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(57) ABSTRACT

In some embodiments, the recognition results produced by a
speech processing system (which may include two or more
recognition results, including a top recognition result and one
or more alternative recognition results) based on an analysis
of a speech input, are evaluated for indications of potential
significant errors. In some embodiments, the recognition
results may be evaluated to determine whether a meaning of
any of the alternative recognition results differs from a mean-
ing of the top recognition result in a manner that is significant
for a domain, such as the medical domain. In some embodi-
ments, words and/or phrases that may be confused by an ASR
system may be determined and associated in sets of words
and/or phrases. Words and/or phrases that may be determined
include those that change a meaning of a phrase or sentence
when included in the phrase/sentence.
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DETECTING POTENTIAL SIGNIFICANT
ERRORS IN SPEECH RECOGNITION
RESULTS

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] The present application is a continuation of and
claims the benefit under 35 U.S.C. §120 of U.S. patent appli-
cation Ser. No. 13/544,383, titled “DETECTING POTEN-
TIAL SIGNIFICANT ERRORS IN SPEECH RECOGNI-
TION RESULTS;” filed Jul. 9, 2012, which is incorporated
herein by reference in its entirety.

BACKGROUND

[0002] Automatic speech recognition (ASR) systems can
be used to process input speech to yield a recognition result
corresponding to the speech. The recognition result may be a
text transcription of the speech. ASR systems can be used in
many different contexts for processing speech regarding a
variety of domains.

[0003] Therecognitionresults of ASR systems may include
misrecognition errors for any of a variety of reasons. For
example, the errors may result from low-quality audio input,
such as from faulty audio capture hardware, from unclear
speech from a speaker, or from errors in analysis conducted
by the ASR system.

SUMMARY

[0004] In one embodiment, there is provided a method of
processing results of a recognition by an automatic speech
recognition (ASR) system on an utterance. The results com-
prise two or more results identified by the ASR system as
likely to be accurate recognition results for the utterance, the
two or more results comprising a first result and a second
result. The first result is one identified by the ASR system as
most likely among the two or more results to be an accurate
recognition result. The method comprises evaluating the first
result using a medical fact extractor to extract a first set of one
or more medical facts, evaluating the second result using the
medical fact extractor to extract a second set of one or more
medical facts, and determining whether the first set of one or
more medical facts has a meaning that is different in a medi-
cally significant way from a meaning of the second set of one
or more medical facts. The method further comprises, in
response to determining that the first set of one or more
medical facts has a meaning that is different in a medically
significant way from the meaning of the second set of one or
more medical facts, triggering an alert.

[0005] In another embodiment, there is provided at least
one computer-readable storage medium having encoded
thereon computer-executable instructions that, when
executed by at least one computer, cause the at least one
computer to carry out a method of processing results of a
recognition by an automatic speech recognition (ASR) sys-
tem on an utterance. The results comprise two or more results
identified by the ASR system as likely to be accurate recog-
nition results for the utterance, the two or more results com-
prising a first result and a second result. The first result is one
identified by the ASR system as most likely among the two or
more results to be an accurate recognition result. The method
comprises evaluating the first result using a medical fact
extractor to extract a first set of one or more medical facts,
evaluating the second result using the medical fact extractor
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to extract a second set of one or more medical facts, and
determining whether the first set of one or more medical facts
has a meaning that is different in a medically significant way
from a meaning of the second set of one or more medical
facts. The method further comprises, in response to determin-
ing that the first set of one or more medical facts has a
meaning that is different in a medically significant way from
the meaning of the second set of one or more medical facts,
triggering an alert.

[0006] In a further embodiment, there is provided an appa-
ratus comprising at least one processor and at least one stor-
age medium. The at least one storage medium has encoded
thereon processor-executable instructions that, when
executed by the at least one processor, cause the at least one
processor to carry out a method of processing a plurality of
expressions each having a medical meaning. Each expression
comprises a series of one or more words. The method com-
prises extracting from a first expression at least one first
clinical fact relating to the medical meaning of the first
expression, extracting from a second expression at least one
second clinical fact relating to the medical meaning of the
second expression, and determining whether the at least one
first clinical fact and the second clinical fact have inconsistent
medical meanings. The method further comprises, in
response to determining that the at least one first clinical fact
and the at least one second clinical fact have inconsistent
medical meanings, determining a first series of one or more
words related to the at least one first clinical fact, the first
series being in the first expression and not in the second
expression, determining a second series of one or more words
related to the at least one second clinical fact, the second
series being in the second expression and not in the first
expression, and adding the first series and the second series to
a set of series of words and associating the first series with the
second series in the set.

[0007] The foregoing is a non-limiting summary of the
invention, which is defined by the attached claims.

BRIEF DESCRIPTION OF DRAWINGS

[0008] The accompanying drawings are not intended to be
drawn to scale. In the drawings, each identical or nearly
identical component that is illustrated in various figures is
represented by a like numeral. For purposes of clarity, not
every component may be labeled in every drawing. In the
drawings:

[0009] FIG. 1 is a block diagram of some components of a
speech processing system with which some embodiments
may act;

[0010] FIG. 2 is a flowchart of an exemplary process that
may be carried out in some embodiments to identify potential
significant errors in recognition results;

[0011] FIG. 3 is a flowchart of an exemplary process that
may be carried out in some embodiments to identify potential
significant errors based on a semantic interpretation of rec-
ognition results;

[0012] FIG. 4 is a flowchart of an exemplary process that
may be carried out in some embodiments to identify potential
significant errors based on whether both words of a word pair
appear in recognition results;

[0013] FIG. 5 is a flowchart of an exemplary process that
may be carried out in some embodiments to identify potential
significant errors based on whether, when a word of a word
pair appears in the top recognition result, a language model
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indicates that the other word of the word pair was sufficiently
likely to have appeared instead in the speech input;

[0014] FIG. 6 is a flowchart of an exemplary process that
may be carried out in some embodiments to identify potential
significant errors in recognition results based at least in part
on a language model and a word pair when the word pair
includes a null word;

[0015] FIG. 7 is a flowchart of an exemplary process that
may be carried out in some embodiments to create a set of
words useable to evaluate recognition results to determine
whether there are indications of potential significant errors in
the recognition results;

[0016] FIG. 8 is a flowchart of an exemplary process that
may be carried out in some embodiments to identify potential
significant errors based on whether a top recognition result
for speech in a domain includes words that are unlikely to
appear in recognition results for the domain;

[0017] FIG. 9 is a flowchart of an exemplary process that
may be carried out in some embodiments to determine a
likelihood that a speaker who provided speech input was
uncertain when providing the speech input;

[0018] FIG. 10 is a flowchart of an exemplary process that
may be carried out in some embodiments to display to a
reviewer information regarding recognition results and
potential significant errors; and

[0019] FIG. 11 is a block diagram of an exemplary com-
puting device on which embodiments described herein may
be implemented.

DETAILED DESCRIPTION

[0020] Correction of errors in a recognition result from an
ASR system can be carried out by areviewer of theresult. The
reviewer may be the speaker or any other suitable review
entity (human or otherwise) that reviews the results in any of
various ways, such as by viewing a textual transcription of the
speech. In one review process, a human reviewer views a
recognition result on a display screen while listening to audio
from which the recognition result was generated, compares
the audio to the recognition result, and corrects any errors
found by the reviewer.

[0021] Applicants have recognized and appreciated that
review processes are difficult and laborious for reviewers. Itis
challenging for reviewers to carefully proofread a recognition
result and pick out errors in the result, particularly when there
are only a small number of errors in a large recognition result
or in multiple recognition results reviewed together. Review
processes are therefore also not wholly reliable, as the review-
ing may be subject to errors. For example, a process may be
prone to human error when the speech relates to a specialized
or technical topic with which a human reviewer may be unfa-
miliar, such that the reviewer may fail to detect some errors.
As another example, errors in the recognition results may be
difficult for a reviewer to detect when the errors result from
the ASR system not identifying, or misidentifying, very brief
audio segments, resulting in an error in the results that a
reviewer may also miss. This could be the case with errors
such as a recognition result including the word “typical” in
place of the correct word “atypical” due to a misrecognition
of the short audio segment corresponding to the “a” sound in
the speech that was input to the ASR system.

[0022] Applicants have recognized and appreciated that
some misrecognition errors (e.g., errors from incorrectly
identifying a sound in speech input or failing to identify a
sound in speech input) in a recognition result generated by an
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ASR system may be significant, in that the errors may have
serious consequences if not identified and corrected. For
example, when an ASR system is processing speech in a
medical context and the recognition result corresponding to
speech contains errors, the errors could have serious medical
consequences. An example of a circumstance under which
such a serious medical consequence may result from a mis-
recognition is when, for example, a clinician is dictating a
result of amedical test, such as aradiological test, and an error
in the recognition result changes the meaning of what the
clinician said in a medically significant way. When the mean-
ing of the recognition result changes in a medically signifi-
cant way as a result of an error, the resulting medical record
may be incorrect in a medically significant way, which may,
for example, result in the wrong diagnosis or treatment of a
patient because of the error. Such a change in the diagnosis
and treatment may be problematic for the patient. For
example, a patient may be treated for a disease or condition
that the patient does not have or not be properly treated for a
disease or condition that the patient does have.

[0023] Applicants have further recognized and appreciated
that misrecognition of a speech input that results in a recog-
nition result having a significantly different meaning than the
speech input may occur as a result of an incorrect recognition
of one or more words or a failure to recognize one or more
words. Such errors might derive from the ASR system mis-
recognizing (which, as used herein, can include incorrectly
recognizing and/or failing to recognize) short sounds of one
or a few syllables. For example, misrecognition of a word
may occur due to misrecognition of a portion of the word,
such as a prefix or suffix that is only one or a few syllables. A
misrecognition of a word may also occur due to the ASR
system missing a word that includes only one or a few syl-
lables. Examples of such errors in the medical context include
misrecognizing “malignant” as “nonmalignant” (or vice
versa), which could lead to erroneous recognition results like
“the growth is malignant” when nonmalignant was spoken or
“the growth is non-malignant” when malignant was spoken.
Another example includes missing the word “no” in a phrase
such as “there is no evidence of active disease in the abdo-
men,” leading to the erroneous recognition result “there is
evidence of active disease in the abdomen.”

[0024] In many ASR systems, the recognition result
returned is the “best guess” of the ASR system of text that
corresponds to a speech input, and that the ASR system may
have produced one or more other alternative recognition
results that the ASR system identified as possibly correct.
Many ASR systems operate based on probabilistic processes,
such that the ASR system may produce multiple possible
recognition results, each of which is associated with a prob-
ability of being a correct output. A top recognition result
produced by the ASR system for the speech input may be the
result that the probabilities indicate is most likely to be cor-
rect. Applicants have recognized and appreciated that when
the top result of the ASR system includes the types of errors
discussed above, in some cases one or more of the alternative
recognition results produced by the ASR system may be more
accurate in some ways and not include one or more of the
errors. Continuing to use the examples above, while the top
recognition result that the ASR system identified as most
likely to be correct may erroneously include the word “malig-
nant,” in some cases one or more of the alternative results that
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were identified by the ASR system as possible (but less likely
to be correct) recognition results may correctly include the
word “nonmalignant.”

[0025] Differences between the contents of a top recogni-
tion result and alternative recognition results of an ASR sys-
tem therefore might correspond to an error in the top recog-
nition result. When the differences correspond to the types of
errors that have serious consequences, the differences may be
indicative of one or more potential significant errors in the top
result. Thus, for speech input in the medical domain, an
evaluation of the top recognition result and the alternative
recognition results may identify discrepancies between the
results that result in meanings of the results being different in
a medically-significant way, which may be indicative of
potential medically-significant errors in the top recognition
result. In other domains, an evaluation of the top recognition
result and the alternative recognition results may identify
results having meanings that are different in a way that is
significant for the domain.

[0026] Applicants have therefore recognized and appreci-
ated that a comparison of the top result to the alternative
recognition results may aid in identifying potential errors in
the top result that would have serious consequences if not
identified and corrected. Applicants have also recognized and
appreciated that performing such a comparison and calling
the attention of the reviewer to the identified potential signifi-
cant errors in the top result may aid the reviewer in carrying
out a review process. In particular, identifying potential sig-
nificant errors to a reviewer may help ensure that reviewers
pay attention to potential significant errors in a recognition
result and help ensure that the reviewers correct the errors in
results of an ASR system that might otherwise have serious
consequences.

[0027] In accordance with some aspects of the invention
described herein, the recognition results, produced by a
speech processing system (which may include two or more
recognition results, including a top recognition result and one
or more alternative recognition results) based on an analysis
of a speech input, are evaluated for indications of potential
significant errors. The indications of potential significant
errors may include discrepancies between recognition results
that are meaningful for a domain, such as medically-mean-
ingful discrepancies. The evaluation of the recognition results
may be carried out using any suitable criteria. In some
embodiments, the criteria include one or more criteria that
differ from criteria used by an ASR system in determining the
top recognition result and the alternative recognition results
from the speech input.

[0028] As afirst example of the way in which embodiments
may evaluate the recognition results, the recognition results
may be evaluated to determine whether a meaning of any of
the alternative recognition results differs from a meaning of
the top recognition result in a manner that is significant for the
domain of the speech input (e.g., the medical domain dis-
cussed above or some other domain). A significant difference
in meaning between recognition results could be indicative of
a potential significant error in the top recognition result.
[0029] As a second example, the recognition results could
be evaluated using one or more sets of words and/or phrases,
such as pairs of words/phrases. Each set of words and/or
phrases may include words/phrases that are acoustically simi-
lar to one another and/or that an ASR system may confuse for
one another during a speech recognition process. Further, the
sets of words/phrases may include words/phrases that, when
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incorrectly included in a result, would change a meaning of
the result in a manner that would be significant for the
domain. An example of one such set of words is “malignant”
and “nonmalignant,” which may be confused for one another
by an ASR system and that, as discussed above, could have
serious consequences when misrecognized and incorrectly
included in speech recognition results in a medical domain.
The recognition results may be evaluated using the set(s) of
words/phrases to determine, when the top result includes a
word/phrase from a set of words/phrases, whether any of the
alternative recognition results includes any of the other, cor-
responding words/phrases from the set. When the top result
includes one of the words/phrases of a set and an alternative
result includes one of the other words/phrases from the set,
this may be indicative of a potential error in the top recogni-
tion result that may change the meaning of the result in a way
that may be significant for the domain.

[0030] As athird example, such sets of words/phrases that
may be acoustically similar or otherwise confusable, the mis-
recognition of which can be significant in the domain, may be
used together with an acoustic model or a language model to
evaluate a top recognition result to determine whether the top
recognition result includes potential significant errors. For
example, the top recognition result may be evaluated using
sets of words/phrases to determine whether any of the words/
phrases appear in the result. If any of a set of words/phrases
appear, then it is determined whether it is likely that the
word/phrase appears in error and that a correct recognition of
the speech input should instead include another member of
the set of words/phrases (i.e., it is determined whether it is
sufficiently likely that the speech input included the other
member of the set for an action to be taken). To make the
determination, the word/phrase of the set that appears in the
result may be iteratively replaced with each of the other
words/phrases of the set. The string of words that results from
each of the replacements may then be evaluated using a lan-
guage model to determine a likelihood of the newly-created
string of words appearing in the language and/or domain to
which the language model corresponds. The likelihood pro-
duced by the language model may then be evaluated to deter-
mine whether the newly-created string of words is sufficiently
likely to appear for an alert to be triggered. To determine
whether the newly-created string of words is sufficiently
likely, the likelihood of the newly-created string of words
appearing in the language and/or domain may be compared to
athreshold, compared to likelihoods of other strings of words,
or otherwise evaluated. If an evaluation of the likelihood
produced by the language model indicates a newly-created
string of words is not sufficiently likely to appear in the
language, then it may be determined that it is unlikely that the
speech input includes the word/phrase that was inserted to
create the string and no alert may be triggered. However, if the
string of words is sufficiently likely to appear in the language
(e.g., when the likelihood exceeds a threshold), then the word/
phrase from the set that was inserted into the result may also
be sufficiently likely to appear in the speech input at the
position at which it was inserted. When the inserted word is
sufficiently likely to have appeared in the speech input, this
indicates that the appearance of the word/phrase from the set
in the top result is a potential significant error in the top result
(e.g., because the speech input may have instead included the
other word from the set). The process of inserting words/
phrases from the set into the top recognition result and evalu-
ating the resulting string of words using the language model
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may be repeated for each word/phrase in the set. If the result
of the analysis using the language model indicates that none
of the strings of words including the other words/phrases
from the set are sufficiently likely to have appeared in the
speech input, then it may be determined that the appearance
of'the word/phrase of the set in the top recognition result is not
a potential significant error.

[0031] In some embodiments that evaluate recognition
results in accordance with this third example, the language
model may provide a likelihood of the created string of words
appearing in the language to which the model corresponds,
with the likelihood not being edited or adjusted in any way. In
other embodiments, however, the likelihood may be adjusted
according to the significance of consequences that may occur
in a domain if the string of words is incorrect (e.g., the
significance of consequences of misrecognizing “malig-
nant”). In some such embodiments, a likelihood of a string of
words appearing may be weighted according to the signifi-
cance, such that, for example, a likelihood may be higher
when misrecognition would have serious consequences. In
this way, if a string of words appears infrequently in the
language but would have serious consequences if misrecog-
nized, the likelihood produced by the language model may be
higher, which would trigger an alert regarding the recognition
results such that a reviewer could review the result more
carefully and thereby prevent the serious consequences.

[0032] Using any of these evaluation techniques alone or
together, or using any other suitable evaluation technique,
when an evaluation of the recognition results indicates there
is a potential error in the top recognition result that changes a
meaning of the result in a way that is significant for the
domain, the potential significant error may be identified to a
reviewer during a review process so that the potential signifi-
cant error can be reviewed carefully. For example, an alert
could be triggered regarding the results in any suitable way,
examples of which are described below. For example, when
an indication of a potential significant error is detected, an
alert may be triggered to notify a reviewer that a significant
error might be present in the recognition result of the ASR
system. When the reviewer is notified about a potential sig-
nificant error, the reviewer may be more likely to closely
review and, if desired, correct the potential significant error
and not inadvertently overlook the error.

[0033] The three examples of evaluation techniques given
above may be used together or separately to identify potential
significant errors in recognition results that are a consequence
of'a misrecognition of speech input by an ASR system. Appli-
cants have recognized and appreciated that the third example
of an evaluation technique may also be used to detect errors
that do not stem from misrecognition by an ASR system, but
instead stem from mistakes made by a person providing the
speech input, such as mistakes in word choice. The third
exemplary evaluation technique was described above as com-
paring recognition results to a language model to identify
when a recognition result is similar to a phrase that is suffi-
ciently common in the language that there is a chance that the
recognition result is incorrect and that the speech input
instead included the similar phrase. This technique may also
be able to recognize potential errors even when the recogni-
tion result is correct for the speech input, but wherein the
speech input was incorrect. When a correct recognition result
for an erroneous speech input is similar to another phrase in
the language (which may be the phrase the speaker intended
to speak) and the other phrase is sufficiently common in the
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language, this may trigger an alert by the evaluation engine as
a potential significant error in the same manner as if the
recognition result were incorrect. A reviewer may then be
able to review the recognition result and the indication of the
potential significant error alongside other potential signifi-
cant errors. The reviewer may be able to identify from the
context of the recognition result (e.g., from other speech input
received together in time with the speech input and relating to
the same document or topic) that the speaker misspoke and
that recognition result should be corrected to include the
similar word/phrase identified by the language model or
another word/phrase.

[0034] Applicants have additionally recognized and appre-
ciated that, in some cases, erroneous words/phrases that may
appear in a recognition result of an ASR system may be words
or phrases that are not common in the domain to which the
speech input relates. A domain may be a field of use for the
ASR system (e.g., a medical or clinical environment which
may be general medicine or limited to a particular medical
specialty, a particular business environment, or any other type
of domain). A domain may have words that are often used in
speech or text related to the domain and also words that are
seldom used in speech or text related to the domain. Appli-
cants have recognized and appreciated that when a word that
appears in a recognition result is uncommon in the domain,
this may be indicative of a potential error in the recognition
result. For example, when a recognition result related to the
medical domain includes a word that is not common in medi-
cine (e.g., “pizza” in the expression “there is evidence of
active pizza in the abdomen”), this may be indicative of a
potential error in the recognition result. A recognition result
may be evaluated based on any suitable domain or domains
that are general or specific, as embodiments are not limited in
this respect. For example, “medical examination” may be a
domain for which recognition results are evaluated in some
embodiments, and “medical examination of a female” may be
a domain for which recognition results are evaluated in other
embodiments. When a recognition result is evaluated for the
“medical examination of a female” domain, a word that is
common in the medical context but uncommon for females
(e.g., prostate) may be identified as potentially erroneous
when included in a recognition result.

[0035] Accordingly, in some embodiments a recognition
result of an ASR system may be evaluated to determine
whether the recognition result includes a word or phrase that
is unlikely to occur in the domain of the speech input on
which the recognition result is based. When the recognition
resultincludes an unlikely word or phrase, any suitable action
may be taken. For example, when an indication of a potential
error is detected, an alert may be triggered to notify areviewer
that an error may be present in the recognition result of the
ASR system. When the reviewer is notified about a potential
error, the reviewer may be more likely to closely review and,
if desired, correct the error and not inadvertently overlook the
error. Determining whether a recognition result includes an
unlikely word or phrase may be carried out in any suitable
manner. For example, a set of unlikely words/phrases may be
maintained for a domain and the words/phrases in the recog-
nition result may be compared to the set to determine whether
any of the words/phrases are unlikely in the domain and
indicative of potential errors. As another example, a language
model for the domain may be maintained that includes, for
words and phrases, a value indicating a likelihood of the
words or phrases appearing in speech or text related to the
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domain. In some embodiments, when the value of the domain
language model for a word or phrase of a recognition result is
below a threshold, the word or phrase may be identified as
being unlikely to appear in the domain and indicative of a
potential error. The domain language model may be the same
language model as is used by the ASR system in generating
speech recognition results or may be a different language
model that is used in evaluating the recognition results of the
ASR system.

[0036] Embodiments may evaluate recognition results that
are formatted in any suitable manner, as embodiments are not
limited in this respect. Some ASR systems may produce as
output from a speech recognition process results formatted as
an “N best” list of recognition results (N being two or more)
that includes a top recognition result and N-1 alternative
recognition results. In embodiments that operate with ASR
systems that produce recognition results in an N best list
format, the list of N best recognition results may be evaluated
to determine whether the top recognition result includes any
indications of potential significant errors. Other ASR systems
may produce as output of a speech recognition process a
“lattice” of words that identifies strings of words that poten-
tially correspond to the speech input. The lattice format may
include multiple nodes, where each node in the lattice corre-
sponds to a word that potentially corresponds to sounds in the
speech input, and where the nodes are interconnected in a
directed manner that creates paths through the nodes, each
path identifying a string of words that is a possible recogni-
tion result that corresponds to the speech input. In cases
where the recognition results represented by a lattice all
include the same word corresponding to the same sounds of
the speech input, the paths through the lattice will all pass
through the node corresponding to that word. In cases where
the recognition results represented by a lattice include differ-
ent words corresponding to the same sounds of the speech
input, the paths through the lattice will pass through different
nodes corresponding to the different words at the point in the
recognition results where the results differ as to which word
corresponds to the same sounds of the speech input. In
embodiments that operate with ASR systems that produce
recognition results in a lattice format, an evaluation of the
recognition results may be performed directly on the lattice or
may be carried out on an N best list of recognition results
produced by processing the paths through the lattice to create
each of the recognition results represented by the lattice.
Other ASR systems may produce recognition results in other
formats, and recognition results may be processed in these
other formats, as embodiments are not limited to processing
recognition results in any particular format. Accordingly,
while in various illustrative embodiments described below
recognition results are described as being in an N best list
format, it should be appreciated that this is not illustrative and
that embodiments are not limited to operating with results in
an N best list format.

[0037] Described below are various examples of ways in
which the aspects of the present invention described herein
may be implemented. However, it should be appreciated that
aspects of the invention described herein are not limited to the
illustrative examples discussed below, as they may be imple-
mented in any suitable manner.

[0038] FIG. 1 illustrates one embodiment of a speech pro-
cessing system 100 that may implement some aspects of the
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invention described herein. The speech processing system
100 may include many different components, some of which
are shown in FIG. 1.

[0039] The speech processing system 100 of FIG. 1
includes an automatic speech recognition (ASR) system 102
to carry out a speech recognition process on speech data 104 A
received from the data storage 104 to determine one or more
recognition results for the speech data. After the recognition
results are produced by the ASR system 102, the recognition
results may be analyzed by an evaluation engine 106 to deter-
mine whether the recognition results include any indications
of potential errors. FIG. 1 illustrates the ASR system 102
directly communicating with the evaluation engine 106, but
in some embodiments the ASR system 102 may output the
recognition results to another component (e.g., the data stor-
age 104) and the evaluation engine 106 may receive or
retrieve the results from the other component. The evaluation
engine 106 may use a set of confusable words and/or phrases
106 A, a set of unlikely words 106B, a language model 106C,
a semantic interpretation engine 106D, and/or prosody and/or
hesitation vocalization information 106E (all described in
detail below) in performing the evaluation, or may use any
combination of two or more of these. Following evaluation by
the evaluation engine 106, the recognition results, along with
any information created by the evaluation engine 106 regard-
ing the results, may be stored in the data storage 104 as
information 104B regarding the recognition results. The
information 104B may then be used in any suitable manner,
examples of which are discussed below. For example, the
information may be used to display one or more of the rec-
ognition results to a reviewer during a review process that
identifies potential significant errors in the results that were
identified by the evaluation engine 106.

[0040] The components of the system 100 may be imple-
mented in any suitable manner to carry out the techniques
described herein. For example, the components of the speech
processing system 100 may, in some embodiments, be imple-
mented on one computing device, which may be any suitable
computing device, as embodiments are not limited to operat-
ing with any particular computing devices. For example, the
computing device may be a laptop or desktop personal com-
puter, a personal digital assistant (PDA) or mobile phone, a
server or any other computing device. In other embodiments,
the components of speech processing system 100 may be
distributed among any number of multiple computing devices
that may be interconnected in any suitable manner. For
example, some functionality of the ASR system 102 may be
implemented on a user-interactive computing device and
other functionality of the ASR system 102 may be imple-
mented on another computing device (e.g., a server) remote
from the user-interactive device. Some interconnections
between computing devices may include a wired or wireless
computer communication network such as a local area net-
work, an enterprise network, or the Internet. When the com-
ponents are implemented on multiple computing devices, the
components may be distributed between computing devices
in any suitable manner, one non-limiting example of which
includes client-server models that place some components on
user-interactive devices and other components on servers
located remotely from the user-interactive devices.

[0041] The ASR system 102 may be one or more systems
that apply any suitable ASR technique(s) to speech input to
perform a speech recognition on the speech input, as embodi-
ments are not limited to implementing any particular ASR
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techniques. In the embodiment of FIG. 1, the ASR system 102
processes speech input using one or more acoustic models
102A and one or more language models 102B that the ASR
system 102 uses in a probabilistic process to determine one or
more recognition results that may correspond to the speech
input. Each of the recognition results produced by the ASR
system 102 using the acoustic models 102A and language
models 102B may be associated with a confidence value
indicating a confidence of the ASR system 102 that the result
is correct. The confidence value may be derived from prob-
abilities determined through the application of the models
102A, 102B to the speech input during the speech recognition
process. For example, in some probabilistic processes, the
acoustic model(s) 102A may be used to identify a probability
that a sound used in the speech input is a particular phone or
phoneme of a language and to identify potential strings of
words that correspond to the phones/phonemes, and the lan-
guage model(s) 102B may be used to determine, based on
how words or phrases are commonly used and arranged in the
language in general, or in a particular domain, a probability
that each of the strings of words might correspond to the
speech input and thereby identify the most likely strings.

[0042] Through applying the models 102A, 102B, an ASR
system 102 that implements such a probabilistic process can
determine a result of a speech recognition process that is a
string of one or more words that might correspond to the
speech input. The ASR system 102 also produces, for the
result, a confidence of the ASR system 102 (which may be
represented as a probability on a scale of 0 to 1, as a percent-
age from O percent to 100 percent, or in any other way) that the
result is a correct representation of the speech input. In per-
forming such a probabilistic process, an ASR system 102 may
yield multiple recognition results, each of which includes a
string of words and a confidence value. When an ASR system
102 produces multiple recognition results, the ASR system
102 might order and filter the results in some way so as to
output N results as the results of the speech recognition pro-
cess, where N is an integer of two or more. For example, the
ASR system 102 might order the recognition results accord-
ing to the confidence of the ASR system 102 that a resultis a
correct representation of the content of the speech input and
then select at most N results from the ordered recognition
results. The N best results produced in this way may format-
ted as an “N best” list of recognition results, as a lattice of
recognition results, or in any other suitable manner. The rec-
ognition results, however formatted, may include or represent
a “top result” or “most likely result,” which the ASR system
102 has identified as being most likely to be a correct repre-
sentation of the content of the speech input, and N-1 alterna-
tive recognition results that the ASR system has identified as
the results that are next most likely, after the top result, to be
a correct representation of the speech input.

[0043] While the operations of some types of probabilistic
speech recognition processes have been described, it should
be appreciated that embodiments are not limited to applying
any particular type or types of speech recognition processes.

[0044] Toperform aspeechrecognition process ona speech
input, the ASR system 102 may receive data regarding the
speech input in any suitable manner. In the example of FIG. 1,
the ASR system 102 receives data regarding a speech input
from a data storage 104. The speech data 104A received by
the ASR system 102 may be any suitable data regarding
speech input that may be used in a speech recognition process
to produce recognition results corresponding to the speech
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input. For example, the speech data 104 A may include or be
derived from audio data that was received via audio capture
hardware, such as a microphone, and/or that was processed
following capture in any suitable manner, such as through a
filtering process, as embodiments are not limited in this
respect. The speech data 104A may include, for example,
audio data for the speech input that is stored in an audio
format. Additionally or alternatively, the speech data 104A
may include data derived from an analysis of the audio data,
such as data regarding an audio spectrum of the speech input
or any other data.

[0045] The data storage 104 that stores the speech data
104A may be any suitable storage medium or collection of
media (within one device, or distributed between multiple
devices) that a computing device is able to read from and
write to, as embodiments are not limited in this respect. I1lus-
trative examples of storage media include random access
memories (RAM), hard drives, optical disks, and virtual
disks, although any other type of storage medium may be
used.

[0046] It should be appreciated that while FIG. 1 illustrates
the ASR system 102 processing stored speech data from the
data storage 104, embodiments are not limited to processing
stored speech data or speech data from any particular source.
In some embodiments, for example, an ASR system may
process speech data received directly from a microphone.

[0047] After the ASR system 102 carries out a speech rec-
ognition process on the speech data 104 A and produces one or
more recognition results, the recognition results may be pro-
vided to the evaluation engine 106. The evaluation engine 106
determines whether the recognition results include any indi-
cation(s) of one or more potential errors in the recognition
results that may be semantically significant. In one embodi-
ment, to determine whether the recognition results include
indications of such potential errors, the evaluation engine 106
may evaluate the recognition results using at least one crite-
rion that was notused by the ASR system 102 to determine the
recognition results, although not all embodiments are limited
in this respect. As discussed above, the ASR system 102 may
use various criteria to determine multiple recognition results,
order the recognition results according to a confidence of the
ASR system 102 that each result is correct, and filter the
recognition results to determine the N best recognition
results. The evaluation engine 106 may evaluate the recogni-
tion results output by the ASR system 102 according to any
one or more criteria, and in one embodiment the criteria
include at least one criterion that was not used by the ASR
system 102 in determining the N best recognition results. The
evaluation engine may use the one or more criteria to evaluate
recognition results output by the ASR system 102 without
identifying a new order of the recognition results.

[0048] The evaluation engine may operate according to any
of the evaluation techniques described herein to determine
whether the recognition results contain any indications of
potential significant errors in the recognition results. For
example, as discussed above, in some embodiments the
evaluation engine 106 may compare the top result of the
recognition process to one or more alternative recognition
results included in the N best results output by the ASR
system 102. Various examples of evaluations that may be
carried out by the evaluation engine 106 are discussed below
in connection with FIGS. 2-9, though it should be appreciated
that the aspects of the present invention relating to performing
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an evaluation of the speech recognition results are not limited
to implementing these exemplary processes.

[0049] As mentioned above, in some embodiments, the
evaluation engine 106 may use a set of confusable words
106A, a set of unlikely words 106B, a language model 106C,
a semantic interpreter 106D, prosody and/or hesitation vocal-
ization information 106E, or any combination of two or more
of these in evaluating the recognition results. The semantic
interpreter 106D may analyze recognition results provided by
the evaluation engine 106 to determine meanings of the rec-
ognition results. The semantic interpretation engine 106D
may be implemented in any suitable manner and may carry
out any suitable semantic interpretation process. For
example, some embodiments may implement a semantic
interpretation process like the one described in U.S. Pat. No.
7,493,253, titled “Conceptual world representation natural
language understanding system and method” and dated Feb.
17, 2009. As another example, some embodiments may
implement a semantic interpretation process like the one
described in “A Statistical Model for Multilingual Entity
Detection and Tracking” by R. Florian et al., published in the
proceedings of the 2004 Human Language Technologies and
North American Association for Computational Linguistics
Conference. It should be appreciated, however, that the
aspects of the present invention that relate to employing a
semantic interpreter are not limited to one implemented in
either of these manners, as any suitable semantic interpreta-
tion process may be used.

[0050] The evaluation engine 106, upon evaluating the
multiple recognition results produced by ASR system 102,
may produce any suitable information when an indication of
a potential significant error is identified in the recognition
results. For example, the information produced by the evalu-
ation engine 106 may trigger an alert indicating that an error
might be present in the recognition results and the informa-
tion may optionally also identify the potential error. In some
embodiments, the information identifying that an error might
be present may include information identifying a recognition
result and/or a particular position, word, or phrase of a rec-
ognition result from which the potential error was identified.
The evaluation engine 106 may also create information
regarding the potential error identified by the evaluation
engine 106, such as information identifying a difference in
facts between recognition results that the evaluation engine
106 identified as indicative of a potential error.

[0051] Following the evaluation by the evaluation engine
106, one or more of the recognition results (e.g., the top result
and optionally one or more of the alternative recognition
results) may be output by the evaluation engine 106 and
optionally stored (e.g., in the data storage 104) along with
information 104B regarding the recognition results. In some
embodiments, information created by the evaluation engine
106 also includes information identifying a potential error
and optionally a potential correction.

[0052] The information 104B may be used in any suitable
manner. In some embodiments, for example, the information
104B may be used in a review process by a reviewer (e.g., a
human reviewer) that reviews the recognition results pro-
duced by speech processing system 100. The review process
may be carried out for a single speech input at a time or for
multiple speech inputs together. When multiple speech inputs
are processed together, they may be grouped at any suitable
way (e.g., they may include all speech inputs received
together in a period of time, such as all speech inputs received
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during one dictation session, may relate to a single document
or subject or by any other suitable way). During the review
process, the top result of the multiple recognition results may
be presented to the reviewer. The information created by the
evaluation engine 106 during the evaluation of the recogni-
tion result(s) produced by ASR system 102 may be used to
call the reviewer’s attention to the presence of potential sig-
nificant errors in the top result in any suitable way (e.g., as by
annotating the top result in some manner). Illustrative review
processes and ways of calling the reviewer’s attention to
potential significant errors are discussed in detail below.
Regardless of how the review process is carried out, when the
reviewer is alerted to the presence of potential significant
errors in the recognition result, the reviewer may be more
likely to correct an error and thereby prevent any serious
consequences that might have resulted from the inclusion of
the potential significant error in the recognition result (e.g.,
consequences of the result being incorrect in a way that is
semantically meaningful for the domain).

[0053] As discussed above, an evaluation engine (which
may be part of a speech processing system) may carry out any
suitable evaluation process to determine whether recognition
results include potential significant errors. FIG. 2 illustrates
one non-limiting process that may be used in some embodi-
ments by an evaluation engine to make such a determination.
[0054] Prior to the start of the process 200 of FIG. 2, an
ASR system carries out a speech recognition process on
speech input and produces the N best recognition results. The
N best recognition results include a top result and one or more
alternative recognition results, along with an indication (e.g.,
a probability) for each that indicates a confidence of the ASR
system that the result is correct. The process 200 begins in
block 202, in which the evaluation engine receives the N best
results produced by the ASR system.

[0055] In block 204, the evaluation engine reviews the N
best results and compares the top result to the alternative
recognition results to determine whether there are one or
more discrepancies between the top result and any of the
alternative recognition results that may be indicative of a
potential error in the top result that is semantically meaning-
ful in the domain. The review and comparison of block 204
may be carried out in any suitable manner, examples of which
are discussed below in connection with FIGS. 3-6. For
example, in some embodiments, facts determined from a
semantic interpretation of the top result may be compared to
facts determined from a semantic interpretation of the alter-
native recognition results to determine whether there are any
differences in the facts that may be indicative of a potential
error that is semantically meaningful in the domain. As
another example, in some embodiments words included in the
top result may be compared to words included in the alterna-
tive recognition result to determine whether there is a differ-
ence in the words that may be indicative of a potential error
that would be semantically meaningful in the domain.
[0056] Insome embodiments, one or more thresholds may
be evaluated as part of the review and comparison of block
204. For example, confidences in recognition results or like-
lihoods determined by an ASR system using acoustic and/or
language models may be compared to one or more thresholds
to determine whether the confidence, likelihood, etc. is above
or below the threshold. Actions may then be taken based on
the comparison to the threshold, such as in the case that the
evaluation engine determines whether the confidence, likeli-
hood, etc. is sufficiently high or low (as compared to the
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threshold) for the action to be taken. In some embodiments in
which an evaluation engine uses one or more thresholds as
part of a review and comparison of recognition results, any
suitable fixed or variable thresholds set to any suitable value
(s) may be used, as embodiments are not limited to using any
particular values for thresholds. Embodiments are not, for
example, limited to using thresholds of 50% or any other
number that would be used to determine whether a likelihood
of'something occurring indicates that thing is more likely than
not to occur. It should also be appreciated that embodiments
are not limited to using thresholds, and that some embodi-
ments may perform the review and comparison of block 204
without evaluating thresholds.

[0057] Following the review and comparison of block 204,
in block 206 the evaluation engine determines whether the
comparison identified any indications of potential semanti-
cally meaningful errors in the recognition results. If so, then
in block 208 the evaluation engine triggers an alert regarding
the top result in any suitable way. For example, the alert may
be triggered in block 208 by storing information indicating
that a potential significant error has been detected, which may
cause an alert to be raised when a review process is carried out
for the recognition results. Alternatively, in some embodi-
ments, triggering an alert in block 208 may include directly
raising an alert such as by instructing that the alert be raised.
An alert may be raised in any suitable way, including by
presenting a visual and/or audible message via a user inter-
face through which the recognition results are to be presented
for review.

[0058] In addition to triggering an alert in block 208, when
the evaluation engine determines in block 206 that the recog-
nition results include an indication of a potential semantically
meaningful error, in block 210 the evaluation engine may
optionally store information regarding the potential error that
may be semantically meaningful. The information identify-
ing the potential significant error may include any suitable
information. For example, storing the information identifying
the alternative recognition results in block 210 may include
identifying which of the alternative results prompted the iden-
tification of the potential significant error, a word or words
included in the results that prompted the identification of the
potential significant error, a position in a result based on
which the potential significant error was identified, any com-
bination of the foregoing information, and/or any other suit-
able information. It should be appreciated that in the process
200 and in other processes below that include storing infor-
mation about the error, the act of storing information regard-
ing the potential significant error is optional. In some embodi-
ments, an alert may be triggered for the reviewer (as in block
208) without information being stored (as in block 210).
Whether information on the error is stored or an alert is
generated directly, in some embodiments, the reviewer may
be instructed, as aresult of the triggering of the alert, to review
the top recognition result carefully due to the potential error,
but may not be presented with information about the alterna-
tive recognition result(s) that aided in identifying the poten-
tial error.

[0059] After an alert has been triggered in block 208 and
information regarding the error has been optionally stored in
block 210, or if no potential errors were identified in block
206, the process 200 ends. Following the process 200, any
suitable actions may be taken. Optionally, a review process
may be carried out for the top recognition result. In such a
review process, as a result of the alert triggered in block 208,
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a notification may be presented to a reviewer (e.g., a visual
notification presented to a human reviewer or other type of
notification) that the top recognition result may include an
error that changes the meaning of the result in a way that is
significant in the domain to which the recognition result
relates. During the review process, information about the
potential significant error may be presented to the reviewer
based on the information stored in block 210. Examples of
ways in which a review process can be carried out are dis-
cussed below in connection with FIG. 10.

[0060] The process 200 of FIG. 2 was described as com-
paring the top recognition result to all of the N-1 alternative
recognition results of the recognition results to determine
whether there is an indication of a potential significant error in
the top result. It should be appreciated, however, that embodi-
ments are not limited to comparing the top recognition result
to all of the alternative recognition results of the N best
recognition results. Rather, some embodiments (including
embodiments that carry out the process of FIG. 2 or the
processes of FIGS. 3-6, or similar processes) may compare
the top recognition result to only some of the alternative
recognition results of the N best recognition results and may
not evaluate others of the alternative recognition results.
Embodiments that evaluate only some of the alternative rec-
ognition results may identify the alternative recognition
results to be evaluated in any suitable manner, as embodi-
ments are not limited in this respect. Some embodiments, for
example, may evaluate only a fixed number of alternative
recognition results, where the fixed number is less than the
number N-1 of alternative recognition results (e.g., evaluate
three alternative results where the N best recognition results
includes 10 alternative results). As another example, other
embodiments may review confidence values provided by the
ASR system for individual alternative recognition results to
determine whether to evaluate an alternative recognition
result. For example, an evaluation engine may compare the
confidence value of the ASR system for an alternative recog-
nition result to a threshold and evaluate the alternative recog-
nition result only when the confidence is above the threshold.
This threshold may be different (e.g., higher) than a threshold
used by the ASR system in identifying the alternative recog-
nition results to be included in the N best recognition results.
As another example of a way in which the evaluation engine
may review confidence values, the evaluation engine may
compare confidence values within the alternative recognition
results to determine whether the confidence for one or more of
the alternative recognition results is much lower than the
confidence value for the top recognition result or others of the
alternative recognition results. A wide spread of confidence
values may indicate that the ASR system has identified some
of'the alternative recognition results as being much less likely
to be correct recognitions for speech input than other results.
When there is a difference between confidence scores that
exceeds a threshold difference, an evaluation engine may
refrain from evaluating alternative recognition results that are
much less likely to be correct by evaluating only the recog-
nition results having the higher confidence scores separated
from the other results by at least the threshold difference.

[0061] It should be appreciated that embodiments that
evaluate only some of the alternative recognition results may
use any suitable criterion or criteria in determining which
alternative recognition results to evaluate. Embodiments are
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not limited to using any of the exemplary techniques
described above or any other specific techniques to select
results to evaluate.

[0062] As mentioned above, an evaluation engine may act
in any suitable manner to review and compare recognition
results. FIGS. 3-6 illustrate illustrative techniques that may be
implemented by embodiments to review and evaluate recog-
nition results. It should be appreciated, however, that the
illustrative techniques described below are merely examples
and that embodiments of the invention that relate to evaluat-
ing recognition results are not limited to implementing any of
these techniques.

[0063] FIG. 3 illustrates a process that applies a semantic
interpretation to review and compare recognition results to
determine whether the recognition results include one or
more indications of potential errors that are semantically
significant in the domain. In particular, the process 300 of
FIG. 3 determines, from a semantic interpretation of the rec-
ognition results, facts that are expressed in each of the recog-
nition results and compares the facts from the top recognition
result with those from other recognition results to identify
whether they differ in a way that is significant for the domain.
When the facts differ in a way that is significant for the
domain, this may indicate that there is a potential error in the
top recognition result that is significant for the domain.
[0064] Asdiscussed above, embodiments may operate with
ASR systems that produce speech recognition results in an N
best list format, a lattice format, or any other suitable format.
In embodiments that operate with recognition results in an N
best list format, the process 300 of FIG. 3 may operate by
semantically interpreting each of the recognition results in the
list of N best recognition results. In some embodiment that
operate with recognition results in a lattice format, an evalu-
ation engine may first produce an N best list of recognition
results by processing the lattice and the paths through the
lattice to identify each of the N recognition results repre-
sented by the lattice, including a top recognition result that the
lattice indicates that ASR system was most confident is a
correct representation of the speech input and N-1 recogni-
tion results that the ASR system was less confident are correct
representations of the speech input.

[0065] The process 300 begins in block 302, in which the
evaluation engine receives the N best recognition results of a
recognition process performed by an ASR system. As men-
tioned above, the N best recognition results include both a top
recognition result and N-1 alternative recognition results. In
some ASR systems, each of the recognition results is associ-
ated with a likelihood that the recognition result is a correct
representation of the speech input processed by the ASR
system, but the process of FIG. 3 is not limited to use with
such an ASR system.

[0066] Inblock 304, the evaluation engine provides the top
recognition result to a semantic interpretation engine to
semantically interpret the top result. The semantic interpre-
tation of block 304 identifies facts expressed in the top rec-
ognition result based on analyzing the content (e.g., words
and phrases) of the recognition result and a domain to which
the recognition result relates. Any suitable semantic interpre-
tation process may be used by a semantic interpretation
engine, including a generic semantic interpretation process
that identifies facts expressed in a result in a manner indepen-
dent of any particular domain, or a domain-specific semantic
interpretation process that identifies facts relating to a par-
ticular domain. For example, in some embodiments a clinical
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language understanding (CLU) semantic interpretation
engine may be used that is specifically designed to identify
facts relating to a clinical encounter with a medical patient.
Other semantic interpretation engines operating in other
domains may be used in other embodiments. In some other
embodiments, a semantic interpretation engine that interprets
facts according to multiple different specific domains may be
used, or multiple different semantic interpretation engines
that each interpret facts according to a specific domain may be
used together. As was mentioned above in connection with
FIG. 1, any suitable semantic interpretation process may be
used, as the embodiments of the invention that employ a
semantic interpretation process are not limited in this respect.
[0067] After the top recognition result has been semanti-
cally interpreted in block 304, the evaluation engine begins a
loop in which the evaluation engine semantically interprets
each ofthe N-1 alternative recognition results using the same
semantic interpretation engine (or engines) that was used in
block 304 to interpret the top result. In block 306, the evalu-
ation engine selects the next alternative recognition result that
has not yet been interpreted. In block 308, the alternative
recognition result selected in block 304 is semantically inter-
preted to determine facts expressed in the alternative result.
The evaluation engine then compares, in block 310, the facts
identified in the top result to the facts that were identified from
the recognition result interpreted in block 308 to determine
whether they differ in a way that is semantically meaningful.
For example, if the speech input related to a clinical encoun-
ter, the semantic interpretation of the top result yields one or
more facts that “the growth is malignant,” and the semantic
interpretation of one of the alternative recognition results
yields one or more facts that “the growth is nonmalignant,”
the difference between “malignant” and “nonmalignant” in
the facts may be indicative of a potential error in the top
recognition result that is semantically meaningful, the exist-
ence of which should be identified to a reviewer.

[0068] The determination in block 310 may be made in any
suitable manner. For example, in some embodiments, the
evaluation engine may determine whether there is any difter-
ence between the facts identified in the alternative recognition
result and the top result, without further evaluating those
differences and implicitly identifying any differences in facts
as generally meaningful. A difference in facts may result from
the alternative result including one or more facts not included
in the top result, or from the alternative result not including
one or more facts included in the top result.

[0069] Ifthe evaluation engine were to interpret any difter-
ence in facts as semantically meaningful, in some environ-
ments this may resultin a large number of “false alerts” where
potential errors are flagged that would not be semantically
meaningful, which could reduce the usefulness of the evalu-
ation because the reviewer may begin to discredit or not pay
sufficient attention to the alerts. Therefore, in some embodi-
ments, the difference(s) in the facts are evaluated further to
determine whether they may be semantically meaningful,
which may limit the types of differences that generate an alert.
[0070] In some embodiments, for example, the evaluation
engine may determine whether there is a difference in “sig-
nificant” facts between the alternative result and the top
result. Whether there is a difference in significant facts may
be determined in some embodiments by marking as signifi-
cant some of the types of facts the semantic interpretation
engine is configured to find in a recognition result. The
semantic interpretation engine may be configured to interpret



US 2015/0088517 Al

multiple different types of facts that may be expressed in a
recognition result and may evaluate a recognition result to
identify one or more facts that each corresponds to a fact type.
A type of fact may be a semantic category or classification of
a piece of information that can be expressed in a recognition
result and that the semantic interpretation engine may be
configured to extract from a recognition result. In some
domains, some of the facts may be more meaningful than
others, and thus some facts may be important or significant in
the domain. In the medical domain, for example, facts relat-
ing to symptoms, diagnoses, and treatments may be signifi-
cant. Therefore, in some embodiments types of facts that the
semantic interpretation engine may be configured to extract
from recognition results that correspond to symptoms, diag-
noses, and treatments may be marked as significant. When
some types of facts are identified as significant, the evaluation
engine may determine whether there is any difference in
significant facts (i.e., facts having a fact type marked as sig-
nificant) identified in recognition results. A difference in sig-
nificant facts may be detected when an alternative recognition
result includes a significant fact not in the top result or when
an alternative recognition results is missing a significant fact
in the top result. For example, in the medical context, when a
semantic interpretation of the top recognition result indicates
that at least a part of the result relates to the diagnosis of
“pneumonia” and a semantic interpretation of an alternative
recognition result instead indicates that at least a part of the
result instead relates to the diagnosis “acute pneumonia,” the
difference in diagnoses may be treated as a difference in
significant facts.

[0071] It should be appreciated that embodiments are not
limited to determining in any particular way(s) whether there
is a difference in facts in the N best results, or whether any
such difference is significant. Accordingly, while several
examples have been given, still other processes may be used
in block 310 to identify whether facts are different and option-
ally whether any such difference is significant, as embodi-
ments are not limited in this respect.

[0072] Ifthe evaluation engine determines in block 310 that
there is a significant difference in facts between the top result
and the alternative recognition result selected in block 306,
then in block 312 the evaluation engine triggers an alert
regarding a potential error in the top results, and in block 314
optionally stores information identifying the alternative rec-
ognition result that resulted in the triggering of the alert. The
triggering and storing of blocks 312, 314 may be carried out
in any suitable manner, including using any of the techniques
described above in connection with blocks 208 and 210 in
FIG. 2.

[0073] After the triggering and storing in blocks 312, 314,
orifno significant difference in facts was determined in block
310, the process determines in block 316 whether there are
any alternative recognition results that have not yet been
semantically analyzed and compared to the top result. If so,
the process returns to block 306 to select and evaluate another
recognition result. If, however, the evaluation engine deter-
mines in block 316 that all alternative recognition results have
been interpreted and compared to the top result, then the
process 300 ends.

[0074] In some embodiments, a semantic interpretation
process may be resource intensive, such as by requiring a
relatively large amount of time, processor resources, and/or
storage resources to complete. In some such embodiments, an
evaluation engine may limit the number of recognition results
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that are semantically interpreted by the process 300 of FIG. 3.
For example, the evaluation engine may compare a confi-
dence of the ASR system that a result is a correct recognition
of the speech input to a threshold and, if the confidence is
below the threshold, refrain from semantically interpreting
the result. It should be appreciated that all embodiments (as
some embodiments interpret all of the N best results output by
the ASR) are not limited to determining whether to semanti-
cally interpret recognition results or, when such a determina-
tion is to be made, to making the determination in any par-
ticular manner.

[0075] While the example of FIG. 3 identifies potential
significant errors by analyzing differences in facts extracted
from the top and alternative recognition results, some
embodiments may not use semantic interpretation and may
not compare facts expressed by the recognition results.
Instead, some embodiments may directly analyze differences
in words and/or phrases included in the top recognition result
and alternative recognition results to determine whether any
differences in the words/phrases are indicative of a potential
significant error in the recognition results. FIGS. 4-6 illustrate
examples of techniques that examine recognition results for
differences in words and/or phrases that may be indicative of
a potential significant error in the recognition results.

[0076] In embodiments that directly examine words/
phrases of recognition results, an evaluation engine may
determine whether a potential significant error is present in
recognition results by examining one or more sets of words/
phrases. The sets of words/phrases may include words/
phrases that are acoustically similar and subject to being
confused by an ASR system performing a speech recognition
process on a speech input. Each set (e.g., a pair) of acousti-
cally similar words/phrases may include words/phrases that
include similar sounds or that differ from one another by only
one or a few sounds. For example, in a medical context, the
words “arterial” and “arteriosclerotic” may be confusable due
to the similarity of the sounds in the first parts of the two
words. Another example is “malignant™ and “nonmalignant™
due to the overlap of many of the sounds used in the two
words. Further, a set of words/phrases may include words/
phrases that, when confused by an ASR system, would
change a meaning of a recognition result in a way that would
be semantically significant (e.g., significant in a domain). For
example, while the words “to” and “too” may be acoustically
similar and confusable by an ASR system and an incorrect
substitution of one for the other would be erroneous, the error
may not have serious consequences in some domains if not
corrected, so that these words would not be considered sig-
nificant in these domains. Conversely, as discussed above, in
the medical context if the word “malignant” is erroneously
substituted for the word “nonmalignant” or vice versa, a
patient may be improperly treated, which may have serious
consequences for the patient and the medical institution. By
limiting the list of pairs of words to only words that, when
misrecognized, would result in serious consequences, the
system may limit the number of cases in which an alert is
raised and thereby focus a reviewer’s attention on the errors
that are most significant when present. It should be appreci-
ated, however, that embodiments are not limited to evaluating
only significant words or words associated with serious con-
sequences, as the techniques described herein may be used to
evaluate any word(s).

[0077] In some embodiments, a set of words/phrases may
include a “null” word or phrase representing an absence of
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any word or phrase. This may be done because a short word/
phrase may be acoustically similar to no sound (or no word/
phrase) at all, as the short word/phrase may include only a
small portion of sound, or because a short word/phrase may
be acoustically similar to the other words around the short
word/phrase such that an ASR system may misrecognize the
short word/phrase as merely a portion of the other words. For
example, a word like “no” that has only a very short sound
may be acoustically confused with silence (i.e., a “null”
word) and thus a speech recognition result could incorrectly
include the silence (i.e., no word or phrase) in place of the
word “no.” As another example, the word “no” in the phrase
“no pneumonia was found” may be acoustically similar to the
sound of the “pneu” in the word “pneumonia” and the ASR
system may incorrectly identify the sounds corresponding to
the word “no” as merely a part of the sounds for the word
“pneumonia” and thus a speech recognition result would
incorrectly not include a word or phrase corresponding to the
word “no” in the speech input. The inclusion of the null word
instead of the actual word/phrase can be significant as it may
result in the recognition result having an opposite or other-
wise different meaning. For example, when processing the
speech inputs “there is no evidence of active disease” or “no
pneumonia was found,” an ASR system may substitute a null
word for the word “no” (i.e., may fail to recognize that “no”
was said), resulting in the incorrect “there is evidence of
active disease” or “pneumonia was found,” either of which
could have significant consequences as they could lead to a
patient being incorrectly treated.

[0078] Thus, two or more words/phrases that are acousti-
cally similar and that, when misrecognized for one another
would have a significant consequences, can be included in a
set of words/phrases. As set out below, in some embodiments
an evaluation engine may use the words/phrases of a set to
review recognition results and determine whether there are
any indications of potential significant errors in the recogni-
tion results. Determining whether there are any indications of
potential significant errors may include determining whether
there is an indication in the recognition results that a word/
phrase of a set was included in the top recognition result in
error.

[0079] Insomeembodiments, sets of words/phrases (which
may be pairs of words/phrases) to be evaluated by an evalu-
ation engine may form an “alert” list against which the rec-
ognition results are evaluated in any of various ways to deter-
mine whether to generate an alert regarding potential
significant errors in the recognition results. In some embodi-
ments, as described below in connection with FIG. 4, the
evaluation engine may determine, when the top result
includes one word of a word pair, whether one or more of the
alternative results includes the other word of the word pair
and trigger an alert if so. As mentioned above, in some
embodiments a word pair may include a null word as one
word of the pair and this may present a special case of such an
evaluation. As a null word appears in multiple positions
throughout each of the recognition results (e.g., at the begin-
ning and end of each result, and between each word of each
result), the evaluation engine may simply evaluate the recog-
nition results to determine whether the other, non-null word
of the word pair appears in any of the recognition results,
without evaluating words of the recognition results to deter-
mine if the null word appears. If the other, non-null word
appears, the evaluation engine may trigger an alert.
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[0080] As should be appreciated from the discussion of
speech recognition processes above, words/phrases may
appear in the recognition results based on an analysis of
speech input by an ASR system using one or more acoustic
models and one or more language models, and a resulting
probability that a segment of the speech input corresponds to
the word/phrase. In many cases, when a word/phrase appears
in the recognition results and is evaluated using the evaluation
engine, both the acoustic model(s) and the language model(s)
indicate a high probability that a segment of the speech input
corresponds to the word/phrase. However, all embodiments
are not limited to evaluating whether a word or phrase indi-
cates the presence of a potential significant error when both
the acoustic model(s) and the language model(s) indicate a
high probability that the word/phrase appeared in the speech
input. Rather, for reasons discussed below, in some embodi-
ments, an evaluation engine may determine whether a recog-
nition result includes a potential significant error based on a
probability provided by the acoustic model(s) and not the
language model(s), or based on a probability provided by the
language model(s) and not the acoustic model(s).

[0081] Accordingly, in addition to or as an alternative to
comparing words/phrases included in a top result to words/
phrases included in the alternative recognition results pro-
duced by the ASR system, in some embodiments an evalua-
tion engine may evaluate recognition results using an output
directly from an acoustic model and/or a language model to
determine whether there is a potential significant error in the
top recognition result.

[0082] For example, in some embodiments the evaluation
engine may determine, when one word of a word pair in an
alert list appears in a top result, whether an acoustic model
indicates a likelihood above a threshold that the other word of
the word pair may have been used in the speech input rather
than the word that appeared in the top result and thus a
likelihood that a correct recognition of the speech input
includes the other word of the pair. To do so, the evaluation
engine may determine, using the acoustic model, a likelihood
that the segment of the speech input that was determined to
correspond to the word of the word pair that appeared in the
top result instead corresponds to the other word of the word
pair (including, in some cases, determining whether the seg-
ment corresponds to a null word by determining, for example,
whether the speech input corresponds to a combination of
other words without a discrete word for the segment of speech
input from which the word of the pair that appeared in the top
result was determined). When the likelihood determined from
the acoustic model is above a threshold, this may be indicative
of'a potential significant error in the top recognition result and
the evaluation engine may trigger an alert.

[0083] Similarly, as another example, the evaluation engine
may determine, when one word of a word pair in an alert list
appears in a top result, whether a language model indicates a
likelihood above a threshold that the other word of the word
pair may have been used in the speech input rather that the
word that appeared in the top result and thus a likelihood that
a correct recognition of the speech input includes the other
word of the pair. This may be done in any suitable way. For
example, the evaluation engine may form a new alternative
recognition result by replacing the word of the word pair that
appeared in the top recognition result with the other word of
the pair (including, in some cases, replacing with a null word)
and then analyzing the new alternative recognition result
using a language model to determine a likelihood of the new
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alternative recognition result appearing in the language and/
or domain to which the language model corresponds. When
the likelihood determined from the language model is above
a threshold, this may be indicative of a potential significant
error in the top recognition result and the evaluation engine
may trigger an alert.

[0084] The language model that is used in this way by an
evaluation engine may be any suitable language model. The
language model may be the same language model as was used
by the ASR system in producing the recognition results or a
different language model. In some embodiments, the lan-
guage model may be a standard language model for a lan-
guage (e.g., the English language) and in other embodiments
the language model may be a language model specific to a
domain and that takes into account the consequences of
potential significant errors in that domain. The language
model may account for the consequences of potential signifi-
cant errors by weighting likelihoods of words appearing, such
as by adjusting the likelihoods to be higher when the words
are associated with significant consequences in that domain
(e.g., significant consequences for a patient in a medical
domain). The likelihood for a word may be weighted based on
information indicating the significance of the consequences
in the domain when the word is incorrect in recognition
results for the domain, including when the word is misrecog-
nized for another word with which the word is paired. Weight-
ing the likelihoods in this way may result in likelihoods that
are above the threshold by which the likelihoods are evaluated
even for expressions that occur infrequently, and thereby
result in the triggering of an alert regarding the words. For
example, where a likelihood of a string of words including the
word “malignant” is low, but the medical consequences of
misrecognizing this string of words are serious, the language
model may produce a weighted likelihood that indicates a
high likelihood of this string of words appearing in the
domain language.

[0085] Insomeembodiments that use a language model for
a language and/or for a domain that does not weight likeli-
hoods based on significance of consequences of misrecogni-
tion of a word, an evaluation engine may perform such a
weighting of likelihoods. For example, the evaluation engine
may receive a likelihood of a recognition result appearing in
a language and/or domain from a language model and may
weight that likelihood, in the manner described above,
according to information indicating a significance of conse-
quences of misrecognition. In some such embodiments, once
the evaluation engine has weighted the likelihood, the evalu-
ation engine may evaluate the weighted likelihood to deter-
mine whether to trigger an alert.

[0086] Embodiments that evaluate likelihoods using an
acoustic model or a language model and trigger an alert based
on the likelihoods from the model may do so to increase the
chances of indications of potential significant errors being
identified, alerts being triggered, and errors being corrected
during a review process. In some cases, this may increase the
number of “false” alerts that are not errors that are presented
to a reviewer. However, by including alerts regarding more
potential errors that change a meaning of a recognition result
in a way that would cause significant consequences in the
domain when incorrect, the chance of a significant error being
missed and the consequences of a significant error occurring
may be lower.

[0087] In some embodiments, evaluation techniques that
evaluate likelihoods using an acoustic model or language
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model may be used to identify potential significant errors in
recognition results that are a consequence of misrecognition
by an ASR system. In addition, or in the alternative in some
embodiments, evaluation techniques that evaluate likelihoods
using an acoustic model or language model may be used to
identify potential significant errors in recognition results that
result from the speaker. The speaker may have misspoken by
speaking the wrong word/phrase, speaking an extraneous
word/phrase, neglecting to speak a word/phrase, or in any
other way. Determining whether a recognition result includes
an indication of a potential significant error resulting from
erroneous speech input may be carried out in substantially the
same manner as the above-described process of using an
acoustic and/or language model to determine whether a rec-
ognition resultincludes an indication of'a potential significant
error resulting from misrecognition by an ASR system. The
above-described process compares a top recognition result to
a set of one or more pairs of words/phrases and determines,
when one word or phrase of a word/phrase pair appears in the
top result, whether a language model indicates a likelihood
above a threshold that the other word/phrase of the word/
phrase pair may have been used in the speech input rather that
the word that appeared in the top result. An evaluation engine
may additionally or alternatively determine, using similar
acts, when one word/phrase of a word/phrase pair appears in
the top result, whether a language model indicates a likeli-
hood above a threshold that the other word/phrase of the
word/phrase pair could have appeared in the speech input and
thus whether a speaker might have intended to speak the other
word/phrase of the pair. When the likelihood, determined
from the language model, that the other word/phrase could
have appeared in the speech input is above the threshold, this
may be indicative of a potential significant error in the top
recognition result and the evaluation engine may trigger an
alert.

[0088] FIG. 5 below illustrates an example of techniques
that an evaluation engine may use to evaluate recognition
results using word pairs and a language model to determine,
when one word of a pair appears in a top recognition result, a
likelihood that the speech input instead included the other
word of the pair. As will be appreciated from the discussion
below, the process of FIG. 5 is described as being executed
together with the process 400 of F1G. 4. However, it should be
appreciated that the process of FIG. 5 is not limited to being
carried out together with the process of FIG. 4 and that
embodiments may implement the processes of FIGS. 4-5
separately.

[0089] Thus, described below in connection with FIGS. 4-5
are various techniques that an evaluation engine may use to
evaluate recognition results using word pairs. In embodi-
ments that evaluate recognition results using a list of word
pairs, the words that are included in the list of word pairs may
be any suitable words for which it is desired to generate an
alert. For example, in some embodiments, the word pairs in
the list may be limited to pairs of words where a misrecogni-
tion might have serious consequences (e.g., in a particular
domain) if not corrected.

[0090] FIG. 4illustrates one illustrative process that may be
used in some embodiments by an evaluation engine to evalu-
ate recognition results to determine whether the recognition
results include an indication of a potential error that is seman-
tically significant. The process 400 of FIG. 4 begins in block
402, in which an evaluation engine receives a list of the N best
recognition results produced by an ASR system during a
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recognition process performed on a speech input. As men-
tioned above, the N best list may include a top result and N-1
alternative recognition results.

[0091] Following block 402, the evaluation engine carries
out a loop evaluating each word of the words included in the
top recognition result of the N best recognition results. Dur-
ing the loop, each word of the top result may be evaluated
iteratively, one at a time, or in any other suitable way. During
the loop, the evaluation engine in block 404 selects the next
word of the top result that has not yet been evaluated and
determines in block 406 whether the selected word matches
either word of any of the word pairs to which the top recog-
nition result is to be compared. The determination of block
406 may be made in any suitable manner, including by loop-
ing through a set of word pairs and comparing the selected
word to each word of the word pairs, by taking a hash of the
selected word and searching hashes of the word pairs based
on the hash of the selected word to determine whether the
selected word appears in the word pairs, or in any other
manner. For any word pairs for which the selected word
matches one word of the pair, in block 408 the evaluation
engine determines whether the other word of the pair appears
in any of the alternative recognition results.

[0092] The determination of block 408 may be made by the
evaluation engine in any suitable manner. In some embodi-
ments, the evaluation engine may determine whether any of
the alternative recognition results include the other word of
the pair at any position within the result. In some cases,
though, merely considering whether the other word of the pair
appears at any position within the result may lead to false
alerts that do not indicate a potential error in the top result
(e.g., where the two words of the pair appear at different word
positions between the top result and the alternative recogni-
tion result). The word pair, which may be a pair of acousti-
cally-confusable words, is being used in block 408 to deter-
mine whether the ASR system correctly determined, for the
top result, that a section of speech input corresponds to a word
of the pair. If the ASR system determines, for the top result,
that a first segment of the speech input corresponds to the first
word of a word pair, and determines for an alternative result
that a different segment of the speech input corresponds to the
second word of the pair, this may not indicate anything about
a potentially significant error. Therefore, in some embodi-
ments, when one word of a word pair appears in a top result,
the evaluation engine may determine in block 408 whether
any of the alternative recognition results include the other
word of the pair as a word corresponding to the same segment
of'the speech input as the word of the pair that appeared in the
top result. This may be done in any suitable manner, as
embodiments are not limited in this respect.

[0093] Some ASR systems may produce, for each word or
phrase of a recognition result, an indication of which sounds
in the speech input the ASR system identified as correspond-
ing to the word/phrase. The indication that is produced may
be in the form of a time or time range in the speech input,
which indicates that the sounds in the speech input at that time
or time range were identified by the ASR system as corre-
sponding to the word/phrase. In block 408, the evaluation
engine may determine whether the time or time range of the
speech input that the ASR system identified, for the top result,
as corresponding to the word that was selected in block 404
was also identified by the ASR system, for an alternative
result, as corresponding to the other word of the word pair.
Determining that the times or time ranges for the words are
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the same may aid the evaluation engine in determining that
the words of the word pair appearing in the recognition results
were determined by the ASR system to correspond to the
same segment of speech input and thus are indicative of a
potential significant error in the top recognition result. In
some embodiments, the evaluation engine may not determine
whether there is an exact correspondence between the times
or time ranges for the words of the word pair, but may deter-
mine in block 408 whether the times or time ranges are within
a margin (e.g., plus or minus one second or any other suitable
margin).

[0094] SomeASR systems do not produce a time indication
for words of recognition results. In some embodiments that
operate with ASR system that do not produce time indica-
tions, dynamic phonetic alignment techniques may be used to
align the top result and the alternative recognition results and
thereby align words that correspond to sounds in the speech
input. In embodiments that use dynamic phonetic alignment,
once the recognition results have been aligned, the evaluation
engine may determine whether the word selected in block 404
is aligned with the other word of a word pair. By determining
whether the words of the word pair appear in the top result and
an alternative result and that the words are aligned, the evalu-
ation engine can determine whether the words were deter-
mined to correspond to the same segment of speech input and
thus are indicative of a potential significant error in the top
recognition result.

[0095] Regardless of how the determination is made in
block 408, if the evaluation engine determines that the second
word of the pair appears in an alternative recognition result
(and optionally in an aligned position), the presence of the
two words (which may be acoustically similar and confusable
words) may be indicative of a potential error in the recogni-
tion results that may be semantically significant. Accordingly,
in block 410 the evaluation engine triggers an alert regarding
the top result and, in block 412, the evaluation engine option-
ally stores information about the potential significant error.
Any suitable information may be stored in block 412, includ-
ing information identifying the alternative recognition result
that included the other word of the pair that indicated the
presence of the potential significant error in the top result. The
triggering and storing in blocks 410, 412 may be carried out
in any suitable manner, including according to any of the
techniques described above in connection with blocks 208,
210 of FIG. 2 or in other ways.

[0096] After the triggering and storing of blocks 410, 412,
or when it is determined in blocks 406, 408 that both words of
a pair were not included in the recognition results, the evalu-
ation engine determines in block 414 whether there are more
words of the top recognition result to be evaluated. If so, the
evaluation engine returns to block 404 to select another word
of the top result and begin a new iteration of the loop by
evaluating the recognition results using the selected word.
When it is determined that there are no more words of the top
result to be evaluated, the process 400 ends.

[0097] As discussed above, embodiments are not limited to
evaluating the recognition results using word pairs to deter-
mine whether both words of a word pair appear in the N best
recognition results. Rather, in some embodiments, an evalu-
ation engine may evaluate the top recognition result using a
word pair and an acoustic and/or language model to deter-
mine, when one word of a word pair appears in the top
recognition result, a likelihood that the speech input (from
which the top recognition result was produced) instead
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included the other word of the pair. FIG. 5 shows an illustra-
tive process in accordance with these embodiments.

[0098] The process 500 of FIG. 5 may, in some embodi-
ments, be carried out together with the process 400 of F1G. 4,
such as by being carried out within the loop of the process
400. Accordingly, prior to the start of the process 500 of FIG.
5, an evaluation engine may receive the list of N best recog-
nition results from an ASR system as in block 402 of FIG. 4
and may select, as in block 404 of FIG. 4, a word pair by
which to evaluate the top recognition result for indications of
potential significant errors. Additionally, in some embodi-
ments, prior to the start of the process 500 of FIG. 5, an
evaluation engine may determine, as in blocks 406, 408 of
FIG. 4, that the list of N best recognition results do not include
both words of the currently-selected word pair. However, it
should be appreciated that embodiments are not limited to
implementing the process 500 of FIG. 5 together with the
process 400 of FIG. 4 or, where the two processes are imple-
mented together, to integrating the process 500 with the pro-
cess 400 in any particular manner.

[0099] The process 500 begins in block 502, in which an
evaluation engine identifies, for a currently-selected word
pair, a position in the top recognition result of one of the
words of the word pair. In block 504, the evaluation engine
replaces the word of the word pair that appears at that position
with the other word of the word pair. Replacing the word that
appears in the top recognition result with the other word of the
word pair creates a new string of words that is possibly a new
recognition result. In block 506, the evaluation engine uses a
language model, which corresponds to a language and/or
domain of the speech input, to determine a likelihood of the
string of words of the new recognition result appearing in
speech/text in the language or domain. Upon receiving the
likelihood, in block 508 the evaluation engine compares the
likelihood to a threshold to determine whether the likelihood
of the new recognition result appearing in the language or
domain is above the threshold.

[0100] When the likelihood of the new recognition result is
above the threshold, this indicates that the word of the pair
that did not appear in the top recognition result, but was
inserted to form the new recognition result, is sufficiently
likely to have appeared in the speech input instead of the word
that appeared in the top result for an actions to be taken. In
other words, when the likelihood is above the threshold, it is
sufficiently likely that the word of the pair appeared in the top
recognition result in error. Further, because the words of the
word pair are those words that would have serious conse-
quences if one was misrecognized as the other, the likelihood
being above the threshold is indicative of a potential signifi-
cant error in the top recognition result. Accordingly, if the
evaluation engine determines in block 508 that the new rec-
ognition result produced in block 506 is sufficiently likely to
appear, then in block 510 the evaluation engine triggers an
alert regarding the potential significant error and optionally
stores information identifying the potential significant error,
which may include information identifying the other word of
the word pair and the position at which the other word was
determined to be sufficiently likely to appear. The triggering
and storing in block 510 may be carried out in any suitable
manner, including according to any of the techniques
described above in connection with blocks 208, 210 of FIG. 2
or in other ways.

[0101] Once the alert has been triggered and information
stored in block 510, or if the new recognition result of block
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506 was determined in block 508 not to be sufficiently likely
to appear in the language or domain, the process 500 ends.

[0102] In the process 500 described above, the evaluation
engine determines whether a likelihood of the new recogni-
tion result appearing in the domain is above a threshold to
determine whether to trigger an alert. It should be appreciated
that embodiments that implement a process for evaluating
likelihoods of recognition results generated by replacing
words of the top recognition result are not limited to evaluat-
ing likelihoods using a threshold to determine whether to
trigger an alert. In some embodiments, rather than evaluating
the likelihood using a threshold, an evaluation engine may
compare a likelihood of the new recognition result appearing
to a likelihood of the top recognition result appearing. Based
on the comparison of the likelihoods, the evaluation engine
may determine whether to trigger an alert. For example, if the
likelihood of the new recognition result is much lower than
the likelihood of the top recognition result, the evaluation
engine may determine that an alert should not be triggered.
Determining whether the likelihood of the new recognition
result is much lower than the likelihood of the top recognition
result may include, for example, determining whether the
likelihood of the new recognition result is more than 10% less
likely than the top recognition result, less than half as likely as
the top recognition result, less than one-tenth as likely as the
top recognition result, or has any other suitable relative value
as compared to the likelihood of the top recognition result.
Embodiments that implement a process for evaluating likeli-
hoods of recognition results generated by replacing words of
the top recognition result are not limited to comparing like-
lihoods of recognition results in any particular manner.

[0103] In embodiments that evaluate recognition results
using word pairs and a language model as in the examples of
FIG. 5, any suitable language model or models may be used.
In some embodiments, the language model may be a standard
language model for a language (e.g., the English language) or
for a domain (e.g., the medical domain). It may be the same
language model(s) used by the ASR system in producing the
N best recognition results based on the speech input. In some
embodiments, as mentioned above, the language model(s)
may weigh likelihoods of one or more words appearing in the
language or domain at least in part based on information
identifying the significance of the consequences of misrec-
ognizing the word(s), including misrecognizing one paired
word for another. The information may indicate the conse-
quences of misrecognition in general or the consequences in
a particular domain. For example, a language model may be
related to a medical domain and, in addition to indicating a
likelihood of words appearing in the medical domain, may
weigh the likelihood of the words appearing based on infor-
mation indicating the significance of the consequences in the
medical domain if those words are misrecognized. Weighting
the likelihood may include increasing the likelihood of the
words appearing in the language or domain. By increasing the
likelihood based on the consequences of misrecognition (e.g.,
when the words would cause serious medical consequences if
misrecognized), the likelihood of the words appearing may be
increased and may be more likely to exceed the thresholds
against which the likelihoods are compared in the process of
FIG. 5. When the likelihood exceeds the threshold, an alert is
triggered and a reviewer may review the words more care-
fully. Increasing the likelihood when the words would cause
serious consequences if misrecognized therefore increases
the chances that the threshold would be exceeded, an alert
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would be triggered, and a reviewer would review the words
more carefully, which may reduce the chances of the serious
consequences occurring from a misrecognition.

[0104] Additionally, as discussed above, in some embodi-
ments an evaluation engine may receive a likelihood of a
recognition result appearing in a domain from a language
model that does not perform such a weighting, and the evalu-
ation engine may weigh the likelihood in the manner
described above. Once the evaluation engine has weighed the
likelihood based on information indicating a significance of
consequences of misrecognition in the domain, the evaluation
engine may evaluate the likelihood to determine whether to
trigger an alert.

[0105] As discussed above, it should be appreciated that, in
some embodiments, a word pair that is evaluated by the
processes 400, 500 of FIGS. 4 and 5 may include a null word
(i.e., silence or no word). In some embodiments, a word pair
that includes a null word may be evaluated just as any other
word pair. In other embodiments, though, a word pair that
includes a null word may be considered a special case that is
processed using operations that may be different in some
ways from the operations used to evaluate other word pairs.
The process 600 of FIG. 6 illustrates operations carried out in
some embodiments when a word pair includes a null word,
which operations may be similar in some ways to operations
of processes 400, 500 of FIGS. 4-5 discussed above.

[0106] The process 600 of FIG. 6 may be carried out
together within a loop evaluating word pairs and recognition
results, such as the loop described above in connection with
FIG. 4. Accordingly, prior to the start of the process 600 of
FIG. 6, an evaluation engine may receive a list of N best
recognition results from an ASR system (such as in block 402
of FIG. 4) and may select (such as in block 404 of FIG. 4) a
word pair by which to evaluate the N best recognition results
for indications of potential significant errors. The word pair
that is selected includes a null word and a non-null word.
[0107] The process 600 begins in block 602, in which the
evaluation engine determines whether a non-null word paired
with anull word in the currently-selected word pair appears in
any of the N best search results, including either the top
recognition result or any of the N-1 alternative recognition
results. The determination of block 602 can be considered to
serve the same function as the two determinations of blocks
406, 408 of F1G. 4. The blocks 406, 408 determined whether
the words of a word pair appear in both the top recognition
result and one of the alternative recognition results. In block
602, however, the evaluation engine need only determine
whether the non-null word appears in any of the N best
recognition results and may not evaluate words of the recog-
nition results to determine if a null word appears, as every
result necessary includes a null word. This is because a null
word “appears” in all recognition results (i.e., at least at the
beginning and end of a recognition result, and between each
of the words of a recognition result when the recognition
result includes multiple words). In embodiments that evaluate
a word pair that includes a null word to determine whether
both of the words of the pair appear in the recognition results,
the null word will always be determined to appear. Thus, to
determine whether both words of a word pair appear in the N
best recognition results, it may be sufficient to determine
whether the non-null word appears in any of the N best
recognition results.

[0108] Ifthe evaluation engine determines in block 602 that
the non-null word appears in any of the N best recognition
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results, then in block 608 the evaluation engine triggers an
alert and optionally stores information identifying the poten-
tial significant error, which may include information identi-
fying the word and the position of the recognition result at
which it appeared. The triggering and storing of block 608
may be carried out in any suitable manner, including as
described above in connection with block 208, 210 of FIG. 2
or in other ways.

[0109] If, however, in block 602 the evaluation engine
determines that the non-null word does not appear in any of
the N best results, then (as in the process 500 of FIG. 5) the
evaluation engine uses a language model to determine
whether the non-null word was sufficiently likely to have
appeared in the speech input from which the top recognition
result was produced, even though the non-null word does not
appear in N best recognition results.

[0110] Since the null word that is paired with the non-null
word that appears at multiple positions in the top recognition
result (i.e., at the beginning and end of the result, and between
words of the result), replacing the null word with the non-null
word (as in block 504 of FIG. 5) includes iteratively replacing
each occurrence of the null word in the top recognition result
with the non-null word and determining the likelihood of the
resulting new recognition result using the language model. In
other words, in block 604, the evaluation engine iteratively
inserts the non-null word of the pair into the top recognition
result into each word position of the top recognition result
(i.e., into the beginning of the top recognition result, then
between the first word and second word, then the second and
third words, etc.) and for each insertion uses the language
model to determine a likelihood that the resulting string of
words would appear in the language or domain to which the
language model relates. The evaluation engine then com-
pares, in block 606, each of these likelihoods to a threshold to
determine whether, for each string of words that includes the
non-null word, the likelihood of the string of words appearing
in the language or domain is above the threshold.

[0111] When the likelihood of one of the strings of words is
above the threshold, this indicates that the non-null word is
sufficiently likely to have appeared in the speech input at the
position into which the non-null word was inserted into the
top recognition result. When the non-null word is sufficiently
likely to have appeared in the position, this may be indicative
of a potential error in the top recognition result. Further,
because the words of the word pair may be those words that
would have serious consequences if misrecognized, when the
non-null word is sufficiently likely to have appeared in the
speech input at the position, this may be indicative of a poten-
tial significant error in the top recognition result. Accord-
ingly, if the evaluation engine determines in block 606 that
that the non-null word is sufficiently likely to have appeared
in any of the positions, then in block 608 the evaluation engine
triggers an alert regarding a potential significant error and
optionally stores information identifying the potential signifi-
cant error, which may include information identifying the
non-null word and the position at which the non-null word
was determined to be sufficiently likely to appear. The trig-
gering and storing in block 608 may be carried out in any
suitable manner, including according to any of the techniques
described above in connection with blocks 208, 210 of F1IG. 2
or in other ways.

[0112] Once the alert has been triggered and information
optionally stored in block 608, either in response to identify-
ing in block 602 that the non-null word in any of the N best
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recognition results or determining in block 606 that the non-
null word was sufficiently likely to have appeared in a posi-
tion of the top recognition result, or if it was determined in
block 606 that the word was not sufficiently likely to appear,
the process 600 ends.

[0113] Theprocesses 400-600 of FIGS. 4-6 were described
as processing recognition results in an N best list format. As
discussed above, embodiments are not limited to processing
recognition results in an N best list format. In embodiments
that operate with recognition results in other formats, such as
a lattice format, other processes may be carried out on the
recognition results to implement techniques described in con-
nection with FIGS. 4-6. For example, an evaluation of the
words of the recognition results to word pairs may be carried
out using recognition results in a lattice format. In some
embodiments, a lattice format may be advantageous for
evaluating the recognition results using word pairs, as the
lattice will identify directly in the format of the lattice the
words that were identified by the ASR system as alternatives
that may each correspond to the same sounds of the speech
input. As mentioned above, the lattice format includes
directed interconnections between nodes of the lattice and the
directed interconnections identify paths through the lattice
that each correspond to a recognition result. The paths
through the lattice may overlap when multiple recognition
results include the same word(s) corresponding to the same
sounds from the speech input. When the paths through the
lattice diverge to different nodes, this indicates that the ASR
system has identified different words as corresponding to the
same sounds of the speech input. The different words are
aligned alternatives for the same sounds of the speech input.
The lattice can therefore be evaluated to determine whether,
for the parts of the lattice that include alternative words,
whether the word for the top recognition result appears in a
word pair and, if so, whether one of the alternative words is
the other word of the word pair. The lattice may also be
evaluated using word pairs and a language model to deter-
mine whether, if any of the words of the word pairs appears in
the lattice, the other word of the pair can be substituted in the
paths of the lattice through the node for that word to create a
string of words that is sufficiently likely to appear in the
language/domain. It should be appreciated, however, that
embodiments that operate with a lattice are not limited to
operating with a lattice in the manner described above, and
that embodiments may process a lattice and word pairs in any
suitable manner.

[0114] In the examples of FIGS. 4-6, an evaluation engine
uses pairs of words to determine whether there is an indica-
tion of a potential error in the recognition results. The pairs of
words that are evaluated in these processes, or in any other
process operating in accordance with techniques described
herein, may be determined in any suitable manner, as embodi-
ments are not limited in this respect.

[0115] In some embodiments, the pairs of words may be
determined through a manual process, in which one or more
people identify pairs of words (including null words) that may
be confused by an ASR system and might have significant
consequences if misrecognized. After the pairs of words are
manually assembled, the evaluation engine may use the pairs
in any of the above-described processes or any other process.
[0116] In some embodiments, as an alternative to or in
addition to a manual process, an automated process of deter-
mining word pairs may be carried out. Automated processes
that may be used in some embodiments may determine words
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that might be confused by an ASR system (e.g., because of
acoustic similarity), the confusion of which might have sig-
nificant consequences, and may pair these words (including
nulls) together in a set of word pairs. Automated processes
may determine whether confusion might have significant
consequences in any suitable way. For example, the processes
may determine confusable words that have different mean-
ings or that change a meaning of a phrase or sentence when
included in the phrase/sentence. For example, some auto-
mated processes may identify words, phrases, or sentences
that have meanings that are inconsistent (e.g., meanings that
are opposites of one another) or of different degrees of speci-
ficity (e.g., pneumonia and acute pneumonia). For example,
an automated process might determine that the phrases “the
growth is malignant” and “the growth is nonmalignant™ have
related, opposite meanings and determine that the opposite
meanings is based on the words “malignant” and “nonmalig-
nant.”” An automated process might also determine that the
phrases “there is evidence of active disease” and “there is no
evidence of active disease” have related, opposite meanings
and that the opposite meanings is based on the word “no.”
Some automated processes, when evaluating these phrases,
may then pair the words “malignant” and “nonmalignant”
and a null word and “no” based on this evaluation.

[0117] FIG. 7 illustrates one process that may be used in
some embodiments by a pairing engine to evaluate phrases
and determine pairs of words that are related in meaning. The
process 700 of FIG. 7 begins in block 702, in which the
pairing engine receives a corpus of text in a language, where
the corpus includes multiple words and/or phrases. The cor-
pus of text may be any suitable corpus including any suitable
text, such as a set of texts of medical journal publications,
medical reports, novels, newspaper and magazine articles,
blog posts, and/or any other texts.

[0118] Inblock 704, the pairing engine semantically inter-
prets each phrase of the corpus of text to identify one of more
significant facts expressed in the phrases. The significant facts
may be any suitable set of significant facts, including facts
significant for a particular domain. The semantic interpreta-
tion of block 704 may be carried out in any suitable manner.
In some embodiments, for example, the pairing engine may
interact with a semantic interpretation engine that is config-
ured to interpret text in a language matching that of the corpus
to determine significant facts expressed in each of the
phrases. A semantic interpretation engine may be imple-
mented in any suitable manner, one example of which was
discussed above in connection with the semantic interpreta-
tion engine 106D of FIG. 1.

[0119] In block 706, the pairing engine identifies pairs of
phrases for which the significant facts expressed in the
phrases have opposite meanings. The determination in block
706 may be made in any suitable manner. In some embodi-
ments, for example, an index of significant facts that can be
identified by the semantic interpretation facility and relation-
ships between those facts may be predefined. The predefined
relationships may identity significant facts that have opposite
meanings. Where such predefined relationships are used, in
block 706 the significant facts that were identified in block
704 from the semantic interpretation of the phrases of the
corpus may be evaluated using the predefined relationships to
identify any significant facts that have opposite meanings.
When significant facts that have opposite meanings are iden-
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tified, the phrases from which the significant facts were iden-
tified by the semantic interpretation engine may be identified
as having opposite meanings.

[0120] The phrases that are identified as having opposite
meanings may then be used in block 708 to determine words
that have opposite meanings or that cause phrases to have
opposite meanings. These words may be identified by deter-
mining, from the phrases that have opposite meanings the
words of the phrases that result in the phrases having opposite
meanings. The words can be identified in block 708 in any
suitable manner, as embodiments are not limited in this
respect.

[0121] Insomeembodiments, the pairing engine may iden-
tify the words in block 708 by modifying the phrases identi-
fied as having opposite meanings in block 706. The modifi-
cation may be carried out in any suitable manner, including by
iteratively removing words or combinations of words from
each of the phrases and semantically interpreting the modi-
fied phrases. Once a modified phrase (corresponding to one of
apair of phrases having an opposite meaning) is semantically
interpreted, the pairing engine may determine whether the
modified phrase expresses the significant fact that was iden-
tified as having a meaning opposite to that of a significant fact
of another phrase. If the modified phrase is determined to
express the significant fact, the pairing engine can determine
that the word(s) that cause the phrase to express the signifi-
cant fact are included in the modified phrase. Through itera-
tively modifying the phrase and identifying what modifica-
tions lead a modified phrase to express the significant factand
which lead the modified phrase to not express the significant
fact, the pairing engine can determine the word(s) that corre-
spond to the significant fact. When the pairing engine carries
outthis process for each of a pair of phrases that have opposite
meanings, the pairing engine can determine a pair of series of
one or more words, such as a pair of words and/or phrases,
that lead phrases to have opposite meanings. Such a pair of
series of words may be indicative of a potential error in
recognition results when both series of words of the pair are
present in recognition results derived from a same speech
input. For example, when a top recognition result includes
one series of words of a pair and an alternative recognition
result includes the other series of words of a pair, this may be
indicative of a potential error in the recognition results.
[0122] It should be appreciated that while two series of
words determined in this manner are not identical, there may
be some overlap between the two series of words. When the
two series of words determined from recognition results
include multiple words, in some cases one or more of the
words of a first series of words may appear in the second
series of words. In other cases, however, none of the words of
a first series may appear in a second series.

[0123] In some embodiments, the modification of phrases
described above may not be performed for all phrases that
have opposite meanings, but instead may only be done for
phrases that have similar wording and/or similar sounds. This
is because performing a modification of phrases without simi-
lar wording/sound to determine the words of those phrases
that result in different meanings could lead to pairs of words
that are dissimilar and not acoustically confusable and thus
are unlikely to be confused by an ASR system. For example,
while the phrases “there is no evidence of active disease in the
abdomen” and “disease present in the abdomen” may be
identified in block 706 as phrases having opposite meanings,
the words of the phrases are dissimilar. Any attempt at itera-
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tively removing words to determine the words that cause the
meanings to be opposite would thus identity words that are
unlikely to be confused by an ASR system, such as the acous-
tically-dissimilar words “no” and “present.”” Words that are
unlikely to be confused by an ASR system, in some embodi-
ments, may not be very useful to be associated as a pair and
used to evaluate recognition results. This is because when the
words are unlikely to be confused by the ASR system, the
words are also unlikely to be associated with a misrecognition
by the ASR system due to such confusion and unlikely to be
a source of a potential significant error.

[0124] Accordingly, in some embodiments, a pairing
engine may select from the phrases identified in block 706 as
having opposite meanings pairs of phrases that are similar in
wording or similar in the sounds used to express the phrases.
The pairing engine may use any suitable technique for com-
paring wording of phrases or sounds for phrases, as embodi-
ments are not limited in this respect. For example, a corpus of
text may include the phrases “there is no evidence of active
disease in the abdomen,” “no disease in the abdomen,” “dis-
ease present in the abdomen,” and “there is evidence of active
disease in the abdomen,” and a pairing engine may identify
that the first two phrases have a meaning that is the opposite
of' the latter two phrases. The pairing engine may then deter-
mine that the pair of phrases “there is no evidence of active
disease in the abdomen” and “there is active disease in the
abdomen,” and the pair of phrases “no disease in the abdo-
men” and “disease present in the abdomen,” have similar
wording and/or sounds.

[0125] Determining whether the pairs of phrases have simi-
lar wording and/or sounds may be done in any suitable man-
ner, including by comparing wording and/or by comparing
sounds. For example, pairs of phrases may be considered
similar when the majority of the words included in one phrase
appear in the other phrase in the same order and position as in
the first phrase. As another example, pairs of phrases may be
considered similar when the phrases are acoustically confus-
able. A pair of phrases may be acoustically confusable when
the majority of sounds in one phrase appear in the other
phrase in the same order and position as in the first phrase.
Any suitable technique may be used to determine whether
pairs of phrases are similar in wording and/or sound.

[0126] Once pairs of phrases similar in wording and/or
sound are identified, the iterative process described above of
removing words/phrases from each phrase of the pair of
phrases and semantically interpreting the resulting phrase can
be carried out for the identified pairs. Through the iterative
process, pairs of words that cause the pairs of phrases to
express different significant facts can be identified and,
because the words were identified from phrases that are simi-
lar in wording and/or sound, the identified pair of words
includes words that an ASR system may confuse. In some
embodiments, once the pairs of words are identified by the
pairing engine from the iterative process, the pairing engine
may further determine whether the words of the pair may be
confused by an ASR system by determining whether the
words are acoustically similar and acoustically confusable. If
the words of a pair are not acoustically similar, then the pair of
words may be rejected as unlikely to be confused by an ASR
system.

[0127] In block 710, after the pairing engine has deter-
mined in block 708 one or more pairs of words that cause
phrases to have opposite meanings and that may be confused
by an ASR system, the pairing engine may add the pairs to a
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set of pairs of words that may be used by an evaluation engine
in evaluating recognition results. Once the pairs of words
have been added to the set, the process 700 ends.

[0128] It should be appreciated that embodiments that
include an automated process for identifying pairs of words
that, when present in recognition results, are indicative of a
potential significant error in the recognition results are not
limited to carrying out the automated process of FIG. 7 and
that other processes are possible. For example, while the
exemplary process 700 of FIG. 7 could be used to identify
words that are associated with opposite meanings of phrases,
other embodiments may implement a process that identifies
words that are associated with any other suitable relationship
between meanings of phrases, including words that are asso-
ciated with any suitable type of inconsistent meaning other
than opposite meanings (e.g., different degrees of specific-
ity). Embodiments are also not limited to identifying words
associated with one type of relationship between meanings of
phrases, as some embodiments may identify words associ-
ated with multiple types of relationships between meanings
of phrases.

[0129] Additionally, as discussed above, it should be appre-
ciated that while, for ease of description, the examples of
FIGS. 4-7 were discussed in terms of word pairs, embodi-
ments that evaluate words of recognition results to determine
whether there are indications of potential errors that may be
semantically meaningful are not limited to operating with
pairs of words. Some embodiments may evaluate recognition
results using pairs of words and/or phrases, which may
include word/word pairs, phrase/phrase pairs, and/or word/
phrase pairs.

[0130] It should also be appreciated that while the
examples above were discussed in terms of pairs of words
and/or phrases, embodiments that evaluate recognition
results using sets of words and/or phrases to determine
whether there are indications of potential significant errors
are not limited to operating with pairs of words and/or
phrases. Instead, embodiments may operate with sets of
words/phrases of any suitable size. For example, embodi-
ments may evaluate the recognition results using sets of three
or more words and/or phrases. When sets of words/phrases
larger than two (i.e., larger than pairs) are used, processes like
the ones discussed above may be used that determine, when
one word/phrase of a set appears in the top result, whether any
of'the other words/phrases of the set appear in the alternative
recognition results.

[0131] Various processes have been discussed for detecting
indications of potentially significant errors in recognition
results by comparing recognition results or contents of and/or
information about recognition results. For example, in con-
nection with FIG. 3, a comparison of facts extracted from
recognition results was used to determine whether there were
indications of potentially significant errors in recognition
results, and in connection with FIGS. 4-6, a comparison of
words included in recognition results was used to determine
whether there were indications of potentially significant
errors in recognition results. It should be appreciated, how-
ever, that embodiments are not limited to reviewing and com-
paring top recognition results and alternative recognition
results to determine whether there are indications of potential
significant errors in the recognition results. In some embodi-
ments, for example, an evaluation engine may determine
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whether one or more words included in the top recognition
result are themselves indicative of a potential error in the top
result.

[0132] In some embodiments, the top recognition result
may be evaluated for words that are unlikely to appear in the
speech input for a particular domain. For example, in a medi-
cal context, the word “pizza” may be unlikely to appear in a
speech input. The appearance of the word “pizza” in a recog-
nition result in a medical context (e.g., “there is evidence of
active pizza in the abdomen”) may therefore be an indication
of a potential error in the recognition result.

[0133] FIG. 8illustrates an exemplary process 800 that may
be used in some embodiments to review a top recognition
result generated by an ASR system to determine whether the
top recognition result includes one or more words that are
identified as being unlikely to appear in the domain to which
the speech input relates. The words unlikely to appear may be
identified in any suitable way. In some embodiments, prior to
the start of the process 800, a set of words that are unlikely to
appear may have been identified in any suitable manner, such
as through a manual and/or automated process. In some
embodiments, a word may be determined to be unlikely to
appear in a domain through a manual and/or automated analy-
sis of a likelihood of the word appearing in the domain. For
example, in some such embodiments, when it is determined
that the likelihood of the word or phrase appearing is below a
threshold, the word or phrase may be determined to be suffi-
ciently unlikely to appear in the domain for the word or phrase
to be flagged as unlikely.

[0134] The process 800 begins in block 802, in which an
evaluation engine receives the top recognition result pro-
duced by an ASR system for a speech input. In block 804, the
evaluation engine reviews words of the top result to determine
whether the top result includes any of a set of one or more
words identified as being unlikely to appear in the domain to
which the top recognition result relates. In block 806, the
evaluation engine determines whether any of the words were
found and, if so, proceeds to block 808, in which an alert
regarding the top result is triggered. In addition, information
identifying the one or more words that were identified as
being unlikely to have appeared in the domain is stored,
although storing this information is optional and not per-
formed in all embodiments. The triggering and optional stor-
ing in block 808 may be carried out in any suitable manner,
including according to any of the techniques discussed above
in connection with blocks 208, 210 of FIG. 2.

[0135] Once the evaluation engine has triggered an alert in
block 808, or if it is determined in block 806 that no words of
the top result were identified as being unlikely to appear in the
domain, the process 800 ends.

[0136] The process 800 may be used to identity any words
that are not likely to be included in a speech input for any
domain to which the speech input relates. In one example
given above, a domain may be the “medical” domain. It
should be appreciated, however, that embodiments are not
limited to any particular domains. Further, it should be appre-
ciated that embodiments are not limited to any particular type
of domain or breadth of subjects for a domain. For example,
while “medicine” may be a domain in some embodiments, in
other embodiments a more focused domain may be specified,
such as “abdominal examination” or “CT procedure” or
“x-ray of left leg.” For a more focused domain, a set of words
that are identified as unlikely to appear in the domain might
include words that are likely to appear in other domains to



US 2015/0088517 Al

which the focused domain relates. For example, while the
word “leg” might be considered common or likely to appear
for a “medicine” domain, the word “leg” might be considered
uncommon or unlikely to appear in an “abdominal examina-
tion” domain. As another example, while the phrase “right
leg” might be considered common or likely to appear for a
“medicine” domain, the phrase “right leg” might be consid-
ered unlikely to appear in an “x-ray of left leg” domain. As a
third example, while the number seventeen may be common
in the “medicine” domain, it may be uncommon in the “blood
pressure reading” domain.

[0137] It should also be appreciated that embodiments are
not limited to evaluating a recognition result based on only
one domain and words that are unlikely to appear in that
domain. In some embodiments two or more domains may be
evaluated to determine if the speech input includes words
unlikely to appear in either domain. For example, in some
embodiments a speech input may relate to both the domains
“pelvic exam” and “medical examination of a female,” when
the speech input regards a pelvic exam of a woman. In the
domain “pelvic exam,” the word “prostate” may not be
uncommon or considered to be unlikely to appear in a speech
input. However, the word “prostate” might be considered
uncommon in the “medical examination of a female” domain.
Accordingly, in embodiments in which a set of unlikely
words is created from a union of the sets of unlikely words for
two domains, a word for either domain is included in the set
and identified as an indication of a potential error when
included in a recognition results for a speech input that relates
to these two domains.

[0138] Embodiments are not limited to operating with any
particular domains nor to operating with a fixed domain or
fixed set of unlikely words for each recognition result. Rather,
in some embodiments, an evaluation engine may select, for
each recognition result to be evaluated, a domain to be evalu-
ated for words unlikely to appear. The evaluation engine may
select the domain based on information identifying the
speech input. For example, in some embodiments an evalua-
tion engine may be notified of a domain to which a speech
input relates, or of multiple domains to which the speech
input relates, by receiving information that identifies the
speech input. The notification of the domain(s) for a speech
input may include any suitable information and be at any
suitable level of specificity. For example, in a medical con-
text, a notification of one or more domains may include infor-
mation about a patient to which the speech input relates (e.g.,
age, gender, etc.), information about a medical procedure to
which the speech input relates, information about a medical
report of which the speech input is a part, and/or information
about a part of the medical report to which the speech input
relates. Based on this information, the evaluation engine may
select one or more domains to which the speech input relates
and identify, based on each domain, words unlikely to appear
in the speech input.

[0139] Someembodiments discussed above relate to evalu-
ating words and/or phrases (including meanings of the words/
phrases) included in recognition results generated by an ASR
system to determine whether there is an indication of a poten-
tial error in the recognition results. It should be appreciated,
however, that all embodiments are not limited to evaluating
the words and/or phrases of recognition results to determine
whether there is an indication of a potential error. Some
embodiments may additionally or alternatively use any other
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information produced by an ASR system based on speech
input to determine whether there is an indication of a potential
error.

[0140] Further, more embodiments are not limited to deter-
mining whether there is an indication of a potential significant
error that resulted from a misrecognition by an ASR system.
Rather, as discussed above, some embodiments may deter-
mine whether a recognition result may contain a potential
significant error that resulted from a speaker misspeaking,
such as by the speaker speaking an incorrect word.

[0141] Applicants have recognized and appreciated that
speech input may include a potential error when a speaker is
uncertain of the speech input that her or she should be pro-
viding. Applicants have further recognized and appreciated
that, in some cases, when a speaker is uncertain whether he or
she is speaking correctly, the speaker may speak in a manner
than is different from the speaker’s normal speech patterns,
such as with a nonstandard duration or with a nonstandard
pitch. For example, when the speaker is uncertain whether
content of his or her speech is correct, the speaker may insert
more pauses into his or her speech input, stretch syllables or
phonemes to longer durations than is typical, or speak with a
higher than normal pitch or with a vocal fry.

[0142] Applicants have therefore recognized and appreci-
ated that an evaluation of prosody information for speech
input, which may include durational information and pitch
information, may provide an indication of whether a speaker
was uncertain of the speech input that was provided and is
being evaluated. Applicants have also recognized and appre-
ciated that when a speaker is detected as being uncertain of
the speech input, there is an increased likelihood that the
speech input may include a potential error, so that it may be
desirable to trigger an alert regarding recognition results for
the speech input such that a reviewer who reviews the speech
input can confirm that the speech input is correct. As dis-
cussed above, a reviewer may be more likely to carefully
review a recognition result when the reviewer has been
alerted that the recognition result may include a potential
error.

[0143] FIG. 9 illustrates one process that may be imple-
mented in some embodiments for evaluating prosody infor-
mation produced by an ASR system based on speech input to
determine whether there is a potential error in the speech
input. The process 900 of FIG. 9 may be carried out by an
evaluation engine based on output of an ASR system. Prior to
the start of the process 900, speech input is received and
processed by an ASR system, and the ASR system generates
prosody information from analyzing the speech input. The
prosody information may be generated by the ASR system in
any suitable manner, including using techniques that are
known in the art. In some cases, an ASR system may generate
the prosody information as a byproduct of performing a
speech recognition process that attempts to identify words
and/or phrases included in the speech input. In other cases, an
ASR system may generate the prosody information sepa-
rately, rather than as part of the process of attempting to
identify words and/or phrases included in the speech input.

[0144] The process 900 begins in block 902, in which the
evaluation engine receives prosody information from the
ASR system. The evaluation engine may receive the prosody
information in any suitable manner, including via any of the
techniques discussed above in connection with FIG. 2. For
example, the evaluation engine may receive the prosody
information directly from the ASR system or may retrieve the
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prosody information from a data store in which prosody infor-
mation generated by the ASR system was stored. In some
embodiments, the evaluation engine may receive the prosody
information along with other information produced by the
ASR system. For example, the evaluation engine may receive
the prosody information from the ASR system together with
recognition results that include words and/or phrases that the
ASR system determined may have been included in the
speech input.

[0145] In block 904, the evaluation engine evaluates the
prosody information and determines, based on the evaluation,
alikelihood that the speaker was uncertain of the speech input
when the speaker provided the speech input. The evaluation
of block 904 may be carried out in any suitable manner, as
embodiments are not limited in this respect. In some embodi-
ments, the evaluation engine may compare the prosody infor-
mation received in block 902 to reference prosody informa-
tion. When the prosody information is compared to the
reference prosody information, an evaluation engine may
determine whether variations from the reference prosody
information may be signs of potential uncertainty in the
speaker.

[0146] In embodiments in which prosody information is
compared to reference prosody information, the reference
prosody information may be any suitable information regard-
ing prosody that is determined from any suitable source. In
some embodiments, the reference prosody information may
be speaker specific, such as reference prosody information
determined for the particular speaker providing the speech
input. Such speaker-specific reference prosody information
may be determined in any suitable manner, including by
observing speech patterns of the speaker over time. In other
embodiments, the reference prosody information may be
generic to multiple speakers. Such generic reference prosody
information may be generic to any suitable set of speakers,
such as a category of speakers sharing any suitable character-
istic(s). For example, reference prosody information may be
determined for a category of speakers that are “Americans,”
or a category of speakers that are “men,” or a category of
speakers that are “men from the American South.” When
reference prosody information is identified for one or more
sets of speakers, prosody information received in block 902
may be compared to reference prosody information for a set
of speakers to which the speaker who provided the speech
input belongs.

[0147] Comparison of prosody information to reference
prosody information may be performed in any suitable man-
ner. For example, the prosody information for the speech
input received in block 902 may include phoneme duration
information that indicates a length of time that the speaker
used to pronounce phonemes included in the speech input.
Reference prosody information may include reference pho-
neme duration information that identifies an expected pro-
nunciation time for each phoneme. When the evaluation
engine compares the prosody information, in some cases the
evaluation engine may determine that the phoneme duration
information for the speech input indicates that pronunciation
times for some, most, or all of the phonemes included in the
speech input is longer than the expected pronunciation times.
When phoneme pronunciation times for one or more pho-
nemes are longer than expected pronunciation times, the
evaluation engine may determine that the speaker was speak-
ing more slowly than expected. Because a speaker may speak
more slowly or hesitate when the speaker is uncertain, the
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longer pronunciation times may be a sign of potential uncer-
tainty in the speaker. The evaluation engine may therefore
determine that the speaker was uncertain.

[0148] As another example of the manner in which duration
information may be used to detect potential uncertainty,
prosody information received in block 902 may include pause
information identifying a length of one or more pauses in the
speech input, such as pauses between words. Pauses may
include filled pauses and/or unfilled pauses. Filled pauses
may include sounds expressed in speech input such as a
speaker stretching pronunciation of a word for the duration of
the pause. A filled pause may be detected by an ASR system
as both a word and as a pause. Unfilled pauses may include a
length of time included in speech input for which the speaker
did not speak a word, such as a length of time during speech
input for which the speaker stayed silent or produced a hesi-
tation vocalization. Reference prosody information may
include information on lengths of normal pauses for speakers,
such as information indicating the maximum or average
length of a pause considered to be normal for a speaker who
is not uncertain. The evaluation engine may compare pause
information for the speech input to the reference pause infor-
mation to determine whether one or more pauses in the speech
input are longer than the pauses considered to be normal.
When one or more pauses in the speech input are longer than
normal, the evaluation engine may determine that the speaker
was speaking slowly or hesitating, which may be a sign of
potential uncertainty in the speaker.

[0149] As another example of the manner in which prosody
information may be evaluated, the prosody information for
the speech input received in block 902 may include pitch
information indicating one or more pitches and/or more one
more variations in pitch that were used to pronounce pho-
nemes included in the speech input. Reference prosody infor-
mation may include reference pitch information for the pho-
nemes, such as expected pitches or variations in pitches for
phonemes and/or unexpected pitches or variations in pitches
that are indicative of potential uncertainty. The pitch infor-
mation for the speech input may be compared to this reference
pitch information to determine whether the pitch information
for the speech input varies from what is expected or includes
any of the unexpected pitches/variations. For example, a
“vocal fry” is a common variation in pitch that may be con-
sidered to be a sign of potential uncertainty for some Ameri-
can speakers. Reference prosody information may identify a
vocal fry as an unexpected variation in pitch that is indicative
of potential uncertainty. When the evaluation engine com-
pares pitch information for the speech input to the reference
pitch information and the pitch information for the speech
input is determined to include a vocal fry, the evaluation
engine may determine that the speaker was uncertain. As
another example, a speaker who is hesitating may speak with
apitch that is higher than that speaker’s typical pitch. Prosody
information generated by an ASR system based on the speech
input may indicate that the speaker was speaking with a
higher-than-normal pitch. Reference prosody information
may indicate that such a higher pitch is a sign of potential
uncertainty. When the evaluation engine compares the pitch
information for the speech input to the reference pitch infor-
mation, the evaluation engine may determine that, because
the pitch used in the speech input was higher than normal for
the speaker and the reference information indicates this is a
sign of potential uncertainty, the evaluation engine may deter-
mine that the speaker was uncertain.
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[0150] Speaker certainty may be detected based on factors
other than duration of phonemes/pauses or pitch. In addition
to or as an alternative to using longer phonemes, inserting
longer pauses, or speaking with a nonstandard pitch, some
speakers may utter hesitation vocalizations, such as “um” or
“uh,” when uncertain of speech input. Prosody information
received in block 902 may include information on a number
of hesitation vocalizations included in the speech input and
detected by the ASR system. Because some ASR systems are
adapted to remove hesitation vocalizations from the words
included in recognition results when detected, these hesita-
tion vocalizations may not be observable in words and/or
phrases of recognition results received from ASR systems.
The ASR system may, however, produce information regard-
ing hesitation vocalizations that are detected in a recognition
result during a recognition process and provide this hesitation
vocalization information together with or as part of the
prosody information.

[0151] In embodiments in which an evaluation engine
evaluates hesitation vocalizations as part of evaluating speech
input and compares information about hesitation vocaliza-
tions of speech input to reference hesitation vocalization
information, any suitable reference information may be used.
For example, reference hesitation vocalization information
may include a maximum or average number of hesitation
vocalizations included in speech input that is considered to be
normal. As another example, reference hesitation vocaliza-
tion information may include a maximum or average length
of a hesitation vocalization included in speech input that is
considered to be normal. The evaluation engine may compare
a count or length of hesitation vocalizations included in
speech input to a count or length of hesitation vocalizations
indicated by the reference hesitation vocalization information
to determine whether the count is higher than is considered
normal or a length of a hesitation vocalization is higher than
is considered normal. When the count of hesitation vocaliza-
tions or length of a hesitation vocalization included in the
speech input is higher than is considered normal, the evalua-
tion engine may determine that the speaker was hesitating
when speaking the speech input, which may be a sign of
potential uncertainty.

[0152] In embodiments that evaluate hesitation vocaliza-
tions, hesitation vocalization information and reference hesi-
tation vocalization may be received and processed in any
suitable manner. In some embodiments, information on hesi-
tation vocalizations (e.g., counts of hesitation vocalizations)
may be included in prosody information produced by an ASR
system and received in block 902 and in reference prosody to
which the prosody information is compared. In other embodi-
ments, however, information on hesitation vocalizations may
be stored as hesitation vocalization information separate from
prosody information. In some such embodiments, hesitation
vocalization information may be received from an ASR sys-
tem in block 902 along with (but separate from) prosody
information and may be compared to reference hesitation
vocalization information. In embodiments that store and use
hesitation vocalization information separate from prosody
information, hesitation vocalization information (including
reference hesitation vocalization information) may be pro-
duced in any suitable manner and may relate to any suitable
one or more speakers, including in the manner discussed
above in connection with prosody information.

[0153] In some embodiments, prosody information and/or
hesitation vocalization information may include information
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generally relating to a speech input, such as information that
may be used to determine whether the speech input includes
any signs of potential uncertainty. For example, with respect
to hesitation vocalizations, hesitation vocalization informa-
tion may include a count of hesitation vocalizations identified
by the ASR system in speech input. However, embodiments
are not limited to operating with prosody information and/or
hesitation vocalization information that only generally relates
to a speech input. In other embodiments, prosody information
and/or hesitation vocalization information may additionally
or alternatively include information linking signs of potential
uncertainty to particular words and/or phrases of one or more
recognition results produced by an ASR system based on
speech input. For example, with respect to hesitation vocal-
izations, the hesitation vocalization information may link one
or more hesitation vocalizations to words and/or phrases that
the ASR system detected at similar locations in the speech
input as the hesitation vocalization(s). For example, the hesi-
tation vocalization information may identify for a word of a
recognition result that the word was recognized by the ASR
system adjacent in the speech input to a hesitation vocaliza-
tion detected by the ASR system. As another example, the
hesitation vocalization information may identify for a phrase
of a recognition result that a hesitation vocalization was
detected by the ASR system to be adjacent to or in the middle
of the phrase in the speech input. Prosody information may
also include information linking signs of potential uncer-
tainty to particular words and/or phrases of recognition
results. For example, if an ASR system detects in speech input
a pause adjacent to a word and/or phrase, prosody informa-
tion for the speech input may identify that the pause is adja-
cent to that word/phrase appearing in the recognition result.
Identifying words and/or phrases of recognition results that
appear at similar locations in the speech input as signs of
potential uncertainty may be useful in identifying particular
words and/or phrases appearing in recognition results in
which the speaker may have been uncertain. This is because
the speaker may have produced these signs of potential uncer-
tainty close in time to particular words and/or phrases of
which the speaker is uncertain. As discussed below, the evalu-
ation engine may use information identifying these particular
words and/or phrases to determine whether to produce an
alert regarding the words/phrases of recognition results.

[0154] Prosody information and/or hesitation vocalization
information linking hesitation vocalization information to
words and/or phrases of recognition results may be formatted
in any suitable manner, as embodiments are not limited in this
respect. In some embodiments, the information may be for-
matted as a preliminary recognition result produced by an
ASR system during a recognition process that was not filtered
to suppress information regarding hesitation vocalizations,
information regarding pauses, or other information that may
beused to identify signs of potential uncertainty. As discussed
above, an ASR system may be configured to process prelimi-
nary results of a recognition process to suppress information
that may be indicative of uncertainty when that information is
detected by the ASR system, including by suppressing infor-
mation regarding hesitation vocalizations or pauses. In some
embodiments, however, such preliminary recognition results
may be provided by the ASR system to the evaluation engine.
Because the information that may be indicative of uncertainty
was not suppressed by the ASR system and was received by
the evaluation engine, this information may appear in the
preliminary recognition result alongside words and/or
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phrases detected by the ASR system in the speech input.
When the evaluation engine receives the preliminary recog-
nition result in which this information has not been sup-
pressed, the evaluation engine may review the preliminary
recognition result and the information to identify the words
and/or phrases that were detected by the ASR system as being
at similar locations in the speech input as the information that
may be indicative of uncertainty of the speaker. As discussed
below, if the evaluation engine determines, based on these
signs of uncertainty, that it is likely that the speaker was
uncertain, the evaluation engine may raise an alert regarding
these words and/or phrases.

[0155] In some embodiments, in addition to or as an alter-
native to determining uncertainty of a speaker based on signs
of uncertainty identified from prosody and/or hesitation
vocalization information for one speech input, the evaluation
engine may determine uncertainty of a speaker based on signs
of uncertainty identified from prosody and/or hesitation
vocalization information for multiple speech inputs. For
example, the evaluation engine may determine uncertainty
based on an evaluation of prosody and/or hesitation vocaliza-
tion information for multiple speech inputs received together
in time (e.g., as parts of a single dictation session). Such an
evaluation may be carried out by evaluating aggregated
prosody and/or hesitation vocalization information for the
speech inputs. For example, with respect to hesitation vocal-
izations, an evaluation engine may determine uncertainty of a
speaker by comparing a count of hesitation vocalizations
detected by the ASR system in multiple speech inputs to a
count of a maximum or average number of hesitation vocal-
izations that is considered to be normal when included in
speech input over a length of time (e.g., 30 seconds or one
minute). When an evaluation engine determines that the count
of hesitation vocalizations detected in the multiple speech
inputs is higher than is considered to be normal, the evalua-
tion engine may determine that the speaker was uncertain
when speaking each of the multiple speech inputs.

[0156] When the evaluation engine evaluates one or more
speech inputs using any one or more of these or any other
suitable factors indicative of potential uncertainty in a
speaker, the evaluation engine may calculate a likelihood of
potential uncertainty of the speaker. The evaluation engine
may calculate the likelihood in any suitable manner, as
embodiments are not limited in this respect. For example,
when only one factor is evaluated and a likelihood of uncer-
tainty is determined based on that factor, this likelihood may
be used as the likelihood of the speaker’s uncertainty. Alter-
natively, the evaluation engine may calculate a likelihood of
uncertainty in the speaker for each of multiple factors evalu-
ated, and those likelihoods can be combined to produce an
overall likelihood of uncertainty of the speaker. The likeli-
hoods produced based on each factor may be based on the
information that uses that factor that is evaluated by the evalu-
ation engine. For example, when phoneme duration informa-
tion is evaluated, the evaluation engine may use an amount of
variation of the phoneme durations from expected phoneme
durations to calculate a number indicating a likelihood of
uncertainty in the speaker. As another example, when a count
of’hesitation vocalizations is evaluated, the evaluation engine
may use a variation of the count of hesitation vocalizations
from the normal count of hesitation vocalizations to calculate
a number indicating likelihood of uncertainty in the speaker.
Likelihoods based on each of the factors may then be com-
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bined in any suitable manner, including using a weighting
function, to produce a likelihood of uncertainty of the
speaker.

[0157] Once the likelihood of uncertainty of the speaker is
calculated, the likelihood may be used in any suitable manner.
For example, the likelihood may be used in determining
whether to raise an alert to a reviewer regarding the recogni-
tion results that are based on the speech input. By raising an
alert when the speaker was uncertain, a reviewer to which the
alert is provided may be more likely to more closely review
the recognition results based on the speech input and may be
more likely to identify errors in the recognition results that
may have been present in the speech input due to the speaker’s
uncertainty.

[0158] Accordingly, the process 900 continues in block 906
to determine whether the likelihood calculated in block 904
indicates whether the speaker was sufficiently uncertain for
an alert to be generated. The evaluation engine may make this
determination in any suitable manner, an example of which is
using one or more thresholds. In the example of FIG. 9, in
block 906, the evaluation engine compares the likelihood of
uncertainty calculated in block 904 to a threshold likelihood
to determine whether the calculated likelihood exceeds the
threshold. If the calculated likelihood does not exceed the
threshold, the speaker may be determined not to have been
sufficiently likely to have been uncertain for an alert to be
raised. If, however, the evaluation engine determines that the
calculated likelihood exceeds the threshold, then the speaker
may be determined to be sufficiently likely to have been
uncertain for an alert to be raised. In block 908, therefore, the
evaluation engine triggers an alert regarding the uncertainty
and stores information identifying that the speaker may have
been uncertain. The evaluation engine may trigger the alert in
any suitable manner, including in the manner discussed above
in connection with block 208 of F1G. 2. The evaluation engine
may store any suitable information in block 908. The infor-
mation may include, for example, the calculated likelihood of
uncertainty and/or information identifying the detected
prosody information and/or hesitation vocalization informa-
tion, reference prosody and/or hesitation vocalization infor-
mation on which the determination of uncertainty was based,
and/or particular words and/or phrases of one or more recog-
nition results of which the speaker was determined to be
uncertain.

[0159] Once the alert has been triggered and the informa-
tion stored in block 908, or if the speaker was determined in
block 906 not to be sufficiently uncertain to trigger an alert,
the process 900 ends. Information regarding detected uncer-
tainty of the speaker may be used in any suitable manner
following the process 900. In some embodiments, when a
speaker is detected to have been potentially uncertain in
speech input, an alert may be provided to a reviewer that is
reviewing recognition results based on that speech input, as
discussed below in connection with FIG. 10. In other embodi-
ments, the information regarding potential uncertainty may
be used to determine whether to trigger an alert when words
and/or phrases of recognition results are evaluated using any
of the exemplary techniques described above in connection
with FIGS. 2-8. A process for weighting a likelihood of a
word or phrase being a potential error based on consequences
associated with it being an error was discussed above in
connection with FIG. 5. In some embodiments, a similar
weighting process may be carried out using information
regarding potential uncertainty of a speaker. For example, a



US 2015/0088517 Al

likelihood of a word or phrase appearing in a recognition
result, or of a difference in meaning appearing in recognition
results in error, may be weighted based at least in part on
information indicating potential uncertainty of the speaker.
By doing so, when the speaker is detected as being uncertain
of the speech input, any potential errors or potential signifi-
cant errors that are detected in recognition results may be
more likely to trigger an alert and therefore be more likely to
be carefully reviewed by a reviewer.

[0160] In embodiments that evaluate prosody and/or hesi-
tation vocalization information to determine a likelihood of
uncertainty of'a speaker, the information that is evaluated may
be received from any suitable source at any suitable time. In
some embodiments, the information may be received from an
ASR engine immediately following a speech recognition pro-
cess conducted on speech input. In such embodiments,
prosody and/or hesitation vocalization information may be
evaluated as speech input is input by a speaker and analyzed
by the ASR engine. In other embodiments, prosody and/or
hesitation vocalization information for speech input may be
evaluated at a later time, such as at a time following receipt of
other speech input and following processing of that other
speech input by the ASR system. For example, in some
embodiments speech input may be received and processed by
an ASR system and words and/or phrases of recognition
results determined by the ASR system may be displayed via a
user interface. A user (who may be a reviewer) may then edit
the words and/or phrases in any suitable way (e.g., by pro-
viding additional speech input and/or by providing textual
input via a keyboard). Once the words/phrases are edited, an
evaluation of the words/phrases may be carried out to deter-
mine whether there are signs of potential uncertainty or other
indications of potential errors. Such an evaluation may
include evaluating prosody and/or hesitation vocalization
information regarding the speech input that resulted in the
words/phrases included following the editing. When the
prosody and/or hesitation vocalization information is evalu-
ated, the prosody and/or hesitation vocalization information
may be information related to any suitable speech input that
was provided at any suitable time to produce the words/
phrases included following the editing. When edits are made
to words and/or phrases of an original speech input, some
words or phrases of the original speech input may be removed
from recognition results. Prosody and/or hesitation vocaliza-
tion information produced from the portions of the speech
input relating to the removed words/phrases may therefore
not be relevant to an analysis of the words and/or phrases
included following the editing. Additionally, during the edit-
ing, new speech input may be provided by a speaker to
include new words/phrases to replace words/phrases
included in the original speech input. Prosody and/or hesita-
tion vocalization information from the new speech input may
therefore be relevant to the analysis of the words/phrases
included following the editing. Accordingly, in some embodi-
ments, when an evaluation of prosody and/or hesitation
vocalization information is carried out, the information thatis
evaluated may be information produced from multiple difter-
ent speech inputs received at different times that collectively
resulted in the words/phrases included following the editing.

[0161] Techniques described herein may be used by an
evaluation engine of a speech processing system to review
one or more recognition results generated by an ASR system
for a speech input to determine whether the recognition
results include any of potential errors, including errors that
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may change a meaning of a recognition result in a semanti-
cally meaningful way. As mentioned above, some embodi-
ments may identify potential errors to a reviewer (e.g., a
human reviewer) so that the attention of the reviewer may be
called to the recognition results that may include potential
errors. The reviewer may then determine whether the recog-
nition results in fact include an error and may take remedial
action if desired.

[0162] FIG. 10 illustrates one process that may be used in
some embodiments by a review engine to present information
on potential errors identified by an evaluation engine to a
reviewer during a review process. The process 1000 may be
used by a review engine that displays recognition results to a
reviewer for one or more speech inputs and that displays
information regarding one or more potential errors identified
in the recognition result(s) and/or potential errors or potential
uncertainty identified in speech input on which the recogni-
tion result(s) is/are based. In some embodiments, multiple
speech inputs and multiple potential errors may be evaluated
together by the reviewer using the review engine. The speech
input(s) for which the recognition results may be viewed
together may be speech inputs that were received close
together in time and/or that are grouped together in some
other manner, such as by relating to a same topic and/or a
same document. For example, when the speech inputs are a
dictation of a document, a reviewer may view together the
recognition results for all speech input of the dictation, such
that the reviewer can view the complete document at one time
and can, at one time, review the potential errors identified by
an evaluation engine in the recognition results for the speech
inputs of the document. In one review process, the recogni-
tion results for multiple speech inputs may be displayed along
with annotations (e.g., flags) identifying locations of poten-
tial errors in the recognition results. A reviewer may review
the recognition results and the annotations and, ifthe reviewer
desires, view additional information about the potential
errors, such as information produced and stored by evaluation
techniques that an evaluation engine used to identify the
potential errors.

[0163] The reviewer to which the recognition results and
potential errors are displayed by the process 1000 may be any
suitable entity capable of reviewing the recognition results. In
some embodiments, the reviewer may be a person who pro-
vided the speech input for which the recognition results were
produced (e.g., a physician dictating medical reports), while
in other embodiments the reviewer may be a different person,
such as a transcriptionist or other person who reviews recog-
nition results but did not provide the speech input.

[0164] Priorto the start of the process 1000, an ASR system
generates recognition results for one or more speech input
and an evaluation engine evaluates those recognition results
to determine whether there are any indications of potential
errors that may be significant. When the evaluation engine
identifies potential errors, the evaluation engine triggers an
alert, and in some embodiments optionally stores information
about the potential error and/or about the recognition results
from which the evaluation engine determined there might be
a potential error in the recognition results.

[0165] The process 1000 begins in block 1002, in which a
review engine receives recognition results generated by an
ASR system for a speech input and optionally receives infor-
mation identifying potential errors determined by an evalua-
tion engine. The one or more recognition results include a top
result that the ASR system is most confident is a correct
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representation of the speech input, and may optionally also
include one or more alternative recognition results.

[0166] In block 1004, the review engine presents, for each
speech input, the top recognition result to the reviewer via a
display. The top result may be presented in any suitable man-
ner. For example, the top result can be presented so as to form
a string of text of a document, such as where the speech inputs
each form a portion of a dictation of a document.

[0167] In block 1006, the review engine determines
whether an alert regarding a potential error in the recognition
results was triggered by the evaluation engine. If an alert was
triggered, then the review engine may notify the reviewer in
some way that a potential error was detected in the recogni-
tion results. The reviewer may be notified in any suitable
manner, including through a graphical and/or textual message
displayed to the reviewer and/or an audible sound produced
for the reviewer, or in any other way.

[0168] A reviewer may additionally or alternatively be
notified regarding the potential error by an annotation made to
the top result in block 1008. In block 1008, the review engine
may annotate the top result based on the information received
in block 1002 so as to identify to the reviewer potential errors
that were detected by the evaluation engine. The annotations
may be made in any suitable manner. In some embodiments,
a display style of the top result may be altered in some way so
as to identify a location of a potential error. For example,
where the display of the top recognition result includes a text
display of words of the top recognition result, a font style in
the display of words and/or phrases that correspond to the
potential errors identified by the evaluation engine may be
altered. An altering of the font style may include changing a
text color, a background color for the text, a font size, a font
weight (e.g., bold or italic), or any other font property. As
another example, a word or phrase that corresponds to a
potential error may be annotated with a graphic, such as by
placing near the word or phrase an icon indicating that the
word or phrase is associated with a potential error. Any suit-
able icon may be used, including a stylized line placed under
the word or phrase. Rather than (or in addition to) altering a
display style of the top result, in some embodiments the top
result may be annotated through the inclusion of information
regarding alternative recognition results associated with the
potential errors. For example, where a potential error was
identified based on a difference between the top result and an
alternative recognition result, near where the top result is
displayed some content of the alternative recognition result
may be displayed. The content of the alternative recognition
result may be displayed in a different manner in some
embodiments, such as in a different font style (e.g., different
font color, different background color, different weight, etc.).
For example, if a top result for a speech input is the phrase
“there is evidence of active disease in the abdomen” and a
potential error was identified based on the alternative recog-
nition result “there is no evidence of active disease in the
abdomen,” the top result may be annotated by the inclusion in
the display of the word “no” in a different font style between
the “is” and “evidence” of the top result. This is merely one
example as it should be appreciated that any suitable annota-
tions may be used, as embodiments are not limited in this
respect.

[0169] Insomeembodiments, annotations regarding poten-
tial errors identified for a word, phrase, sentence, paragraph,
or other portion of a recognition result may be combined in
the display to yield fewer annotations (e.g., a single annota-
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tion) for the portion of the recognition result. The annotations
may be combined in any suitable way for any suitable reason.
Combining the annotations may serve to limit the number of
annotations that may be displayed to a reviewer, which may
aid the reviewer in focusing on reviewing the identified poten-
tial errors and may prevent the reviewer from being over-
whelmed by a large number of annotations and potential
errors to review. For example, when an evaluation engine
identifies many potential errors in recognition results for a
sentence and the sentence is to be displayed for review, a
review engine may display a single annotation for the sen-
tence that identifies to the reviewer that the entire sentence is
potentially erroneous and should be reviewed carefully. A
reviewer may find the reviewing process easier when the
reviewer need only focus on a few errors, and may therefore
find the sentence easier to review when the entire sentence is
annotated once, rather than the sentence being annotated mul-
tiple times for multiple potential errors.

[0170] After the top result has been annotated with the
indication(s) of the potential error(s) in some embodiments, a
reviewer may interact with the results in the display during the
review process. In particular, the reviewer may interact with
those results that have been annotated as being associated
with potential errors and may request additional information
regarding the potential errors. In block 1010, the review
engine may respond to the reviewer’s request(s) for informa-
tion regarding potential errors with additional information
regarding the potential error. Any suitable information
regarding a potential error may be displayed. In some
embodiments, for example, the additional information may
include one or more alternative recognition results from
which the potential error was identified. In other embodi-
ments, the additional information may include one or more
words of an alternative recognition result, rather than an
entire recognition result. The additional information may also
include information on the type of potential error identified,
such as inconsistent meanings, differences in words, or words
that were identified as unlikely to appear. Embodiments are
not limited to displaying any particular type of additional
information, and may display any suitable information that
may aid a reviewer in determining whether the recognition
results include an error, which may include any information
that may aid the reviewer in correcting the error.

[0171] Insome cases, a potential error may have been iden-
tified through multiple different evaluation techniques carried
out on recognition results, such as being identified by a
semantic interpretation process carried out by an evaluation
facility and by a direct word comparison carried out by the
evaluation facility. Each of the evaluation techniques may
have produced and stored information about the potential
error and this information may be presented to the reviewer as
additional information about the potential error. When a
potential error has been identified through multiple different
techniques, any suitable additional information about the
potential error may be displayed to the reviewer upon request.
In some embodiments, information about the potential error
produced by all of the multiple techniques by which the
potential error was identified may be provided to the reviewer.
In other embodiments, to limit the information provided to
the reviewer so as not to overwhelm the reviewer, additional
information about the potential error may be presented to the
reviewer that was produced by only one or some of the evalu-
ation techniques. For example, additional information may be
presented that was produced by the evaluation technique that
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identified the potential error first in time. As another example,
the review engine may be configured with a ranking of evalu-
ation techniques and may select, from the multiple evaluation
techniques that identified the potential error, the evaluation
technique that is highest in the ranking, and additional infor-
mation that was produced by the selected evaluation tech-
nique may be presented to the reviewer. Where such a ranking
is used, the ranking of evaluation techniques may be produced
based on any suitable criterion or criteria, including a devel-
oper’s impressions of, or information about, reliability of the
evaluation techniques. It should be appreciated that embodi-
ments are not limited to making a selection between evalua-
tion techniques or only displaying additional information
produced by one or some evaluation techniques, and that
embodiments that make a selection are not limited to making
the selection in any particular manner.

[0172] Once the additional information has been presented
to the reviewer, or if the review engine determines in block
1006 that no alert was triggered by the evaluation engine, the
process 1000 ends. Following the process 1000 and after a
reviewer reviews the recognition results and corrects poten-
tial errors, the recognition results may be finalized in any
suitable way.

[0173] Various examples given above were discussed in
connection with evaluating speech in a medical context, such
as speech dictated by a clinician that describes a clinical
encounter with a patient. Some of the examples were dis-
cussed in connection with a radiologist or other clinician
discussing the results of a radiological examination of a
patient. It should be appreciated, however, that embodiments
are not limited to evaluating speech in a medical context or
any other particular domain and that the techniques described
herein may be used to evaluate speech in any suitable domain
or domains.

[0174] The techniques described herein may be imple-
mented in any suitable manner. Included in the discussion
above are a series of flow charts showing the acts of various
processes. These processes may be implemented as software
integrated with and directing the operation of one or more
single- or multi-purpose processors, may be implemented as
hardware circuits such as a Digital Signal Processing (DSP)
circuit or an Application-Specific Integrated Circuit (ASIC),
or may be implemented in any other suitable manner. It
should be appreciated that the flow charts included herein do
not depict the syntax or operation of any particular circuit or
of any particular programming language or type of program-
ming language. It should also be appreciated that, unless
otherwise indicated herein, the particular sequence of steps
and/or acts described in each flow chart is merely illustrative,
as the processes and techniques described herein can be
implemented in other ways.

[0175] In some embodiments, the techniques described
herein may be embodied in computer-executable instructions
implemented as software, including as application software,
system software, firmware, middleware, embedded code,
microcode, or any other suitable type of computer code. Such
computer-executable instructions may be written using any
suitable programming languages and/or programming or
scripting tools, and also may be compiled as executable
machine language code or intermediate code that is executed
on a framework or virtual machine.

[0176] When techniques described herein are embodied as
computer-executable instructions, these computer-execut-
able instructions may be implemented in any suitable manner,
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including as a number of functionality facilities, each provid-
ing one or more operations to complete execution of algo-
rithms operating according to these techniques. A “function-
ality facility,” however instantiated, is a structural component
of'a computer system that, when integrated with and executed
by one or more computers, causes the one or more computers
to perform a specific operational role. Functionality facilities
may include routines, programs, objects, components, data
structures, etc. that perform particular tasks or implement
particular abstract data types. The functionality of the func-
tionality facilities may be combined or distributed as desired
in the systems in which they operate. In some implementa-
tions, one or more functionality facilities carrying out tech-
niques herein may together form a complete software pack-
age. These functionality facilities may, in alternative
embodiments, be adapted to interact with other, unrelated
functionality facilities and/or processes, to implement a soft-
ware program application.

[0177] Some exemplary “engines” have been described
herein for carrying out one or more tasks. In some embodi-
ments, an engine may be implemented as one or more func-
tionality facilities executing on one or more processors or
able to execute on one or more processors. Embodiments that
implement engines as one or more functionality facilities are
not limited to being implemented in any specific number,
division, or type of functionality facilities. In some embodi-
ments, all functionality may be implemented in a single func-
tionality facility.

[0178] Computer-executable instructions implementing
the techniques described herein (when implemented as one or
more functionality facilities or in any other manner) may, in
some embodiments, be encoded on one or more computer-
readable media to provide functionality to the media. Com-
puter-readable media may include magnetic media such as a
hard disk drive, optical media such as a Compact Disk (CD)
or a Digital Versatile Disk (DVD), a persistent or non-persis-
tent solid-state memory (e.g., Flash memory, Magnetic
RAM, etc.), or any other suitable storage media. Such a
computer-readable medium may be implemented in any suit-
able manner, including as computer-readable storage media
1106 of FIG. 11 described below (i.e., as a portion of a
computing device 1100) or as a stand-alone, separate storage
medium. As used herein, “computer-readable media” (also
“computer-readable storage media”) refers to tangible stor-
age media. Tangible storage media are non-transitory and
have at least one physical, structural component. In a “com-
puter-readable medium,” as used herein, at least one physical,
structural component has at least one physical property that
may be altered in some way during a process of creating the
medium with embedded information, a process of recording
information thereon, or any other process of encoding the
medium with information. For example, a magnetization
state of a portion of a physical structure of a computer-read-
able medium may be altered during a recording process.

[0179] In some, but not all, implementations in which the
techniques may be embodied as computer-executable
instructions, these instructions may be executed on one or
more computing device(s) operating in any suitable computer
system, or one or more computing devices (or one or more
processors of one or more computing devices) may be pro-
grammed to execute the computer-executable instructions. A
computing device or processor may be programmed to
execute instructions stored in any manner accessible to the
computing device/processor. Functionality facilities that
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comprise these computer-executable instructions may be
integrated with and direct the operation of a single multi-
purpose programmable digital computer apparatus, a coordi-
nated system of two or more multi-purpose computer appa-
ratuses sharing processing power and jointly carrying out the
techniques described herein, a single computer apparatus or
coordinated system of computer apparatuses (co-located or
geographically distributed) dedicated to executing the tech-
niques described herein, one or more Field-Programmable
Gate Arrays (FPGAs) for carrying out the techniques
described herein, or any other suitable system. Accordingly,
in some embodiments, techniques described herein may be
implemented as systems executing on a distributed system of
two or more computing devices. For example, an evaluation
engine operating according to techniques described above
may be executed by two or more computing devices.

[0180] FIG. 11 illustrates one exemplary implementation
of'a computing device in the form of a computing device 1100
that may be used in a system implementing the techniques
described herein, although others are possible. It should be
appreciated that FIG. 11 is intended neither to be a depiction
of'necessary components for a computing device to operate in
accordance with the principles described herein, nor a com-
prehensive depiction.

[0181] Computing device 1100 may comprise at least one
processor 1102, a network adapter 1104, and computer-read-
able storage media 1106. Computing device 1100 may be, for
example, a desktop or laptop personal computer, a personal
digital assistant (PDA), a smart mobile phone, a server, or any
other suitable computing device. Network adapter 1104 may
be any suitable hardware and/or software to enable the com-
puting device 1100 to communicate wired and/or wirelessly
with any other suitable computing device over any suitable
computing network. Computer-readable media 1106 may be
adapted to store data to be processed and/or instructions to be
executed by processor 1102.

[0182] The data and instructions stored on the one, two, or
more computer-readable storage media 1106 may comprise
computer-executable instructions implementing techniques
described herein. In the example of FIG. 11, computer-read-
able storage media 1106 stores computer-executable instruc-
tions implementing various engines and storing various infor-
mation as described above. Computer-readable storage media
1106 may store an ASR facility 1108 that, when executed on
the processor(s) 1102, implements an ASR system for carry-
ing out a speech recognition process on data regarding a
speech input to generate one or more recognition results for
the speech input. Computer-readable storage media 1106
may also store an evaluation facility 1110 that, when executed
on the processor(s) 1102, implements an evaluation engine
that carries out an evaluation of recognition results, using any
of the exemplary techniques described herein. As part of
evaluating the recognition results, in some embodiments an
evaluation engine may interact with a semantic interpretation
engine. In such embodiments, a semantic interpretation facil-
ity 1112 may be stored on the computer-readable storage
media 1106. The semantic interpretation facility 1112, when
executed by the processor(s) 1102, implements a semantic
interpretation engine that carries out a semantic interpretation
of one or more recognition results to determine facts
expressed in the recognition results. Also, in embodiments
where one or more sets of words and/or phrases are evaluated
by an evaluation engine, sets of words/phrases 1114 may be
stored on the computer-readable storage media 1106. The sets
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of words/phrases 1114 may include any of the sets of words
discussed above. As should be appreciated from the above
discussion of techniques that may be used by an evaluation
engine, in some embodiments the evaluation engine may not
use both a semantic interpretation engine and sets of words/
phrases 1114. Accordingly, in some embodiments the com-
puter-readable storage media 1106 may not store both the
semantic interpretation facility 1112 and the sets of words/
phrases 1114, but would store the one used by the evaluation
engine 1112. Additionally, while the semantic interpretation
facility 1112 is illustrated as separate from the evaluation
facility 1110, in some embodiments the semantic interpreta-
tion facility 1112 may form a part of the evaluation facility
1110. The computer-readable storage media 1106 may fur-
ther store, in some embodiments, prosody and/or hesitation
vocalization information 1116. Prosody and/or hesitation
vocalization information 1116 may include any suitable
information regarding prosody and/or hesitation vocaliza-
tions. The information 1116 may include prosody and/or
hesitation vocalization information produced by an ASR sys-
tem based on speech input provided by a speaker and/or
reference prosody and/or hesitation information that may be
used by the evaluation facility 1110 in evaluating information
produced by an ASR system. In some embodiments that store
both prosody information and hesitation vocalization infor-
mation, the prosody information may be stored together with
hesitation vocalization information (e.g., stored in a single
logical unit) or may be stored separately in any suitable man-
ner. In some embodiments, the computer-readable storage
media 1106 may additionally store a pairing facility 1118,
which when executed by the processor(s) 1102 implements a
pairing engine to carry out a process for automatically deter-
mining pairs of words to use in evaluating recognition results.
Lastly, in some embodiments the computer-readable storage
media 1106 may also store a review facility 1120 that, when
executed by the processor(s) 1102, implements a review
engine to carry out a review process for interacting with a
reviewer to display recognition results and information
regarding potential errors in the recognition results. While the
example of FIG. 11 illustrates multiple facilities 1108, 1110,
1112, 1118, and 1120, embodiments are not limited to imple-
menting all of these facilities or implementing all of these
facilities together on one computing device. Rather, embodi-
ments may implement any suitable facility or combination of
facilities in any suitable system including one or more
devices.

[0183] Embodiments have been described where the tech-
niques are implemented in circuitry and/or computer-execut-
able instructions. It should be appreciated that some embodi-
ments may be in the form of a method, of which at least one
example has been provided. The acts performed as part of the
method may be ordered in any suitable way. Accordingly,
embodiments may be constructed in which acts are per-
formed in an order different than illustrated, which may
include performing some acts simultaneously, even though
shown as sequential acts in illustrative embodiments.

[0184] Use of ordinal terms such as “first,” “second,”
“third,” etc., in the claims to modify a claim element does not
by itself connote any priority, precedence, or order of one
claim element over another or the temporal order in which
acts of a method are performed, but are used merely as labels
to distinguish one claim element having a certain name from
another element having a same name (but for use of the
ordinal term) to distinguish the claim elements.
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[0185] Also, the phraseology and terminology used herein
is for the purpose of description and should not be regarded as
limiting. The use of “including,” “comprising,” “having,”
“containing,” “involving,” and variations thereof herein, is
meant to encompass the items listed thereafter and equiva-
lents thereof as well as additional items.
[0186] The word “exemplary” is used herein to mean serv-
ing as an example, instance, or illustration. Any embodiment,
implementation, process, feature, etc. described herein as
exemplary should therefore be understood to be an illustrative
example and should not be understood to be a preferred or
advantageous example unless otherwise indicated.
[0187] Having thus described several aspects of at least one
embodiment, it is to be appreciated that various alterations,
modifications, and improvements will readily occur to those
skilled in the art. Accordingly, the foregoing description and
drawings are by way of example only.
What is claimed is:
1. An apparatus comprising:
at least one processor; and
at least one computer-readable storage medium having
encoded thereon executable instructions that, when
executed by the at least one processor, cause the at least
one processor to carry out a method of processing results
of a recognition by an automatic speech recognition
(ASR) system on an utterance, the results comprising
two or more results identified by the ASR system as
likely to be accurate recognition results for the utterance,
the two or more results comprising a first result and a
second result, wherein the first result is identified by the
ASR system as most likely among the two or more
results to be an accurate recognition result, the method
comprising:
evaluating the first result using a medical fact extractor
to extract a first set of one or more medical facts;
evaluating the second result using the medical fact
extractor to extract a second set of one or more medi-
cal facts;
determining whether the first set of one or more medical
facts has a meaning that is different in a medically
significant way from a meaning of the second set of
one or more medical facts; and
in response to determining that the first set of one or
more medical facts has a meaning that is different in a
medically significant way from the meaning of the
second set of one or more medical facts, triggering an
alert,
wherein the determining whether the first set of one or
more medical facts has a meaning that is different in a
medically significant way from the second set of one
or more medical facts comprises:
determining whether the first set comprises a medical
fact having a fact type that is marked as significant;
when it is determined that the first set comprises the
medical fact having the fact type that is marked as
significant, determining whether the second set
comprises the medical fact; and
inresponse to determining that the second set does not
comprise the medical fact, determining that the
second set has a meaning that differs from a mean-
ing of the first set in a medically significant way.
2. The apparatus of claim 1, wherein determining whether
the first set comprises a medical fact having a fact type that is
marked as significant comprises determining whether the first
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set comprises a fact having a fact type of a group of fact types
consisting of a diagnosis fact type, a symptom fact type, and
a treatment fact type.

3. The apparatus of claim 1, wherein the determining
whether the first set of one or more medical facts has a
meaning that is different in a medically significant way from
the second set of one or more medical facts further comprises:

comparing the first set to the second set to determine

whether the first set of medical facts differs from the
second set of medical facts; and

when it is determined that the first set differs from the

second set, determining that the first set has a meaning
that differs in a medically significant way from a mean-
ing of the second set.

4. The apparatus of claim 1, wherein the method further
comprises, prior to evaluating the first result or the second
result using the medical fact extractor, processing a lattice
produced by the ASR system representing the two or more
results identified by the ASR system to generate a string of
words for the first result and a string of words for the second
result.

5. The apparatus of claim 1, wherein the results of the
recognition by the ASR system comprise a plurality of results
identified by the ASR system as likely to be an accurate
recognition result for the speech input, and

wherein the method further comprises selecting, from the

plurality of results, the two or more results to be evalu-
ated by the medical fact extractor.

6. The apparatus of claim 1, wherein selecting the two or
more results to be evaluated from the plurality of results
comprises evaluating confidence values of the two or more
results.

7. At least one computer-readable storage medium having
encoded thereon processor-executable instructions that,
when executed by the at least one processor, cause the at least
one processor to carry out a method of processing a plurality
of expressions each having a medical meaning, each expres-
sion comprising a series of one or more words, the method
comprising:

extracting from a first expression at least one first clinical

fact relating to the medical meaning of the first expres-
sion;

extracting from a second expression at least one second

clinical fact relating to the medical meaning of the sec-
ond expression;

determining whether the at least one first clinical fact and

the second clinical fact have inconsistent medical mean-
ings; and

in response to determining that the at least one first clinical

fact and the at least one second clinical fact have incon-

sistent medical meanings,

determining a first series of one or more words related to
the at least one first clinical fact, the first series being
in the first expression and not in the second expres-
sion,

determining a second series of one or more words related
to the at least one second clinical fact, the second
series being in the second expression and not in the
first expression, and

adding the first series and the second series to a set of
series of words and associating the first series with the
second series in the set.

8. The at least one computer-readable storage medium of
claim 7, wherein the determining whether the at least one first
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clinical fact and the at least one second clinical fact have
inconsistent medical meanings comprises evaluating a rela-
tionship between a first clinical fact of the at least one first
clinical fact and a second clinical fact of the at least one
second clinical fact to determine whether the relationship
indicates that the first clinical fact and second clinical fact
have opposite meanings.

9. The at least one computer-readable storage medium of
claim 7, wherein extracting the at least one first clinical fact
from the first expression and extracting the at least one second
clinical fact from the second expression comprises extracting
in response to determining that the first expression and the
second expression use similar wording and/or sounds.

10. The at least one computer-readable storage medium of
claim 7, wherein:

the first series of one or more words includes two or more

words and the second series of one or more words
includes two or more words; and

the determining a second series of one or more words

comprises determining a second series that includes a
word that is included in the first series.
11. The at least one computer-readable storage medium of
claim 7, wherein the determining the first series of one or
more words related to the at least one first clinical fact com-
prises:
removing a removed word from the first expression to form
a modified first expression;

evaluating the modified first expression using a medical
fact extractor to determine whether the modified first
expression expresses the at least one first clinical fact;
and

when the modified first expression does not express the at

least one first clinical fact, determining that the first
series of one or more words related to the at least one first
clinical fact comprises the removed word.

12. The at least one computer-readable storage medium of
claim 11, wherein:

the first expression comprises two or more words; and

the determining the first series of one or more words related

to the at least one first clinical fact further comprises
performing the acts of removing and evaluating for each
of a plurality of words of the first expression to deter-
mine the first series of one or more words.

13. A method of processing a plurality of expressions each
having a medical meaning, each expression comprising a
series of one or more words, the method comprising:

extracting from a first expression at least one first clinical

fact relating to the medical meaning of the first expres-
sion;

extracting from a second expression at least one second

clinical fact relating to the medical meaning of the sec-
ond expression;

determining whether the at least one first clinical fact and

the second clinical fact have inconsistent medical mean-
ings; and
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in response to determining that the at least one first clinical

fact and the at least one second clinical fact have incon-

sistent medical meanings,

determining a first series of one or more words related to
the at least one first clinical fact, the first series being
in the first expression and not in the second expres-
sion,

determining a second series of one or more words related
to the at least one second clinical fact, the second
series being in the second expression and not in the
first expression, and

adding the first series and the second series to a set of
series of words and associating the first series with the
second series in the set.

14. The method of claim 13, wherein the determining
whether the at least one first clinical fact and the at least one
second clinical fact have inconsistent medical meanings com-
prises evaluating a relationship between a first clinical fact of
the at least one first clinical fact and a second clinical fact of
the at least one second clinical fact to determine whether the
relationship indicates that the first clinical fact and second
clinical fact have opposite meanings.

15. The method of claim 13, wherein extracting the at least
one first clinical fact from the first expression and extracting
the at least one second clinical fact from the second expres-
sion comprises extracting in response to determining that the
first expression and the second expression use similar word-
ing and/or sounds.

16. The method of claim 13, wherein:

the first series of one or more words includes two or more

words and the second series of one or more words
includes two or more words; and

the determining a second series of one or more words

comprises determining a second series that includes a
word that is included in the first series.
17. The method of claim 13, wherein the determining the
first series of one or more words related to the at least one first
clinical fact comprises:
removing a removed word from the first expression to form
a modified first expression;

evaluating the modified first expression using a medical
fact extractor to determine whether the modified first
expression expresses the at least one first clinical fact;
and

when the modified first expression does not express the at

least one first clinical fact, determining that the first
series of one or more words related to the at least one first
clinical fact comprises the removed word.

18. The method of claim 17, wherein:

the first expression comprises two or more words; and

the determining the first series of one or more words related

to the at least one first clinical fact further comprises
performing the acts of removing and evaluating for each
of a plurality of words of the first expression to deter-
mine the first series of one or more words.
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