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COMPUTER-IMPLEMENTED SYSTEMS AND METHODS EVALUATING
PROSODIC FEATURES OF SPEECH

CROSS-REFERENCE TO RELATED APPLICATIONS

This application claims the benefit of U.S. Provisional Patent Application No. 61/467,498

filed on March 25, 2011, the entire contents of which are incorporated herein by reference.

TECHNICAL FIELD

This document relates generally to speech analysis and more particularly to evaluating

prosodic features of low entropy speech.

BACKGROUND

When assessing the proficiency of speakers in reading passages of connected text (e.g.,
analyzing the speaking ability of a non-native speaker to read aloud scripted (low entropy) text),
certain dimensions of the speech are traditionally analyzed. For example, proficiency
assessments often measure the reading accuracy of the speaker by considering reading errors on
the word level, such as insertions, deletions, or substitutions of words compared to the reference
text or script. Other assessments may measure the fluency of the speaker, determining whether
the passage is well paced in terms of speaking rate and distribution of pauses and free of
disfluencies such as fillers or repetitions. Still other assessments may analyze the pronunciation
of the speaker by determining whether the spoken words are pronounced correctly on a

segmental level, such as on an individual phone level.
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While analyzing these dimensions of speech provides some data for assessing a speaker’s
ability, these dimensions are unable to provide a complete and accurate appraisal of the speaker’s
discourse capability.

SUMMARY

In accordance with the teachings herein, systems and methods are provided for scoring
speech. A speech sample is received, where the speech sample is associated with a script. The
speech sample is aligned with the script. An event recognition metric of the speech sample is
extracted, and locations of prosodic events are detected in the speech sample based on the event
recognition metric. The locations of the detected prosodic events are compared with locations of
model prosodic events, where the locations of model prosodic events identify expected locations
of prosodic events of a fluent, native speaker speaking the script. A prosodic event metric is
calculated based on the comparison, and the speech sample is scored using a scoring model
based upon the prosodic event metric.

As another example, a system for scoring speech may include a processing system and
one or more memories encoded with instructions for commanding the processing system to
execute a method. In the method, a speech sample is received, where the speech sample is
associated with a script. The speech sample is aligned with the script. An event recognition
metric of the speech sample is extracted, and locations of prosodic events are detected in the
speech sample based on the event recognition metric. The locations of the detected prosodic
events are compared with locations of model prosodic events, where the locations of model
prosodic events identify expected locations of prosodic events of a fluent, native speaker
speaking the script. A prosodic event metric is calculated based on the comparison, and the

speech sample is scored using a scoring model based upon the prosodic event metric.
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As a further example, a non-transitory computer-readable medium may be encoded with
instructions for commanding a processing system to execute a method. In the method, a speech
sample is received, where the speech sample is associated with a script. The speech sample is
aligned with the script. An event recognition metric of the speech sample is extracted, and
locations of prosodic events are detected in the speech sample based on the event recognition
metric. The locations of the detected prosodic events are compared with locations of model
prosodic events, where the locations of model prosodic events identify expected locations of
prosodic events of a fluent, native speaker speaking the script. A prosodic event metric is
calculated based on the comparison, and the speech sample is scored using a scoring model
based upon the prosodic event metric.

BRIEF DESCRIPTION OF THE FIGURES

FIG. 1 is a block diagram depicting a computer-implemented prosodic speech feature
scoring engine.

FIG. 2 is a block diagram depicting a computer-implemented system for scoring speech.

FIG. 3 is a block diagram depicting speech sample-script alignment and extraction of
event recognition metrics from the speech sample.

FIG. 4 is a block diagram depicting detection of locations of prosodic events in a speech
sample.

FIG. 5 is a block diagram depicting a comparison between detected prosodic events with
model prosodic events.

FIG. 6 is a block diagram depicting scoring of a speech sample that considers a prosodic
event metric.

FIG. 7 is a flow diagram depicting a computer-implemented method of scoring speech.
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FIGS. 8A, 8B, and 8C depict example systems for use in implementing a prosodic speech
feature scoring engine.

DETAILED DESCRIPTION

FIG. 1 is a block diagram depicting a computer-implemented prosodic speech feature
scoring engine. A computer processing system implementing a prosodic speech feature scoring
engine 102 (e.g., via any suitable combination of hardware, software, firmware, ctc.) facilitates
the scoring of speech using prosodic features in a manner that has not previously been used in
determining the quality of speech samples. Prosody relates to the rhythm, stress, and intonation
of speech, such as patterns of stressed syllables and intonatinal phrases. Examination of the
prosody of a speech sample involves examining the rhythm, the distribution of stressed and
unstressed syllables, and the pitch contours of phrases and clauses. Results of that examination
can be compared to determine whether and how closely they match those of a fluent, native
speaker.

The prosodic speech feature scoring engine 102 examines the prosody of a received
speech sample to generate a prosodic event metric that indicates the quality of prosody of the
speech sample. The speech sample may take a variety of forms. For example, the speech sample
may be a sample of a speaker that is speaking text from a script. The script may be provided to
the speaker in written form, or the speaker may be instructed to repeat words, phrases, or
sentences that are spoken to the speaker by another party. Such speech that largely conforms to a
script may be referred to as low entropy speech, where the content of the low entropy speech
sample is largely known prior to any scoring based on the association of the low entropy speech

sample with the script.
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The prosodic speech feature scoring engine 102 may be used to score the prosody of a
variety of different speakers. For example, the prosodic speech feature scoring engine 102 may
be used to examine the prosody of a non-native (e.g., non-English) speaker’s reading of a script
that includes English words. As another example, the prosodic speech feature scoring engine
102 may be used to score the prosody of a child or adolescent speaker (e.g., a speaker under 19
years of age), such as in a speech therapy class, to help diagnose shortcomings in a speaker’s
ability. As another example, the prosodic speech feature scoring engine 102 may be used with
fluent speakers for speech fine tuning activities (e.g., improving the speaking ability of a political
candidate or other orator).

The prosodic speech feature scoring engine engine 102 provides a platform for users 104
to analyze the prosodic ability displayed in a speech sample. A user 104 accesses the prosodic
speech feature scoring engine 102, which is hosted via one or more servers 106, via one or more
networks 108. The one or more servers 106 communicate with one or more data stores 110. The
one or more data stores 110 may contain a variety of data that includes speech samples 112 and
model prosodic events 114.

FIG. 2 is a block diagram depicting a computer-implemented system for scoring speech.
A prosodic speech feature scoring engine 202 receives a speech sample 204. The speech sample
204 is associated with a script 206. For example, the speech sample may be a recording of a
speaker reading the words of the script into a microphone. As another example, the speech
sample may include a recording of a speaker repeating words, phrases, or sentences voiced aloud
to the speaker by a third party. At 208, the speech sample is aligned with the script. For
example, the speech sample 204 may be provided to an automatic speech recognizer that also

receives the script 206. The automatic speech recognizer aligns time periods of the speech
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sample 204 with the script 206 (e.g., the automatic speech recognizer determines time stamp
intervals of the speech sample 204 that match the different syllables of the words in the script
206). Further at 208, certain event recognition metrics 210 of the speech sample are extracted.
Such metrics can include features of the speech sample such as particular power, pitch, and
silence characteristics of the speech sample 204 at each syllable of the script. Such features can
be extracted using a variety of mechanisms. For example, an automatic speech recognition
system used in performing script alignment may output certain event recognition metric values.
Additionally, certain variable values used internally by the automatic speech recognition system
in performing the alignment can be extracted as event recognition metrics 210.

At 212, locations of prosodic events 214 in the speech sample 204 are detected based on
the event recognition metrics 210. For example, the event recognition metrics 210 associated
with a particular syllable may be examined to determine whether that syllable includes a
prosodic event, such as a stressing or tone change. In another example, additional event
recognition metrics 210 associated with syllables near the particular syllable being considered
may be used to provide context for detecting the prosodic events. For example, event
recognition metrics 210 from surrounding syllables may help in determining whether the tone of
the speech sample 204 is rising, falling, or staying the same at the particular syllable.

At 216, a comparison is performed between the locations of the detected prosodic events
214 and locations of model prosodic events 218. The model prosodic events 218 may be
generated in a variety of ways. For example, the model prosodic event locations 218 may be
generated based on a human annotation of the script based on a fluent, native speaker speaking
the script. The comparison at 216 is used to calculate a prosodic event metric 220. The prosodic

event metric 220 can represent the magnitude of similarity of the detected prosodic events 214 to
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the model prosodic events 218. For example, the prosodic event metric may be based on a
proportion of matching of syllables having stressed or accented syllables as identified in the
detected prosodic event locations 214 and the model prosodic event locations 218. As another
example, the prosodic event metric may be based on a proportion of matching of syllables having
tone changes as identified in the detected prosodic event locations 214 and the model prosodic
event locations 218. If the detected prosodic events 214 of the speech sample 214 are similar to
the model prosodic events 218, then the prosody of the speech sample is deemed to be strong,
which is represented in the prosodic event metric 220. If there is little matching of the detected
prosodic events locations 214 and the model prosodic event locations 218, then the prosodic
event metric 220 will identify a low quality of prosody in the speech sample.

The prosodic event metric 220 may be used alone as an indicator of the quality of the
speech sample 204 or an indicator of the quality of prosody in the speech sample 204. Further,
the prosodic event metric 220 may be provided as an input to a scoring model, where the speech
sample is scored using the scoring model based at least in part upon the prosodic event metric.

FIG. 3 is a block diagram depicting speech sample-script alignment and extraction of
event recognition metrics from the speech sample. The script alignment and event recognition
metric extraction 302, receives the speech sample 304 and the script 306 that is made up of a
number of syllables 308 that are read aloud by the speaker in generating the speech sample 304.
An automatic speech recognizer 310 performs an alignment operation (e.g., via a Viterbi
algorithm) to match the syllables 308 with portions of the speech sample. For example, the
automatic speech recognizer 310 may match expected syllable nuclei (e.g., vowel sounds,
prosodic features) known to be associated with the syllables 308 in the script 306 with vowel

sounds detected in the speech sample 304 to generate a syllable to speech sample matching 312
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(e.g., an identification of time stamp ranges in the speech sample 304 associated with each
syllable). The syllable to speech sample matching 312 can be used to match the syllables of the
speech sample 304 to a model speech sample to perform a comparison of prosodic event
locations. Alternatively, a model speech sample can be directly matched to the speech sample
304 by the script alignment by performing a time warping of the model speech sample or the
speech sample 304 and matching vowel sound locations (e.g., vowel sound locations within a
threshold time difference in the two speech samples) between the two speech samples. In one
example, the automatic speech recognizer is implemented as a gender-independent continuous-
density Hidden Markov Model speech recognizer trained on non-native spontancous speech.

Outputs from the automatic speech recognizer, such as the syllable to speech sample
matching and speech recognizer metrics 314 (e.g., outputs of the automatic speech recognizer
310 and internal variables used by the automatic speech recognizer 310), and the speech sample
304 are used to perform event recognition metric extraction at 316. For example, the event
recognition metric extraction can extract attributes of the speech sample 304 at the syllable level
to generate the event recognition metrics 318. Example event recognition metrics 318 can
include a power measurement for each syllable, a pitch metric for each syllable, a silence
measurement metric for each syllable, a syllable duration metric for each syllable, a word-
identity associated with a syllable, a dictionary stress associated with the syllable (e.g., whether a
dictionary notes that a syllable is expected to be stressed), a distance from a last syllable with a
stress or tone metric, as well as others.

FIG. 4 is a block diagram depicting detection of locations of prosodic events in a speech
sample. The prosodic event location detection 402 receives a script 404 associated with a speech

sample, where the script comprises a plurality of syllables 406. The prosodic event location
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detection 402 further receives event recognition metrics 408 associated with the speech sample.
A prosodic event detector 410 determines locations of prosodic events 412, such as on a per
syllable basis. For example, the prosodic event detector 410 may identify, for each syllable,
whether the syllable is stressed and whether the syllable includes a tone change. The prosodic
event detector 410 may further identify prosodic events at a higher degree of granularity. For
example, for a particular syllable, the prosodic event detector 410 may determine whether the
particular syllable exhibits a strong stress, a weak stress, or no stress. Further, for the particular
syllable, the prosodic event detector 410 may determine whether the particular syllable exhibits a
rising tone change, a falling tone change, or no tone change.

The prosodic event detector 410 may be implemented in a variety of ways. In one
example, the prosodic event detector 410 comprises a decision tree classifier model that
identifies locations of prosodic events 412 based on event recognition metrics 408. In one
example, a decision tree classifier model is trained using a number of human-transcribed non-
native spoken responses. Each of the responses is annotated for stress and tone labels for each
syllable by a native speaker of English. A forced aligned process (e.g., via an automatic speech
recognizer) is used to obtain word and phoneme time stamps. The words and phones are
annotated to note tone changes (e.g., high to low, low to high, high to high, low to low, and no
change), where those tone change annotations describe the relative pitch difference between the
last syllable of an intonational phrase and the preceding syllable (e.g., a yes-no question usually
ends in a low-to-high boundary tone). Tone changes may also be measured within a single
syllable. The words and phones are similarly annotated to identify stressed and not stressed
syllables, where stressed syllables were defined as bearing the most emphasis or weight within a

clause or sentence. Correlations between the annotations and acoustic characteristics of the
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syllables (e.g., event recognition metrics) are then determined to generate the decision tree
classifier model.

FIG. 5 is a block diagram depicting a comparison between detected prosodic events with
model prosodic events. The location comparison 502 receives locations of detected prosodic
events 504 and locations of model prosodic events 506. The locations of model prosodic events
506 can be generated in a variety of ways. For example, the locations of model prosodic events
506 can be generated based on a fluent, native speaker speaking the text of the same script as is
associated with speech samples to be scored. In one example, one or more human experts listen
to the fluent, native speaker’s model speech sample and annotate the syllables of the script to
note prosodic events. These annotations can be stored in a data structure that associates the
noted prosodic events with their associated syllables. Table 1 depicts an example Model
Prosodic Event Data Structure, where data records note whether particular syllables are stressed

or include a tone change.

Syllable Stressed Tone Change
1 0 0
2 0 1
3 1 0
4 0 0
5 1 1

Table 1: Model Prosodic Event Data Structure
In another example, annotations of the model speech sample can be determined via a crowd
sourcing operation, where large numbers of people (e.g., >25) who may not be expert linguists,
note their impressions of stresses and tone changes per syllable, where the collective opinions of
the group are used to generate the Model Prosodic Event Data Structure. In a further example,

the Model Prosodic Event Data Structure may be automatically generated by aligning the model
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speech sample with the script, extracting features of the sample, and identifying locations of
prosodic events in the speech sample based on the extracted figures.

Table 2 depicts an example Detected Prosodic Event Data Structure. At 508,

Syllable Stressed Tone Change
1 0 0
2 1 1
3 0 0
4 0 0
5 1 1

Table 2: Detected Prosodic Event Data Structure

a location comparator compares the locations of detected prosodic events 504 with the locations
of the model prosodic events 506 to generate matches and non-matches of prosodic events 510,
such as on a per syllable basis. Comparing the data contained in the data structures of Tables 1
and 2, the location comparator determines that the detected prosodic events match in the
“Stressed” category 60% of the time (i.e., for 3 out of 5 records) and in the “Tone Change”
category 100% of the time. At 512, a prosodic event metric generator determines a prosodic
event metric 514 based on the determined matches and non-matches of prosodic events 510.
Such a generation at 512 may be performed using a weighted average of the matches and non-
matches data 510 or other mechanism (e.g., a precision recall, an F-score (e.g., an F; score) of
the location of detected prosodic events 504 compared to the model prosodic events 506) to
provide the prosodic event metric 514 that can be indicative of the prosodic quality of the speech
sample.

The prosodic event metric 514 may be an output in itself, indicating the prosodic quality
of a speech sample. Further, the prosodic event metric 514 may be an input to a further data
model for scoring an overall quality of the speech sample. FIG. 6 is a block diagram depicting

scoring of a speech sample that considers a prosodic event metric. A speech sample 602 is

11
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provided to a prosodic speech feature scoring engine 604 to generate one or more prosodic event
metrics 606. The one or more calculated prosodic event metrics 606 is provided to a scoring
model 608 along with other metrics 610 to generate a speech score 612 for the speech sample
602. For example, the scoring model 608 may base the speech score 612 on the one or more
prosodic event metrics 606 as well as one or more of a reading accuracy metric, a fluency metric,
and a pronunciation metric, as well as other metrics. For example, the speech score may be
calculated by calculating a raw score of the percentage of any of, or a combination of, events
spoken correctly for the aforementioned metrics, and the raw score can then be optionally scaled
if desired, based on any suitable thresholds to scale the raw score to provide the speech score.

FIG. 7 is a flow diagram depicting a computer-implemented method of scoring speech.
A speech sample is received at 702, where the speech sample is associated with a script. The
speech sample is aligned with the script at 704. An event recognition metric of the speech
sample is extracted at 706, and locations of prosodic events are detected in the speech sample
based on the event recognition metric at 708. The locations of the detected prosodic events are
compared with locations of model prosodic events at 710, where the locations of model prosodic
events identify expected locations of prosodic events of a fluent, native speaker speaking the
script. A prosodic event metric is calculated at 712 based on the comparison.

Examples have been used to describe the contents of this disclosure. The scope of this
disclosure encompasses examples that are not explicitly described herein. For example, in one
such example, alignment between a script and a speech sample is performed on a word by word
basis, in contrast to examples where such operations were performed on a syllable by syllable

basis.
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As another example, FIGS. 8A, 8B, and 8C depict example systems for use in
implementing a prosodic speech feature scoring engine. For example, FIG. 8A depicts an
exemplary system 800 that includes a standalone computer architecture where a processing
system 802 (e.g., one or more computer processors located in a given computer or in multiple
computers that may be separate and distinct from one another) includes a prosodic speech feature
scoring engine 804 being executed on it. The processing system 802 has access to a computer-
readable memory 806 in addition to one or more data stores 808. The one or more data stores
808 may include speech sample data 810 as well as model prosodic event data 812.

FIG. 8B depicts a system 820 that includes a client server architecture. One or more user
PCs 822 access one or more servers 824 running a prosodic speech feature scoring engine 826 on
a processing system 827 via one or more networks 828. The one or more servers 824 may access
a computer readable memory 830 as well as one or more data stores 832. The one or more data
stores 832 may contain speech sample data 834 as well as model prosodic event data 836.

FIG. 8C shows a block diagram of exemplary hardware for a standalone computer
architecture 850, such as the architecture depicted in FIG. 8A that may be used to contain and/or
implement the program instructions of system embodiments of the present invention. A bus 852
may serve as the information highway interconnecting the other illustrated components of the
hardware. A processing system 854 labeled CPU (central processing unit) (e.g., one or more
computer processors at a given computer or at multiple computers), may perform calculations
and logic operations required to execute a program. A non-transitory processor-readable storage
medium, such as read only memory (ROM) 856 and random access memory (RAM) 858, may be
in communication with the processing system 854 and may contain one or more programming

instructions for performing the method of implementing a prosodic speech feature scoring
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engine. Optionally, program instructions may be stored on a non-transitory computer readable
storage medium such as a magnetic disk, optical disk, recordable memory device, flash memory,
or other physical storage medium.

A disk controller 860 interfaces one or more optional disk drives to the system bus 852.
These disk drives may be external or internal floppy disk drives such as 862, external or internal
CD-ROM, CD-R, CD-RW or DVD drives such as 864, or external or internal hard drives 866.
As indicated previously, these various disk drives and disk controllers are optional devices.

Each of the element managers, real-time data buffer, conveyors, file input processor,
database index shared access memory loader, reference data buffer and data managers may
include a software application stored in one or more of the disk drives connected to the disk
controller 860, the ROM 856 and/or the RAM 858. Preferably, the processor 854 may access
cach component as required.

A display interface 868 may permit information from the bus 852 to be displayed on a
display 870 in audio, graphic, or alphanumeric format. Communication with external devices
may optionally occur using various communication ports 872.

In addition to the standard computer-type components, the hardware may also include
data input devices, such as a keyboard 873, or other input device 874, such as a microphone,
remote control, pointer, mouse and/or joystick.

Additionally, the methods and systems described herein may be implemented on many
different types of processing devices by program code comprising program instructions that are
executable by the device processing subsystem. The software program instructions may include
source code, object code, machine code, or any other stored data that is operable to cause a

processing system to perform the methods and operations described herein and may be provided
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in any suitable language such as C, C++, JAVA, for example, or any other suitable programming
language. Other implementations may also be used, however, such as firmware or even
appropriately designed hardware configured to carry out the methods and systems described
herein.

The systems’ and methods’ data (e.g., associations, mappings, data input, data output,
intermediate data results, final data results, etc.) may be stored and implemented in one or more
different types of computer-implemented data stores, such as different types of storage devices
and programming constructs (e.g., RAM, ROM, Flash memory, flat files, databases,
programming data structures, programming variables, IF-THEN (or similar type) statement
constructs, etc.). It is noted that data structures describe formats for use in organizing and
storing data in databases, programs, memory, or other computer-readable media for use by a
computer program.

The computer components, software modules, functions, data stores and data structures
described herein may be connected directly or indirectly to each other in order to allow the flow
of data needed for their operations. It is also noted that a module or processor includes but is not
limited to a unit of code that performs a software operation, and can be implemented for example
as a subroutine unit of code, or as a software function unit of code, or as an object (as in an
object-oriented paradigm), or as an applet, or in a computer script language, or as another type of
computer code. The software components and/or functionality may be located on a single
computer or distributed across multiple computers depending upon the situation at hand.

It should be understood that as used in the description herein and throughout the claims

[TINETINT3 5
a

that follow, the meaning of an,” and “the” includes plural reference unless the context

clearly dictates otherwise. Also, as used in the description herein and throughout the claims that
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follow, the meaning of “in” includes “in” and “on” unless the context clearly dictates otherwise.
Further, as used in the description herein and throughout the claims that follow, the meaning of
“each” does not require “ecach and every” unless the context clearly dictates otherwise. Finally,
as used in the description herein and throughout the claims that follow, the meanings of “and”
and “or” include both the conjunctive and disjunctive and may be used interchangeably unless
the context expressly dictates otherwise; the phrase “exclusive or” may be used to indicate

situation where only the disjunctive meaning may apply.
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It is claimed:

1. A computer-implemented method of scoring speech, comprising:

receiving, using a processing system, a speech sample, wherein the speech sample is
associated with a script;

aligning, using the processing system, the speech sample with the script;

extracting, using the processing system, an event recognition metric of the speech
sample;

detecting, using the processing system, locations of prosodic events in the speech sample
based on the event recognition metric;

comparing, using the processing system, the locations of the detected prosodic events
with locations of model prosodic events, wherein the locations of model prosodic events identify
expected locations of prosodic events of a fluent, native speaker speaking the script;

calculating, using the processing system, a prosodic event metric based on the
comparison; and

scoring, using the processing system, the speech sample using a scoring model based

upon the prosodic event metric.

2. The method of claim 1, wherein the script is divided according to syllables or words, and

wherein the locations of the model prosodic events identify which syllables or words are

expected to include a prosodic event.
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3. The method of claim 1, wherein the received speech sample is divided into syllables or words
and the syllables or words of the speech sample are aligned with the syllables or words from the

script.

4. The method of claim 3, wherein said aligning is performed using the Viterbi algorithm.

5. The method of claim 3, wherein said aligning is performed using syllable nuclei that include

vowel sounds or prosodic events.

6. The method of claim 3, wherein said aligning is based on a tolerance time window.

7. The method of claim 1, wherein said detecting includes associating the detected prosodic

events with syllables or words of the speech sample.

8. The method of claim 1, wherein said comparing includes determining whether a syllable or
word of the speech sample having an associated detected prosodic event matches an expected

prosodic event for that syllable or word.

9. The method of claim 1, wherein the locations of the model prosodic events are determined

based upon a human annotating a reference speech sample produced by a native speaker

speaking the script; or
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wherein the locations of the model prosodic events are determined based upon crowd
sourced annotations of a reference speech sample or automated prosodic event location

determination of the reference speech sample.

10. The method of claim 1, wherein the speech sample is a sample of the script being read aloud

by a non-native speaker or a person under the age of 19.

11. The method of claim 1, wherein event recognition metrics include measurements of power,
pitch, silences in the speech sample, or dictionary stressing information of words recognized by

an automated speech recognition system.

12. The method of claim 1, wherein the prosodic events include a stressing of a syllable or word.

13. The method of claim 12, wherein the stressing of the syllable or word is detected as being a

strong stressing, a weak stressing, or no stressing; or

wherein the stressing of the syllable or word is detected as being present or not present.

14. The method of claim 1, wherein the prosodic events include a tone change from a first

syllable to a second syllable, within a syllable, from a first word to a second word, or within a

word.

15. The method of claim 14, wherein the tone change is detected as being a rising change, a

falling change, or no change; or
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wherein the tone change is detected as existing or not existing.

16. The method of claim 1, wherein speech classification is used to detect the locations of the

prosodic events in the speech sample.

17. The method of claim 16, wherein the speech classification is carried out using a decision tree

trained on speech samples manually annotated for prosodic events.

18. The method of claim 1, wherein a prosodic event is a silence event.

19. The method of claim 1, wherein said aligning includes applying a warping factor to the

speech sample to match a reading time associated with the script read by a fluent, native speaker.

20. The method of claim 1, wherein the event recognition metric comprises one or more of a
precision, recall, and F-score of automatically predicted prosodic events in the speech sample

compared to the model prosodic events.

21. The method of claim 1, wherein the speech sample is a low entropy speech sample that is

elicited from a speaker using a written or oral stimulus presented to the speaker.

22. A system for scoring speech, comprising:
a processing system;
one or more computer-readable storage mediums containing instructions configured to

cause the processing system to perform operations including:
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receiving a speech sample, wherein the speech sample is associated with a script;

aligning the speech sample with the script;

extracting an event recognition metric of the speech sample;

detecting locations of prosodic events in the speech sample based on the event
recognition metric;

comparing the locations of the detected prosodic events with locations of model
prosodic events, wherein the locations of model prosodic events identify expected locations of
prosodic events of a fluent, native speaker speaking the script;

calculating a prosodic event metric based on the comparison; and

scoring the speech sample using a scoring model based upon the prosodic event

metric.

23. A computer program product for scoring speech, tangibly embodied in a machine-readable
non-transitory storage medium, including instructions configured to cause a processing system to

execute steps that include:

receiving a speech sample, wherein the speech sample is associated with a script;

aligning the speech sample with the script;

extracting an event recognition metric of the speech sample;

detecting locations of prosodic events in the speech sample based on the event
recognition metric;

comparing the locations of the detected prosodic events with locations of model prosodic
events, wherein the locations of model prosodic events identify expected locations of prosodic
events of a fluent, native speaker speaking the script;

calculating a prosodic event metric based on the comparison; and
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scoring the speech sample using a scoring model based upon the prosodic event metric.
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