no

history.” ©Note that this is an example where the replacement
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input 306 (“th known h”) does not correspond to consecutive
characters in the draft transcript 106.

[0029] It may be beneficial to allow the user 150 to
provide prefixes as left anchors because it may be easier for
the user 150 to quickly remember and type the beginnings of
words rather than the endings of words. More generally, the
system 108 may allow the user 150 to provide prefixes,
suffixes, or any other kinds of substrings as the left anchor
text 154 and/or right anchor text 156.

[0030] The user 150 provides confirmation input 160 to
the document editing system 108 to indicate whether the user
150 wishes to perform the replacement. For example, the user
150 may hit the ENTER key to provide confirmation input 160
indicating that the replacement should be performed, and hit
the ESCAPE key to indicate that the replacement should not be
performed. If the user 150 confirms that the replacement
should be performed (step 228), the replacement module 122
performs the replacement in the manner described above (step
230) .

[0031] After the user 150 confirms or disconfirms the
replacement, the anchor search module 114 updates the current
search location 126 by advancing it to the position just after
the current instance of the right anchor in the document 106
(step 232). The method 220 then returns to step 224, where it
repeats for any remaining instances of the left and right
anchors 154 and 158 in the draft document 108.

[0032] Note that the replacement module 122 may
provide the user 150 with a preview of the effects of
performing the replacement. For example, as the user 150
provides the replacement input 152 (e.g., types the
replacement text 306), the replacement module 122 may show the
replaced (deleted) text 330 in strikethrough and the
replacement text 328 highlighted and underlined, as shown in

FIG. 3B, even before the user 150 confirms that the
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replacement should be performed. If the user 150 indicates
that the replacement should not be performed, the replacement
module 122 may revert the displayed text 314 to its original
form (e.g., that shown in FIG. 3A). Providing this kind of
preview may increase the speed and accuracy with which the
user 150 may deciding whether to confirm the replacement.

[0033] To further increase the efficiency of editing,
the anchor search module 114 need not wait until after the
user 150 has finished providing the replacement input 152
before searching for instances of the left anchor 154 and
right anchor 158. Instead, for example, the search module 114
may search for the anchors 154 and 158 while the user 150
provides the replacement input 152, and provide dynamically-
updated feedback about the results of that search to the user
150 while the user 150 provides the replacement input 152, as
illustrated by the method 240 shown in FIG. 2C. As with the
methods 200 and 220 of FIGS. 2A and 2B, respectively, the
method 240 of FIG. 2C begins by transcribing the spoken audio
stream 102 to produce the draft transcript 106.

[0034] Consider again the example shown in FIG. 3A.
When the user 150 begins typing the replacement text 306, the
search module 114 may consider the substring at the beginning
of the replacement text 306 (step 242) to be the beginning of
the left anchor text 154 (step 244), and begin searching for
an instance of the left anchor text 154 based on the
characters the user 150 has typed so far (step 246). For
example, when the user 150 types the character “t”, the search
module 114 may search for the first instance of the character
“t” in the draft transcript 106 and highlight that instance in
the displayed text 314 (step 248). As the user 150 continues
to type “th”, the search module 114 may update its search to
search for the first instance of the text “th” in the draft
transcript 106 and highlight that instance in the displayed

text 314. The search module 114 may continue in this manner

_13_
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until the user 150 types a space, punctuation mark, or other
non-alphanumeric character (step 250), at which point the
search module 114 may consider the user’s input of the left
anchor text 154 to be complete, and begin treating the next
characters typed by the user 150 as the beginning of the
replacement text 156 (step 252).

[0035] The search module 114 need not search for an
instance of the replacement text 156 as it is typed by the
user 150. Instead, the search module 114 may simply highlight
whatever text (e.g., the text “no” 320 in FIG. 3A) immediately
follows the currently-highlighted instance of the left anchor
text 154 (e.g., the text “than” 318) (step 254). The search
module 114 may continue in this manner until the user 150
types another space, punctuation mark, or other non-
alphanumeric character, at which point the search module 114
may consider the user’s input of the replacement text 156 to
be complete (step 256), and begin treating the next substring
(e.g., word or partial word) typed by the user 150 as the
beginning of the right anchor text (step 258).

[0036] As the user 150 types the right anchor text
158, the search module 114 may search for the right anchor
text 158 within some predetermined distance 128 (measured, for
example, in characters or words) after the left anchor text
154 in the draft transcript 106 (step 260). For example, if
the current instance of the left anchor text 154 is the word
“than” 318, as shown in FIG. 3A, then when the user 150 types
the letter “h” of “history” 312, the search module 114 may
search for an instance of the letter “h” occurring after the
work “than” 318 by no more than the number of characters or
words specified by the maximum search distance 128. In the
example illustrated in FIG. 3A, such an instance would be
found and the search module 114 would highlight the letter “h”

in “history” 322 (step 262). The search module 114 may
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continue to update its search as the user 150 continues typing
the right anchor text 158 (e.g., the word “history” 322).
[0037] As the examples herein illustrate, the
rightmost (final) word (or partial word or other distinct
substring) currently typed in the replacement field 304 may be
treated as the right anchor specified by the user 150. As a
result, the search module 114 may first treat a particular
word as a right anchor, and then treat that word as
replacement text if the user 150 types an additional word,

which then becomes treated as the right anchor, and so on.

[0038] Note that the maximum search distance 128 is
optional. Furthermore, there may be multiple search
distances. For example, one search distance (e.g., five

words) may be applied to words, while another distance (e.g.,
zero words) may be applied to punctuation marks.

[0039] As the description above illustrates, although
the particular anchors 308 and 312 shown in FIGS. 3A and 3B
are complete words, this is not a requirement of the present
invention. Rather, an anchor may be a part of a word.

[0040] It is possible that the search module 114 may
identify an instance of the left anchor text 154 and/or the
right anchor text 158 that differs from the instance intended
by the user 150. For example, the user 150 may provide the
replacement input “an known hist” in an attempt to target the

(4

text “than no history,” in response to which the search module
114 may instead match the text “fan of history” if such text
exists in the draft transcript 106. To account for such a
possibility, the editing system 108 may allow the user 150 to
provide anchor movement commands 162 for manually moving to
the next or previous anchor in the document 106. For example,
the system 108 may assign the ALT-LEFT ARROW and ALT-RIGHT

ARROW keys to the functions of moving to the previous and next

instances of the left anchor text 154, regpectively.
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[0041] Similarly, the system 108 may assign the SHIFT-
ALT-LEFT ARROW and SHIFT-ALT-RIGHT ARROW keys to the functions
of moving to the previous and next instances of the right
anchor text 158, respectively. Note that the search module
114 may begin searching at the position 116 of the current
instance of the left anchor text 154 for the next instance of
the right anchor text 158 in response to the user’s command.
If no such instance of the right anchor text 158 is found,
then the rightmost word typed in the replacement field 304 may
be treated as a word to be inserted to the right of the
current instance of the left anchor text 154, rather than as
right anchor text.

[0042] Anchors may be used to edit the draft
transcript in a variety of other ways. For example, if the
search module 114 finds an instance of the left anchor 154 but
does not find an instance of the right anchor 158 within the
maximum search distance 128 of the instance of the left anchor
154, then the replacement module 122 may insert the
replacement text 156 in the draft transcript 106 at the
position immediately following the instance of the left anchor
154 rather than replacing the text following the left anchor
154 with the replacement text. In this case, all words to the
right of the left anchor text 154 in the replacement input 152
(e.g., the words “known history” in the input 306 shown in
FIG. 3A), including the potential right anchor for which no
match was found (e.g., the word “history” 312), may be treated
as the replacement text 156 and therefore be inserted into the
document 106 after the instance of the left anchor 154.

[0043] As another example, the user 150 may replace a
punctuation mark by typing a left anchor followed by single
punctuation symbol, and without typing a right anchor, such as
“hello,”. 1In response, the document editing system 108 may
search for an instance of the left anchor 154 followed by any

punctuation and, if such a combination is found, replace the
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found punctuation with the punctuation typed by the user 150.

(4

For example, the replacement input 152 “hello,” would result
in the text “hello.” being replaced with “hello,”.

[0044] Alternatively, for example, if the user 150
types a left anchor followed by a single punctuation symbol,
and without typing a right anchor, such as “hello,” then the
document editing system 108 may treat the word (“hello”) as a
left anchor and the punctuation mark (%,”) as a right anchor.
As described above, if the anchor search module 114 finds the
text “hello.” not followed by a comma, the replacement module
122 will treat the comma as replacement text, thereby

”

replacing “hello.” with “hello,. After performing this
replacement, the document editing system 108 may apply text
formatting rules to the document 106, such as a rule which
deletes all punctuation symbols that immediately follow
another punctuation symbol. This would result in replacing
“*hello,.” with “hello,” thereby effectively providing another
way to replace the original text “hello.” with the text
“hello, .” but without the need to apply special rules to
search for and replace punctuation. Rather, the general rules
that apply to a left anchor followed by a single word may also
be applied to a left anchor followed immediately by a
punctuation mark.

[0045] Eliminating extra punctuation is merely one
example of a post-replacement action that may be performed on
the draft transcript 106. Other examples include enforcing
use of a single space between words and two spaces after
periods, and auto-capitalization of words at the beginning of
sentences and of other kinds of words (such as the word “I”).

[0046] Similarly, if the user 150 provides replacement
input 152 consisting of a punctuation mark and then hits the
DELETE key or otherwise issues a delete command, then the
editing system 108 may search for an instance of the

punctuation mark and delete that punctuation mark. For
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example, if the user 150 types a period, the document editing
system 108 may treat the period as a left anchor and search
for the next instance of a period in the document 106. The
user 150 may then delete the period by hitting the DELETE key
or otherwise issuing a delete command.

[0047] The editing system 108 may provide a variety of
commands to facilitate navigating through the draft transcript
106. Such commands may be issued in any of a variety of ways,
such as by using keyboard shortcuts. For example, the editing
system 108 may provide a command for rewinding the spoken
audio stream 102 to the location immediately following the
most-recently replaced text. Such a command may be useful if
the user 150 loses track of the spoken audio stream 102 while
performing a replacement, since it provides a quick way for
the user 150 to resume proofreading at the point immediately
following that replacement.

[0048] If the user 150 solely types a left anchor in
the replacement field 304 (i.e., without typing any
replacement text or a right anchor) and then hits ENTER or
issues an equivalent command, the editing system 108 may move
the text cursor position 112 to the next occurrence of the
specified left anchor in the draft transcript 106. This
provides a gquick way for the user 150 to jump to text in the
document 106 without using the cursor keys or other navigation
commands.

[0049] Similarly, if the user 150 solely types a left
anchor in the replacement field 304 (i.e., without typing any
replacement text or a right anchor) and then hits DELETE or
issues an equivalent command, the editing system 108 may
delete the next occurrence of the left anchor in the draft
transcript 106. This provides a quick way for the user 150 to
delete the next occurrence of the specified left anchor in the

document 106 without using the cursor keys or other navigation
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commands to navigate to that occurrence and then manually
delete it.

[0050] If the user 150 hits a cursor key, the ESCAPE
key, or other predetermined key, the editing system 108 may
leave piggyback mode. This provides the user 150 with a quick
way to leave piggyback mode in the event that the user 150
wishes to navigate through the document 106 manually, without
being tied to the audio cursor position 110.

[0051] In general, these and other embodiments of the
present invention enable the user 150 to edit the document 106
with minimal use of the cursor arrow keys and other manual
text cursor navigation commands, thereby reducing the amount
of input that the user 150 must provide and increasing overall
editing efficiency in comparison to conventional techniques.
Although such an approach may not be more efficient in all
circumstances and/or for all users, the user 150 always has
the option of leaving anchor editing mode and using
conventional technigues to edit the draft document 106. As a
result, individual users may use any combination of
conventional editing techniques and the editing techniques
disclosed herein to edit the document 106 in the manner that
is most efficient for them.

[0052] Although in certain embodiments described
herein the draft transcript 106 is produced by transcribing
speech, this is not a requirement of the present invention.
Rather, the techniques disclosed herein may be applied to any
document, whether or not that document was produced by
transcribing speech. For example, the techniques disclosed
herein may be applied to documents that are written without
reference to speech. The document transcript 106, therefore,
need not be a “transcript,” but more generally may be any kind
of document.

[0053] It is to be understood that although the

invention has been described above in terms of particular

_19_
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embodiments, the foregoing embodiments are provided as
illustrative only, and do not limit or define the scope of the
invention. Various other embodiments, including but not
limited to the following, are also within the scope of the
claims. For example, elements and components described herein
may be further divided into additional components or joined
together to form fewer components for performing the same
functions. For example, elements of the various methods of
FIGS. 2A-2B may be combined with each other.

[0100] The invention is not limited to any of the
described fields (such as medical and legal reports), but
generally applies to any kind of structured documents.
Furthermore, the various documents used by embodiments of the
present invention (such as the draft transcript 106, the
edited transcript 110, and the edited document 624) may be
represented in any machine-readable form. Such forms include
plain text documents and structured documents represented in
markup languages such as XML. Such documents may be stored in
any computer-readable medium and transmitted using any kind of
communications channel and protocol.

[0101] The technigques disclosed herein may be used to
perform actions other than error detection and correction.

For example, the techniques disclosed herein may be applied to
draft documents produced by automatic transcription systems.
Such systems include an automatic speech recognizer that

W

associates with each word a “confidence measure” indicating
the likelihood that the word has been recognized correctly.
When the techniques disclosed herein are applied to a draft
document having such confidence measure annotations, the
system may lower the confidence measure of any content that is
identified as a likely error region (e.g., any content D that
matches the content D in an editing pattern (D, E,C)). Such a

lowered confidence measure may then trigger the content for

review and correction.
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[0102] Furthermore, different kinds (classes) of
errors may be identified and treated differently. For
example, deletions of content may be treated differently than
modifications of content, which may in turn be treated
differently than additions of content. Misspelling of a word
may be treated differently than replacement of a word with a
different word. Punctuation errors may be treated differently
than spelling errors. Error classification may be performed
at the time of editing pattern creation or at the time of
error detection. When an error is detected, the class of the
error may be used to select the corrective action to be taken
and/or to suggest a course of action for preventing the error
in the future. For example, the class of the error may be
used to assist in improving the (human and/or automated)
transcription system 104 that is used to produce draft
documents (such as the draft transcript 106). The class of
the error may also be used to define special correction rules
that apply to particular classes of errors.

[0054] It was stated above that each classifier is
associated with corresponding content D. The classifiers 122
may be associated with content at any level of granularity.
For example, a classifier may be associated with a particular
word (e.g., “John”), in which case the classifier would select
the appropriate correction rule to apply to that word
depending on the context in which it appears. A classifier
may, however, be associated with content at any other level of
granularity, such as a sentence, document section, or even an
entire document. In each case the classifier selects the
appropriate correction rule to apply to corresponding content
based on the context in which it appears.

[0055] Although certain techniques are described
herein as being applied in the context of automatic
transcription systems, this is not a requirement of the

present invention. For example, FIG. 1A shows the use of a



WO 2009/025933 PCT/US2008/068942

draft transcript 106 and corresponding edited transcript 110
to train the system 100. The system 100 may, however, be
trained with draft documents (and corresponding edited
documents) that were not generated using (manual or automated)
transcription. For example, the system 100 may be trained
using documents that were written manually or that were
generated from other documents using optical character
recognition (OCR). Similarly, the draft document 702 that is
corrected by the correction system 704 need not be a draft
transcript, but rather may be any kind of document for which
error detection and correction is desired.

[0056] Although the rules 118 are referred to herein
as “correction” rules, such rules are not limited to
correcting transcription errors, but rather may be used more
generally to perform any kind of editing operation. For
example, a correction rule may be used to edit text to comply
with a formatting requirement. Therefore, the correction
rules 118 more generally represent editing rules.

[0057] The technigues described above may be
implemented, for example, in hardware, software, firmware, or
any combination thereof. The technigues described above may
be implemented in one or more computer programs executing on a
programmable computer including a processor, a storage medium
readable by the processor (including, for example, volatile
and non-volatile memory and/or storage elements), at least one
input device, and at least one output device. Program code
may be applied to input entered using the input device to
perform the functions described and to generate output. The
output may be provided to one or more output devices.

[0058] Each computer program within the scope of the
claims below may be implemented in any programming language,
such as assembly language, machine language, a high-level

procedural programming language, or an object-oriented
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programming language. The programming language may, for
example, be a compiled or interpreted programming language.

[0059] Each such computer program may be implemented
in a computer program product tangibly embodied in a machine-
readable storage device for execution by a computer processor.
Method steps of the invention may be performed by a computer
processor executing a program tangibly embodied on a computer-
readable medium to perform functions of the invention by
operating on input and generating output. Suitable processors
include, by way of example, both general and special purpose
microprocessors. Generally, the processor receives
instructions and data from a read-only memory and/or a random
access memory. Storage devices suitable for tangibly
embodying computer program instructions include, for example,
all forms of non-volatile memory, such as semiconductor memory
devices, including EPROM, EEPROM, and flash memory devices;
magnetic disks such as internal hard disks and removable
disks; magneto-optical disks; and CD-ROMs. Any of the
foregoing may be supplemented by, or incorporated in,
specially-designed ASICs (application-specific integrated
circuits) or FPGAs (Field-Programmable Gate Arrays). A
computer can generally also receive programs and data from a
storage medium such as an internal disk (not shown) or a
removable disk. These elements will also be found in a
conventional desktop or workstation computer as well as other
computers suitable for executing computer programs
implementing the methods described herein, which may be used
in conjunction with any digital print engine or marking
engine, display monitor, or other raster output device capable
of producing color or gray scale pixels on paper, film,

display screen, or other output medium.

[0060] What is claimed is:
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CLAIMS

1. A computer-implemented method comprising:

()

(B)

(C)

2.
(D)

identifying first anchor text, second
anchor text, and replacement rext;
determining whether a document contains an
instance of the first anchor text and an
instance of the second anchor text at a
position in the document after the first
anchor text; and

if it is determined that the document
containg an instance of the first anchor
text and an instance of the second anchor
text at a position in the document after
the first anchor text, then replacing text
in the document between the instance of
the first anchor text and the instance of
the second anchor text with the

réplacement text.

the method of claim 1, further comprising:

before (A), receiving input from a user
specifying the first anchor text, the
second anchor text, and the replacement

text.

3. The method of claim 2, wherein (D) comprises

receiving a text string from the user comprising the

first ancher text, the replacement text, and the second

anchor text,

in that order.

- 24 -
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4. The method of claim 3, wherein (D) comprises
receiving a text string from the user comprising a
plurality of sub-strings, identifying a leftmost one of
the plurality of sub-strings as the first anchor text,
identifying a rightmost one of the plurality of sub-
strings as the second anchor text, and identifying text
between the leftmost and rightmost sub-strings as the

replacement text.

5. The method of claim 2, wherein (D) comprises
receiving the input from the user without changing a

position of a text cursor within the document.

6. The method of claim 2, wherein determining
whether the document contains an instance of the first
query text and an instance of the second query text is

performed while receiving input from the user.

7. The method of claim 1, wherein (C) comprises
replacing the text in the document with the replacement
text at a particular location in the document, and moving
a text editing cursor to the particular location in the

document.

8. The method of claim 1, wherein (C) comprises
replacing all of the text between the instance of the
first anchor text and the instance of the second anchor

text with the replacement text.

9. The method of claim 1, wherein the first anchor

text consists of a partial word.

10. The method of claim 9, wherein the second anchor

text consists of a partial word.

_25_
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11. The method of claim 9, wherein the first anchor

text consists of a word prefix.

12. The method of claim 9, wherein the first anchor

text consists of a word suffix.

13. The method of claim 1, wherein the first anchor

text comprises a word.

14. The method of claim 1, wherein (A) and (B) are

performed without receiving text cursor navigation

commands from the user.

15. The method of claim 1, wherein (B) comprises:

(B) (1) determining whether a document contains an

instance of
instance of
position in

query text;

the
the
the

and

(B) (2) receiving input

first query text and an
second query text at a

document after the first

from a user indicating

whether to replace text in the document

between the instance of the first query

text and the instance of the second query

text,; and

wherein (C) comprises:

(C) (1) replacing the text in the document between

the instance of the first query text and

the instance of the second query text with

the replacement

input indicates

text only if the user

that the text in the

document is to be replaced.

26 -
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16. The method of claim 1, further comprising:

(D) if it is determined that the document
contains an instance of the first anchor
text but not an instance of the second
anchor text at a position in the document
after the first anchor text, then inserting
the replacement text and the second anchor
text in the document after the instance of

the first anchor text.

17. The method of claim 16, wherein (D) further
comprises applying a text formatting rule to the document

after inserting the replacement text in the document.

18. An apparatus comprising:

text identification means for identifying first
anchor text, second anchor text, and replacement text;

search means for determining whether a document
contains an instance of the first anchor text and an
instance of the second anchor text at a position in the
document after the first anchor text; and

replacement means for replacing text in the document
between the instance of the first anchor text and the
instance of the second anchor text with the replacement
text if it is determined that the document contains an
instance of the first anchor text and an instance of the
second anchor text at a position in the document after

the first anchor text.

19. The apparatus of claim 18, further comprising:
user input means for receiving input from a user
specifying the first anchor text, the second anchor text,

and the replacement text.
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20. The apparatus of claim 19, wherein the user
input means comprises means for receiving a text string
from the user comprising the first anchor text, the
replacement text, and the second anchor text, in that

order.

21. The apparatus of claim 20, wherein the user
input means comprises:

means for receiving a text string from the user, the
text string comprising a plurality of sub-strings;

means for identifying a leftmost one of the
plurality of sub-strings as the first anchor text;

means for identifying a rightmost one of the
plurality of sub-strings as the second anchor text; and

means for identifying text between the leftmost and

rightmost sub-strings as the replacement text.

22. The apparatus of claim 19, wherein the user
input means comprises means for receiving the input from
the user without changing a position of a text cursor

within the document.

23. The apparatus of claim 18, wherein the
replacement means comprises:

means for replacing the text in the document with
the replacement text at a particular location in the
document; and

means for moving a text editing cursor to the

particular location in the document.
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24. The apparatus of claim 18, further comprising:

means for inserting the replacement text and the
second anchor text in the document after the instance of
the first anchor text if it is determined that the
document contains an instance of the first anchor text
but not an instance of the second anchor text at a

position in the document after the first anchor text.
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|:| Further documents are listed in the continuation of Box C. & See patent family annex.

* Special categories of cited documents: "T" later document published after the international filing date or priority
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