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(57) Abstract

The invention extends the capability of conventional computer speech recognition programs to reliably recognize and understand
large word and phrase vocabularies for teaching written language skills. At each step of a teaching program, information is supplied to
the user such that some responses in the language being taught are correct (or appropriate) and some are incorrect (or inappropriate), with
these respective sets of responses judiciously selected to teach some language aspect (i.e., vocabulary, sentence structure). A subset of
allowable correct and incorrect responses is selected such that a speech recognition subprogram readily discerns certain allowable responses
from other allowable responses, including each incorrect response being discriminable from each correct response. The meanings of at least
the correct allowable responses are made clear by aural or visual information, such as graphic images, printed text, or translations into the
user’s native language. The invention may be used for the effective teaching of reading skills. This method pertains to children learning to
read in their native language, as well as to adults that have learned only the spoken form. The method encourages a user into pronouncing
the words and phrases being used, the letter—sound relations will be reinforced much more strongly than if the student’s response is just a
mouse click indicating correct comprehension.
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SPEECH RECOGNITION APPARATUS
AND METHOD FOR LEARNING

BACKGROUND OF THE INVENTION
1. Field of the Invention
This invention relates to a speech recognition apparatus and method.
More precisely, this invention relates to a speech recognition apparatus and
method useful for learning language skills.
2. Description of the Related Technology

Modern multimedia computers can be an effective tool for learning new
language skills. Still and animated visual images, text, and audio can be
interwoven in interactive programs. The audio may include both computer-
generated (synthesized) speech or large amounts of high quality natural
speech, prerecorded and stored efﬁcientl); in digital form, and accessed as
required for the interactive learning program. The weak link, however, is the
ability of a computer to accept and act differentially in response to the speech
of a learner in an interactive language learning application.

Even the most powerful computer is still unable to analyze the
meaning, syntax, and pronunciation of a user’s unrestricted continuous
speech in near-real time, as does the human auditory system. Compared to
the human capability, the abilities of the best computers (even without the
real-time restriction needed for interactive situations) are extremely
fudimentaty. Various articles have been written that describe the inadequacy
of various speech recognition systems, including Richard D. Peacocke & Daryl
H. Graf, An Introduction to Speech and Speaker Recognition, COMPUTER
Magazine, Aug. 1990, at 26-34; David B. Roe & Jay G. Wilpon, Whither
Speech Recognition: The Next 25 Years, IEEE Communications Magazine,
November 1993, at 54-62; Alexander 1. Rudnicky, et al., Survey of Current
Speech Technology, Communications of the ACN, March 1994, at 52-56,

However, there are many computer-based systems for accepting and

acting differentially in response to human speech that emulate enough of the
human capability to be useful in specific applications. Among these are

"speech understanding” systems which are directed towards identification of
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the intended meaning or semantic content of an input segment of speech.
Speech understanding systems may be useful, for example, in task-oriented
human-computer interactions in which it is not important to identify the
actual words spoken or obtain an analysié of the syntax or pronunciation of
the speech. See U.S. Patent No. 5,357,596 and Hirohjuki Tsuboi, et al., Real-
Time Task-Oriented Speech Understanding System Using Kevword Spotting,

IEEE Transactions on Acoustical Speech and Signal Processing, Sept. 1992,
at 197-200.

There are other applications, such as automated dictation or voice data
entry, for which it is important for a computer to identify the actual words
spoken. Systems accepting speech input that emphasize the correct
identification of particular words or sequences of words are commonly
referred to as "speech recognition" systems, or "word recognition” systems if
the speech input segments are limited to single words or short phrases.
(Unfortunately, the term "speech recognition” is also used loosely as a
descriptive label for the totality of systems accepting and selectively acting in
response to speech input.) For example, in a system for automated dictation
for English, it is of primary importance to obtain the correct orthographic
representation of a spoken word, and meaning is secondary. If the spoken
sentence is "He’s a bear of a man," or "He will bear the burden," the semantic
content of "bear" is only important to the extent that it is not transcribed
"bare." In "He tore across the room," the word "tore", to a speech
understandmg system, must be unambiguously understood as "moved
quickly," whereas to a speech recognition system for dictation it is merely the
word that happens to be the past tense of "tear."

A third type of system accepting and selectively responding to a speech
input can be termed a "speech analysis" system. Speech analysis systems are
used in applications in which properly and improperly formed or pronounced
speech must be differentiated, whereas speech recognition and speech
understanding systems are primarily directed, respectively, to determining the
intended linguistic segments or the intended semantic content relative to a

specific context or task to be performed.



10

15

20

25

30

WO 99/40556 PCT/US99/02782

To be maximally useful for language instruction, a system for
interactive human-computer speech communication must be able to exhibit
all three of these capabilities of a human tutor familiar with the language:
understanding, segment recognition, and speech pattern analysis. To

accomplish this, there would have to be either a very significant improvement

/in the capabilities of present speech input technology or the devising of a

system for human-computer speech interaction in which a speech input
technology that is constructed according to the present state-of-the-art can be
used. This invention is directed toward the latter approach.

Among the attempts to create a restricted emulation of this human
speech recognition capability, there is presently a technology available for
speech input to a computer that is constructed so as to automatically
determine which of a pre-specified, finite number of speech segments was
spoken. A software package, or a combination of software and hardware,
designed to accomplish this task can be referred to as a discrete speech
recognition engine ("DSRE"). This type of system has been applied to
purposes such as voice data entry and providing voice control over some of
the functions of a computer or voice control over the functions of a system
operated under the control of a computer. In another application, a DSRE
with a large vocabulary can be used for dictation, if the words are spoken
separately with a short pause after each word. This capability is often
referred to as discrete speech recognition.’:

A DéRE contains a computer program that accepts a sample digitized
speech waveform X, and compares it to a preset number N of waveforms,
information about which is stored in computer memory. The DSRE computer
program may calculate a number, or set of numbers, that reflects the
similarity of the sample waveform X to each of the N internally stored
waveforms according to an analysis scheme used by the computer program.
This calculated number is often referred to as a distance measure. The
"distances" between the sample waveform X and each of the N internal
waveforms may then be represented by an array [X, Ai], where i varies from

one to N. The computer program can produce all of the distance measures
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between the sample waveform and the internal waveforms and determine the
internal waveform yielding the best match (having the smallest distance
measure) to the sample waveform X, or determine that no internal sample
was a good enough match, according to criteria set by the computer program
or the user.

Internal waveforms can be formed so as to enable a DSRE to accept a
wide range of voices as matching, thus making the matching process speaker-
independent to a greater or lesser degree. Conversely, a DSRE that derives
its internal waveforms only from examples of the voice of the user is well
suited primarily to that one person and may be highly speaker-dependent.
In practice, however, there is no clear line between speaker-dependent and
speaker-independent, because a DSRE designed to be speaker-dependent may
work well with other speakers having speech characteristics similar to those
of the intended user, and a DSRE designed to be speaker-independent may
often require optimization for individual speakers having voices or speech
characteristics far from the expected norm (such as young children, speakers
having a strong regional or cultural dialect or foreign accent, or speakers
having a partially dysfunctional voice as a result of illness).

There are a number of modifications of the basic scheme for discrete
speech recognition that are intended to increase its scope or capabilities. In
an adaptive DSRE, the performance of a speaker-independent system is
optimized E_)y having the system automatically incorporate information about
the user’s speech characteristics while the system is being used. Such a
system is described in Paul Bamberg, et al., Phoneme-Based Training for
Large-Vocabulary Recognition in Six KEuropean Languages, Proc. of the
Second Eur. Conf. on Speech Comm. and Tech. (Geneva), Sept. 1991, at 175-
81. An adaptive system can be 'broadly adaptive' if it only identifies and

adapts to a large class of speakers to which the speaker belongs (male vs.

female; American English speaker vs. British English speaker) or 'narrowly

adaptive' if it adapts to the detailed speech characteristics of the speaker.
In another modification of the basic scheme, to reduce the number of

internal models that must be stored in the computer as the vocabulary is
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increased, models for reoccurring parts of a word, such as the phonemes
(letter-sounds, to a first approximation) or short phoneme sequences, are
stored, and complete words or phrase models are constructed from these
segment models. There is generally a resulting decrease in recognition
accuracy which may be acceptable in some applications. Paul Bamberg, et al.,
Phoneme-Based Training for Large-Vocabulary Recognition in Six European
Languages, Proc. of the Second Eur. Conf. on Speech Comm. and Tech.
(Geneva), Sept. 1991, at 175-81; Kai-Fu Lee, Context-Dependent Phonetic
Hidden Markov Models for Speaker-Independent Continuous Speech

Recognition, IEEE Transactions on Acoustical Speech and Signal Processing,
Apr. 1990, at 599-609. Some commercial DSREs include both whole-
word/phrase models and constructed models. See U.S. Pat. No. 5,315,689.

In yet another modification, often referred to as 'word-spotting’, the
DSRE is designed to correctly match an input speech waveform segment to
an appropriate internally-stored pattern even when the input waveform
segment is embedded in a longer segment of continuous speech. Jay G.
Wilpon, et al., Automatic Recognition of Kemords in Unconstrained Speech
Using Hidden Markov Models, IEEE Transactions on Acoustical Speech and
Signal Processing, Nov. 1990, at 1870-78; Hirohjuki Tsuboi, et al., A Real-
Time Task-Oriented Speech Understanding System Using Keyword Spotting,
IEEE Transactions on Acoustical Speech and Signal Processing, Sept. 1992,
at 197-200.

In ciescribing this invention, the term "discrete speech recognition
engine" or "DSRE" shall be identified with the basic whole-word/phrase
implementation, although other modifications such as the above could be
employed as the technology improves.

A DSRE for which a user can specify some or all of the lexical items
(speech segments) which the DSRE must differentiate should also be able to
compute (N>-N) distance measures between the N internal models
corresponding to these lexical items: {[Al, A2], [AL, A3], . . ., [A2, A3], [A2,
Ad], ..., [AN-1, AN1} since this set of internal distance measures can be used

to determine whether the internal waveforms are separated sufficiently by the
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DSRE analysis scheme. For example, in using a DSRE for control purposes,
the user might desire the English commands "go" and "no" as lexical items.
However, the analysis scheme used may not distinguish adequately between
the internal samples representing these two speech segments; that is, the
distance measure [A(go), A(no)] might be very small. The user could then
substitute alternate terms with a roughly equivalent meaning, such as "start"
or "proceed" for "go" or "negative" for "no."

In the applications mentioned abbve, there is at any one time a
specified set of allowable utterances which the DSRE is required to
differentiate. However, this set of allowable utterances can be made
changeable by the computer system in which the DSRE is embedded. For
example, at one time the specified set might be based on the voice and
selections of a first user while at another time it might be based on a second
user. Unlike the system disclosed below, however, in such previous systems
it is the case that, given the set active at any specific time, the speaker can
choose any utterance from the set, with all such utterances equally valid.

When used for language learning, a conventional DSRE has a number
of significant restrictions:

(1)  The DSRE can only respond to a predetermined set of isolated
words, phrases, or sentences. The computer program considers a sample
phrase or sentence as a complete "word," and the program does not analyze
linguistically the sample waveform X into component meanings.

2 ) The vocabulary, though often programmable by the user to some
extent, must be very limited in size to obtain good performance in a speaker-
independent application. For example, a vocabulary of 100 words can strain
the capabilities of the typical DSRE designed for a personal computer,
however, a total vocabulary of that size would be restrictive for language
instruction, especially if each complete phrase or sentence to be recognized
must be considered a separate "word."

(3)  Tominimize errors and unrecognized speech segments, speaker-
independent DSREs require the speakers to already know the language well

enough to produce a voice pattern that matches the voices used to create the
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internal samples of the computer program. Thus, if a student first learning
a new language used a conventional DSRE in a manner consistent with the
present state-of-the-art, the computer program would often be unable to
properly recognize the students’ sample speech waveforms. This inability
cannot be readily cured by the use of a speaker-dependent DSRE trained
using the unselected speech patterns of the individual student or by the use
of a narrowly adaptive DSRE, as defined above. Though strong speaker-
dependence would reduce identification errors and unrecognized speech
segments, it would not be pedagogically effective, since it would tend to build
the mistakes of the student into the teaching program.

(4 To achieve near-real-time performance, it is necessary for a
DSRE to ignore many aspects of the input speech waveform that would
normally be considered important to good pronunciation. For example,
variations in voice pitch are usually largely ignored in DSREs designed for
the recognition of spoken English, because these variations are not very
important in signaling differences in word meaning for the English language.
(This is not true for Mandarin Chinese and certain other languages.) Also,
such programs tend to differentiate poorly between certain close-sounding
consonants or vowels and, in order to make the DSRE less sensitive to the
rate-of-speech, current analysis schemes ignore many durational features of
the individual sounds or words, even though such features may be important
to the phonology (pronunciation patterns) of the language.

A pl:oblem considered by the present apparatus and method is that of
employing a DSRE having some or all of the above limitations as a

- component in an interactive system for teaching or improving oral language

skills. In particular, this application presénts an apparatus and method for
using a DSRE having such limitations to perform speech segment recognition,
speech understanding, and speech analysis functions useful for the

improvement of oral language skills.
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SUMMARY OF THE INVENTION

With randomly accessed, good quality audio and video production
(including still and animated graphics), a personal computer (or a remotely
accessed file server of a larger computer) becomes a potentially powerful tool
for language learning (written or oral). However, to effectively teach or
improve oral production skills, a computer system must be able to emulate
the essential speech reception skills of a human listener skilled in the
language. Optimally, a computer-based system used for language learning
must exhibit the following properties:

(1) Recognition. The system should consistently recognize or identify
the word or words spoken by the learner, even when given a marginally
accurate production, just as a parent understands a child when it is learning
it’s first language.

(2) Understanding. The system must reliably decipher the intended
meaning of the words, phrases, or sentences that are recognized.

(3) Speech analysis. Optimally, the system should also be able to
meaningfully discriminate between properly formed and deficient productions.

(4) Correction. The system should also provide meaningful correction
for certain types of deficient production.

All four elements are desirable in an effective interactive learning
program. The recognition and understanding functions serve the important
role of encouraging further production by enabling the learner to interact
orally when reading the written form of the new language. However,
recognition and understanding alone do not necessarily shape correct oral
language skills. In fact, a computer with better recognition and
understanding capabilities can be a poorer teacher of proper production skills,
because poor production will more often be rewarded by understanding. In
practice, an error in recognition or understanding is desirable in the case of
a strongly deficient produétion, since these non-matches should lead a student
to suspect a need for speech production improvement.

In the proposed system, consistent recognition is accomplished by, at

each step of the learning program, defining and limiting the recognition
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decision to certain allowable responses that form a subset of a total
vocabulary of words and phrases and are mutually discriminable by the DSRE
used to the extent required by the pedagogical objectives of the learning
program.

At each step of the learning program in the proposed system, a correct
recognition decision is linked to a correct meaning by making available to the
learner by auditory or visual means both the proper pronunciation of each of
the allowable responses and the meaning of at least the correct or appropriate
allowable responses. It will usually be advantageous to also make available
to the user the meaning of incorrect or inappropriate allowed responses.
However, this may not always be the case. For example, some learning
programs may use allowable responses that are incorrectly formed, and thus
have no clear meaning.

In the proposed system, discrimination between properly formed and
pronounced and deficient productions may be improved by including in the
total vocabulary certain dummy responses that represent misformed or
mispronounced versions of certain properly formed and pronounced responses
in the subset. These dummy responses could be used to augment the subset
of allowable responses for the purposes of discrimination by the DSRE, but
might not be presented to the user as responses alternatives.

In the proposed system, corrective ‘feedback may be accomplished by
requiring a better production for an overt recognition decision by the system,
éven when the intended speech segment of the production is potentially
identifiable within the subset of allowable responses by the DSRE used, or by
using more complex schemes of auditory or visual feedback to the user as to
the proper pronunciation, syntax, etc.

Accordingly, it is an object of this invention to provide an apparatus
and method for extending the capability of a computer speech recognition
program to reliably recognize, understand, and analyze a large vocabulary of
words and phrases for the purposes of teaching the comprehension and oral
production of those words and phrases. It is another object of the invention

to add substantial speech correction capability to such a program. It is a
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more specific object of this invention to provide a method for employing a
computer subprogram that matches the oral response of a learner to patterns
corresponding to a set of prespecified speech segments in order to teach oral
language skills. In this method, the computer may supply information to the
learner such that some of the allowable responses are correct and some are
incorrect, with the sets of correct and of incorrect responses judiciously
selected to teach some aspect of the new language.

In addition it is another object of the invention to use computers with
speech recognition apparatus for teaching reading skills. Guiding a user to
pronounce words and phrases into a speech recognition device reinforces
letter-sound relations much more strongly than if a student’s response is just

a mouse click indicating correct comprehension.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a diagram of prior art interactions between a computer and
8 user.

FIG. 2 is a diagram of a preferred embodiment of a speech recognition
method.

FIG. 8 is a diagram of a preferred embodiment of a speech recognition
method with dummy responses.

FIG. 4 is a diagram of a preferred embodiment of a speech recognition

apparatus.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
As the solid arrows in prior art Figure 1 indicate, schemes for language
instruction include a computer 57 which communicates to a user 56 by either
visual 51 or auditory 52 means, while the user 56 normally responds to the
computer using a manual device 53, such as a keyboard, computer mouse,
trackball, joystick, or touch screen. Using these communication modalities,
interactive activities such as games, stories, or practice drills can be devised

to teach or improve comprehension skills in the aural (listening) and visual

10
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(reading) modalities and improve orthographic production skills in the
manual (writing or typing) modality. _

For the improvement of oral producﬁon skills (speaking), however, the
user 56 must be able to talk to the computer 57 in a meaningful way, as
indicated by the dashed arrow oral link 54 in Figure 1. Figure 1 also includes
an electronic visual link 55 from the user 56 to the computer 57 that would
be appropriate if the language production skills to be learned were for a
manual (sign) language. Before this apparatus and method was created, oral
input to a computer for the purpose of language learning has been essentially
limited to a record-playback function. This record-playback function mimics
the operation of a tape recorder, except that the random-access memory of a
computer facilitates playing back voice productions in close temporal

proximity to productions of the same material pre-recorded in the computer’s

~memory. Thus, students can easily compare their own pronunciation with the

"computer’s," but students must still rely on their own subjective perception
of how close their pronunciation is to the model. Additionally, a record-
playback function alone does not permit the interactive interplay between the
student and the computer, because the computer system does not react

differentially to the linguistic or semantic content of the user’s voice input.

A Implementing Understanding with a Conventional DSRE

Figure 2 illustrates a preferred embodiment of the speech recognition
method for learning that uses a conventional DSRE computer subprogram 10.
The full vocabulary 1 of words, phrases, or sentences to be taught is
partitioned into a multitude of possibly overlapping subsets, exemplified by
2a, 2b, and 2c. Each subset 2a, 2b, 2c contains vocabulary items distributed
in number and pronunciation such that at least some of the individual words,
phrases, or sentences in the subset are readily differentiable from others in
the subset by the DSRE 10 used.

At each step in the learning program, a learning program manager 60,
which can be a computer program, provides auditory or visual information to

the user that defines at least one correct or appropriate oral user response,

11



10

15

20

25

30

WO 99/40556 : PCT/US99/02782

including at least one such correct or appropriate response that is in at least
one of the subsets, and at least one incorrect or inappropriate oral response
that is in the same subset and readily differentiable from at least one of the
correct responses in the subset. This defining information, which may be, for
example, in the form of a question, game, puzzle, exercise drill, or simulated
conversation, is presented by means of a visual display device 4, which can be
a computer monitor, by path 62, or an a&dio reproduction device 40, which
can be an amplifier and loudspeaker or headphones, by path 63.

Further, at each step in the instructional program for which an oral
response is required from a user 26, a subset selection mechanism 3,
controlled by learning program manager 60 (path 61), chooses one of the
subsets, exemplified by 2a, that contains at least one correct or appropriate
oral response and certain other incorrect or inappropriate responses. This
subset is said to contain the allowable responses for that program step.

The DSRE 10 then receives, as an input 25, an identification of the
current subset S (currently subset 2a in Figure 2) of allowable responses and
places each oral response from the user 26, as obtained by a transducer such
as microphone 9, into one of at least three categories according to the DSRE’s
evaluation of the student’s response:

1 Jjudged to match a response in the chosen subset with a correct
meaning, path 5, wherein the compufer goes to the next step of the language
learning Program, path 11, as controlled by learning program manager 60;

2. judged to match a response in the chosen subset with an
incorrect meaning, path 6, wherein the computer can give a correction, path
12, which can either identify for the user the reason that the response was
incorrect or inappropriate or merely identify the response as incorrect, and
either go to the next step of the language learning program, path 11, or
repeat the same step, path 15, as determined by the learning program
manager 60; or

3. judged to not match any response in the chosen subset, path 7,
wherein the computer can notify the student that it did not understand the
student’s response, path 13, repeat the program step, path 15, and allow the

12
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student to present a new response as controlled by learning program manager
60.

To improve performance, the responses in the chosen subset S can be
selected so that the allowable correct responses are each separated from each
allowable incorrect response by a large distance measure. Thus, in this
preferred embodiment, the paradigm under which the DSRE is used is formed
such that the allowable incorrect responses are a relatively small set, each
member having a high distance measure from each allowable correct response,
though not necessarily from the other incorrect responses.

For example, when asking "Which item [on the screen] is a fruit?"
(when teaching English), a pear might be presented on the screen along with
a glass of milk and a chicken, rather than a glass of milk and a bear because
"pear" and "bear" are phonetically similar. If the learning paradigm, as
embodied in the program manager 60, does not require differentiation
between the incorrect responses (as when the correction is "No, that is not
correct.”), for a correct response of "the apple", incorrect responses could be
"the beer" and "the bear". Although a typical DSRE may calculate a small
distance measure between these incorrect responses, both incorrect responses
would be readily differentiable from the correct response. However, if the
learning paradigm requires a knowledge of which incorrect response was
chosen, (as when the correction is "No, that is a xxxx."), then the distance
measure between the incorrect responses must also be large. Thus under
such a par;digm, if the correct response is "the apple," the alternate incorrect
responses "the bear" and "the beer" should not be presented simultaneously.

Likewise, if the learning paradigm does not require a knowledge of
which, of more than one, correct answer is produced by the user (as when
there are two pieces of fruit on the screen and either "apple" or "pear" would
be correct, and the computer’s response to a correct choice is “Yes, that’s a
fruit."), then the distance measures between the correct responses need not
be large. But if the computer’s response depends on which correct response

is spoken, the distance measures between the correct responses must also be
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large. (For example, when either "a pear” or "an apple" is correct and the
computer’s response is "Yes, that’s a pear." or "Yes, that an apple".)

In a language learning situation, it is important that meanings of at
least the correct allowable responses Be made available to the student, so that
the student can restrict his intended response to the meanings of the
responses within the set. Thus, to use the example above, it is important that
the student does not intend to say "bear" when the correct response is "pear"
and allowable incorrect responses are only "chicken" and "milk", since the
word "bear" is likely to be accepted by the DSRE as a correct response "pear”.
Thus, a preferred embodiment of this invention includes means for providing
visual and/or auditory information that makes clear the meanings of at least
the correct responses that are included in chosen subset S. This information
can be either given automatically or at the optional request of the student.
In a preferred method, a representation of the contents of S (currently subset
2a in Figure 2) is transmitted through path 16 to the visual display device 4
or through path 17 to the audio reproduc}:ion device 40.

In a preferred embodiment, providing to the user the available or
allowable responses also includes some form of modeling of the proper
pronunciation of the allowable responses. This can be, in part, pronunciation
examples as aural modeling provided through audio reproduction path 17 and
can include visual displays, such as phonetic spelling, explanatory graphic
displays, or images of a speaker’s mouth which make the correct
pronunciat:ion clearer. The aural modeling can have at least two forms:
exhaustive or selective.

In exhaustive modeling, all response alternatives are presented aurally,
usually in the context of the question or request: "In Japan, what do most
people drink -- milk, tea, or coffee?" or "Do you want to turn to the left, or to
Mgﬂ?" The response alternatives are underlined.

In selective modeling, the response alternatives can be presented
graphically or iconically on the screen. The question or request may or may
not include the alternatives. For example, the following questions do not

contain the response alternatives: "In Japan what do most people drink?" or
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"Which way do you want to turn?" The student can then hear prerecorded
examples of proper pronunciations of any of the alternatives by a selection
procedure. This selection procedure may consist of clicking with a mouse on
the appropriate icon. For example, for the first question, the student could
select a picture of a glass of milk, tea, or coffee. Or, in the second question,
the student could select a diagram of arrows going to the right or to the left.
An alternate selection procedure could consist of an appropriate request
phrase that is readily discriminable by the DSRE. For example, the milk, tea
and coffee can be labeled with the numerals 1, 2, and 3, and the selection
procedure consist of the student speaking the appropriate number in either
the target language or the student’s native language.

Exhaustive and selective modeling can be combined, and it should be
possible for the user to hear an aural model repeated. Because it does not
stress the user’s auditory memory greatly, exhaustive modeling allows a
larger set of alternatives to be used than does selective modeling. Thus,
exhaustive modeling with a small set of alternatives could be used for
beginners or for younger children, with selective modeling used more with
older, more advanced students.

According to this method, the mechanism for subset selection 3 can be
programmed so that at each language learning program step, there is a
specific static subset prepared for each question asked by the computer, or the
subset selgction mechanism 3 can be such that the computer program
dynamically selects one or more of the items to be in the subset 2a according
to some probabilistic rule. Thus, during a dynamic selection, alternative
incorrect responses for a correct response of "pear" could be chosen randomly
from all internal waveforms of full vocabulary 1 for which the respective
distance measures from the word "pear" are adequately large.

It is also envisioned that there will be some learning program steps
under this method for which there will be no clearly incorrect or
inappropriate responses, but rather at least two appropriate allowable
responses which must be differentiated. An example of this type of

interactive language learning activity is a maze, which must be traversed
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under oral directions in the target language (such as "go left", "go right", "go

forward", "turn around", etc.).

B. Implementing Correction with a Conventional DSRE

There is a certain amount of oral language correction inherent in an
"understanding" paradigm, especially when the criterion level for acceptance
is made high. This type of correction is especially strong for syntactic errors
(as differentiated from phonological errors). Thus, a user who says "the
liouse red" instead of "the red house" might receive a response of "I did not
understand” from the computer and be invited to try again after reviewing
aural models of the correctly spoken resanse alternatives.

Phonological errors and more subtle syntactic errors (such as a wrong
article in English, or singular-plural mixing), however, will generally require
more specific, targeted correction methods. In devising such methods, one
must consider the severe constraints imposed by a specific DSRE, which
attends to only a limited number of parameters of a speech signal. Even
within the DSRE’s parameters, the DSRE may average or blur distinctions
in order to achieve recognition accuracy over a broad range of voice types and
speaking styles.

' In a preferred embodiment, shown in Figure 3, the analysis limitations
of a conventional DSRE are ameliorated by the specific nature of the
pedagogical requirements for language instruction, namely, that the primary
grammatic;l and phonological problems of learners having a specific native
language background tend to be from a rather small set that is known to
experienced language teachers familiar with the characteristics of the native
language and the target language. For example, Japanese or Chinese
speakers, when learning English, typically have difficulty with articles and
singular-plural differences and substitutions between "l" and "r" sounds.
English speakers, when learning a tone language such as Mandarin Chinese,

have difficulty with word intonation patterns.
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The preferred embodiment of Figure 3 accounts for these specific
pedagogical requirements by including in" the speech recognition apparatus
and method-for-learning dummy internal waveforms in the following manner:

(1) Specific language problems are determined that are both relevant
to the language background of the user and discriminable by the DSRE used.
The term "discriminable" here implies that the DSRE is capable of providing
a sufficiently large. distance measure between the proper production and
typically misspoken productions. The misspoken productions may or may not
have their own meaning in the language and may or may not be presented to
the user as response alternatives by path 62 or 63.

(2) Misspoken productions are added as a set of separate internal
waveforms 1’ to the full vocabulary 1, to produce augmented vocabulary 1".
The subset selection mechanism 3 would then select a subset 2a" of the
augmented vocabulary 1" that contains both a subset of proper productions
2a and a subset of misspoken productions 2a’. The DSRE would be trained
to recognize misspoken productions just as it recognizes proper productions.

(3) When a student’s response, as obtained by a transducer such as
microphone 9, is judged to by the DSRE 10 to match a "dummy" internal
waveform from misspoken subset 2a’, path 8, the language learning program
would treat the student’s response either simply as an unrecognized response
("I did not understand your response") 14a or as a correction, that is, an
incorrect response of a particular type ("You have said walk instead of
walks.") 14b, depending on the pedagogical objective.

These dummy categories would have the effect of sharpening the
discrimination of the DSRE along specific dimensions that are important to
the learning situation. Thus, this speech recognition method makes optimal
use of the discrimination capacity of any particular DSRE. With the
increasing sophistication of real-time DSREs, the range of possible corrections

will increase accordingly.

C. Augmenting DSRE Discrimination Capability
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As shown in Figure 4, when aspects or parameters of speech in the
target language are not discriminable by a conventional DSRE, the language
learning program decision mechanism or algorithm 70 of this invention can
include separate, parallel augmentative analysis schemes for those aspects or
parameters, the output of which are advantageously combined with the
output of the DSRE for the purpose of making the recognition decision 71.

A DSRE is most advantageously constructed so as to efficiently extract
and analyze the features of the speech signal that carry the most linguistic
information in the language or languages of interest. This is especially true
if the DSRE is to be used for real-time analysis, as is necessary for the
interactive applications described above. As a particular example, a DSRE
optimally designed for the real-time analysis of English words and phrases
may not analyze the intonation patten of the voice speech input, nor other
aspects of sentence stress, such as voice intensity, overall spectral quality
(relative strength of higher frequency harmonics), and relative segment
duration, because these elements are not very important in differentiating
English words and short phrases. Intonation, however, is an important
feature for differentiating between words in some Asian languages, such as
Mandarin Chinese. _

Also, if the DSRE is to operate in'a speaker-independent mode, the
details of the vowel quality used by the speaker cannot be made a significant
factor in the recognition decision, since these details can vary greatly between
speakers of the language and depend on factors such as dialect, age, health,
and emotional state. For example, the presence or absence of a nasal quality
to the vowels can be affected by all these factors, but nasal quality would not
be linguistically significant in English, while it is important in French.
Therefore, if a DSRE of this type is used for language training, and especially
if the language to be taught is not the language for which the DSRE was
designed for, it can be advantageous to include other voice analysis
mechanisms which operate in parallel with the DSRE, and the output of
which are conjoined with the output of the DSRE, in order to make a final
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recognition decision. This arrangement is illustrated in Figure 4, with three
augmentative analyzers 20, 21, 22 shown.

Parallel augmentative analyzers 20, 21 such as intonation analyzers
and voice spectral quality analyzers can operate either from the same acoustic
voice input 30 as the DSRE 10, or parallel augmentative analyzer 22 can
operate from another input 31. Such other inputs could include an
electroglottograph or throat microphone, both of which can be used to
accurately measure intonation, a nasal vibration or airflow monitor to
monitor nasality, or an oral airflow monitor which measures the degree of
aspiration of, and aids in differentiating between, plosive consonants such as
"b" or "p".

Parallel augmentative analyzers also can be enabled selectively by the
computer program, depending on the target language and target language

features and the level of production accuracy required by the program.

D. Combining Language Instruction with the Development of other

Cognitive and Reasoning Skills

The method described above teaches oral language skills by inducing
a dialogue between the computer and the student involving the language skill
to be learned or improved. This dialogue can be advantageously constructed
so as to develop other cognitive or reasoning skills as the subject matter of
the langugge exchange. For example, a dialogue about locations and
directions could be constructed so as to also teach geography and map-reading
skills. A game involving the computation of arithmetic sums could be used
to teach mathematical skills in addition to teaching the associated language.
Other more complex games or activities can be devised which add memory,
cognitive or other skill challenges.

In addition to introducing the dialogue between the computer and the
student, the apparatus may be used for the effective teaching of reading skills.
The speech recognition apparatus may aid students who have learned only
the spoken form of a language by encouraging a user to pronounce the words

and phrases being used while viewing the letters, words or phrases. In this
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way, letter-sound relations will be reinforced much more strongly than if the
student’s response is just a mouse click indicating correct comprehension.
This method can also utilize pictorial representations of the phonetic images,
letters, words or phrases to aid in the teaching process. In addition, the
vocabulary definition may be presented to aid the learning process.

For an example that illustrates the paradigm difference the when
speech recognition apparatus is used, consider a computer screen with the
words "bat" and "cat" and also pictures of a bat and a cat. Without the speech
recognition apparatus, the student can be asked to use the mouse to match
each picture with the corresponding word. With this method, the student can
be shown two boxes with the words "bat" and "cat" printed respectively on the
boxes. Assume that one of the boxes, the box containing the word "cat" is also
highlighted or indicated by a human or animal figure. A voice can ask "Does
this box contain the bat or the cat?" A correct spoken response can show the
cat emerging from the box with a reinforé:ing aural comment. An incorrect
spoken response can be followed by, "No, bat begins with a "b" sound or a
visual representation of a "b" could appear on the screen, Try again. Does
this box contain a bat or a cat?"

Combining language learning with other cognitive or reasoning
challenges is generally considered advantageous in language instruction
pedagogy, in that the language is treated as a communication tool and not
Just a skill fo be learned for its own sake. Thus, the expansion of the method
described herein to combine language instruction with the teaching of other

skills should be considered within the scope of this disclosure.
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CLAIMS

What is claimed is:

1. A method for using a computer to teach language reading skills
comprising:

selecting a subset of stored internal speech patterns containing at least
one correct internal speech pattern which corresponds to a correct response
and at least one internal speech pattern corresponding to an incorrect
response, from a set of stored internal speech patterns, using a computer
program, wherein said correct internal speech pattern is readily differentiable
from each of said internal speech patterns corresponding to an incorrect
response by a comparison subprogram;

presenting a visual image to a user that corresponds to said correct
internal speech pattern,

obtaining a speech response segment from the user;

comparing, using the comparison subprogram, said speech response
segment to.the subset of stored internal speech patterns and determining the
degree of matching to each internal speech pattern in the subset of internal
speech patterns; and

presenting to the user a response to the speech segment based on the

results of the step of comparing.

2. The method of claim 1 wherein the subset of stored internal speech

patterns includes at least one internal speech pattern corresponding to an
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improperly formed or pronounced response which is a variation of said

correct response.

3. The method of claim 2 wherein the step of comparing further
comprises directing the user toward a more properly formed or pronounced
speech response if the speech response segment most closely matches the

improperly formed or pronounced response.

4, The method of claim 1 wherein said subset of internal speech patterns
includes at least one improperly pronounced variation of a response
represents a speech response segment indicative of the user’s native speech

pattern.

5. The method of claim 4 wherein the step of comparing further
comprises directing the user toward a more properly pronounced speech
response if the speech response segment most closely matches an improperly

pronounced response.
6. The method of claim 1 wherein the step of presenting or making

available further comprises automatically representing aurally to the user

each response in the subset of internal speech patterns.
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7. The method of claim 1 wherein the step of presenting or making
available further comprises automatically representing visually to the user

each response in the subset of internal speech patterns.

8. The method of claim 1 wherein the step of presenting or making
available further comprises representing aurally to the user a response in the

subset of internal speech patterns when a signal is generated by the user.

9. The method of claim 1 wherein the step of presenting auditory or
visual information further comprises encouraging the user to use perceptual
skills, cognitive skills, memory skills, or:motor skills to identify a correct

response.

10.  The method of claim 1 wherein the step of obtaining further comprises

obtaining a measurement of the nasality of the speech response segment.

11.  Themethod of claim 1 wherein the step of obtaining further comprises

obtaining the spectral qualities of the speech response segment.
12.  The method of claim 1 wherein the step of obtaining further comprises

obtaining a measurement of the airflow from a mouth of the user during the

release phase of a stop or plosive consonant in the speech response segment.
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13.  The method of claim 1 wherein the step of obtaining further comprises
obtaining a measurement of the intonation pattern of the speech response

segment.

14. A method for using a computer to teach language reading skills,
according to claim 1, wherein said visual image is a string of text containing

at least one word.

15. A method for using a computer to teach language reading skills;
according to claim 1, wherein said visual image is a string of text containing

at least one syllable.

16. A method for using a computer to teach language reading skills,
according to claim 1, wherein said visual image is a string of text containing

at least one phonetic image.

17. A method for using a computer to teach language reading skills,

according to claim 1, wherein said visual image is a vocabulary definition of

said image.

24



PCT/US99/02782

WO 99/40556

/ 4

1

14y woiyd | g 4
96
)
T Nog s
lllll Iy
y3sn NE£G 301030 WV

49

NG A¥oliany

SIS TWNSIA

Y3 INdW0D




PCT/US99/02782

WO 99/40556

Z
J

NOILVOION] _

dNV.ISYIANN LON aiId

S NI LION3SNOJSIY S,438N ¢ J‘

v

i

oy e———— JYSa
NOILO3&Y40D FA19 L ONINVIW 123FHHOONI "2

m e
ININVIW LIFHHOD v
d31S ANV ‘S NISIISNOJSIY SHISN 6
1V3id3Y d31S § sc
IX3IN (43sn 01) @ g
61| S ot _ 9z
< < < I ~ - 2l
~ 391430 04434 0l1any % <
o 4IOVNYW oA
WVH904d xv \-
ONINYVIT |
321430 AvIdsig TnsiA 9l
M |
09 (43snoL)v )} m
SASNOLS3IY 1I23HYHOOINI
378VYMOTIV IW0S ANV SISNOLSIY 1034 40D b AdVIN8Y20A
19— JHYOW HO INO SNIVLNOD S 13S6NS HOV3 :3.10N

WSINVHIOIW NOILD373S 1358NS

e

¢ 9ld



PCT/US99/02782

/4

3

WO 99/40556

as
~a—

,S+S NI ol
y ONVLSY3ANN 10N 01G g 1ON ISNOJSIY S,43SN t = _I v
/ }
\ db/  NOILIIFHH0D &0 N= .
,S NI') 0443 NMONY ‘€
opl , ONVISHIANN 10N aId , ( 7 .
7 NOIL939505 T775 ONINVIW 1235H0INI 2 /Mwl
cl ONINVIW 1934500 v I
d31S e |
s . ‘ANV.S+ S NI \m\ ISNOJSIY S, 435N 6
Gl ~ J/ Ge
1X3INOL  (y3snor) g g o
{ 6 41 0Z
] ] , " o2
321A30 08434 01GNY _ - q
y % ; pzll oz
JOUNVN 9
WVHO0Nd ov ol & _\ > qz
ONINYVIT | _
=1 30/A30 AVI4SIa TVNSIA “ - j
°9 b’ v SwaL 40 snorsein - S
(43sn o1) v NIXOISSIN- 2~ , /
P LTA8YINgYI0A | YYINEYI0A
/19 a3LININONY
—==1 WSINVHIIW NOILITTIS 13S8NS €9/
J

£



PCT/US99/02782

WO 99/40556

/ 4

4

14

-

v Old

04

{

2z
!

NOISIo3a

WH114097v

40

WSINVHOIW
NOIS123a

YIZATYNY
JAILVININONY

—-

£

w

YIZATVYNY
JAILVININONY

/e

HIZATVNY
JAILVINIWONY

oz~

o/

J450

INdNI 43H10

o
i~ 1INdNI

JII10A 211SN0oV



INTERNATIONAL SEARCH REPORT

Inte ional Application No

PCT/US 99/02782

A. CLASSIFICATION OF SUBJECT MATTER

IPC 6 GO9B19/04 G10L3/00

According to Interational Patent Classification (IPC) or to both national classification and |{PC

B. FIELDS SEARCHED

IPC 6 GIOL GO9B

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fislds searched

Electronic data base consulted during the international search (name of data base and, where practical, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category ° | Citation of document, with indication, where appropriate, of the relevant passages

see column 2, line 49 - column 4, line 39

P,X US 5 717 828 A (ROTHENBERG) 1-17
10 February 1998
see the whole document
X WO 98 02862 A (DIGISPEECH ISRAEL) 1-9,14,
22 January 1998 17
Y see page 2, line 1 ~ page 6, line 4 10-13
Y WO 97 29482 A (UNIVERSITY OF CALIFORNIA) 10-13
14 August 1997
see page 28
see page 36, line 16 - page 37, line 2
A EP 0 360 909 A (SIEMENS) 4 April 1990 1,9,13

D Further documents are listed in the continuation of box C.

Patent family members are listed in annex.

° Special categories of cited documents :

"A" document defining the general state of the art which is not
considered to be of particular relevance

"E" earlier document but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or
which is cited to establish the publication date of another
citation or other special reason (as specified)

"Q" document referring to an oral disclosure, use, exhibition or
other means

"P" document published prior to the international filing date but
later than the priority date claimed

“T" later document published after the internationat filing date
or priority date and not in conflict with the application but
cited to understand the principle or theory underlying the
invention

“X" document of particular relevance; the claimed invention
cannot be considered nove! or cannot be considered to
involve an inventive step when the document is taken alone

"Y" document of particular relevance; the claimed invention
cannot be considered to involve an inventive step when the
document is combined with one or more other such docu-
meﬂts, such combination being obvious to a person skilled
in the art.

"&" document member of the same patent family

Date of the actual completion of the internationai search

3 June 1999

Date of mailing of the international search report

10/06/1999

Name and mailing address of the ISA

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040, Tx. 31 651 epo i,

Fax: (+31-70) 340-3016

Authorized officer

Lange, J

Form PCT/ISA/210 (second shest) (July 1992)

Relevant to claim No.




INTERNATIONAL SEARCH REPORT

Information on patent family members

Inte

onal Application No

PCT/US 99/02782

Patent document Publication Patent family Publication

cited in search report date member(s) date

US 5717828 A 10-02-1998 NONE

WO 9802862 A 22-01-1998 us 5766015 A 16-06-1998
AU 2403297 A 09-02-1998
CN 1197525 A 28-10-1998
EP 0852782 A 15-07-1998

W0 9729482 A 14-08-1997 us 5729694 A 17-03-1998
EP 0880772 A 02-12-1998

EP 0360909 A 04-04-1990 AT 115752 T 15-12-1994
DE 3852487 D 26-01-1995

Form PCT/ISA/210 (patent family annex) (July 1992)




	Abstract
	Bibliographic
	Description
	Claims
	Drawings
	Search_Report

