WD 96/ 18184 PCT/U895/15204

| N THE UNFTED STATES PATENT AND—TRADEMARK—OFFTCE

APPLI CATI ON FOR PATENT METHOD AND DEVI CE FOR ENHANCI NG THE
RECOGNI T1 ON OF SPEECH AMONG SPEECH- | MPAI RED | NDI VI DUALS

BACKGROUND Cﬁ,o%é‘NVEl\ﬂ'l ON This invention rel a

nodi fi cation audi o sounds, in part, cular,

speech

*EhrRotsafs

enabl e i ndi vidual s who are inpaired with speech and | anguage-

based learning disabilities (L/LDs) due to a tenpora

processi ng

problemto inprove their speech receptlon speech productlon
, APENT {ANTS T - -

| anguage conprehensi N
i ncl udes training nethods
| anguage- based | earni ng di AZE 2
processing deficits so that they can recognlze basi c
and nornmal connected sQ
intelligibility. -

RI\PRIENIE their tenpora

speech el enent s

hel p nor nal

10

15

20

BACKGRO

' This invention relates to the modification of
audio sounds, in particular, speech sounds, to enable
individuals who are impaired with speech and language-
based learning disabilities (L/LDs) due to a temporal
processing problem to improve their speech reception,
speech production, language comprehenéion and reading
abilities. In addition, it includes training methods
to help individuals with speech and language-based
learning disabilities to overcome their temporal
processing deficits so. that they can recognize basic
speech elements and normal connected speech with
higher accuracy and greater intelligibility. = In
addition, it includes a training method to help normal
individuals in the improvement of their speech
reception capabilities, for either their native
language, or for foreign language training.

Recent studies have shown that specific language
impaired (SLI) end specifically reading impaired
{dyslexic) individuals have an inability to recognize
and distihguish between certain consonants and

consonant -vowel combinations in natural speech. They
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s usually defective development of reading skills.

Studies have shown that these problems in speech

reception and reading acquisition are not the result

of peripheral hearing or visual deficits, but rather

are due to an inability of the receptive and cognitive

10 powers of the brain to correctly identify the rapidly

changing components of speech: For example, L/LD

individuals have difficulty correctly identifying the

rather short conscnant sounds (a few tens of milli-

seconds long) or to reliably separate them from

15 associated longer vowel sognds. Conseguently the

individuals are unable to generate a reliable repre-

sentation of the fundamental phonetic elements of the

native language in their brains. The result is that

the impaired individual not only bhas difficulty

20 correctly identifying the unique sounds of spoken

woxrds and strings of connected speech, but also often

has associated difficulties in learning to accurately

articulate speech. In addition, the impaired

individual may have limited cognitive abilities that

25 rely on accurately recognizing words and long speech

strings, and limited abilities in cognitively
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frequency modulated component3 such that the sound

frequency may rise or fall, or be interrupted by
pauses that last for less than 25 milliseconds to more
than 80 milliseconds. This rising or falling sound
frequency or brief interruptions of the consonant
sounds are followed or preceded by a vowel sound,
which has a relatively constant or more slowly
changing spectral content, and which usually extends
over a period of from many tens of milliseconds up to
several hundred milliseconds. The majority of
individuals with L/LDs {(dysphasia or dyslexia) cannot
distinguish between the consonant-vowel combinations
(for example, /ba/ and /da/, or /ab/ and /ad/) when
the frequency modulated components of the consonants
/b/ and /d/ are of normal duration (for example, less
than 60 to 80 milliseconds long).

The basic temporal processing deficit in L/LDs is
also reliably demonstrated by testing a dysphasic
and/or dyslexic individual’s ability to identify
sounds that are presented in rapid succession, as
commonly occurs for successive phonetic elements in
normal speech reception. For example, an L/LD child

or adult commonly cannot correctly identify the order

he
25
and



associating witten speech with their brain's poor representations
of aural speech.” ™™ T Th particular, consomant sounds gereratHy
have a frequency nodul at ed conponent such that the sound 5
frequency may rise or fall, or be interrupted by pauses that | ast

for less than 2 L lLiseconds to nore than 80 mlliseconds. This
rising or falli %g%*}% frequency or brief interrupti onrs}‘%fusfﬂb”“
consonant sounds are followed or precedged by a vowel sound, 10
which has a relatively constant or nore slowy changi ng

spectral content, and which usually extends over a period of from

many tens of mlliseconds up to . several _hundred mlligseconds.
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denonstrated by testing a dysphasic and/ or dyslexic individual's
ability to identsfy millisecondds t !Byt coryastserdt atbrimalr ajndiwidieds stam,
as identify the sccuence order of presentation of such
stimuli when they :re immediately successive, that is,
with no intervening interstimulus time Qap.
The result of this fundamental problem in the
10 reception of short-duration and fast successive
components of speech is 'readily iitpparent in the school
system, where incividuals diagnosed with dysphasia and
dyslexia with this temporal processing difficulty will
run two-to-four, and maybe more, years behind their
15 peers in scholastic achievement. The result is that
L/LDs commonly require  additional specialized
training, with great emphasis on speech recognition
and speech production. Dyslexics similarly receive
special training to help them learn to read. Special
20 speech reception, speech production and reading
instruction continues generally throughout the
elementary and secondary school educations for many of
these individua'ls if the resources are available. The
impairment can  often lead to a truncation in

25 education, and commonly results in impairment for

life. However, some success is shown for special training.
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mlliseconds in S?gtion unl ess the¥ are separated ﬁ#nﬁﬁﬁgﬁgépnnre
t han 100 mlliseconds, and often by®nore than several hundred 5
m | liseconds. By contrast, a normal individual can identify the
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i medi ately successive, rd{¥ally, - failurd thogo I&aehwmeatwﬁersafwl us
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difficulty wll un two-to-four, and naybe nore, years behind their
less than 60 milliseconds, or failure to identify the

5 temporal order of simple acoustic stimuli unless they
are separated by 150 or more milliseconds, has
established a means of identifying L/LDs with this
temporal processiné deficit. However, no prior
training strategy has shown consistently positive

10 results'in overcoming the temporal processing deficits
that underlie L/LDs. Overcoﬁing this temporal
processing deficit should result in a more useful and
normal life for individuals with this affliction.

Recent studies have shown that these speech and

15 language-based learning disabilities are seated in
defective temporal processing of sensory information
by the brain. Moreover, they have shown that temporal
processing abilities are subject to strong learning
effects in normal individuals. The basic processes

20 underlying this temporal process learning are
increasingly better understood.

In addition to L/LDs, brain damaged individuals
have shown similar symptoms. In particular,
individuals who. have suffered strokes or otherwise

25 damaged portions of their language-dominant cerebral

hemispheres commonly lose the ability to diseriminate
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acoustic stinmuli unl &
5 elements when they are presented to the patient in a

slowed-down form.

Aged individuals also show a progressive
deterioration in their temporal processing abilities,
as judged by these same tests. This deterioration

10 contributes to a cognitive-based deficit that affects
their speech reception and’ general cognitive
abilities.

The reception of, or learning of, a foreign
language in an indigenous environment is difficult and

15 = sometimes almost insurmoﬁntable_for'normal individuals
because of the speed at which the language is spoken.
Foreign languages are consequently learned by rote
memorization and repeated practice exercises, with the
-speed of talking increased commensurate with the

20 ability to understand the spoken language. There is
no set wmeans for individuals 1learning a foreign
language in the indigenous environment (that is, in
the native country of the language) except by asking
the foreign language speaker to "slow down" or to

25 "repeat”. Most of the problems in learning foreign

languages in this indigenous environment can be
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I n addition to L/ Lbagoming repkeaiysdundsi.vi dual s have shown sinilar
synpt ons In particul ar i ndi vi dual s who have suffered st rokes

or otherwise 25 daniiykte ﬁ@ﬁPBﬂ%e‘B?st‘#eifPrF&%Ja’d@"&&ﬁ%Qﬁ L% ridhr al

hem spher es g mnc':gnsgzsuecé;%% %?:'orln' éﬁ/e tﬂ%gq.ls?xrigzlzgnt?égee, the principles

behind all spoken languages remain constant. That is,

all languages can be broken down into fundamental
sound structures known as phonemes. It is the recog-
nition of these phonemes, such as the consonant-vowel

10 syllables /ba/ and /da/ in the English language, that
form the basic building blocks ihat must be learned.
As with the L/LD individual, the foreign language
student does not recognize these phonemes reliably
when they are presented at their normal element

15 durations and normal element sequence rates by native
language speakers. As with L/LDs, they can be
accurately distinguished from one another and can be
correctly identified when the speech is artificially
slowed down.

20 It is an object of this invention to provide a
means for easier recognition of phonemes and connected
speech in L/LD individuals.

It is a further object of this invention to
provide a training strategy for rapidly and

25 progressively improving the recognition of phonemes

and connected speech in L/LD individuals.
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deterioration 10 contributes to a cognitive-based deficit that affects

their speech reception igdlsggﬂgéégr ob(ggQ'BEV§h+s inveﬁﬂién E'egmploy

The reception of, or |earning of in an
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by rote menori zation and repeated practice exercises, wth the
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under stand the spoken Ianguage There is
is the further object of this invention to use

a modified version of this training strategy as a
method for screening human populations to identify
' those individuals with L/LDs.
It is also an object of this invention to provide
10 phoneme and connected speech recognition and a
training strategy for rapidl; and progressively
improving the recognition of phonemes and connected
speech in individuals that have suffered brain damage
to their dominant speech-language hemisphere that has
15 resulted in a temporal processing deficit like that
recorded in L/LDs.
It is a further object of this invention to
provide phorieme and connected speech recognition and
a training strategy for rapidly and progressively
20 improving the recognition of phonemes and connected
speech in individuals who have undergone age-related
or disease-related deterioration of their temporal
processing abilities for speech sound reception.
It is still a further object of this invention to
25 provide easier recognition of phonemes and connected

speech in the learning of a foreign language.
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their 1learning capabilities and their potential
cognitive achievements.

In one aspect of the invention, a method of
increasing the ability of a human being to process
aurally received signals is disclosed as a method.
The method consists of recording audio sounds in a
computerized system. The method includes a step of
modifying the amplitudes and tiﬁings of recordings of
certain phonetic elements without changing their
fundamental frequencies. Finally, the invention
includes converting the modified digital signals to
analog aural signals for presentation to the
individuals.

In a second aspect of the invention, a method for
increasing the ability of a human being to distinguish
and separate fast sequential aurally received signals
is disclosed as a method. The method consists of
controlling the sound output of fast phonetic or non-
speech sounds in computer-mounted games, at which the
human being works to correctly recognize progressively
faster sound presentations, or in which the human
subject works to distinguish the time order of

presentation or the separate identities presented at
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The invention also encompasses a method for
increasing the ability of a human being to recognize
long, connected speech strings, and to rapidly improve
their performances at related cognitive tasks. Speech
sounds of training exercises designed for L/LD

children are modified in a computerized system, as

It

above. All speech applied in training exercises and

on library materials are delivéred in this modified
form.

The invention also encompasses a computerized
system for structuring recorded audio information to
enable speech and language impaired or normal
individuals to better understand spectro-temporally
complex audio sounds. The system consists of a
computer having input means for receiving information
including the processor means for manipulating the
received information; storage mwmeans for storing
unprocessed, received information and manipulated
information; and output means responsive to the
processor means for .presenting the manipulat:ed
information in a form understandable, and providing an
effective learning signal, to a |user. The

computerized system also includes first program means

S

provide a training strategy
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responsive to the received information and the
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recorded speech sounds. Third program means
responeive to the received information and to the
10 processor are provided to direct the stored, modified,

digitally recorded speech sounds to the output means.
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Figure 1 is a general diagram of a computer

system that would be used to implement remediation of
15 auditory temporal processing deficits;

Figure 2 is a spectrographic plot of a low to
high frequency mcdulated sweep (S1) and a high to low
frequency modulated sweep (82) separated by an
interstimulus interval (ISI);

20 Figure 3 is a depiction of a VDT with graphical
icons and symbols thereon;

Figure 4 is a graphical representation of a
normal consonant-vowel combination, plotting fregquency

against time;
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a further object of this invention to provi de inproved tenporal
processi ng of fast speech sounds in normally fluent individuals to
i mprove bél[ hﬁar ning capabilities and their potential

cogni tive achi evenen In one aspect of the i nvent’ca'ﬂls"-'d"”‘
nmet hod of increasing the ability of a H#man being to process
aurally received signals is disclosed as a nethod. The net hod

consists of recording audio sounds in a 10 conputerized system The

met hod includes a step of Figu e sTRdi 4 beHJE%laggﬁféégkﬁﬁﬁﬁai b rgghéﬁ
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Figures 6A, 6B, 6C and 6D are flow charts showing
5 a computer program that is used to develop the
training program;
Figure 7 are graphs of the results of the Tallal
Repetition Test before and after training of seven
selected L/LD children;

10 Figure B is a graph of the results of the GFW
test of auditory discriminatioﬁ for the seven L/LD
children showing the actual age plotted against the
age equivalent both for pretest, post-test and three
months afrter the training session, where available;

15 ~ Figure 9 is a graph of the results of the TROG
(Test for Reception of Grammar) for the pretest and
post-test times, showing the equivalent age of the
seven L/LD children;

Figure 10 is a graph of the results of the Compre-

20 hensive Language Evaluation (CYCLE) test for the seven
L/1D children for the pretest and post-test times and,
where available, three months after the training;

Figure 11 is a graph of the Token Test (receptive
language) for the seven L/LD children for the pretest

25 and post-test times and, where available, three months

after the training;
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ability of a human being to Oi StinguisH amd—separ ate—fast—seguenti al
aurally received signals 20 i s disclosed as a net hod. The net hod
consi sts of controlling the sound output of fast phonetic or non-
speech soundgd g gPut er- nount ed games, at which the | ng
works to correctly recogni ze progressively faster so W‘Bﬂ
presentations, or in which the human 25  3Idubject works to distinguish
the tinme order of presentation or the separate identities
presented at WO 96/ 18184
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shorter durations, at prd%?é%é}vé1y grap f%ste?grates} gnd aﬁt
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The invention al so enconpasses a nethod for 5 I ncreasing the ability
of a human bei ng tovercegifiive year perind, ardhrshe etinspewentt rimgshe and to
rapidly inprove thml'Jfoornapces at related cognitjve tasks.
Speech seven tested L/LD children over the four week training

5 session using this invention;

Figure 13 is a graph showing the improvement on
the Token Test for L/LD children from age 4 to age 8
over a five-year period and the improvement in the
seven tested L/LD children over a four week training

10 session using this invention;

Figure 14 is a graph showiﬁg the improvement on
the GFW test for L/LD children from age 4 to age 8
over a five-year period and the improvement in the
seven tested L/LD children over a four week training

15 session using this invention;

Figure 15 is a graph of the improvement in the
CELF test (sentence imitation) for the seven tested
L/LD children at pretest, post-test and, where
available, three months after training;

20 Figure 16 is a graph of the results of the memory for
sentences for the seven L/1D children at pretest, post-
test and, where available, three months after training;

Figure 17 is a graph showing the results of the
Goldman-Fristoe articulation test on the seven L/LD
25 children at pretest, post-test and, where available,

three months after training



sounds of training exercises designed for L/LD children are nodified
in a conputerized system as 10 " above. All speech applied in training

exerci ses and on library materials are delivered in this nodified
form The invention al so enconpasses a conputerized

system for struC{ydeiggsecorded audio information to 15 enabl H§$6Ch
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spectro-tenporally conpl ex audio soundst4 The system consists of a
conput er having i nput means for receiving information i ncl udi ng the
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means for storing .tlon and
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5 individuals (L/LDs) is shown. The computer system 10

consists of a processor 12 made up of a conventional

type system such as available from Apple or one of the

IBM or IBM-compatible clones. The processor 12

includes a CD-ROM capability 14 and a conventional

10 floppy disk capability 16. Appropriate software is

provided in the processor 12 to support not only the
CD-ROM but also the floppy disk capability.

In addition to the processor 12, a conventional

visual display tube or VDT 18 is included, which may

15 or may not be capable of displaying color, although

the color format enhances two aspects of this

invention, mnamely, the game-playing and training

exercise aspects. Additiocnal VDT's may also be
included.
20 A speaker 20 is provided which is supported by

appropriate software in the processor 12. In addition
to the speaker 20 are headsets 22 which can privatize
the invention to an individual person(s).
Finally, to make the system usable to the subject
25 or patient, storage 24 is provided to store the

appropriate programs and also the appropriate data



11 for nodifying digitally recorded audi o sounds havi ng a
frequency range assocliated therewith 10 I éngtnem amd"- —to-setectively
anplify fast (primarily consonant) acoustic elenents in speech

wi t hout nodifying the 5 frequency range. Second program neans are

provi ded wo 9sadigponsi ve to the received i nformation and
processor neans for storing the nodified, digitally }giﬁﬁﬁgﬁm”speech

sounds. Third program means responsive to the received
i nformation and to the 10 processor are provided to direct the stored,

nodi fi ed, digitally recorded speech sounds to the output neans.
Brief Description ﬂétthfb torage quurf%:lfégﬁ@nggqgrak odi agram
of a conputer ystemt at vvoul d be used to inplene renedi ati on of
15 auditory terrp@baé-%@cmﬁlm & ithid DT 18, the spefk@Hr2o2 asda
spectrographic plot of a lowto hi gh frequency nodul ated sweep (Sl)
and a high to | onheadsets rzyustoyagedzd atd alwoche (BR)d sepacatmaldye an
interstimulus interval (1Sl); 20 - Figure 3 is a depiction of a VDT
wi th graphical Progyesfs %ﬂﬂ?ﬁ?ﬁnbépé tgeRexRte statistics on the

5 individual user(s).

The VDT 18, the speaker 20, and headsets 22 are
hereinafter referred to as the "output" when referred
to generally in the system. The input devices include
a keyboard 26, which-may or may not be utilized by the

10 patient, and a mouse 28, which is appropriate for use
in the entire invention. A toucﬂ sensitive screen 33,
can be used in lieu of the mouse and is particularly
useful with young children. Finally, an input
microphone 30 may be provided to record various oral

1S sounds in order to assess speech production
rerformance by the L/LD individual or to assist in the
development of additional verbal program material.

A printer 32 may also be included to provide
output on the progress of the patient being trained in

20 this system.

While not necessarily a part of the system, the
processor 12 may be a peripheral unit to a host
computer 34 in a network of computers. Host computer
34 could control several processors 12 with the

25 appropriate peripherals, as shown in Figure 1. Other

systems such as 10(b), (¢), (d), and (e} would, in



Figure 4 is a graphical representation of a nor mal consonant - vowel

conbi nation, plotting frequency — agai nst trme—— WD 9618184
PCT/ US95/ 15204 12 Figure 5
is a graphical representation of a tine- expanded consonant - vowel
conbi nat i on, ' frequency against tine;

Fi gures 6A, 6B, wé@‘éh&gGD are flow chartg sgovm' ng 5 a coﬁfﬁ‘("é?s"m‘
program that is used to develop the 16 training program

Figure 7 are graphs of the results of the Tall al Repetition Test
before and after training of seven selected L/LD children; 10

G Scr i mination for thEEESEEn R FeRtatiiiay the, same B8 B WG M0,
plotted against the gyrtheRIemE@EIH SN bRRY fOTady eligd . pRestedestesnd
t hree nonths after the tralning session, where avail abl e; '
example, under direct control of the host computer so
it would not be necessary to have a printer at each
5 remote station.

In addition to the computer hardware set forth
above, in order to operate this system and enhance the
training program, certain audio tape recorders are
required for use by the student in running this

10 system. These tape recorders are shown as 36 and 38
in Figure 1. They are attachea to host computer 34
for convenience’s sake; however, it should be
understood that the tape recorders can be independent .
and in that instance would include their own headsets

15 36(a) and 38(a). In addition, microphones 36 (b) and
38 (b) would also be included with the tape recorders.
Thus tape recorders 36 and 38 can not only provide
audioc signals to the headsets 36(a) and 38(a), but
also can receive input through microphones 36 (b) and

20 38(b) in the conventional manner. The tape recorders
are shown associated with host computer 34 for
convenience’s sake only; however, they can be stand-
alone for the various tests, games and training
regimes herein. -

25 The purpose of the computer system 10 is to

develop appropriate training programs and to provide



15 Figure 9 is a graph of the results of the TROG (Test for
Reception of Gammar) Tor the pretest and post--test—trnesT—showt ng——--
t he equi val ent age of the seven L/ LD children; Figure 10

is a graph of the results of the Conpre- 20 hensi ve Language Eval uation
(CYCLE) testyfUen @g seven L/ LD children for the pretest and

post-test tinmes an where avail able, three nonths a

trai ni ng; Figure 11 is a graph Bt the Token Test (receptive

| anguage) for the seven L/LD children for the pretest 25 and post-test
times and, where available, three nonths after the training;

WD 96/ 18184 PCT/ 0
13 Flagure Jltgnl for at ens Owﬁgﬁﬁ%ﬁér gt;./%elr language

the CYCLE test for glkhhPsChhhdr eﬂnffﬂﬂ?&ﬂﬂ:tct&%e%come hand@&%b apfi ve
year period and the |nprovenent I n the seven tested L/ LD children
over the four weekdefatfht£0in tempor®dsprobessing tHuts havecrbbabted in

impairment of speech reception and/or production, or
5 to improve their normal temporal processing
capabilities. 1In particular, computer system 10 is
utilized to provide a medium for L/LD or normal
subjects including school-aged children, aged
individuals and foreign language students, or aphasic
10 patients to distinguish between differing sounds. For
example, in a program recorded -on CD-ROM, a game is
presented to young children between the ages of S and
10 wherein the computer not only provides the training
but alsoc provides rewards to the subject students. 1In
15 the example used in the invention, a sequence is
developed around a circus game, complete with music
and video signals showing c.lowns, animals, and the

like, as background to audio signals.

Figure 2 is an example of the audio sounds

20 presented in one of the elementary games employed in
training. In Figure 2, two differing audio signals,

one with an increasing frequency S, and one with a
decreasing frequency S,, are presented to a student

with an inter-stimulus interval (ISI) determined by

25 the program. The signals S, and S,, as shown by

example in Figure 2, are varied in the sequence; that



Figure 13 is a graph show ng the inprovenent on

t he Token Test for

L/LD children fromage 4 to age 8 over a f—Tve-year period—and the

| mprovenent in the seven tested L/LD children over a four week
training 10 session using this invention; Figure 14 is a
graph show ng t ' venment on the GFWtest for L/LD children from
age 4 to age 8 Iw‘,!‘aﬁrl%‘ver a five-year period and the inprove $95/45204
seven tested L/LD children over a four week tr¥ning 15 sessi on using
this invention; Figure 15 is a graph of the inprovenent in the

CELF test (sentence imtation) for the seven tested

L/ LD children at

retest, post-test an . : [ , & hr t M es
Prstooh” S poresp BT LAY 41 E5, ML BBALE gizat

training; 20 s a g

e nenory’ for

sentences for the sevgplhbwPdClby OER® abcPesEESy. sRRAI S, in HIRS! FapRg:

where avail abl e, three nonths after training;

Figure 17 is a

graph show ng t he resphiesentathen, whileGoininmtheFraestond,arthe ubdatreasinsgt

on the seven L/LD 25  children at pretest, post-test and, where
avai | abl e, t hr agRBAt $s i6f fellowed hiynghe increasing signal §,. The
5 student is asked to respond utilizing the mouse 28 by

moving a cursor between two boxes 40 and 42 displayed

on VDT 18 (see Figure 3).

For example, the increasing sound would always be

the left box 40 and the decreasing sound would always

10 be the right box 42. If the decreasing sound came

first, the student would move the cursor to the box on

the right and "click" or touch on the right box. If

the increasing sound came first,

then the student

would click or touch on the left box. Correct

15 responses result in a display on the screen of a clown

dancing, some music playing, or some other appropriate

visual reward.

A sequence of several correct responses, for

example, three, results in a decrease in the inter-

20 stimulus interval, for example,

from 200 to 195

milliseconds. Continued improvement has been shown in

presenting such a problem to a L/LD child over a

period of four to six weeks. More will be said about

this in the results of the experiments conducted, of

25 which a description is provided below.
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14 Descriptron o € rring
to Figure 1, a conputer system appro- priate for use in the present
i nvention for enhancing the recognition of speech anong

speech-i mpai fwefbe I ndividuals (L/LDs) is showmn. The c r stem
10 consi stlgét‘)f a processor 12 made up of a conventioﬂ’g&mss‘msg type
system such as avail able from Apple or onel® the | BM or

| BM conmpati ble clones. The processor 12 i ncl udes a CD- ROM

capability 14 and a conventional 10 fl oppy disk capability 16.
Appropriate software i p. | | e ) SHIPPRQF t not
only the CD- Ws%?e a?%% {’%%i%p%é}n%fl%k%?paﬁéﬁ?ﬁ 51\90 ot In
addition to the progessdFy ldeqieR8VeNtiiiiiing, the phE¥aht diephay Beibe or
VDT 18 is included, which may 15 or may not be capabl e of displaying
color, although shiftédetsohodifderantcappaces idiesplapeons tife VDTS,

i nvention, nanely, the game-playing and training exerci se aspects.
Addi tional VDT s witthinmlthe format of theclsamedor 2@lifferent gampealkday 20 is

provi ded MMiCQ s S§¥¥¥£&fii}ngtop consonant syllables for testing and
training phoneme identification such as the stop
consonants /ba/ and /da/ would be used as target
signals in a game. The purpose of this portion of the
training is to overcome a common failing in dysphasic
10 children in distinguishing between various consonants.
For example, the two consonangs /ba/ and /da/ are

guite often confused in this situation.
Initially, the patient is tested in a manner
similar to that set forth above. In the phoneme
is identification training the patient is required to
indicate if the target phoneme was presented first or
second in the sequence. For example, by first
distinguishing between the sounds /ba/ and /da/ with
a long interstimuli interval of upwards of 500
20 milliseconds. During training, the ISI is decreased as
the patient progresses in recognizing the sounds /ba/
and /da/ and other stép consonants. However, this
system envisions taking the phoneme /ba/ or the
phoneme /da/, for example, and prolonging the fast-
25 acting or stop consonantg, /b/ and /d/, respectively.

In a normal speech pattern, the consonants /b/ and /d/



appropriate software in t he processor 12. In addition

20 areé headsets 22 wWhich can privattze t he—venti on to aft——-

i ndi vi dual person(s).

Finally, to make the system usable to the

subj ect 25 or patient, storage 24 is provided to store the

appropriate pro el d al so the appropriate data WD 96/18184
POT/ USO5/ 15204 WoSensidl 15 t hRCTYsgs/15204
utilized. Storage 24 is responsive to 2p processor 12, as are

the VDT 18, the speaker 20, and

used to accunul ate

5 I ndi vi dual wuser(s). The VDT 18, the speaker 20, and

headsets 22 are

referred to generally in_the syste The i nput devi ces i ng¢l ude
a keyboard 26, which Hﬁ}ﬁéﬁgﬁﬁﬁdﬂotw @t ?iggjﬁVRPﬁev°Yﬁi sBHP%eﬂg,t%%d a

inh&hepaatve rpharienes: @CCHY N t 3RPrayimakel vwaénto 50

mouse 28, which is apagggggamgnfggyugg five or' DikMEifLL' L8 10Y§M ! Pllesd

touch sensitive screen

10

15

20

25

sounds are represented graphically in Figure 4. 1In
order to improve the patient’s recognition of these
sounds, it has been found that if the consonant
portion of the éound, that is, the /b/ or the /d/, is
prolonged or doubled to approximately 80 milliseconds,
then the patient can consistently and accurately
identify the phoneme. The initial lack of recognition
is attributable in the inpairéent in the temporal
processing in the individuals with the 1learning
disability.

In Figure 5, this prolonged consonant sound is
shown with a commensurate decrease in the duration of
the vowel sound. The decrease in the vowel sound need
not be accomplished in the training phase; however, as
will be explained subsequently, when it is necessary
to "rescript" an existing recording, be it oral or
video, for use by individuals with a learning
disability, it is appropriate to truncate the vowel
sounds in "real time" so that the elapsed time of the
recording is not changed. Hence, any extension of a
portion of a phoneme must be accompanied by an
equivalent reduction in another portion of the spoken

word. Thus, Figure 5 represents such a reduction,

to the speaker

headsets 22. Storage 24 can al so be
progress reports and generate statistics on the



can be used in lieu of the nouse and is particularly useful wth

young children.’ Frnarty, am Tmput

to record various oral 15 sounds in order to assess speech
producti on performance by the L/LD individual or to assist in the
devel opnent f""ﬁ stal onal verbal program material. A r| nt er
may al so be inc to provide out put on the progre§§n@f

patient being trained in 20 this systenzi Wi | e not
necessarily a part of the system the processor 12 may be a

peri pheral unit to a host conputer 34 in a network of conputers.
Host conputer 34 cqul d control several processors 1%\Mtr1the 25
appropri ate periphdhgre the slapsed, timgyof £ i fied phonepe; {2405 ch

as 10(b), (c), (d)
PCT/ US95/ 15204

essentially the sa
pl ace the printer,

10

15

20

25

m %nd éel).hé’vo gr':tmé Iatrs] the unmo?v@leg p %gérg?fg%?wn bén

'i?g?ﬁ‘et hg, sYSeBA. editing FUE! NSe MBI ELL4T | QQQRBY
information may permit some truncation of the silent
pericds between words or sentences.

The testing of the /ba/ and /da/ identification,
or an equivalent stop consonant identification, is
accomplished in a similar manner as set forth above,
and can be accompaniéd by a circus-like game or other
context to make it more attractive to young children.
As the subject achieves improveé ability to correctly
identify phonemes with consonant sounds of a given
duration, the task can be made more difficult to drive
improvements in performance, for example by shortening
the stop conscnant sound duration from 80 to 70 msec,
and so forth.

In order to provide continued interest, variety,
and additional exposure to modified speech training
material, it has been found that commercially
available "Books on Tape” and video games, in
particular interactive CD-ROMs that are rich in speech
content, become understandable to learning impaired
individuals if the verbal material is modified to
lengthen the Bstop consonants, then matching the
modified sound with the original video material.

Lengthening of 50% to 100% has been found to be

m-ct-ophone—36—ray—be—provi ded

32



exanpl e, under direct control of the host conputer so it would not
be netessary to have a printer—at—each 5 renote—st ati on. - :
addition to the conputer hardware set forth above, in order to
operate this system and enhance the training program certain audio
tape recorders Noer required for use by the student in running this
10 system Thest¥®e recorders are shown as 36 and 38 PCT{US91520r e
1. They are attached to host conputer 34 22 for convenience's sake;
however, it should be understood that the tape recorders can be

I ndependent and in that instance would include their own headsets
15 36(a) and 38(a). In addition, n1crophones 36(b) and

woul d al sa be incl udeéPEFPﬁrf-ﬂEetape feddieger sare accmﬂﬁg’-’f‘%pé""rd@eor%rs

d | h
o aasy. Shn "t oM dpRhd¥ed araphicn AR otS, RP8| Snte, kPER ERAES Saiied )
20 38(b) in the conygphi eRal v§ ermate-.rf'f%i[ HMy meed %ﬁiflcatloﬂrglégo"m

associated with host conputer 34 conveni ence's sake only;

however, they can be gragHe sound nﬁlﬂliﬁeﬁotoﬁlbendﬁit@lizmszgﬁﬁes £l
training regimes herein. 25 The purpose of the conputer
system10 is to § a real-time situation. This same procedure can be

In

used in the teaching of a foreign language where the
fast consonants are . initially lengthened
appropriately.
In addition to lengthening, it is also important
10 to emphasize the fast or'stop consonants by increasing
the energy thereof by, for ex;mple, 20 dB. This
increases the relative salience for learning these
critical speech elements that are so poorly understood
by L/LD and other temporal processing impaired humans.
15 The time envelope of this differential amplification
of fast BsBpeech elements is an important second
variable of this fast or stop consonant element
emphasis.
Having briefly explained the nature of the tests,
20 the nature of the training with respect to this
invention, and the necessary changes to existing
material, it is appropriate to pass on to software
that may be used to develop content test. and training
material, to rescript "Books on Tape", or to modify

25 and rescript existing video games.



devel op appropriate training prograns and to pfovide

PCT/ US95/ 15204

WD 96/ 18184

ST £
T a e ttt-+06f

patients to practice their | anguage skills, and, in particular, to

over conme handi caps or
resulted in woegnsigel MPai rnent ~of speech reception and/or p

deficits in tenporal processing that have

FdHiEbb o, ©"

5 to | mprove their nor mal tenporal processing

capabilities. In particular, conputer syst23m 10 is utilized to
provide a mediumfor L/LD or nornal subjects including

school -aged children, aged i ndi vidual s and foreign | anguage

students, or aphasic atlent | St UISh etme | ffaerin
xBTS PG He A G REBRA e

sounds. For

presented to young,ghi bﬁrenl eiﬁ"e@é‘ ﬁé‘%z?&%%t%fod%ﬁgﬁ the £low cHAR!E!

conputer not only prOV|des the training

the subject studenis.ridureld 6a,t B8, c8eNBh@ é15afkd FebesbAY&PivOonl?,

sequence i's

10

15

20

25

devel oped around a circus ganme, conplete with mnusi
and could be done in separate increments rather than

a single program as illustrated herein.

Referring to Figure 6A, the user is first faced
with a decision whether training material is to be
developed (RECORD ONLY - decision block 50), "Books on
Tape" are to be modified for use by individuals with
learning disabilities (VOICE ONLY - decision block
52), or whether a CD-ROM with é video game is to be
modified (MULTIMEDIA - decision block 54). The
training material, as noted above, include the stop
consonant phonemes, for example, /ba/ and /da/. The
"Books on Tape" are clear from the textual point of
view. However, to clarify, it has been found
appropriate to modify "Books on Tape" such that an
individual with learning disabilities can understand
the modified spoken words which, without modification,
would not be as intelligible to that individual. CD-
ROM or multimedia, of course, includes video games.

Assuming, in this instance, that test materials
that are to be developed are selected in the decision
block 50 illustrated in Figure 6A, one is then
directed to Figure 6B, with the first step being to

record the material on a digital audiotape recorder or

is
in the

SO prOV|des rewards to

c



and video signals show ng clowns, animals; and the | i ke, as
background to audio signals.” Fi gure 2—is—an exanpl e of-+the
audi o sounds 20 presented in one of the el enentary games enployed in
training. In Figure 2, two differing audi o signals, one with an

I ncreasing freq rr] and one with a decreasing fr 2,
are presented tgﬁgggyﬁ%gnt with an inter-stimnulus intervé?ﬁﬁﬁga%ﬁa
determ ned by 25 t he program The signal44S[err] and S[err], as shown
by exanple in Figure 2, are varied in the sequence; that WO
96/ 18184 PCT/ US95/ 15204

18 I's, the ingnreasg) W sepr h% 2 cROHBEEE; £d¢;
foll onwed by the decre%ﬁgéglgg%a erbré%ﬁénit ey's#:{}rsc'?l prlineﬁtag??%n,
while in the second, tHee réadi2gShbBlomplishediidndn SRalsgf@bdened by the

I ncreasing signal S[er]. The 5 student is asked to respond utilizing
t he nouse 28 by noviTthe aextrsmp het tearornvertbohe sd i tald atdiotape
di spl ayed on VDT 18 (see Figure 3).

to a special format which is adaptable to elongation

5 of certain portions of the speech. The format used in

developing this invention is the audio information

file format or AIFF which was developed by Apple
Computer and is supported by Silicon Graphics. This
format supports a 16 bit file with a sampling rate of

10 22 kHz although other sampling rates and integer

representations can be used (e.é. 8 bits, 11 kHz).

The next step indicated in operation block 60 is

to segment the sound stream intc subfiles that reduce
computer memory requirements. Here again, in this

15 invention the sound stream was segmented into 30

second subfiles but other lengths would be equally
appropriate depending on available processor memory.

The user is then faced with the decision of

whether to only modify the time scale, only modify the

20 emphasis in the voice stream, or to do both. 1In the
instance of modifying the time scale, one is directed

to Figure 6C for further direction. It is to be
understood at this point that modifying the time scale

is to elongate. the stop consonants and other fast

25 speech elements and, in the instance of the real time

environment, to shorten the following or leading vowel



For exanpl e, the increasing sound woul d al ways be the left box 40

and the decreasi ng sound woul d arways 10 pethe Ti ght—box—42—+f—the
decreasi ng sound cane first, the student would nove the cursor to

t he box on the right and "click"” or touch on the right box. If

the increasigg came first, then the student ggg I|ck o
touch on the l'eft ox Cbrrect 15 responses result in

the screen of a cIomm danci ng, some 2%usi c playing, or sone other
appropriate vi sual reward. A sequence of several correct
responses, for exanple, three, results in a decrease in the inter-

20 . stimilus infgiygl. of O QXM fnoelhO0) 300 adilealSene rdeayr

m|liseconds. ContPnue 1nprovene een shown | presenting
such a problemto gihé L&ﬁ"&&\&’éebeﬁween senti{ded a?tti B@Eﬁeéﬁ woxgaeeks.

More will be said about his in the results of the experinents
conducted, of 25 mmmn-nd@nbwptw Figwrep 6 Qvanid dperiamndon block 66 WO
96/ 18184 PCT/ US95/ 15204
19 the time scale modification first converts the

5 incoming signal by means of a short-term Fast Fourier

transform consisting of 128 simultaneous channels each
represented by a complex spectra. The complex spectra
in mathematical terms is a series of complex numbers
each having a real and imaginary part, well-known in

10 the electronic and mathematical fields, which is
represented in the Fourier traneform.

This complex spectra is then converted to
frequency and amplitude as indicated in operation
block 68. Once the spectra is converted to the

15 frequency and amplitude representation indicated in
block 68, the spectra is interpolated between
successive short-term epeetral time slices in order to
create the desired expansion in the time domain in
each frequency channel. That is, the given frequency

20 and amplitude for a particular instance of time is
compared to the two adjacent freguencies and
amplitudes as determined by the Fast Fourier transform
and a smooth transition in amplitude is created for
each frequency channel. 1In this instance, the sound

25  is literally spread out and additional information is

inserted {interpolated) between each of . the



Once the patient conpletes a certain anmount of audi tory sequence

training, thé patient would be=——— shifted to-a—different type—of—

di splay on the VDT, within the format of the same or a different
gane. In 5 particular stop consonant syllables for testing and
training phone fication such as the stop consonants /ba/ and
/ da/ woul d” be use i( 841 get signals in a game. The pur pSSEUSIS1IS S
portion of the training is to overcone &écomon failing in dysphasic
10 children in distinguishing between various consonants. For
exanple, the two consonants /ba/ and /da/ are quite often confused

Sinilar Lo that set foFERFEBERRALIdRS iRt t“%r@mdlié‘ﬁeq'%@h?ﬁ b (Erier
training the patient 'Eré:?gf’éfn?d hpcpas l% er{ nfg'ﬁ{g J gesi%ar re%%%nﬁ_:grrest

was presented first or e seq uence

di stingui shing betweencihe ww&iﬁ\dnl:g/ aégué@@/tcwata&omphsh @né Hitessary
interstimuli interval of upwards of 500 | i seconds. During

training, the ISl is deamgpeseinathe stop ¢hesqairitantcqmingr edwenghnto the
recogni zi ng the sounds /ba/ and /da/ and other stop consonants.

However, this 5 sindisidual wishstheldearning fisabiditya/ Thua.hdlock

70 indicated in the interpolation of the spectra

results in expansion of the time spectra. 1In like

manner, if it becomes necessary to compress the time

spectra, this can also be accomplished in this phase

10 by deleting a particular set of Fourier transforms and

then interpolating between the remaining adjacent
transforms to smooth the curve.

After interpolation, an additive synthesis is

accomplished as indicated in operation block 72. 1In

15 short, the additive synthesis step converts each of

the frequencies and amplitudes back into the time

domain or, in effect, performs an inverse Fast Fourier

transform. = Following the additive synthesis, each

channel is put back into a time domain in a form such

20 as existed prior to operation block 66. Following

operatiocn block 72, the program returns to the

mainstream as shown in Figure 6B to determine if

emphasis should be incorporated into the speech. (See

the decision block 64 in Figure 6B.) Comparison of

25 Figure 4 and Figure 5 shows a schematic representation

of the elongation.



phonene_/da/, for

exanpl e, and prolonging the fast- 25 acting or stop

consonants, /b/ and /dl, respectivery. M—anor nal - -speech—pattern

t he consonants /b/ and /d/ WD 96/ 18184

PCT/ US95/ 15204 ' 20 in these two
phonenes occwoédngfyaPr oxi mately 40 to 50 mllisecond ' e
foll ow ng vowel sound of the letter "a" may be five ?F”?ﬁ?bﬁths as
| ong. These sounds are represented gfaphically in Figure 4. In 5
order to inprove the patient's recognition of these sounds, it has
been found that if the consonant portion of the sound, that is, the
b/ or the /d/, is ogﬁg%(w 0 t r QXJ :
mlliseconds, t éhngﬁghpa |edttggneg%ﬁg?éggﬁgﬁygdﬁgﬁgg%ﬁﬁgfépy 10

identify the phon

! _ YPeparing ispelch! ahdChhShehdS OfH tud¥) by indiviBuals
attributable in the inpairnment in the tenporal processing in the

i ndi vidual s with twieh ealearming disabdildaki.| idrye is to modify the time

10

15

20

25

scale of the speech, which has just been discussed,
and the second is to emphasize, by increasing the
enexrgy content, those portions of speech that contain
rapid temporal changes in frequency content. It has
been found that if the stop consonants such as the
/ba/ or /da/ representations noted above are modified
so that the energy.of the consonant portion of the
phoneme is increased, then impro;ement in the learning
capability of an individual with a learning disability
is also seen. In this instance, if emphasis is
desired, dynamic emphasis is undertaken, as
illustrated in Figure 6C starting with multichannel
bandpass filtering to create a number of separate
frequency channels as indicated in operation block 74.
In the present instance, the number of freguency
channels has been selected at 40; however, a different
number could be selected.

Filtering by Butterworth filters by the fourth
order creates the 40 channels across a time interval
of the previously segmented sound stream (see
operation block 60), of which each segment consists of
30 seconds. In operation block 76 (Figure 6C), all of

the channels are filtered through a 1-6 kHz filter and



In Figure 5, this prolonged consonant sound is 15 shown with a

commensur ate decrease in the daration of the—vowel sound. ~Fhe-
decrease in the vowel sound need not be acconplished in the training
phase; however, as wi || be explained subsequently, when it is
necessar . cript" an existing recording, be it or 20

vi deo, 1¥or usgvagglndiiarsldi v!odual S wth g | ear ni ng di i‘a%qﬁ Tt
is appropriate to truncate the vowel sog®ds in "real time" so that
the el apsed tinme of the recording is not changed. Hence, any
extension of a portion of a phonene nust be acconpanied by an 25

equi val ent reduction in anath ortj or t he.spoke word. Th
Figure 5 represents s@fﬁvggfeg?ﬁiaorﬁoor}c’% emp 156%f§1§fequen°les ERac

EIC:-Ia-:)lsJSgS{ i1r5réogf t he rrﬁf&lfli edirb%oone%%e(zﬁbat bana%rgfsi sr?EEOﬁ%egéefﬁﬁ%n

unnmodi fied phonene shayprokimately Foourekxfiz. Casebdbgfi€htlypg 04 tBeoss
original audio Informati on may permt some truncation of the silent

amplitude envelope is extracted and defined for each

5 of the 40 frequency band channels over each 30 second

subfile as indicated in operation block 78. For those

envelopes that show a rapid change (see operation

block 80, F%gure 6C), the extracted envelopes are

emphasized 10-20 db. It is pointed out that for

10 consonants such as the examples of the /ba/ and /da/,

the /b/ in the /ba/ and the /d/.in the /da/ as noted

above will always exhibit a rapid change in the

envelope of the frequency channels as opposed to the

relatively constant envelope that is seen in a vowel

15 block. The specific frequency channels for which a

particular degree of emphasis is applied, the gross

amplitude envelope frequency thresholds that marks the

occurrence of a rapid change in the speech signal that

triggers emphasis, and the degree of emphasis as a

20 function of the rapidity (frequency) of gross

amplitude envelope <changes are all separately

selectable. In the present application, a uniform

emphasis of 10-20 dB was applied for the 2 to 4 kHz

channels with gross amplitude envelopes with frequency

25 components ranging from about 3 to about 45 Hz for

natural speech, and from about 2 to about 30 Hz for



5 peri ods between words or sentences.

The testing of the /bal

and /da/ identification, or Tan _equrvarent stop consonant
identification, is acconplished in a simlar manner as set forth
above, and can be acconpanied by a circus-like gane or other

context to

achi eves i nprove
consonant sounds of a given
difficult to drive

shorteni ng

15

and so forth.

and addition

been found that Cogaaﬁééél by d%gcrlbéaa'abéblaebelBQOlﬁ:Hzon an-ﬁa%ovearﬁj

vi deo ganes,
speech

individuals if the verbal naterial is nodified to

consonant s,
mat eri al .

al

eX

I n
con

ability to correctly I dentify phone

I nprovenents in performance, for exanple by
t he stop consonant sound duration from80 to 70 nsec,

1507 o=l IBREQ! oLV IBabANbLONAEL LOLBLESL IR

posure tra nin

dg ggore attractive to young children. ﬁ@ﬁmagﬁ‘anJECt

durati o2 the task can be nade nore

iety,
it has

particular interactive CD-ROVs that are rich in

teBR&, becone understandable to | earning inpaired

| engt hen the stop

t hen mat chi Iy ochder25c cmediéi @d resunsulviband envaliopenas vi deo
Lengt heni ng of 50% to 100% has been found to_be

10

15

20

25

indicated in operation block 82, each channel is then
modified by dividing by the information obtained in
the initial gross amplitude envelope for each channel
determined in block 78. For each channel, the
resulting information is multiplied by the channel
envelope developed in operation block 80. This
produces an envelope modification function for each
channel. Each channel envelope modification function
is _then multiplied channel by channel with the
original channel signals defined in operation block

74. Additive synthesis is performed in operation

block 84 such that the plurality of frequency bandpass .

channels can be converted via additiorn to a single
channel across the entire frequency range contained
in the digitized speech. Once the single channel is
arrived at, then the program returns to Figure 6B at
connector E so that the sound segments determined in
operation block 60 can be reassembled as shown in
operation block B6.

Referring back to Figure 6A, if a multimedia CD-
ROM is present, then in decision block 54, it branches

to an operation block 88 to identify the audio format
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22 appropri ate. IT~There are acconpanyimg-vi deo or

ani mat ed graphics, as is the case with video ganes, t hen the visual
material may need nodification also, - or the sound may need
conpensating co | to fit 5 a real-time situation. Thi s _sane
procedure can b?bg&ﬁlﬁmused in the teaching of a foreign Iangu% SRyas2nd

t he f ast consonant s are initialB§ | engt hened
appropriately. In addition to lengthening, it is also inportant
10 to enphasize the fast or stop consonants by increasing t he

th f by, f ; hj '
crer oy 1eLeol DY (o, i ne 98-8 bt spconddEL 385 Himae,

relative salience for speech

are so poorly under st qaslroMs _mayb)(:da{el—@na%?fo@%r JfE D Ghuftbel FFCTUrMALs,

I mpai red humans. 15 The tinme envelope of this differential
anplification cforfeasif shemchehe e BoundaResoptdé Fornea03d Quick
vari able of this fast or stop consonant el enent enphasi s.

Time Format, a Paco Format, or the AIFF format which

5 is used in the subsequent steps in this program. If

the sound source is in some other format than AIFF,

then it is converted to the AIFF format for operation

in this program. (It should be noted that an

equivalent program could be written to operate on

10 other sound sources, just as well as the AIFF.)

Further, the information must bé converted to digital

if it is analog. This is accomplished in operation
block 88.

For convenience, a flag is set at this point

15 indicating that the program is in a CD-ROM mode. The

CD-ROM flag is set in operation block 90. The program

then branches at connector F to the mainstream shown

in Figure 6B.

Wwith the CD-ROM, the information is processed as

20 indicated above, modifying the time scale and, if need

be, applying the emphasis using exactly the same steps
indicated above.

The sound is reassembled in operation block 86.

At that point, the CD-ROM flag is checked and, if on,

25 the program shifts to Figure 6D, operation block 92,

where the modified sound is converted back into the



Having briefly explained the nature of the tests, 20 the nature of the

training with respect to thrs THVENt 1 om, —and—t he necessary—changes
to existing material, it is appropriate to pass on to software
that may be used to devel op content test and training material, to
rescript " Boglgeefiigiape”, or to nodify 25 and rescri pt Istin |deo
games. %%G/ 18184 Fritsd
PCT/ US95/ 15204 31 23 Ref er ence
shoul d be made to Figures 6A, 6B, 6C and 6D. It is to be understood
that the flow charts in Figures 6A, 6B, 6C and 6D are
representati Ve onl Xngmanr audii £60HL .-P %éd‘aﬁecg?éﬁt%dx%&%@ﬁnéé
rat her than program as | ustrate
Referring to FlgurQséé FiBﬁrHSGA)'S &héshoﬁﬁaeﬂs then réihSefr&@CigtoN
whet her training material is to be devel oped (RECORD ONLY - deci sion
bl ock 50), "Books the sourcedape"théecptopber hodatienk fas iwsdidatedidawi dual s
with 10 | earning disabilities (VO CE ONLY - decision block
operation block 94. That is, the video and/or
5 animated graphics portions of the CD-ROM are

synchronized with the modified sound portions.
Concurrently, the video and or animated graphics
playback speeds are adjusted to match the modified
speech as indicated in block 96. Alternatively, the
10 modified speech can be placed in a real time mode, as
indicated above, where the elapéed time of the speech
in the modified version is identical to the elapsed
time in the speech in the original version so that the
motion and the like on the CD-ROM correspond to the
15 original version. Finally, a master CD-ROM is
generated, as indicated in operation block 98, and the
program is completed.
Referring back to Figure 6B, the output data is
then converted back into analog tape for the "Books on
20 Tape" or for tests that can be administered using
analog tape. Alternatively versions of the tests and
associated test graphics can also be placed on the
computer in digital form whexre they can Dbe
administered under computer control.
25 It should be noted that the "Books on Tape" is a

voice only situation, and corresponds exactly to the



52), or whether a CO-ROMwith a video gane is to be nmodi fi ed

(MJULTI MEDI A - decision bl ock—5a)~ The —t7Tai ni ng mat er+at5—as

not ed above, include the stop consonant phonenes, for exanple, /bal
and /da/. The 15 " Books on Tape" are clear fromthe textual point of

Vi ew. Howevelg, gsclarify, it has been found B’D riate to
nodi fy "Books on such t hat an i ndi vidual with | eari 5’15

di sabilities can underst and t he nodi fi ek spoken words whi ch, wi thout
nodi fication, 20 woul d not be as intelligible to that indivi dual . CD -
ROM or nul tinedia, of course, includes video garres Assum ng,
Iin this instance, that test materials at aretoRe develo ed are
sel ected in the deci sit&ft mater:aloc*ﬂewqq I‘E&‘?‘? aFBe i"Ropk§uR 6% ©netf s

then 25 directed to_Fi B, W|th S Shep Is

record the material oﬁ°§“’8g‘§ ?a? aﬁdl 6?%\ r%% tap i edlcgtgg %\?)B%?i’élm
PCT/ US95/ 15204 100. Following that conversQﬁm to dlgltﬂd‘-ﬁudtiﬁetﬂ:@ pose
bei ng t hat speech nodification cannot

the program follows the exact same steps as in the

5 test material.
Operation of the preferred embodiment is
exemplified in the following experiment, which used

the aforedescribed material.

Experiment - Procedures Used for Remediation Studies

10 Subjects .
Seven children with specific developmental
language based learning disabilities (L/LD)
ﬁarticipated as subjects in this study. L/LD children
were selected who were withouﬁ other primary sensory,
15 motor, cognitive, .emotional or neurological
impairments, and who met the following criteria: 1)
nonverbal performance IQ of 85 or better on the
Weschler Intelligence Scale appropriate for age; 2) at
least 1.5 standard deviations below the mean
20 “predicted” achievement level on the age appropriate
form of the Test of Language Development; 3) at least
1.5 standard deviations below the mean for age and
gender on the Tallal Test of Auditory Processing; 4)
normal hearing acuity, no motor handicaps, no oral,

25 motor or structural impairment effecting nonspeech



be readily acconplished in an anal og node. The next step is to

convert the digital audi ot ape toa specrar—forrat—whi-eh—-s—adapt abl e
to el ongation 5 of certain portions of the speech. The format used in
devel oping this invention is the audio information file format or

Al FF whi ch ¥Ryoped by Apple Conmputer and is su Qé
Silicon Gap ié@ﬁ hi s format supports a 16 bit fileq&ﬁﬁkggl ling
rate of 10 22 kHz al t hough other sanpli @@ rates and integer
representations can be used (e.g. 8 bits, 11 kHz). The next

step indicated in operation block 60 is to segnent the sound stream
ement s

bfi l h d
again in this  LSRUSTROER TP AT A B iR e Bh e SEIHENPoH PRF B0
second subfiles buf ?&Hé‘hé SRS {5 V‘%d:i:ll?:‘iaqq‘aalfﬂcultﬁes 8PPLOPaLRLE
dependi ng on avail abl e processor user is then faced

with the decision &f frank nedi@l1defich® &ﬂédrd@ﬁhf%etl%rbbfmhéﬁﬂ):?egﬁ” y
nodi fy the 20 enphasis in the voice stream or to do both. In the

i nstance of nodifyetg.Xhe tinme scale, one is directed to Figure 6C
for further direction. It is to be understood at this point that
modi fyi ng t heSti neSeheduwle is to elongate, the stop consonants and

other fast 25 speecly ol oleato g0d, AL 105E80°%Y LSOt ™

children receiving direct training 3 hours per day, 5

days a week at the Rutgers University Experimental

Summer School, and doing 1 to 2 hours of homework per
10 day 7 days a week.

In weeks 1 “Benchmark” &esting was done to
determine each child’'s entry level ability on a series
of standardized speech and language measures as.well
as their temporal processing thresholds. Standardized

15 speeéh and language tests were tape recorded, but
otherwise given according to standardized format. 1If
more than one form of the test was évailable. form A
was always used. No acoustic modifications were used
when recording or giving the “Benchmark” tests. Test
20 performance was scored using standardized procedures
according to the test manuals. In addition to these
standardized speech and language measures, the Tallal
Test of Auditory Processing (Repetition Test) was
given to establish temporal thresholds. Results of
25 week 1 testing will be referred to as “pretest”. 1In

week 6, all of the ‘“benchmark” measures were




environment, to shorten the follow ng or |eading vowel WO 96/ 18184

PCT/ US95/ 15204 T 25 sounds;—ef—+n

ot her instances, to decrease the "dead" time that occurs between
sentences and between words. Referring now to Figure 6C and
operation block W8 ees18¢ the tine scale nodification first conygf’{’%ﬁgﬁﬁ

5 I ncom ng signal by neans of a short-term Fast Fourier rm
consi sting of 128 sinultaneous channels each 34 represented by a

conpl ex spectra. The conpl ex spectra in mat hematical terns is a
series of conplex nunbers each having a real and inmaginary part,

wel | -known in 10 t feg oni n 2 i C figel ; i S
represented in the Fo[}felp:ér trénsf@%‘% TeBRE T a%“le"lllgs coén%téﬁy;p‘gi(ﬁ:nfji ables

t hen converted to refer@AeBCHsAREgostidderde as indicated in operation
bl ock 68. Once the spectra is converted to the 15 frequency and
anplitude representation i rish oegedts i through bboalemé8iatien speaining swas

i nt er pol at ed bet ween _

given. Each child rotated through a series of 20

s minute training sessions separated by two 20 minute

break/snack sessions. Sessions were scheduled in such

a way as to assure that each child completed each 20

minute computer game session (sessions A, B) and story

on tape or CD-ROM (session C) once a day. Each of the

10 receptive phonology and grammar sessions (sessions D,

E, F, G and K) were given 'twice a week. The

expressive speech and language sessions (session H, 1

and J), in which the children had to repeat verbatim

what they heard in a series of real or nonsense

15 syllables, words and sentences, were given once a
week.

For the training sessions C through K above,
materials were tape recorded or obtained directly from
CD-ROM disks and subsequently the audio signal was

20 computer modified using the expansion and emphasis
processes described in the invention. These modified
tapes were then used in all subsequent training
sessions during weeks 2 through 5 both during the
laboratory and homework sessions. For those training

25 sessions that were using materials from standardized

speech and language tests, a completely different form



successive short-termspectral tinme slices in order to create the

desired expansion in the time domarm T gach—fr equenecy—chanret— That
is, the given frequency 20 . and anplitude for a particular instance of
time is conpared to the two adjacent frequencies and

anpl i tudes I ned by the Fast Fourier transform nd a snoot h
transition i%?]ogﬁrr%oﬁ?ﬁnude Is created for each frequenc§cgﬁ§ﬂ§ﬁ§°‘.' I n
this instance, the sound 25 is literal3%y spread out and additi onal
information is I nserted (interpolated) between each of the
WD 96/ 18184 PCT/ US95/ 15204

20 storm 1§ BRSO RgE! (ElSy BT PREM A TSt ron
T 0 P UpBLeSR" WRARIAY gna, 1ofloTinar 15 00 Bptggnant
Thus, bl ock tré@nkeldi catretHet,t hehe NttFdiglidigl 0OaiMmédt o Speohady
results in expansion of the time spectra. In like
remediate perception and production of phonological
S contrasts, knowledge of syntactic and morphological
rules, and verbal memory skills.
For receptive phonology and grammar sessions
(session D, E, F, G and K) each processed speech
command was presented and subjects were required to
10 select one of several pictures which best represented
the speech command (for exampl.e “*Point to the book
that is under the table”). Once the subject had
responded, the experimenter indicated whether the
response was correct with a “thumbs-up” or “thumbs-
15 down” gesture. Regardless of whether the response was
correct or incorrect the experimenter would point to
the correct picture and also draw the «child’'s
attention to the portion of the picture which held the
most salient information. Next, the same command was
20 presented again so that the subject could hear it this
time with advanced knowledge of the correct response.
For expressive speech and language sessions (sessions
H, I, J) processed material was presented for verbatim
response with no- feedback or repetition.

25 Each child in the study completed the following

schedule. Benchmark measures (unprocessed speech



manner, if it becones necessary to conpress the tine spectra, this
can al so be acconplished in This phase 10 by deteting a particutar set

of Fourier transforns and then interpolating between the remaining
adj acent transforns to snooth the curve. Af ter

I nt er pol ati on, a‘%ﬁﬂﬂ#fsﬁ"e synthesis is acconplished as indicated in
operation bl ock short, the additive synthesis ste Frarz04
each of the frequencies and arrpl itudes bgck into the time

dormain or, in effect, perfornms an inverse Fast Fourier transform

Fol l owi ng the additive synthesis, each channel is put back into a
time domain in a formsuch 20 as existed prior to operation block 66.
Fol | owi ng oper aueéngbl Hoxm 74) t wergr ogiven r strr r're!etko flhe (pretest).

mai nstream as shown in_Figure 6B to determne if nphasi s shoul d be

i ncorporated into the ?ﬁéé&hﬂg(S&Es’-‘ms werRe FYERs|ih ‘5?%‘&% 84 Ghromsbure
?Epa escgrrp[o:“ iﬁn of N hil.ﬁgl g#‘%ﬁ%@q? d F l{zrt%rézsegovﬁ.ralgfgge migan?es, and
exercises using processed speech and language

5 materials (form B), and processed storybooks and

interactional educational materials on tape and/or CD-

ROM. Benchmark measures were given again in week 6

using unprocessed speech form A. No specialized

training was given in week 7 through 11 (although the

10 children returned to their regular school classes

during this time. The children. were brought back to

the laboratory in week 12 at which time the benchmark

measures were given once again. Week 12 testing

results will be referred to as “post-post testing”.

i5 Methods
Benchmark Measures - Given in weeks 1 (pretest), 6
(post test) and 12 (post-post test)

Tallal Test of Auditory Processing - (The Repetition

Test, Tallal, 1980): In the Repetition Test, two
20 different stimuli (stimulus 1 and stimulus 2) are used
in combination. Using operant conditioning

procedures, subjects are trained to ‘“repeat” each
stimulus they perceive by pressing either of two
identical keys on a response panel, which are mounted

25 one above the other. For trials that are comprised of
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27 AS noted above, ' ' '

prepari ng speech and phonenes for use by individuals with a | earning
disability. One is to nodify the tine scal e of the speech, which has
j ust been diwedeihi 5 and the second is to enphasi ze, LAGreasi ng
the e‘zgrgy g‘ontent, t hose portions of speech that coﬁ%hﬁﬁ“%‘

rapid tenmporal changes in frequency content. It has been found t hat
if the stop consonants such as the /®8/ or /dal/ representations
noted above are nodified 10 so that the energy of the consonant portion

of the phonene is increased, then inprovenent in the | earning
with a Q seen.

capability of an individual | earning dj LLlt is al

In this instance, “\ofreen‘f)uﬁigi SRS snmufusdesgpéig&é déﬁ&rn%e% sir8 S
undert aken, as L kbl a PP W & 8Es5har T ' i

mul ti channel 55538%@53 %I%%&F%gntgggrgate a %ﬁ %? %%&Egsgﬁggg
frequency channel s ragpbRgCREpS i €RET8rdeR &f Ostimidius presentBtlibg.
present instance, the nunber of frequency channel s has been sel ected
at 40; however, a OhéfRepetitiin Testumbeccommpulsktdofse|kidmatchical set

Filtering by Butterworth filters by the fourth .
5 of subtests that build successively one upon the

other. These subtests allow for the investigation of
1) detection, 2) association/discrimination, 3)
sequencing, 4) processing rate and 5) serial memory.
Beginning with the Detection subtest, subjects must
10 reach a set criterion of correct responses in order to
progress to the next highest subtest. A score is
received for each subtest. 1In addition a composite
score for performance on all subtests completed is
given. 1). Detection - The subject is initially
15 presented with a single item (stimulus 1). The
Experimenter (E) demonstrates that the bottom key on
the response panel is to be pressed every time
stimulus 1 is presented. The subject is encouraged to
respond and training continues until five correct
20 responses to this stimulus have been made. Next, the
same procedure is repeated with the other stimulus
{stimulus 2) and the subject is trained to press the
top key of the response panel. The number of triéls
correct is reco.rded for stimulus 1 and stimulus 2.
25 2) Association/Discrimination - Stimulu-s 1 and

stimulus 2 are presented one at a time, in random



order creates the 40 channels across a tine interval of the

previ ously segnented sound Stream(see operatiton bl ock 60)—ef which
each segnent consists of 25 30 seconds. I n operation block 76 (Figure
6C), all of t he channels are filtered through a 1-6 kHz filter and
WD 96/ 18184 PCT/ US95/ 15204

28 prowoosemluosf a 10-20dB enphasis for. frequencies t hat CTUSISIS2M,, | |
into the flat bandpass response between approximately 2-4

kHz. Subsequently, a gross anplitu®® envel ope is extracted and
defined for each 5 of the 40 frequency band channels over each 30
second subfile as indicated in operation block 78. For those

cqvel opes Lhat show 2 LagLe CIaI9.b588 SISy uo mrpdh 096, Bk AN
out oAt or 10,y SRSV SSiRGel NS P YR A whd B L S
al ways exhibit a rapi degfengeimditbBe 2 is presented. Stimulus 1 and 2
continue to be presented one at a time in random
5 order, with immediate correction of errors, until a
criterion of 10 out of 12 correct responses in a
series of 16 consecutive stimuli (P<.002, Binomial
Test - Siegel, 1956) is reached. This very strict
criterion is employed as it is imperative to ensure
10 that each subject can discriminate between stimulus 1
and 2, and has fully established the correct
association to each of the two stimuli before
proceeding to the more complex tasks, which utilize
combinations of these two stimuli. The number of
15 trials to criterion and number of correct responses
are recorded. If after twenty-four trials, a subject
fails to reach criterion, the test is terminated at
this point.
3.) Sequencing - Subjects that reach the criterion on
20 the Association subtest, are next trained to respond
to stimulus 1 and 2, presented seguentially, with a
S00 msec inter-stimulus-interval (ISI). The four
possible stimulus patterns (1-1, 5-2, 2-1, 1-2) are
presented in random order. The subject is required to
25 wait until both stimuli have been presented and then

press the correct response keys in the same order as



envel_ope of the frequency channels as opposed to the rel atively

constant envel ope that 1s seen in a vower 1o btock

frequency channel s
applied, the gross

marks the  woegnefggurrence of a rapid change in the speech gi
( Ao

for which a particul ar degree of enphasis is
anplitude envel ope frequency threshol ds that

t hat

triggers enphasis, and the degree of enphasis as a 20 t he
rapidity (frequency) of gross anplitude envelope changes are
all separately sel ect abl e. In the3fresent application, a uniform
enphasis of 10-20 dB was applied for the 2 to 4 kHz channels with
gross anplitude envel opes with frequency 25 conponents ranging from
about 3 to about 45 fQr . a ech, d m 2 1,0 about
30 Hz for 5% 98%1’@1%2[ ard’ i:yégénéé)cf. FSt! egéﬂ S%E%E:t .the

PCT/ US95/ 15204 method is demonstrated four tidtes by the E. 1983&d) 1®
expanded speech. Enphasis was progressively reduced as descri bed

above bel ow 2kHz, atektabeyia¥e are givehiz. During these trials, up to

10

i5

20

25

three erroxrs are corrected. The score on this subtest
is the total number of correct responses.

4) Processing Rate - The same series of two-element
stimulus pairs as were used in the Sequencing subtest
are presented again. However, in this subtest the
duration of the ISI is progressively reduced using an
up/down staircase procedure to establish a
psychophysical threshold ' based on subject’s
responses. Subjects are given two practice trials
before beginning this subtest.

5) Serial Memory - Slow ISIs (500 msec) - In this
subtest, the same two stimulus elements will be used
and the procedure will be the same as for the previous
sequencing subtest, except that the number of elements
in the stimulus patterns will be increased. These
stimulus patterns will consist of 3, 4, 5, 6, or 7
elements, composed of random combinations of the two
stimulus elements. The subject is given a stimulus
pattern incorporating 3 stimulus elements (i.e., 1-1-
2). The experimenter will demonstrate that the
response panels are to be pressed 3 times in the
corresponding order in which the stimulus elements

occurred. Then, additional 3-element patterns will be



In order to create a new sub-band envel ope as 5 i ndi cated in operation
bl ock 82, each channel is them ———— nodified by drviding by the ——

i nformati on obtained in the initial gross anplitude envel ope for
each channel determined in block 78. For each channel, the

resulting infor | is multiplied by the channel 10 envel
devel oped in opera i|}on bl ock 80. Thi s produces an erﬁ%&?"&?ﬁﬁls’“

nodi fication function for each channel . Each channel envel ope

nodi fication function IS then mul ti pl i4®d channel by channel with
t he original channel signals defined in operation block 15 74.
Additive synthesis is perfornmed in operation bl ock 84 such that the

plurality of f requencyptl),({;}1Q((ajgﬁl.}_isfirﬁ%cF the C el.s wgfal_:ir Bg iggyg&é@gdvég wait

addition to a single T 0SS e en € frequency range

cont ai ned in thendigi £hgedhSPREGiht KIS Hald® babRIbLe SRR ald crdh

arrived at, then the programreturns to Figure 6B at connector E so
t hat the sound segnenpﬁaﬁgtegn@neabpfbpriate Gjesipohsan Bbockh&O Ccatimelus

reassenbl ed as shown in operation bl ock 86. Referring
back to Figure 6A, if patuétnediaciCBubizt WY be piveenfiveheh-élement
deci sion block 54, it branches to an operation block 88 to identify
the audio format 5 patterns. If the subject responds correctly to three
of the five patterns, the same procedure will be
repeated with the next highest pattern length. If,
however, the subject fails to respond correctly to
three out of five patterns at any pattern length, this
10 subtest will be terminated. A single score for the
Serial Memory -Slow subtest will be obtained. This
score will be made up of the total number of stimulus
elements responded to correctly out of 125 (5 x 3‘s +
5X4's + 5 x5'’s + 5x6's +5x 7's).
1s 6). Serial Memory - fast ISIs (10, 70 msec) - For
each stimulus length on which a subject responded
correctly on three of five trials on the Serial Memory
subtest with 500 msec ISIs, five additional trials
will be given with ISIs of 10 and 70 msec. A single
20 Serial Memory-Fast subtest score, combining all of the
Ffast ISI trials, will be calculated similarly to the
slow ISIs.
In this study the Repeﬁition Test was given with
nonverbal auditory stimuli. Two different computer

25 generated complex tones were used. Stimulus 1 had a

fundamental frequency of 100 Hz and Stimulus 2 a
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30 “in WATCh The CO- ROMttas beemnm recorded—For exampte————--
CD-ROVE may cone in any one of a number of formats, sonme of them
bei ng the Sound Resource Format, a Quick Time Format, a Paco
Format, or format which 5 I's used in the subsequent steps in
this progratnﬁs’ﬂﬁa the sound source is in sone other ?%F’Hﬁqy'ﬁ%n

Al FF, then it is converted to the AIFF format for operation

in this program (It should be noted 4hat an equi val ent
programcould be witten to operate on 10 ot her sound sources, just as
well as the AlIFF.) Further, the information nust be converted to

wel I FR) Further, tl tion m !
bl ock.88. ' unegnPARRRY bl YL OIBY BICT | AnPRRISIAS pere
[ ndicating that thg-RopgyaaLaS rbl Sabh BQMjERECwicA Bone duralbRENE! ag i

set in operation bloc e program t hen branches at connector F
to the ”BlnStrea”1§BOWﬁsec, 75 mded; @O mseB. and 17 msec, respectively.

The Serial Memory subtests were not given.

5 The test is administered via computer. Computer
software insufes standardization of stimulus
presentation, response recording and scoring and
threshold tracking. Auditory stimuli are presented
binaurally over earphones at a constant super-

10 threshold level (approximately 65 dB hearing level).

Receptive Language Tests
Token Test (DiSimoni, 1978): The Token Test was
originally developed to assess receptive language
deficits in adult. aphasia. The test has been used
© 15 extensively in research and has proved highly
sensitive to receptive language impairments in both
children and adults, and also to continued
difficulties in adults with a documented childhood
history of L/LD. The Token Test utilizes large and
20 small circles and squares of five colors. The test
comprises four subtests of incrgasing memory load and
a fifth subtest with increased grammatical complexity.
After determining that each subject is familiar with
the test vocabulary, the test begins with simple

25 commands {i.e., touch the vred circle). Each



Wth the CD-ROM the information is processed as 20 i ndi cat ed above,

nodi fying the tinme scal e and;—TfTeed be;—apptyi ng t he enphasts

usi ng exactly the sanme steps i ndi cat ed above. The sound
i s reassenbl ed in operation bl ock 86. At that point, the CD-ROMfl ag
I s checked and, | 25 the programshifts to Figure 6D, 0 ation
bl ock 92, %ﬁ&%e modi fi ed sound is converted back intd SN15204
WD 96/ 18184 PCT/ US95/ 15204

31 original audio format determined 4% operation block 88

(see Figure 6A). The sound is then reinserted into t he sources at
the proper |ocations as indicated at operation block 94. That

is, the video and/or 5 nimated. . gr | £S hONS,: . f . BOM
are synchr oni zeﬁ“ﬂ??ﬁu?ﬁ‘é ﬁb‘%ﬁ??gd ounsgl 58?‘@%%%%. ith ihdfeaddh
Concurrently, the vide '39%' iaged i bi a Rligvhacke sReRdherr €
adjusted to match the ﬁ% | gidpﬁl (Ree] CEAA e 39 Ted Bi¥ c 96.

speech as indicated in block
Al ternatively, the red circle and the yellow square). In part S5, the

commands add grammatical complexity (i.e., instead of
5 the blue square pick up the white circle, etc.). The
number of correct responses on each subtest, as well

as the total correct composite score are recorded.

Bishop Test for Reception of Grammar (TROG) (Bishop
(1979): Bishop has spent many years developing TROG,
10 a rapid measure for assessing receptive language.
This méasure has proven highly sensitive in assessing
receptive language disorders in children, as well as
in adult aphasics. TROG is an individually
administered multiple choice test designed to assess
15 understanding of grammatical contrasts in English.
The test consists of 80 items. In each item the
subject is required to select from a 4-choice array
the picture that corresponds to a phrase or sentence
spoken by the E. The test is divided into blocks of
20 four items, each block testing understanding of a
specific type of morphological or syntactic contrast.
The test is scored in terms of the number of blocks
passed, with the criterion for a pass being that all
four items in that block are responded to correctly.

25 Contrasts are arranged in order of increasing



10 nodi fi ed speech can be placed in a real tine node, as

i ndi cat ed above, where the elapsed TT e o the Sspeecir— r—the

nodi fied version is identical to the el apsed time in the speech in
the original version so that the notion and the |ike on the CD ROM
correspond twg 5 original version. Finally, a ROM
S gener%'g?(s-)lcl",l as indicated in operation block 98, anﬁhgsgms%
programis conpl et ed. Ref erri ng 8ack to Figure 6B, the output
data is then converted back into anaf g tape for the "Books on 20
Tape" or for tests that can be adm ni stered using anal og tape.
Alternatively versions of the tests and associ ated test graphics can
al so be placed on tderficulty.COMEtEIng i fis St&ited af OAMpawbeiRe bLREEY can
be . adm ni stered under conputer control. 25 It should be
not ed that the "BoadcnsErutipe' bleocks correctpi ard oid Ydisdomtimmed améEn
corresponds exactly to the WO 96/ 18184

PCT/ US95/ 15204 five consecutive blocks have3bpeen failed. The test

has been standardized on over 2,060 British children
5 aged from 4 to 12 years, and tables for converting raw
scores to standard scores are provided in the test
manual. Scores of normal adults approach ceiling
levels. Research by Abbeduto, Furman & Davies (1989)
has demonstrated that the test is suitable for

10 American as well as British subjects.

Curtiss and Yamada Comprehensive Language Evaluation
{CYCLE) (Curtiss and Yamada, 1980): CYCLE is an
instrument which can be used to assess receptive and
expressive language in a comprehensive manner that far
15 surpasses any previously available language assessment
battery. Though not available yet commercially,
research data have been collected on over 70 normal
children at ages 2 through 8 years, and 100 language
impaired children at ages 4 through 8 years.
20 Congiderable reliability and validity data on the test
are available. CYCLE includes three batteries: 1)
Receptive, 2) Elicitation and 3) Free speech analysis.

Only the receptive battery (CYCLE-R) was used in this

study.



test material version once the "Books on Tape" is converted to a

digital audio tape indicatedTh btock 106—Fuott owi ng t hat—coenversi on-
to digital audio tape, the program foll ows the exact sane steps as

in the 5 test material. Qperation of the preferred

enbodi ment  is xenplified in the foll ow ng experinent, | d

t he af oredescri Bveo nlg;tagri al . Experinent - Procedures 53%2}&’%%%%
Renedi ati on Studies 10 Subj ect s Seven children wth
specific devel opnent al | anguage base84 learning disabilities
(L/LD) participated as subjects in this study. L/LD children

were selected who were without other primry sensory, 15 not or,

cognitive, enot i onal Ol el U0 ¢l CYCLE-R"PRFEENISag 2N W ghet

the following criteria: 1) _ nonverbal performance 1Q of 85 or better
on the Weschl errdddsd ivedenkBowLedge apPE OPphoheldégy, ageex2tadt and
least 1.5 standard deviations below the nmean 20 "predicted"
achi evenent | evel on tielasgeorslpr spmantics, inflecriondl t hedTegtampiatical
Language Devel opnent; 3) at | east 1.5 standard devi ations bel ow t he
mean for age and morphology, and syntax. The test is comprised of a
) set of items which cover the age range of 2 - 9 in
each linguistic area mentioned above. 1In scope of

language areas and age range covered, it is the test
most ideally suited to this study. Each item on the
test includes vocabulary that is easily picturable and
10 familiar to young preschool children. Each item also,
when possible, tests only one grammatical element or
structure, so that comprehension of each aspect of the
grammar can be ascertained separately. Since
knowledge of complex structures entails knowledge of
15 the component simple structures involved, all test
items are developmentally arranged, and more complex
items are administered only after a child has passed
the items preceding it in level. Every item involves
five example sentences; thus each structure is tested
20 enough times to establish performance consistency, and
there is some insurance that chance alone will not
allow a child to perform well. Each example sentence
has enough choices in the response array to further
ensure that a child cannot reach a passing criterion

25 on an item by chance.



gender on the Tallal Test of Auditory Processing; 4) nor mal hearing

acui Ty, no notor hnandicaps, no orat, —25 motor—or—structurat—npat+nent  ——
ef fecti ng nonspeech WO 96/ 18184

PCT/ US95/ 15204 33 novenent s of

t he artlculqﬁ? %Q no obvi ous signs of infantile utlsg

enot i onal |cuf | es or evidence of frank neurol B8 der s

(sei zures, hem pl egi a etc.). 5 Schedul e The

remedi ation study |asted six weeks with 45 children receiving direct
training 3 hours per day, 5 days a week at the Rutgers University

Experi nent al Sumrer School, and doing 1 to 2 hours of honework per

done to ¥ Get erm nBoaSRCHRTR g nt Sppes, AR Rk rube8 LRcHe
of standardized sppggl 3pd; | @MOMATES ??éaui'ééeﬁé:d:@'rﬁeasure foeStbBeing
t enporal processing thresholds. Standardized
young children. Each item involving pictures uses
decoys consisting of the identical elements mentioned
S in the test sentence, but in a different relationship
from that of the correct test picture. In addition,
decoys which allow the examiner to determine if the
child has attended to only the first or last part of
the test sentence are also included. Extra linguistic
10 and redundant linguistic cues have been eliminated
from all items. Thus there are no cues in the test
array or in the test sentences themselves that aid
test performance. All pictures are clear, simple line
drawings which directly represent the relevant
15 information; i.e., no intexpretative load is placed on
the child. 1In addition, there is a clear separation
between all pictures in an array, and all
illustrations are large enough for children to see and
interpret. There is never a time when more than one
20 choice in a picture array is tested, so that process
of elimination cannot be used to aid pexrformance.
Correct choice as well as all decoy choices are
randomized throughout an item; e.g., correct choice
occurs in each-array position equally often. Each
25 distinction is tested by more than one token or

lexical item reflecting that distinction. CYCLE



15 speech and | anguage tests were tape recorded, but ot herw se

gi ven according to standardizedformat. |If —nore than one formefthe
test was available, formA was al ways used. No acoustic

nodi ficati ons were used when recording or giving the "Benchmark"
tests. Test 20w pg{agar mance was scored using standardi zed praocedures
according to the ‘t’e manuals. In addition to these sta

speech and | anguage neasures, the Tall al Test of Auditory Processing
(Repetition Test) was given to establish&enporal threshol ds.
Results of 25 week 1 testing will be referred to as "pretest”. In
week 6, all of the "benchmark" neasures were WD 96/ 18184

PCT/ US95/ 15204 : : t
results of week 6 test ipr?ﬁf\?\n it yields arggrrgégr?ow}ééch p%agf%%eggpye@@d

In weeks 2 through 5 _r%ed%,ét eQlivaBeRt NsbdNEE based ofll N&Amat FAC 4.1 d
rotated through a series of 20 5 m nute training sessions separated by

two 20 minute
Goldman-Fristoe-Woodcock (GFW) Test of Auditory
Discrimination (Goldman, Fristoe, and Woodcock, 1970) :
5 This test was designed to assess speech-sound
discrimination of single syllable words under
controlled listening conditions for children 3 years
8 months through adults. The test consists of two
parts: 1) pretest to determine knowledge of test
10 vocabulary; 2) auditory discrimination of single words
through picture pointing format. The subject listens.
to a word presented on a tape recorder (for example -
lake) and must select from four pictures (lake, rake,
wake, snake) the picture representing that word. All
15 minimal pair speech sound contrasts are assessed for

discrimination in this test.

Expressive Language Tests

Goldman-Fristoe Test of Articulation (Goldman &

Fristoe, 1986) : The Goidman—Fristoe Test of
20 Articulation provides a systematic and comprehensive

measure of a child’s ability to articulate the

consonant souﬁds present in speech. Its results

provide a measure of all the necessary phonemes and

determine which sounds are produced incorrectly, as



br eak/ snack sessions. Sessions were scheduled in such away as to

assure that each chiTd conpletred eacit 20 mnute econputer—gane:-

session (sessions A B) and story

a day. Each of the

D, E. wolesné
expressive speech gﬁd | anguage sessions (session H, | BQﬂﬂyﬁﬂﬁmﬁ n

whi ch the children

series of real or nonsense 15 syIIabIes,4®0rds and sentences, were given

once a week.

nd K) were given tw ce a week. The
had to repeat verbatim what they heard in a

For the training sessions C through K

above, materials were tape recorded or obtained directly from

CD- ROM di sks and supsggugpt lphe! he ! dbP #ligPabauesiord0  TheOBYnGs nhfi fied

usi ng the expansi on and enphasis processes described in the

i nvention. These nogbfd€£dsubtest hdyich Wdes t BensarSian | &f ablictubesqunt

training sessions during weeks 2 through 5 both during the
| aboratory and honesbiditsaede oagorFgpeetyssoundd dinghe2tnitizbsnighilet hat

were using materials from_standardi zed

spe
conpletely differerfrfignal position was adminisgered to each child. The

5

10

15

20

test manual provides normative data for ages 2 through

16 years.

Memory for Sentences Subtest (Stanford-Binet
Intelligence Scale; Thorndike, Hagen, & Sattler,
1986): This subtest measures the ability to recall
meaningful sentences. The subject hears each sentence
and is required to immediately reproduce the sentence
verbatim before continuing. Each sentence is scored
Pass/Fail and testing is discontinued when three of
four sentences are failed. Sentences increase in
syllable 1length and syntactic complexity with
increasing items. Normative data are provided for

ages 2 through 23 years.

CELF - Recalling Sentences Subtest (Semel & Wiig,
1980) : The Comprehensive Evaluation of Language
Functions (CELF) language battery has been
standardize& on a large sample of children in the USA
aged from 6 to‘16 years. After a demonstration item
and a practice item, the subject is required to repeat

verbatim a series of 26 sentences of increasing length

ech and | anguage tests,

on tape or CD ROM (session C) once
10 receptive phonol ogy and granmar sessions (sessions

a



WD 96/ 18184 PCT/ US95/ 15204
35 . of each test (formBJ was constructed—to—assure that -
speci fic vocabulary and test items were not being trai ned. Rather,
the training aimed to broadly remedi at e perception and production
of phonol ogi cal ntrasts, know edge of syntactic and nor i cal
rul es, and verba o%g#gﬁi skills. For receptive phongegbgg’%ﬂ”
granmar sessions (session D, E, F, G and K) each processed speech
command was presented and subjects were reqU|reGBto 10 sel ect one of
several pictures which best represented t he speech command (for
exanpl e "Point to the book that is under the table"). Once the
subj ect had resp e X Pe r . JJddi cat t
response was correct W%Q.ng Qq?%i% dp"“égma}% r?bééi)%h%g %"‘Q\ﬁ.&@gée%tgﬁree
Regar dl ess of whet her &Qﬁm&%ﬁﬂﬂﬁ$@xﬁ@%ct repet3RibRC 20poiRELT LECERLDE is
experimenter would point to the correct picture and al so draw t he
child's attenti one eite,pq tipaimtofif heheatetare 2htshlahekdore and
nost salient information. Next, the same command was 20 presented again
so that the subject cowsledohepeintstifiaxy 4 or more errors. Testing is

5 discontinued after 4 consecutive zero scores. The

test manual provides tables for converting scores to

scaled scores.

Training Sessions
Eleven training sessions were developed
10 specifically for this study. Sessions were given in
twenty minute periods in random order according to the
schedule described above. Two sections (sessions 2
and B) use computer game formats already described in
detail as embodiments of this invention (see above)
15 and so will only be described briefly here. The other
sessions (sessions C through K) use taped or CD-ROM
speech and language segments in which the acoustic
waveform was computer expanded and enhanced using the

methods described in detail as embodiments of this

20 invention (see below).

Session A - Nonverbal Temporal Sequencing Training
An interactive multimedia game mounted on a CD-
ROM (Circus Segquence Game) was used to train temporal

order sequencing of nonverbal sounds (e.g. frequency



time with advanced know edge of the correct response. For expressive
speech and Tanguageé Sessions (sessions

was presented for verbatim response with no feedback or repetition.
25 Each child in the study conpleted the foll ow ng schedul e.
Benchmar k myas (unprocessed speech WO 96/ 181

PCT/ USO5/ 15300, 0/tbted P 36 8"&5’%"’1‘% A)
were given in week 1 (pretest). Trai ni ng sessions were given in
weeks 2 through 5 whi ch i ncl uded coﬁﬁﬁterized trai ning games, and
exercises wusing processed speech and |anguage 5 materials (form
B), and processed storybooks and I nteractional educati onal

materials on tape
again in week 6

ABaLOLER sweeps ardd ¥ e QQCQE@H.‘ B 'E%ﬁtp‘]l@fc@sgié(@n

u
usi ng unprocessed speech form A No speci alized

training was gi vensaptweeknd Ehseedhpidsdipidvivngiratee. 1@he néhiégbeD

returned to their

10

15

20

25

regul ar school cl asses
stimuli were constructed specifically to represent

components of human speech. For example, the rate
changes, the starting and ending frequencies and the
stimulus duration of the frequency modulated sweeps
were similar to single consonant formants in normal
human speech. Similarly, the steady state tonal
complexes were constructed to mimic vowels in human
speech. Subjects were trained to listen to a 2-
element stimulus sequence, which was selected at
random from four possible 2-element stimulus sequence
combinations, in which the stimulus elements were
separated by a brief interstimulus interval (ISI) (see
Figure 2). Subjects were required to respond by
pushing panels on the touch screen of a computer to
indicate the order of stimulus presentation (see
Figure 3). Correct responses were reinforced by a
presentation of a single brief sound that was always
associated with a correct response, earning a point
which was displayed as a cumulative score on the
video screen. In addition, when three correct
responses in a row were obtained, this string of
correct responées was rewarded by a brief animation
selected from a large. peecl of animation sequences.

The high guality and wide variety of animations served

H—1-—3) processed—matertal



during this tinme. The children were brought back to the | aboratory

In week 12 at which tinme the benchmar k nNeasures were gi ven once
agai n. Week 12 testing results will be referred to as "post-post
testing". 15 Met hods Benchmark Measures - Gven in weeks 1
(pretest), 6 st test) and 12 ost - post test est
of Auditory Pr oc‘:‘t’aosgs‘l"&g;m- (The Repetiti Oglp P Test, 2I'aI | al , f@‘b#%ISIMI n
the Repetition Test, two 20 different stinmuli (stimulus 1 and stinul us
2) are used in conbination. Usi ng 39 operant condi ti oni ng
procedures, subjects are trained to "repeat" each stimulus they
perceive by pressing either of two | dentical keys on a response

panel , which are nount g\% @%ﬁ%ﬁ@ﬂ%ﬁ@‘gttmﬂgﬁrﬂg tﬁQrgérﬂé al %h&kfi‘{-oﬂaﬁn

gg})blsggf 1gf20_4 itself used an adaptive tratking proceduf¥ ¥n! HdeSND
stinulus, subjects are required to

determine the interstimulus interval for subsequent

stimulus sequence presentations. That is, as the

5 subjects succeeded at identifying the stimulus

sequence order, the task was made progressively more

difficult by reducing the interval between the two

stimuli.

Session B - Syllable Discrimination

10 An interactive multimedia game mounted on a CD-

ROM (Phoneme Clown Game) was used to train syllable

discrimination using minimal phoneme pairs . Both

normal phoneme pairs and modified phoneme pairs where

specific aspects of the acoustic signal had been

1s computer modified to enhance temporal cues were used

in this training exercise. In addition, the

interstimulus interval between the two phoneme pairs

was systematically varied in duration. This provided

experience and training at different phoneme

20 presentation rates. The computer screen displayed a

circus scene that included three clown faces.

Initially, a single clown face appeared on the left of

the computer screen. Subjects initiated each trial by

touching this élown face. Once touched, this clown

25 said a specific syllable {eg., /ba/) and the uppercase

letter B appeared over the clown’s face. Next, the



"repeat" the pattern by pressing the appropriate response keys in

the order of strmulus presentation. rme—Repettt i-on—Ffest—+s—ecorpr i sed—
of a hierarchical set 5 of subtests that build successively one upon

t he ot her. These subtests allow for the investigation of 1)

det ecti on, ciation/discrimnation, 3) sequ ' g%&
processi ng rg%gmg§§95) serial nenory. Begi nni ng mﬁ?h%?ﬁgﬂﬁgp I on
subt est, subjects must 10 reach a set criterion of correct responses in
order to progress to the next highesflsubtest. A score is

received for each subtest. 1In addition a conposite score for
performance on all subtests conpleted is given. 1). Detection -

The subject is ini ti?%é yrgﬁdecagg?en&gga%%%ﬁziagﬁl €rwhb! v ( séicgwsust %)e

The Experi nmenter monstrates ottom key on

response panel is tghaREsGedtRY eE¥rééifand two Sior@llgis 1kbH1esPRseNt ed.
The subject is encouraged to respond and training continues until
five correct 20 prageanesone afiter thenovtherhavkhéeabjeates takiwast he
sanme procedure is repeated with the other stinulus (stimulus 2) and

the subject is traiteddeteprine whether the ofixety of wmesondspinidabignel .

The nunber of trials correct_is recorded for _sti us a sti mul us
2 5 matched the sound and ietter producecsru Ly the c%.rst:

clown. L/LD children indicated their response by
touching the first or second clown which appeared on
the right side of the computer screen. Correct
responses caused the target letter (e.g. B) to appear
10  over the face of the touched clown and were rewarded
by a wide variety of éomputer animations, ‘“reward
sounds”, and points. ' A cumulative point score was
displayed on the computer screen. If incorrect, no
reward was given and the subject proceeded to the next
15 trial. Ih addition, after completion of each 50
blocks of trials a brief video clip from an age
appropriate animated movie appeared embedded in the
game screen. These video clips were sequential so
that continued practice resulted in presentation of
20 the next segment of the animated movie.
Session C (Listening to Stories)
Popular storybooks for children (eg. Disney’s and
Seuss books) were tape recorded on a digital audio
tape recorder ‘(i.e. DAT). Next, the digital audio
25 tape was transferred to a computer in digital form so

that elongation and enhancement of certain portions of



25 2) Association/Di scrimnation - Stimulus 1 and stimulus 2
are presented one at a tinme; T Tamdom Wo—967 18184 -

PCT/ US95/ 15204 38 order. The
subject is trained to press the bottom key each time stinmulus 1 is

presented and t?@ ey each time stinmulus 2 is pres
Stimulus 1 and 0549&151 continue to be presented one at atinmeinTtr f'ns&%‘m

5 order, with imredi ate correction of errors,_ until a criterion of
10 out of 12 correct responses in a seri®%s of 16 consecutive sti mul
(P<.002, Binom al Test - Siegel, 1956) is reached. This very
strict criterion is enployed as it is inperative to ensure 10

t hat each subject can gh‘?? rgig?'eggt %apgfmrboﬁﬂﬂé‘?&fr:ﬁmg?, . ﬁgddgsc?{%&‘as

ful ly established the assocration td eac the two stinuli
bef or e proceedi By G hempRiimenRMbEXch@skaventicih séddicks above.

conmbi nations of these two stinuli. The nunmber of 15 trials to
criterion and nunber ofhleerhativekgponsemmercially available interactive
multimedia CD-ROM children’s stories were used. The
5 digital audio portions of the CD-ROMs were extracted
and transferred to a computer so they could be
processed as described above. Once modified, the
audio signals were converted back into analog tape for
the “books on tape” versions or reinserted in the
10 appropriate. digital formats for the CD-ROM stories and
new CD-ROMs containing the modified speech were
produced. It was these speech modified “books on
tape” and CD-ROM based stories that were used in this
training session. Subjects selected a story of their
15 choice and listened to them during at least one 20
minute session per day at the laboratory, either on
tape with an accompanying boock or on CD-ROM. Each
day, each child checked out tapes and accompanying
books or CD-ROM based stories from the laboratory
20 “library” to take home to listen to as homework for
one to two hours per night. The materials were
returned the next day or after the weekend and new
stories were selected for the next night or weekend’s
homework allowing the stories to rotate between the
25 children, increasing the variety available. Subjects

received 50 points for each story they listened to.



are recorded.

If after twenty-four trials, a subject fails to reach

criterion, the test 1s termnated at T s—point . 3
Sequenci ng - Subjects that reach the criterion on 20 t he Associ ation
subtest, are next trained to respond to stinmulus 1 and 2, presented

sequenti al | ywolshisd

f our

stimuli
in the sane order

possi bl e stimulus patterns (1-1, 2-2, 2-1, 1-2)
presented in random order. The subject is required to 25 wait until

PCT/ US95/ 15204
are presented.

trials, up to

5

is the total

10

15

20

25

have been presented and then

S@ress the correct response

as WO 96/ 18184
3

trial s are vVen.

nunber of correct responses.
points score.

Session D - Receptive Grammar Training - (CYCLE
Format)

The CYCLE format was used for training specific
elements of receptive grammar. For each item of the
original CYCLE (form A) a new item was selected in
order to develop a new series of items to be used in

training (form B). Items were selected so that

vocabulary and content were changed but the essential

semantic, syntactic and morphological elements remain
the same. Take for example the sentence “the fish are
swimming” which appears on the CYCLE form A. The
child must select between two pictures one which shows
a single fish swimming and the other which shows
several fish swimming. To respond cérrectly the
individual must know that in this case the verb
carries the plural information and therefore the only
correct answer is the picture with several f£ish. This
differs from most other forms of pluralization such as
occur in the sent:ehce “the dogs are running” where
information about pluralization occurs both in the
noun “dogs” as well as the verb *“are”. For the
training component, an equivalent sentence was

developed in which pluralization was carried solely by

500 nsec |nter-st|nulus-lnterva5§?ékﬁhkmu The

bot h
keys

the stimuli

9
F h |.ect t i.s d f
times by the E Thglfqa;ze?aﬁ:s Sycgbgc Fsé;s.l of  thelE BJ%q.nlti E%Pﬁq‘%"%%eﬁ%%‘eour
sesdirie o8/ EARY 26618 Bd YUdde toNEne CAHRLL ML IWdlekayubt est



4) Processing Rate - The sane series of two-el enent stimulus pairs
as were used Tn the Sequenc¢ing subtrest are—presented again
However, in this subtest the duration of the ISl is progressively

reduced using an 10 up/ down staircase procedur e to establish a

psychophysi cal  wioYshsiae! d. based on subj ect's o res?ﬁﬁ@ga'

Subj ects are given two practice trials bef ore begi nni ng

subt est . 5) Serial Menory - Slow ISIs (500 nsec) --In this 15
subtest, the sane two stinulus elenents will beS4sed and the
procedure will be the same as for the previous sequenci ng subt est,
except that the nunber of elenents In the stinmulus patterns w | | be

i ncreased. These Sti o] of 4,
7 20 el enent s, conﬁ%’fea'e gu g ﬁg%érer#%na#gﬁg (I}?hf%h amd Oh Pé
stimulus el enents. Theg Supifcftén% gl'e‘f‘énsfmﬁéfﬂﬂ} ‘é%nveg:‘ted tf@rufaqrn'&a:.n the

| ncorporatl ng 3 stinmulus elenents (i.e., 1-1-
experinmenter will denyiammatecal mampddfeem essentiﬂsnemmharﬁﬁhewﬁm@e

pressed 3 tinmes in the 25 correspondi ng order in which the stinulus
el enent s occurr ealtéréng thilivacabalalyel thenasparisg nshati notbeerely
5 training knowledge of a specific item was achieved but

rather grammatical rules were also followed. Form B
items were tape recorded and subsequently subjected to
computer modification of the acoustic waveform using
the procedurés described above.

10 During training, subjects were asked to point to
the picture that represented each command. They
received immediate feedback indicating correct or
incorrect responses (i.e.,“thumbs up” or *“thumbs
down”) . Regardless of whether the response was

15 correct or not, the command was repeated again so that
they «could 1listen to it directly after the
experimenter had indicated which was the correct
picture. Subjects received a sticker to be placed on
a wall chart for completing this session.

20 Session E ~ Receptive Memory Training (TOKEN Format)

The TOKEN test format was used for training
receptive memory. Using the same procedure as
described above, items from form A of the TOKEN test
were modified t§ develop a new set of items which made

25  up form B. For example, the item "touch the large red

circle and the small green square”, which appears on
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40 presented and—the subject—w 1 —betTstructed—to—watt—- —
until the entire pattern has been presented and then make t he
appropriate response to that stinulus pattern. Each subject will be

gi ven five, -?h t 5 atterns. |If the subject respo gP tly to

t hree ‘a% ?ﬂgpfive pat?erns, t he sane proceéure mAIP g ossdibing
repeated with the next highest pattern length. |If, however, the

subject fails to respond correctly to - 55three out of five patterns at

any pattern length, this 10 subtest will be termnated. A single score

for the Serial Menory -Slow subtest will be obtained. This

[l b d fot f st |
Feeponded to corr gc,flé%‘o&:t°r€fé’fzwt£efs§o+ s Uatigeg o  "cEuER°RRE | o
6's + 5 x 7's). §Ha116éh éqﬁ;¥§n¥ﬁﬁ tﬁ@si%%égsbiég cZch@eckor For

each stinulus | engt | ect responde correctly on three
of five trials on ifgemS@"i alrhuéﬁe&yfom B iGéii esdreVtabed@coraedl &ha, five

additional trials will be given with ISIs of 10 and 70 nsec. A
single computer modified in the same manner described above.
S Training included two repetitions of each item with

feedback, also as described above. Subjects received
a sticker to be placed on a wall chart for completing
this session.
Session F - Receptive Grammar Training (TROG Format)
10 The TROG test is similar in format to the CYCLE.
The identical procedure was followed for developing a
form B of this measure and computer modifying the
acoustics for use in training as described above. The
training procedure and reinforcement was the same as
15 that used for the CYCLE and TOKEN session.
Session G - Receptive Phonology Training (GFW Format)
The GFW format was used to train receptive
phonology. Here the subject listens to a word
presented via a tape recorder and points to the
20 picture that represents that word, amongst other
pictures which represent words which differ by only
one distinctive feature of speech. Using a similar
procedure to that described above; an alternate form
(form B) was developed for training receptive
. 25 phonoclogy. The new items were tape recorded and

modified accordingly for presentation during the



20 Serial Menory-Fast subtest score, conbining all of the f ast
ISI trials, will be calculatéa simtarly to the———— slow ISls. —

In this study the Repetition Test was given with nonver bal auditory
stimuli. Two different conputer 25 generated conpl ex tones were used.

Stimulus 1 had fundanental frequency of 100 Hz and Stipgulus 2 a
WO 96/18184 WOsesISS PCT/ USOS/ 15204 PeTSSSsats

41 fundanmental frequency of 300 Hz. Threshol ds were

establ i shed for each subject with tone duration§6of 150 nsec, 75
msec, 40 nsec and 17 nsec, respectively. The Serial Menory subtests
were not given. 5 The test is adm ni stered via conputer. Corrputer

sof twar e i nsur es standardi zati o of i mul us 8 resent at

response recording and SCortHY 5ﬁ551°n3' Wﬁeéﬂ%’r’a' EFPRIRFRE. TeRTRITS F}?"h

stimuli are presented | | r s .
10 threshol d | evel (%tpep'? 5)?%151%?{3??1 6%&:%‘%%%3&% %@1@# BefRHYVen SRR

prior knowledge of the correct response. Subjects
received a sticker for reinforcement.
5 Session H - Sentence Imitation Training (CELF Format)
‘Items from the CELF sentence imitation subtest
were modified in a manner similar to that described
above to develop items for form B. However, for these
items, specific and careful attention was paid to
10 selecting words which had equivalent frequencies in
the language and roughly similar phonological
complexity. Form B items were then tape recorded and
modified in the manner described above. Subjects were
presented these new modified sentences and asked to
15 repeat them verbatim. No feedback was given. Aall
errors, including phonological production errors, were
scored. The CELF includes both grammatically correct
and grammatically incorrect sentences for repetition.
Separate scores for each of these types of items are
20 analyzed.
Session I - Expressive Memory Training (Memory for
Sentence Format)
The Memory for Sentence subtest of the Stanford-
Binet was used as a model for developing training
25 items for this session. This session is identical to

session H above (CELF) except that only grammatically



Receptive Language Tests Token Test (Di Sinoni, 1978): The Token

Test was origrnalTy OEvelroped TO assess recepti vetanguage——

deficits in adult aphasia. The test has been used 15 extensively in
research and has proved highly sensitive to receptive | anguage
| mpai rment s wo oskeéiea children and adults, and al

conti nued difficulties in adults with a docunented CE?PHE%%E”M

hi story of L/LD. The Token Test utilizes large and 20 small circles
and squares of five colors. The test 57conprises four subtests of

I ncreasing nenory | oad and a fifth subtest with increased
grammatical conplexity. After determ ning that each.subject is
famliar with IEQ t u Yustd€ U85 ?i?ﬂ ' [ 25
conmands (i.e., ctoouc%t %%gt\égggg %?%c se%. (LE C Sfudls Q%%?wlw

PCT/ US95/ 15204

for item development, stimulZs modificatibBaeduant

subtest gives commands wi th increaslng

10

15

20

25

testing procedures are identical to those described

above.

Session J - Repeating Real and Nonsense Syllables and
Words.

A list of nonsense syllables and words were
developed specifically for this study. Careful
attention was placed on acoustic and phonetic
characteristics of the stimulus set. The goal of this
training was to determine whether acoustic alteration
of the input would result in improved articulatory
coding of speech output at the acoustic, phonetic and
phonological levels of analysis. It was of particular
interest to determine whether training, using
materials in which the acoustic temporal cues had been
altered, would result in. improved control of these
same temporal cues in speech product:ion.

Session K - Receptive Grammar Training (Simon Says
Format)

A Simon Says game format was used to train
receptive grammar and memory. Items were developed
specifically for this training which were similar to
those appearing in several of the other receptive
language training sessions. However, in this format,

instead of responding by selecting appropriate



menory load (i.e., touch the big red circle; touch the red circle
and the yellow square). In part 5, the cormands add granmati cal
conplexity (i.e., instead of 5 the bl ue square pick up the white
circle, etc.). The nunber of correct responses on each subtest, as

wel | as WG ed/f3add correct conposite score are recorded.
Bi shop Test for Reception of G amar (TROG (Bi shop (19%3??”%?5%%%

has spent many years devel opi ng TROG 10 a rapid neasure for assessing
receptive |anguage. This measure has pro¥®n highly sensitive in
assessi ng receptive | anguage di sorders in children, as well as

in adult aphasics. TROG is an individually adm ni stered

mil tiple choice test dggiqNedal 8,A3895% 1ndS ro HMSESARNIE GhaTbRUEBLL A

contrasts in English. t conSists of 80 itens. tem

the subject is IRiHeced Woréereghifé@Mtd fote Mitc@adh @¥mmand usihe
pi cture that corresponds to a phrase or sentence spoken by the E
The test is divided intaoserdeksobfprdiis. Thrainingehtemsadrebidevielopedi and
under st andi ng of a - specific type of norphol ogical or syntactic
contrast . The t &apei secersded) and subseagntlie couRBker Fodjifdeksusing

passed, with the %ri tertihgnsl;g; gc t?géicb%iorb%fti%%rtigy described above. Some

items began with “Simon Séys" which was the child’s

instruction to dd'exactly what Simon said to do. To

enhance the fun of the game, items were inserted

without the prephrase ™“Simon Says”. These were

10 followed by phrases such as “don’t let me catch you,

wait for Simon”. Items were specifically constructed
requiring individual phonological contrast (eg. “touch

your nose” vs. “touch your toes”) or grammatical

contrast (such as, “hop on your foot” vs. “hop on your

15 feet”). Sequential commands were also included, such

as “touch your nose, shoulders, toes and knees”.

Other items were constructed to train receptive

memory, such as “run around the large blue crayon and

then pick-up the small yellow spoon” {(where large and

20 small crayons and spoons of various colors were

available as props). Some of these commands were

proceeded by “Simon Says” while others were not. Once

again, as was the case with each of the other

receptive langﬁage training sessions, each command was

25 repeated twice with feedback given after the child’s

response to demonstrate the correct action if the



four itenms in that block are responded to correctly. 25 Contrasts are
8

arranged i1n _order——of —Tncreasing “WO96/1818%

PCT/ US95/ 15204 43 difficulty.
Testing is started at a baseline of 5 consecutive bl ocks correct,
and is disc i when five consecutive bl ocks hav n failed.
The test Wo ag4been standardi zed on over 2,000 Britishgfﬁﬁﬁﬁv 5
aged from4 to 12 years, and tables for converting raw scores to
standard scores are provided in the test 59 manual . Scores of norma
adul ts approach ceiling | evel s. Research by Abbeduto, Furman &
Davi es (1989) has denonstrated that the test is suitable for 10

Anerican as well as_,Brijish subjects, . rd | d,Ya
Conpr ehensi ve Langﬂb’eléa?%ﬁija’trf%%m&‘ 'Iihcﬂf\?CL"E)gvI ft(o&jlr%twlggsb n?%%r?é’&éi, _
1980): CYCLE is an, rtuni'tgsEéL'l‘i@am atfd aBt Colk el 88AmhRA ARRAS HriiBEepPt | Ve
and expre33|&gx1angua e I n a conprehensive manner that far

knowledge of the correct response.

Reinforcement

S In order to maintain motivation throughout the
program, a sefies of point and sticker based .
reinforcement systems were developed. The computer
games used each day in sessions A and B had a points
and sticker won ongoing total built into the program

10 which were displayed on the screen in a cumulative
fashion | after each response. In addition,
intermittent computer animations and.movie clips were
used to maintain interest in these training games.
The points and stickers won by playing the computer

15 games were transferred at the end of each day, as a
group activity, to a decorated wall chart that tracked
each child’s accumulations week by week. At the end
of each week, the children could use these points to
*buy” toys from the "“Circus Store”. The store

20 contained toys marked with “prices” which corresponded
to numbers of points earned.

In addition to these weekly prizes the children
earned stickeré for completing each of the other 20
minute training sessions. Unlike the point system

25 used in the computer game, however, these were not



15 sur passes any previously avail abl e | anguage assessnent

battery. Though not avaiTabtrevyet commerciatty;— research data
have been col |l ected on over 70 normal children at ages 2 through 8
years, and 100 |anguage i npaired children at ages 4 through 8 years.
20 Consi der a bility and validity data on the test

avai |l abl e. CYCL%&'&Q es three batteries: 1) Recepti v%cng?/'iﬁm
Elicitation and 3) Free speech anal ysis. Only the receptive battery
(CYCLE-R) was used in this st udy. 60 WD 96/ 18184

PCT/ US95/ 15204 44 |t ens
fromthe CYCLE-R were used to test receptive know edge of

phonol ogy, | exi cal and o] i ' d

gr ammat i cal ;ﬁﬁﬁQﬂﬁVaQEEd E%%FagaLTﬁg % stfﬁéfééﬁéﬁisegﬁgklgﬂ °f

set of items which COV Jedia e ri‘HQEeO‘fs;?edlag. sRickers” Wad glae@d shi &
area nentioned above. In scope of

chart so the child could monitor their progress

through these training sessions each week. Once a

5 chart was filled (indicating that the child had

completed the requisite number of sessions for that

week) they could select a toy or food item from the

»Listening St_:ore"' or “Speaking Store”. These

reinforcers, together with personal attention and

10 reinforcement by the experimenters, proved highly

successful in maintaining motivation throughout the

six week program.

Results

Two training procedures were employed in this

1s study. First, an attempt was made to alter the highly
impaired temporal thresholds that the L/LD children
demonstrated in week 1 (pretest) by selectively
training temporal integration rates daily during weeks

2-5 using the Circus Sequence CD-ROM game format

20 described in the embodimeht of the invention. The
Tallal Repetition Test was given in weeks 1 and 6 as

the benchmark measure used to assess change in
temporal proceésing thresholds. As can be seen in the
bottom of Figure 7, at pretest (week 1) each child

25 demonstrated the ability to perform the two tone



| anguage areas and age range covered, it is the test nost ideally
Suiteéd 1o this study. Each rtremomnm the test i ncl udes—vocabul ary
that i's easily picturable and 10 famliar to young preschool children.
Each item al so, when possible, tests only one grammatical el ement or
structure, onpr ehensi on of each aspect of the can
be ascertaﬁﬂ%gaﬂéggarately. Si nce know edge of %%ﬁg#%ﬁgﬁ“
structures entails know edge of 15 t he conponent sinple structures

i nvol ved, all test itens are devel opfental |y arranged, and nore
conpl ex items are adm nistered only after a child has passed

the itens preceding it in |evel. Every i teminvol ves five exanple

sentences; thus each struitureubgetg gdghe egﬁggeg&@ &EQPSPEQ?SS%S lish

perf or mance consi sEEARGRC Fhsur an

alone will not ecd! - 1681 | doh@sPetdi® PnlwplHmégﬂﬁkgygnpleTﬁﬁgtence

has enough choi ces |n the response array to furthe ensure that a

child cannot reachgampaseirftes th&£t i édch 24hild amdeArskcbed BlieCcBaskeand
WO 96/ 18184 PCT/ US95/ 15204

could respond at a high 1level of accuracy when

5 sufficiently long duration stimuli were p:esented.
However, when the duration of the stimulus was reduced
to 75, 40 or 17 msec respectively, the L/LD children’s
performance deteriorated. Recall that normal control
6-8 yr. old children only require 8 msec between two

10 75 msec tones. In contrast the L/LD children required
an average of 221 msec. Similarly, the L/LD children
showed progressively greater deficits as the duration
of stimulus presentation was decreased to 40 or 17
msec.

15 The results following four weeks of training on
the Circus Sequence game are dramatic. As can be seen
in the top of Figure 7 (week 6 post-test) temporal
processing thresholds for each child were sub-
stantially reduced. Group totals also reflect this

20 marked improvement. For example, using 75 msec tone
durations, the average ISI for the group went from 221
msec at pretest to 32 msec at post test, a temporal
processing rate much closer to the normal range of 8
msec. Similarly, the mean threshold for 40 msec

25 duration tones went from 640 msec at pretest to the



45 The CYCLE-R incorporates several features which

make it a well-designed receptive measure for testing— young

chi | dren. Each iteminvol ving pictures uses decoys consi sting of
the identical elenents mentioned 5 in the test sentence, but in a
different relati ' fromthat of the correct test pi I

addi tion, wﬁé@%@? whi ch all ow the exam ner to determ ng ﬁ%&éﬁs@s’l&u
child has attended to only the first or |ast part of t he test
sentence are also included. Extra linguistic 182 and redundant |inguistic
cues have been elim nated fromall itenms. Thus there are no cues in
the test array or in the test sentences thenselves that aid

test performance. Al pictures_are clear, sigpl [ aw n i.ch
directly represent theBP8tevahEI24RY E‘l‘{j‘al i o?grrgtf%én; Q\%eé:.,, aﬁ%aﬁlt \eglr pgzgigﬁve

| oad is placed on Siﬁhggﬁeghgdimbfb@gmgﬁg;NL there is a clear
al'l ' In

separati on bet wee pi ct'ures an array, and al
illustrations are |arge enoggbséordgbal dpeovide Sestxng evidentat eoPrethe
There is never a tine when nore than one 20 choice in a picture array

is tested, so that proedficacy of d¢fhec|teripexalotrradniog progedure o (Givcus

perf ormance. 5 Sequence game), embodied in this invention, for the

modification of temporal integration deficits in L/LD
-children.

The second training procedure developed in this

invention utilized computer extended and enhanced

10 speech to train speech and language functions. Of

specific interest was whether the rate of development

of basic phonological processes as well as higher

level 1linguistic abilities (morphology, semantics,

syntax) could be enhanced through training with

" 15 computer modified acoustic input. It was hypothesized

that the acoustic modifications that were made in the

fluent speechlused for training would result in the

greatest improvements in receptive aspects of speech

(phonology) and 1language comprehension. This

20 hypothesis can be directly tested by comparing week 1

(pretest) to week 6 (post test) performance on each of

the benchmark tests of receptive phonology and

language processing. In Figures 8 through 11, data are

presented first for each of the individual subjects

25 participating in the study, followed by the average or

means for each of the benchmark receptive language



Correct choice as well as all decoy choices are random zed

t hroughout an ifeny e.g., correct choice oCTUr s i meach—artay-
position equally often. Each 25 distinction is tested by nore than one
t oken or lexical itemreflecting that distinction. CYCLE

W06/ 18184 PCT/ US95/ 15

46 wgegfflornance yields a raw score which can be cor??%ﬂsa‘ﬁ‘&“

to age equival ent scores based on normative dat a.

Gol dnman- Fri st oe- Wodcock (GFW Test of Audi fdry Di scri nination

(Gol dman, Fristoe, and Wodcock, 1970): 5 This test was designed
to assess speech-sound discrimnation of single syllable
words under Feft1 ! Gtet] dISIRNIND G0N It Bl | BaBRad opear S
8 nont hs t hrough atﬁts The test consists of parts: 1) pretest
to determ ne know efgsdahrdigest nb&matieéabuhaéy,fai aydet Okgst, age

di scrim nation of single words t hrough picture pointing format. The
subj ect listens equivalent scores have been presented. When age

equivalents are not available, percentiles for age or
5 raw scores are presented. '

As can be seen in Figures 8 through 11,

remarkable improvement was demonstrated for each of

the receptive language and memory tests (Session D, E,

F, G). The difference between pretest and post test

10 scores are highly statistically significant,
demonstrating marked improvement in language
reception, including phonological (GFW test) (Figure

8) as well as grammatical understanding of language

(TROG and CYCLE) (Figures 9 and 10) tests and memory

15 for language (TOKEN test) abilities (Figure 11).
These data represent remarkably striking improvements

in the core receptive language functions that cause

the greatest difficulty for L/LD children. Further,

it is precisely these abilities that have been shown

20 in longitudinal outcome studies of L/LD children to be
most predictive of their subsequent academic
achievement. Indeed, improvement occurred within six
weeks that is comparable to or surpasses that found in

a previously cémpleted'ﬁixg;zgg; longitudinal study of

25  L/LD children.



to a word presented on a tape recorder (for exanple - | ake) and nust
select fromfour pictures (|akKe, rake, wake;—smnake) the picture
representing that word. Al 15 m nimal pair speech sound contrasts are
assessed for discrimnation in this test. Expr essi ve

Language Tests woogn | dman- Fri stoe Test of Articulation (ol
Fristoe, 1986): al‘% ol dman- Fristoe Test of 20 Arti cﬂ?@&f’gﬁ"’m

provi des a systematic and conprehensive measure of a child' s ability
to articulate the consonant sounds pres¥ht in speech. Its results
provi de a neasure of all the necessary phonenes and determ ne which
sounds are produced incorrectly, as WO 96/ 18184

Cype of m sproduction.  ThiPsSin e Piese Longifiginal scudy WRiretled By
series of pictures to Tallal and Curtiss, 1980-1987) the language
development of 60 L/LD children, selected based on the

same criteria used in the current study, was assessed

5 over a five year period. As many of the same
benchmark measures were used in both the previous
longitudinal study and the current training study one

can make direct comparisons. Figure 12 shows th_e
results of improvement on the CYCLE test from the age

10 of 4 to the age of 8 years for the L/LD children in
the longitudinal study. The L/LD children were
receiving speech, language and reading therapy within

the public school for their disabilities during the

time course of the longitudinal study. Therefore, one

15 can compare directly the state-of-the-art therapies
currently available to L/LD children in the public
schools to the therapy embodied in this invention. 1In

the current study at pretest the L/LD children as a

group {(mean age = 7.2 yrs.) were performing at a level

20 equivalent to 4.2 year old normally developing
children on the CYCLE test. However, after only 4
weeks of exposure to training with the acoustically
modified speech stimuli, as well as temporal
seguencing training using the computer games, these

25 children were able to process language at a level

equivalent to 5.8 year old normally ' developing



elicit the major speech sounds in the initial, mddle or final
position was adm nistéered to eacir chitd—Tie 5 t est—rarged—proevi des

normative data for ages 2 through 16 years. Menory for
Sent ences Subt est ( St anf or d- Bi net Intelligence Scal e;
Thor ndi ke, fﬁ Sattler 1986): This subtest neasures the
ability to reca neaningful sentences. The subject 23204
sent ence and |s required to |nned|ateug reproduce the sentence
verbati m before continuing. Each sentence i £%cored Pass/ Fail and
testing is discontinued when three of four sentences are failed.
Sentences increase in 15 syllable length and syntactic conplexity
with i ncr easpRg1 kRS- InNQfd?R:tr'a‘é% ddleadts RrOW 44@ 'fn piego 29€S
2 through 23 years. CELF - Recal I'i ng Sentences Subt est (Seﬁ%?
Wi g, 1980) : londbeud{# e stdys démonbvpat@t LD ¢hilireqUupesgreds
Functi ons (CELF) | anguage battery has been st andar di zed on
a large sanple of cherdreslowlyhe igSAtheir dejeeldpmemtt taf 16lamguage After
a denonstration item and a ﬁractlce item the subject is reqU|red to
r epeat ver batPPEeRensian $akIBI B HeaTse soFleVaiAR 8L RARYRian

5 skills that normally developing children acquire in 2

1/2 years. In striking contrast, the L/LD children
participating in the current remediation study made
very rapid progress. After only 4 weeks of training
with computer modified speech and temporal integration
10 training, their development of core language
comprehension abilities improved by 1.6 yrs. whereas
the longitudinal sample improved only 2.6 yrs. on the

same measure over a 5 year period with conventional

speech, language and reading therapies. Similar
15 results are seen on the Token Test and GFW (Figures
13, 14).

Although computer alterations of the acoustic
input of speech was specifically aimed at training the
receptive aspect of language (from the phonological to

20 the syntactic level), measures of speech articulation
and expressive language functioning were also
collected throughout the study. As expected, less
improvement was demonstrated from pre to post test on
the expressive language measures, as these were not

25 explicitly trained in this study (see Figures 15, 16).
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48 and conpl exity,and the response i s—awarded t hree

points for correct repetition, 2 points if there is one error, 1
point if there are 2 to 3 errors, and zero points for 4 or

nore errors. wﬁIﬁﬁh@ IS 5 di sconti nued after 4 consecutive zero
scores.: The est manual provides tables for convertin g 15204,
scal ed .scores. Trai ni ng Sessi ons El even traini ng
sessi ons were devel oped 10 specifically66éor this study. Sessions
were given in twenty mnute periods in random order according to the
schedul e descri bed above. Two sections (sessions A and B) use

Chi S i nvention (see abovey ts T ERACEEeGHY bR e el Bediantenrsn
here. The other improvement in speech articulation was accompllshed at
the phonological 1level even though this was not
directly trained in this study. Previous research
5 with L/LD children demonstrated that their temporal
deficits occur in both the perceptual and motor
systems affecting both speech input as well as output
at the acoustic as well as phonological level. Thus,
it can be hypothesized that training in the rate of
10 temporal integration at the perceptual level, as well
as exposure to temporally modified speech, might not
only improve perceptual processing and thus receptive
language comprehension, but also the rate of motor
precision in the production of temporal cues in speech
15 articulation. The significant improvement found on
the Goldman-Fristoe Articulation Test (Figure 17)
provides tentative support for this hypothesis at the
phonological 1level. Strong support #waits future
detailed computer analyses of precise temporal motor
20 planning, at the acoustic and phonetic levels based on
the speech production data obtained during this
training study. However, the current analysis at the
phonological  level demonstrates significant
improvement inISpeech articulation and suggests that
25 these perceptual training measures may not only

improve aspects of receptive language and reading, but



sessions (sessions C through K) use taped or CD-ROM speech and

| anguage segments tnm whi cit the acoustic ————— wavefor m-

expanded and enhanced using the nmet hods described in detail as
enbodi nents of this 20 i nvention (see bel ow). Session A -
Nonverbal T equenci ng Trai ni ng An inter '

mul ti nmedi a g‘gang&?r#blﬁﬁt ed on a CDO ROM (Circus Sequencg&@gr%l%s used
to train tenporal order sequenci ng of nonverbal sounds (e.g.
frequency WO 96/ 18184 67

PCT/ US95/ 15204 49 nodul at ed sweeps
and steady state tonal conpl exes) at faster and faster presentation

rates.. The nonver bal [ re constructed specifically_to
F # F%55

timul
repr esent cﬂfﬁfonﬂﬁ% d’?a"lfﬁlnurrﬁn HEEth. 1TPESE RN THES: a
changes, the start &;Bﬂgéﬁgle“ggggiég&queeg'se%.resiguwmg%ySi ﬁqoiifﬁé muliYgq

duration of the frequency no ated swee ar“to single
consonant formant s¢h8r86658! intelligibility) of the speech output of
these children.

5 In conclusion, these data provide extremely
strong support for the efficacy of the therapies.
embodied in this invention. It has been demonstrated
that these therapies significantly improve the
temporal processing, speech, language and reading

10 abilities of L/LD children and that the magnitude of
improvement is considerably greater than has been
demonstrated to result from currently available
therapies.

Six of the seven children were available for post

15 test assessment in week 12 (graphed as A,), after
having received 6 weeks without exposure to modified
speech or temporal processing training. As can be
seen in the previous figures as A; test results,
although there was some decline in receptive language

20 abilities when the therapy was discontinued, much of
the progress was maintained. These data suggest that
a longer training period may be necessary to fully
remediate and “cement” fundamental speech, language
and - reading skills. Nonetheless, these data are

25 encouraging in that a substantial proportion of the

progress that was made during this brief training



human speech. Simlarly, the steady state tonal conpl exes were
constructed to mm c vowel s Trmhomarm—10 speech——Subj ects were-trained
tolisten to a 2- el ement stinulus sequence, which was sel ected at

random from four possible 2-el enent stimulus sequence conbi nati ons,

in which the sti enents were separated by a brief
interstimulus in er%}alﬂ(l SI) (see 15 Figure 2). Subj ect's v@%"%% ed

to respond by pushi ng panels on the touch screen of a conputer to
indicate the order of stinulus presentation (s&® Figure 3). Correct
responses were reinforced by a presentation of a single brief sound
that was always 20 associated with a correct response, earning a point
whi ch was di spl ayed as a cunul ative score on the vi deo screen.
In addition, when theskodcsanecbe maintaizegoan | Ang they absence of
obtained, this string of correct ,responses was rewarded by a brief

animation 25  sel ect_Hr‘Fli‘%%i’Teﬁtgé:rﬁdﬁlln. f ani mati on sequences.
The high quality and wide variety, §f SN FHdONhES 4ifbntion met the need

for training individuals with a learning disability,

5 it has also provided the capability to "cure" the
temporal processing deficit that occurs in those
individuals who are dysphasic or dyslexic, and are
unable to process rapidly received stop consonants,
hence unable to grasp the meaning of the spoken words.

10 It is felt that the information set forth above
with the experiment outlined in great detail is a
sufficient disclosure to enable one to practice this
invention; hence, further discussion of its method of
operation will not be undertaken.

15 This invention is not 1limited to the above

description but is defined by the following claims.
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The—progranr

itself used an adaptive tracking procedure in order to determ ne
the interstinmulus interval for subsequent stinmul us sequence

presentatio t is, as the 5 subj ects succeede
I denti fyi ngrw?ﬁglﬁgfi uence order, the taskgﬁgg&gﬁgazg‘

progressively nore diffic by reducing the—i-Aterwal—bet-weenr—tie
{ .\ B - Syllegbl e |Di SCRER%L\AA(@gm@Ha@rS SG

ed on a CD

s eeracesve' o+ ANB LR

Game) was used to trdin sy

honene C own

| abl e di scri mi natt Gesaiptiong peoed nal.. to paged ...

phonene pairs . Both nor mal phonene pairs |gg¢idmai f |-qg;g@j1gfmanﬁ; paged .89..
pairs where SHECIS | CLAIMERSt s of the acoustiga%r%%(s)h%qﬂ?ﬁea LPoaged ..
Yoaged S topaged ...

conputer nodified to enhance tenporal cues were us
traini ng exercise. In addition, the

IS gl
Gl Abslrast | nmpaged i -mi-efo BAoed .o

bet ween the two phonene pairs mat i

L

Wwas .syst e N = 41 B 0 S LY RV AV 1= AR R V) A
- Thi's provided expér'i enfe %ﬂi‘&?“ﬁeféi’%?ng SYSEERyi %ff° re t':"'mp{:ﬁ“ r‘}é%e 210
presentation rates. ,JhiGduaBihed SEAaACIoAPtS e 1anguadd lifiEairaeene

that included t hree

individuals to better understand audio sounds, the

system comprising:

5 a computer having input means for receiving

information including: a processor means for

manipulating the received information; storage means

for storing unprocessed received information and

manipulated information; and out

put means responsive

10 to the processor means for presenting the manipulated

information in a form understandable to a user

first program means for modifying digitally

recorded audio sounds having

associated therewith to lengthen

a frequency range

portions of selected

15 phonemes without modifying the frequency range;

second program means responsive to received

information and said processor means for storing the

modified digitally recorded verbal sounds; and,

third program means responsive to received

20 information and to said processor to direct said

stored, modified digitally recorded verbal sounds to

said output means.

This Sheet Has Been Replaced
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Initially, a single clown face appeared on the left of t he conputer

screen. Subjects initiated wacirtrtal by touehtng this cl own—ace.
Once touched, this clown 25 said a specific syllable (eg., /ba/) and

t he uppercase | etter B appeared over the clown's face. Next, the

WD 96/ 18184 : PCT/ US95/ 15204

51 I efvlvoﬁggtl“cl ' nd two new cl owns PCTVS9S/15204
appeared on the screen anmmmlﬂaﬁmﬂﬂml es were presented one
after the other. The subjeet's task was = t#p det er mi ne whet her the
first or second syllable 5 mat ched the sound and | etter produced by the
first clowmn. L/LD children indicated their response by

touching the first or second cl own which appeared on the right side

of the conputer screen. Cor eect The systempofis&dadmudewhareingrspid | fixay

(e.g. B) to appear 10 over the face _of the touched clown apd were , _ .
rewar ded by a wi d@regraBt pedns cEHFLPET ARFHEESD Beang oheF jamplifying

said portions of selected phonemes.

3. The system of claim 1 wherein said third
program means further includes means for simplifying
the output signal by integrating output sounds within

a fixed number of band-pass frequency channels.

4. The system of claim 2 wherein said third.
program means further includes means for simplifying
the output signal by integrating output sounds within

a fixed number of band-pass frequency channels.

5. The system of claim 1 wherein the third
program means includes means to convert said stored,

modified digitally recorded verbal sounds to aural

signals.

6. The system of claim 5 wherein the output

means includes speaker means for generating an aural

signal.

7. The system of claim 6 wherein the output
means further includes a video display tube and

further wherein the third program means includes

This Sheet Has Been Replaced
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sounds", and points A cunul ative point score was di spl ayed on the

conpute} screen. Ff |ncorreét, no reward—was- gi vetr—atnd—the—subiect——
proceeded to the next 15 trial. In addition, after conpletion of each
50 bl ocks of trials a brief video cllpfroman age

appropri at e wgbéifsed novi e appeared—enbedded in the gﬁg@vg&ﬁ?n
|

These vi deo C|IpS were se uent| t hat conti nued
resulted in present aﬂ‘“‘ “ﬂme next segment of the ani mated novi e.
Session C (Listenin 7Ropul ar st orybooks for

children (eg. Disney'sS and Seuss books) were tape recorded on a
digital audio tape recorder (i.e. DAT). Next, the digital audio 25
tape was transferred to a conputer in digital formso t hat

el ongation and enhardisnday dfeans tfam qg@,egagﬁggopharacters 1P IER iy
PCT/ US95/ 15204 t he spe

wavef or m coul d dbe péﬁ%r%‘&?l aSignals i fey displayl ARt ﬁ@eeﬁ’B'SGPnéﬁispﬁ'FYt he
I nvention sections E%d%e ‘coincident with the generation of aural signals,

said display remaining on said video display tube for

a preselected time.

8. The system of ‘claim 4 wherein the third
program means includes means to convert said stored,

modified digitally recorded wverbal sounds to aural

signals.

9. The system of claim 8 wherein the output

means includes speaker means for generating an aural

signal.

10. The system of claim 9 wherein the output
means further includes a video display tube and
further wherein the third program means includes
display means for generating characters representing

5 the aural signals for display on the video display
tube coincident with the generation of aural signals,
said display remaining on said video display tube for

a preselected . time.
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Alternatively, comrercially avail able interactive mul ti medi a CD- ROM
children's stories were used—The— 5 di gi t aF—auodiro portions of the

CD- ROVE were extracted and transferred to a conputer so they could
be processed as descri bed above. Once nodified, the audi o

signals were conﬁr%gg back into anal og tape for the " bpekusiiisiegre"
versions or reiM T appropriate digital formats for the

CD- ROM st ori es and cont ai%® ng the nodified speech were
produced. It was HHMIHHH?“' il ed "books on tape" and CD- ROM
based stories that wefe awised wn §his trai ni ng session. Subjects

15

selected a story of their choice and listened to them during at |east
one 20 m nut e session per day at the | aboratory, either on

tape with an acconpanyi ng book or on CD-ROM Each day, each child
checked out tapes and acconpanyi NQyor TAKENCER®E6 OONSIDERAPIONSEed stories
fromthe | aboratory 20 "l'i brary" tororkenaBoporRPOSES Sten to as honewor k
for one to two hours per ni gt INTERNETIONA: PROCESSING ret ur ned
the next day or after the weekend and new stories were selected for
t he next night or weekend's homework allow ng the stories to rotate
between the 25 children, increasing the variety available. Subjects

This Sheet Has Been Reﬂlaced
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recei ved 50 points for each story they listened to. WO 96/ 18184

PCT/US95/ 15204 53 Parents—kept
track of these points for honework sessions so they could be added
to the child s weekly poi nts score. - Session D - Receptive

G ammar  Tr ajl - The CY

used for trgﬁ#ﬂg el ements of receptive gr%ﬁ%ﬁ‘ each
item of the k"’ﬂﬂ,ﬂ formA) a newitemwas selected in
order to devel op a*neu/s ens to be used in 10 training (form
B) . Itenmrs were sel ected so that vocabul ary and content were
changed but the essenti al semantic, syntactic and nDrphoIogicaI

el ements remain §1C $RO% e HHE O 061 SRR fnbbe: 2 UHLREAS Phgfish
are SW nmi ng" V\[}II ch appeaers onot he CYCLE orm%A he l & %h | d
must sel ect bet wegBep\WdnolGded shed i eph bENefpBdSizing selectwely the

short-duration phonetic elements.

15. The method of claim 12 wherein the modifying
step includes the step of recognizing consonant sounds
for elongation by the rapid and phoneme-specific

changes of their frequencies and intensities.

16. The method of claim 13 wherein the modifying
step includes the step of emphasizing selectively the

short-duration phonetic elements.

17. The method of claim 12 wherein the modifying
step includes the step of recognizing consonant sounds
for elongation by the rapid and phoneme-specific

changes in their frequencies and intensities.

18. A method of teaching temporally impaired
individuals to discriminate between the stimuli of at
least two rapidly changing frequencies of consonant
sounds, the method comprising the steps of:

5 a) separating the at least two differing sound
stimuli to provide an interstimulus interval of at

least 100 milliseconds;

This Sheet Has Been Repl
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a single fish swimmng and the other which shows several fish
SW mmi ng. To respond correcriy the | ndrvi dual nust know that in

this case the verb —ansmETEELL%EE“LD§~p|ural information and therefore the
only 20 correct IS e picture with several fish. This

differs fron1nu§é th n lization such as PELE9sh ol NE
sentence "the do arE“‘ m“m i nformati on about
el Nc

pluralization occurs Inthe s * noun "gpgs" as well as the verb

"are". For the 25 trai ni ng conponent, n equival ent sentence was
devel oped in which pluralization was carried solely by WO 96/ 18184
PCT/ US95/ 15204 54 the verb "the
deer are eating" which appggredopindififig the cdhsolNanti sRABAVERE eddH ¥ | Y
converted to maintain the grammati cal conmponent essential to
conprehensi on while the stamhkt il & facrorabdl at yleastushdssyr pegcehtf not
nerely 5 training knowl edge of a specific itemwas achi eved but

rather grammati @8l rules wele aFeReatdindohiba. atrdeash two differing stimuli

in random order until the temporally impaired
individual is able to distinguish the order of each
stimulus;

qa) decreasing the interstimulus interval by at

15 least a one percent factor;

e) repeating step <c) with a decreased
interstimulus interval until the temporally impaired
individual is able to distinguish the order of each
stimulus; and,

20 f) repeating steps c) through e).

19. The method of claim 18 further comprising
the step of increasing the energy of the consonant
sound following the step of prolonging (step b) but

before the first step of repeating (step c).

20. The system of claim 18 wherein step e)
includes shortening progressively the duration of the

prolonged consonant sounds.

21. The system of claim 19 wherein step e)
includes shortening progressively the duration of the

prolonged consonant sounds.

—_—
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items were tape recorded and subsequently subjected to conputer

nodi ef ormruoso— tthre—proceduresdescribed
above. 10 During training, subjects were asked to point to
the picture that represented each conmand. They recei ved i medi ate

E?e-‘?'E’fiﬁﬁbé”d*‘caﬂllfﬂUﬂWﬂﬁﬁﬂllﬁlJl]Lr dless of whether [ho T espaiamesuss 1P

correct or not, the comiind®wa% repeated again so that they could
listen to it directly after the xperimenter had indicated

whi ch was the correct pi cture. Subjects received a sticker to be

pl aced on a wall chart for conpleting this session. 20 Session E
- Receptive Nerory Traipang (REKANHSAoE claim 10 wnBR@iROGR o8y
format was used for training receptive nmenory. Using the sane
procedure as incdesesi behle aluney bfenBedsgmitiianm £ of oidie oEOKERNet est
were nodified to devel op a new set of itenms which made 25 up formB. For
exanpl e, the item congonankespunde, rexather thancseanengedordrRr snal | green
square", which appears on

23. The method of claim 19 wherein step c¢)
includes the step of recognition of one of the

consonant sounds, rather than sequence order.

24. The wmethod of claim 20 wherein step c)
includes the step of recognition of one of the

consonant sounds, rather than sequence order.

25. Computerized interactive exercise for use in
teaching temporally impaired individuals to
discriminate between the stimuli of at least two
rapidly changing frequencies of consonant sounds, the

5 computerized exercise comprising: |

a computer having a processor, a memory, input
means including a compact disk reader for receiving
input data, first output means including a video
display tube for displaying textual material and

10 second output means for generating audio sounds;

a compact disk having an interactive exercise

including audio signals and video signals recorded

thereon where the audio portions of the game are

-
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WD 96/ 18184 PCT/ US95/ 1524
55 form A of the—TFTOKENtest, was changed—to "touch the
smal | yell ow square and the large blue circle" for form B. The new

formB itens_were tape+recorded-and computer nodified in the sane
manner descri bed above Trai ning included two repeti t|

itemw th u mﬁﬂw "ILQUA'{ as descri bed above. Subjects recé‘?{?gg’%p

a sticker to b chart for conpleting this session.
Session F - Receptlve Grammar Training (TROG B8rmat) 10 The TROG
test is simlar in format to the CYCLE. The identical procedure was
foll owed for devel oping a formB of this neasure and conputer

modi fyi ng the @yﬂ%&s dulth USBatn SEpd&idy %’io%?%&h?&@'aﬁ@ elne

trai ning procedure and reinforcenent was the sanme as that used or
the CYCLE and TOKEN spfsidrged and emphasiasd{s andReceptive Phonol ogy
Trai ni ng (GFW For nat) The GFWformat was used to train
receptive phonol ogyprogdsm aeangefgniFewardings conrect orespanses to

presented via a tape recorder and points to the 20 pi cture that
represents that word, SX2ForRE UGS

26. A method of teaching temporally impaired to
discriminate between the stimuli of at 1least two
differing fast, non-speech audio sounds, the method
comprising the steps of:

S a) separating the at least two differing audio
sounds to provide an interstimulus interval of at
least 100 milliseconds;

b) prolonging a portién of the sound in each of
the audio sounds by a factor of at least thirty

10 percent;

c) repeating the at least two differing sounds
in zrandom order until the temporally impaired
individual is able to distinguish the order of each
sound;

15 d) decreasing the interstimulus intexrval by at
least a one percent factor;

e) repeating step c¢) with the decreased
interstimulus interval until the temporally impaired

individual is able to distinguish the order of each of

20 the sounds; and,
£) repeating steps c) through e).
—_—
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pi ctures which represent words which differ by onIy one distinctive

f eat uteof~—speech. —Ustnmg—a—srtm | ar procedure to that—described
above, an alternate form (form B) was developed for training

regePti;e hgn0¥ggy__ﬁ_JI¥;£:2¥qigen; merﬁ t ape recorded and
nmodi fie acc or " presen uring the Vv}éﬁﬁﬁigiﬁﬁl
sPeC-sr/s :Jggg/ 1gg]ce agai U'lum,’m,l ”’IHH”IVGd each _ >° itemtw Crea:/\lln![ Rgt he

second repetition belng gitveM wsth fior know edge of the correct
response. Subj ect s recelved a stlcker for reinforcenent. 5
Session H - Sentence Imtation Training (CELF Fornat) Itens
fromthe CELF sentence Qﬁlta&hgnméuhbasbf claim 2@ﬂf%ggﬂyg|damﬁf&s§naanner
simlar to that described above to develop itens for formB

However, for thesethe step|¢£nﬁncﬁ¢§siﬁgCthadenergfubfathenmr@ndwgadpald
to 10 sel ecting words which had equival ent frequencies in

portion of the sounds following the step of prolonging
(step b) but before the first step of repeating (step

5 c).

28. The system of claim 26 wherein step e)
includes shortening progressively the duration of the

prolonged portion of the sounds.

29. The system of claim 27 wherein step e)
includes shortening progressively the duration of the

prolonged consonant sounds.

30. A method of teaching temporally impaired
individuals to discriminate between the stimuli of at
least two rapidly changing frequencies of consonant
sounds, the method comprising the steps of:

5 a) separating the at least two differing sound
stimuli to provide an interstimulus interval of at
least 100 milliseconds;

b) prolonging the consonant sound in each of
the stimuli by a factor of at least thirty percent;

10 c) repeating the at least two differing stimuli

in random order until the temporally impaired

This Sheet Has Been Refllaced
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the Ilanguage and roughly simlar phonol ogical conplexity. Form
Bitenms were then tape recorded—and nodi f-Ted—Tn the manner descri bed
above. Subjects were presented these new nodi fied sentences and
asked to 15 repeat- themverbatim No feedback was given

errors, |nclud|n phonol ogi cal production errors, were ﬂ The
CELF i ncl udes grammatically correct and grannaticé%ﬁﬁk? rect
sent ences for repet rate scores for each of these types of
itens are e”“ﬂ”l'“ l“" “ll”f.Ea on | -7&xpressive Menory Training
(Menory for Sent éncé Fbrna The Menory for Sentence
subtest of the Stanford- Blnet was used as a nodel for devel oping
training . 25 ite SShOB. +ol ki [ L.C

easi on H above (OcLAF ayAS0nt, AST 3baR, ce! ?ﬁ%???ﬁf?“ the! 68842 085 (509164
PCT/ US95/ 15204 stimulus; correct

sentences are used. The procedures foll owed
a) decreasing the interstimulus interval by at

15 least a one percent factor;

e) repeating step <¢) with the decreased
interstimulus interval until the temporally impaired
individual is able to distinguish the order of each
stimulus;

20 £) tracking the performance of the temporally
impaired individual and adjusting the interstimulus
interval based on the performance; and,

g) repeating steps c) through f).

31. A system for modifying audio information
having sounds in which frequency changes occur in
relatively fast time intermixed with sounds having a
relatively constant frequency occurring over a longer

5 time in textual order to enable individuals to better
understand aﬁdio sounds, the system comprising:

a computer;

first program means for recognizing first sounds
having frequency changes in a preselected relatively

10 short-time interval;
second program means for amplifying said first

sounds.
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for item devel opment, stinulus nodification and testing procedures

are T tove: 5 Sesstom—J—Repeatthy
Real and Nonsense Syl | abl es and Wor ds. A list of
nonsense syl | abl es and words were devel oped specifically for this

study. Caigga s placed on acoustic aﬂéﬂ@&ﬁﬂ ,c 10
rai

characteri st of ' set. The goal of this I'ng was
to determ ne whet hH, Hm’mm ﬂﬂllﬂmat i on of the input would result
mos

in inproved articulatorytc i ng of gaeech out put at the acoustic,

phonetic and phonol ogi cal levels of analysis. It was of particular

15 interest to determne whether training, usi ng materials

in which the acoustic tnponMe gyBteRadt DERIim 31 furdhber 8dmpiosis s esul t

in inproved control of these sane tenporal cues in speech

producti on. SesdiliirK prdtacaptmeanssy doraprolanging E3idorfissgs 20

For mat) A Sinon Says gane format was .used to train

receptive grammar SawhdfeEithout| changipg ki \iegyegcy thereapecifically for

this training which were siw lar to t hose ap earing in_several of
fourth program means for truncating second sounds

t he ot her receptive
5 having relatively constant frequencies;

fifth program means for combining and converting

the first and second modified sounds and generating

aural signals therefrom whereby the elapsed time to

hear the modified aural info;mation corresponds within

10 the range of several tens of milliseconds to the
elapsed time of incoming unmodified syllables and

words.

33. The system of claim 31 further comprising:
third program means for prolonging said first

sounds without changing the frequency thereof;
fourth program means for truncating second sounds
5 having relatively constant £frequencies, and for

truncating intersound silent intervals; and,

fifth program means for combining and converting
- the first and second modified sounds and the
intersound silent intervals and generating aural
10 signals therefrom whereby the elapsed time to hear the
modified aural information corresponds within several
tens of milliseconds to the elapsed time of the

incoming unmodified syllables and words.
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25 | anguage training sessions. However, in this format, i nstead of

respondi ng by sel ecti ng approprt+ate WO-96+18184 —

PCT/ US95/ 15204 58 pi ctures or
pointing to static circles and squares, subj ects were required to
act out each command using a series of props. Traininggj re
devel oped and ‘wosamnqape recorded and subsequently conputer ﬁ€§§¥§9g§4
usi ng 5 t he sane acoustic nodification described above. Sone

items began with "Sinon Says" which was the chf%d's instruction to
do exactly what Sinon said to do. To enhance the fun of the gane,
itenms were inserted w thout the prephrase "Sinon Says". These

were 10 followed by ph&aseSTﬁg_cae od A9F' 14K} 1T Wih@linYRHe aurally
wait for Sinon". Itenms were specifically constructed requiring

i ndi vi dual phonol 0gi cdecearedaaiid{ 60sourddiGire a plurality JdPOSPokeés. wot@sICh
your toes") or grammati cal contrast (such as, "hop on your foot"
vs. "hop on your 15 in feextyal @aderntiand cwherneis whee mddifying udeep
such

includes the steps of elongating portions of selected

phonetic elements.

\'

L w

—_—
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as "touch your nose, shoul ders, toes and knees".

constructed—to trai n Teceptive

bl ue crayon and
and 20 smal |

with each of the other

conmmand was 2

crayons
Some of these commands were

avai | abl e a @F? :
"Si non Says§v 1%2, ot hers were not.
receptive |anguage training sessions, each

t hen pick-up the small
spoons of various colors were

and

response to de
PCT/ US95/ 15204,
i ncorrect. Thi 5
act out the co ng
Rei nf or cenen

tﬁ t {lact i th ¢
- 59 ;
d by a kqtond oppor t KX

prior

G her itens were

yel | ow spoon” (where | arge

as W\é@%@?ﬁg@g ase

Once again,

th f

dddBick gymen afte ilds
i f .
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5

The conput er
and sticker

devel oped.
a points

whi ch were gi d on the screen in a cunul ati ve
respo%?)lw addi tion,

each In
and novie clips were
gamnes. The points and stickers

ganes were transferred at t
to a decorated wall chart t
week by week. At th

points to " by oy
contai ned toys marked w th
poi nts ear ned.

In order to maintain notivation throughout the
series of —poi nt and stTTker—based

program a

TEr M OTr Cenment—SyStens were
ganmes used each day in sessions A and B had
won ongoing total built into the program 10
. . bT/oshs0d! t er
intermttent conputer ani mations
used to maintain interest in these training
:gzl y playing the computer 15
he end of e ay, as a group activity,
hat tracked each child's accunmul ati ons
of each week
fromthe "G rcus

the children could use these
prices" which corresponded

Store". The store 20
to nunbers of
In addition to these weekly prizes the children

earned stickers for conpl eting each of the othgr 20 m nute training
sessi ons. Unl i ke the]goint sysgem 25 used lin the co*puter gane,
however, these were not ] |

! |

{ |

Si | So
FREQ. N/ AV

[

pes— ISI—»=

. :

! )

i L

TIME
4 ™)
r- —_—
18
X

40

42




WD 96/ 18184 PCT/ US95/ 15204

60 = performance based butTTatrner 1 ndlcated corpletionm or -
session. These "special stickers" were placed on a chart so the

child could nonitor their progress t hrough these training sessions

each week. 5 chart was filled indicating t hild
WO oy Che ( D or PEHmposliSnt

had : conp requi site nunber of sessions for

week) they could select a toy or food i Beir]érom t he "Li stening
Store"” ‘or "Speaking Store". These reinforcers, together with
personal attention and 10 rei nforcenent by the experinmenters, proved
hi ghl y - successful in maintaining notivation throughout the

si x week program Resul ts ﬂ%{;ﬂ gng procedures were
enployed in this 15 study. First, an att de to alter the

hi ghly i npai red tenporal thresholds that the L/LD children
denonstrated in wgek 1 (pretest) by sel ectiyvely trainjng tenpora
integration ratesj}daily duringfweeks 2-5 using the Gfcus Sequence
CD- ROM gane f or mat
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20 described in the enbodi mrent of the invention. The Tal | al

RepetTTTon Test was grven T weeks—I—anad—6—as t he benchmark—measure
used to assess change in tenporal processing thresholds. As can be
seen in the bottom of Figure 7, at pretest (week 1) each child 25

denonstrated the ability to performthe two tone 4
PCT/ US95/ 159§46/18184 sequenci ng subtest of the Repet %@%ﬂ}gﬁ usi ng
150 nsec duration tones wﬁth4{q nsec |Sl. Thi s
denonstrates that each child understood hgtask and coul d respond
at a high level of accuracy. sufficiently long duration stinuli
wer e presented. f the duration of the stinulus was
reduced to 75, 40 respectively, the L/LD children's
performance deteri orat ed. i1 that normal control 6-8 yr. old

et ween t\5)0 10 75 nsec tones. In contrast

yes

100 IDENTIFY _|— 88
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SET 90
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) USING DAT

RECORDER
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an average of 221 nsec. Simlarly, the L/LD children showed

progressively greater deficits as The duration of —stimutus e
presentation was decreased to 40 or 17 nmsec. 15 The results
foll owi ng four weeks of training on the G rcus Sequence gane are
dramati c. seen in the top of Figure 7 (we -test)
t enpor al Aﬁ&%ﬁg%cessi ng thresholds for each child were ?3%‘%899&&04
stantially reduced. Goup totals also reflect this 20 mar ked
| nprovenent. For exanple, using 75 nsec tone durations, the average
I'SI for the group went from 221 a test to 32 nsec at post
test, a tenporal processi ng rate nuch r to the nornmal range of
8 nsec. Simlarf[y t he mean threshol or 40 nsec 25 duration
tones went from 640 nsec @- etest to the WD 96/ 18184
PCT/ US95/ 15204 L= post training
rate of 286 msec, again a highly si BEGORBt Lrrr-@Férent .
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100 DAT
\[ CONVERT RECORDER
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These data provide strong evidence of the efflcacy of the tenporal

trarming procedure (GTTUsS— 5 Sequence gane); enbodred TS

i nvention, for the nodi fication of tenporal integration deficits in
L/ LD chi | dren. The second training procedure devel oped
in this ntion utilized conputer extended and en

speech to trggﬁhé%gech and | anguage functi ons. ggg’ggg{"%“g

i nterest was whether the rate of develo nﬂnat] of basi c phonol ogi cal

processes as well as AIIAEr SCALE | eve St bi m rphol ogy,

semanti cs, syrMODIEGATION enhanced m@m,ar ;M#, g

conputer nodified acousti but. It was hypot hesi 3 5 t hat the
w made in the g

acoustic nodifications th nt speech used for
training would result int greatest inprovenynts in receptive

aspects of speech (p onol ogy) and | anguage gonpr ehensi on.

This 20 hypot hesjs - 'y tested Iy Rl 1
(pretest) togeek 6 (pcGDMPBﬂ)Eper ormance opMvE ANN
benchmark te *eme_qug Bgy and b Oce SI ng. In
Figures 8 through 1ji ggpew present h of the
I ndi vi dual subjects 2 il cipnafing in thg I by the
average or *
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means for each of the benchmark receptive ‘| anguage WO 96/ 18184

PCTUS95115204- . 63 - TESTS. —Wien
available in the test manual, based on standardi zed normative data
for the test, age equi val ent scores have been presented. When
age equi val ents are not avail able, percentiles for sdlis 5

raw scores %P ’Eﬁ'@%ent ed. As can be seen in Frgureées Q‘through
11, remar kabl e i nprovenent was di?n rated for each of t he
receptive | anguage and nenory tests (Se & D, E, F, Q. The

di fference between pretest and post test 10 scores are hi ghly
statistically significant, denonstrati ng mar ked | mpr ovenent

in | anguage reception, including phonological (G-Wtest) (Figure
8) as well as grammatical understandin | anguage (TROG and CYCLE)
(Figures 9 and 10) tests and nenory 1 for | anguage (TOKEN test)
abilities (Figure 11). These represent remarkably striking

| mprovenent s
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in the core receptive | anguage functions that cause t he greatest

di f frcutty—for L/LD-chrtdren— Furt her; t— TS precrsetythese
abilities that have been shown 20 i n longitudinal outcone studies of
L/ LD children to be nost predictive of their subsequent
academ c achi evenent. | ndeed, inprovenent occurred w.dthi |
weeks that WO%A¥®4rable to or surpasses that found in ¥ekrd &Bg%aoéi ously
conpl eted five year |ongitudinal study of 25 L/ LD children. WO
96/ 18184 PCT/ US95/ 15204
64 In the San Di ego Longir{ I nal study (directed by
Tallal and Curtiss, 1980- 1987) e | anguage devel opnent of
60 L/ LD children, selected based on the same criteria used in the
current study, was assessed 5 over a five year period. As rranycof
t he sane benchmark nmeasures were used in both the previous S
| ongi tudi nal study and the current training study one _‘5“
oo
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can nmake direct conparisons. Figure 12 shows the results of
| nprovement—on the CYCLEtest fro

for the L/LD children in the longitudinal study. The L/LD
children were recei ving speech, | anguage and readi ng therapy within
the public school for their disabilities during the Er/iSoshestzse of
t he Iongituﬁ'Pr?ﬂl”gfudy. Therefore, one 15 can conpare 5|rec y the
state-of-the-art therapies curre 9lébavailable to L/LD children in
the public schools to the theraﬁ§ dRbodied in this invention. In
the current study at pretest the L/LD children as a group (mean age
= 7.2 yrs.) were performng at a level 20 equivalent to 4.2 vyear
old normally devel opi ng children on the CYCLE test. However,
after only 4 weeks of exposure to training with the acoustically
nodi fied speech stinmuli, as well as tenporal sequenci ng
training using the conputer ganes, these 25 children were able to
process Ianquage at a | evel equivalent to 5.8 year old normally
devel opi ng el
PCT/ US95/ 15204 ‘2:
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65 children. 1In contrast, results fromthe San D ego

| ongi tudinal study dénonstrate L/ LD Thitoremprogress—  ————vefry—showly.
in their devel opnent of |[|anguage conprehension taking 5 years
to devel op the equival ent S skills that normally devel oping children
acquire in 61 1/2 years. |In striking contrast, the L/LD children
participatingi|1¥¥% current renediation study made ”#%ﬂ*d
progress. After only 4 weeks of traininq wi th conputer nodified
speech and tenporal integration 10 trQ“\sng, their devel opment of
core |anguage conprehension abilities inproved by 1.6 yrs. whereas

the | ongi tudinal sanple inproved only 2.6 yrs. on the sane neasure

over a 5 year period with conventional speech, |anguage and
readi ng therggi es. Simlar 15 results are seen on the Token Test and
GFW (Fi gures 13, 14). Al t hough conputer alterations of
the acoustic_ e I nput of speech was specifically ainmed at training the
I r g syntactic

uage

receptive as@ct of fanguage (1T onr e _pronorogrtar—to—20
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col | ected throughout the study. As expected, |ess | mprovenent was

denonstrated—from preto~poust—t est—om tfre—expressi
nmeasures, as these were not 25 explicitly trained in this study (see
Fi gures 15, 16). WD 96/ 18184
PCT/ US95/ 15 66 t is
encouraglngagﬁmﬂﬁ?é that a significant inprovenentPFHME%E@%ﬁ
articul ati on was acconplished at t he phonol ogi cal | evel even though
this was not directly tralnedlf]}ﬂgs study. Previous research
5 wth L/LD children denonstrated that I r tenporal deficits
occur in both the perceptual and notor systens affecting both
speech. i nput as well as out put at the acoustic as well as
phonol ogi cal vel . Thus, it can be hypothesized that training in
the rate of tenporal integration at the perceptual |evel, as well
as exposure to tenporally nodified speech, m ght not only inprove
per ceptual pr essiﬁﬁ'ﬁﬁﬁr?ﬁus ) nsi on, but
al so the rat f nof or b4
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precision in the production of tenporal cues in speech 15 articulation.

The stTgmrfitant i nprovement—found on TieGotdman=Fristoe"
Articul ation Test (Figure 17) provi des tentative support for this

hypot hesi s at the phonol ogical level. Strong support awaits future

detail ed coy) %ﬁqnal yses of precise tenporal notor W at the
acoustic an (g B c Tevel s based on t he speech pr oducti on %%

obtai ned during this trai ning study. However, the current analy5|s
at the phonol ogi cal | evel 2AkBtrates  significant
| nprovenent in speech articulation and suggests that 25 t hese
perceptual training neasures my not only | nprove aspects of
receptive Ianguage and readi ng, but WO 96/ 18184
PCT/ US95/ 15204 == 67 may al so have a
di rect inpact on. nproving the tenporal precision of articulatory
coding (and (:’ therefore intelligibility) of the speech output of
b
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t hese chil dren. 5 In conclusion, these data provide extrenely

strong—support for theeffitacy of theTherapres ~enbodied in thi'’s

i'nvention. It has been denonstrated that these therapies
significantly inprove the t enporal processing, speech, |anguage and
reading 10_ abilities of L/LD children and that the magnigcaR
inprovenent‘“%“%@ﬁgiderably greater than has been dennns??g?%h to
result fromcurrently avail abl e E{ refies. 'Six of the
seven children were avail able for post ! 2' test assessnment in week 12
(graphed as A) , after havi ng received 6 weeks w t hout exposure to
nodi fi ed speech or tenporal processing training. As can be

seen in the previous figures as Alerr] test results, al t hough there
was sone decline in receptive | anguage 20 abilities when the therapy was
di sconti nued, nuch of t he progress was nuaintai ned. These data
suggest that a longer training period may be necessary to fully
renedi ate and "cenent" fundanental speech, |anguage and readi ng
skills. Nonet hel ess, these data are 25 encouraging in that a
substanti al proportion of the progress that was nade during this

brief training
CYCLE AGE EQUIVALENT SCORES
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68 — peri od—cafr—be—ratnt ai senceof furt her
di rect training. Thus, not only has this invention nmet the need
for training individuals with a |learning disability, 5 it has al so
rovi ded the capability to "cure" the t emporal proc ' icit
Fhat occurs“FH”BﬁUge y i ndi vi dual s who arengysphagic §?§G§§?§§*c, and
are unabl e to process rapidly reéﬁiagf st op consonants, hence
unabl e to grasp the neani ng of the spok / ds. 10 It is felt
that the information set forth above with the experinment outlined in
great detail is a sufficient disclosure to enable one to practice
this i nvention; hence, further discussion of its method of
operation will not be undertaken. 15 This invention is not
limted to the above description but is defined by the follow ng
cl ai ns. '
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I T 1S CLAlI MED: -- 1. [New] In an interactive conputer system
| ncluehrg—a—pr ocesser—an—nput devee—aroutput—and———a—sound———
generator, a nmethod for training an individual user over the course
of nore than one session to 5 di scrim nate between two sound stinuli,

t he met hod conpri si ng: rovi ding, by the sSystem
output to tHLO%Ilsl“randi Vi gual user, a sgri es ofgpregent at ﬁ’%}%ﬁ{#ﬁ% t wo
sound stimuli separated fromeach other by an 10 interstimulus interval
(rsh); recei ving by the conppgesjg nput device, as the

series of presentations is provided, user inputs wherei n each

recei ved user input is responsive to at | east one presentation in the
series and wherein each 15 such received user input provides an

i ndi cation of the i ndi vidual user s ability to discrimnate between

t he two stimuli ; and decreasing, by the conputer system

the 1Sl
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between the two sound stinmuli in the random 20 presentations as the
I ndivirdual s - abrHty—to————dirscrrmmate tetweenm thetwo sound—sti ot |

| mproves. - - -- 2. [New] The nethod of claim1l wherein
each such received wuser input represents the i ndi vi dual user s
attenpt to discrimnate between the two stimuli of t t one
presentatloﬁw?ﬁﬂﬂﬂ?%h 5 such received user input is re§%@%@%§%ﬁﬁ?
--3. [ New The nethod of claim1 and further i ncl udi ng:
decreasing, by the conputer system durj 8 | east one training
session the 1Sl between the two 5 sound stimuli in the random
presentations as the series of presentations is provided if the
i ndi vi dual usgr s gbilitylto discrimnate between the two sound
stinmuli irrproveS'dJl-u-l;ngmhe at} | east one training session. - -
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--4. [ New| The nethod of claim1 and further I ncl udi ng:
decreasing, by the ctomputer—syst em—thet+Sr———betweenmthetwo—sound

stimuli in the random 5 presentations fromone session to the next if

t he individual s ability to discrimnate between the two sound
stimuli i rrproves fromone session to the next. o New]
The nethod NOWUHWBH 1 wherein the indivi dual user's J’tﬁ’(‘fs?g"f’%‘l

di scri m nate between the two di ffe{.??t éound stimuli is neasured in
terns of the individual user's abi y' o-discrimnate the 5 or der
in which the two different stinmuli are provi ded. - -

--6. [ New] The nethod of claijpnl wher ei n the two sound stinuli
include a first sound stimulus ‘% and a second sound stinulus; and

wherein a first type presentati O™in the series
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71 5 I ncludes the first sound stinmulus followed by the second

sounmd—stiTulus i n-whi ch the—f+r st—and=secomnd sound—stinut—are

separated by the | Sl; wherein a second type of presentation in

t he series includes the second sound stinulus followed by 10 t he

first sound stinulus in which the second and first are

separ at ed byVQ 98184, - wherein a third type of p%ﬁ?&%#

t he series includes two occurrences of the first sound stlnulus
wherein a fourth type

separated from each other by the I1SlI; and 15
of presentation in the series |ncI 18988 wo occurrences of the second

sound stinulus separated fromeach other by the |SI. - -

7. [New] The nmethod of claim:2 and further |nclud|ng:
t he individual user

i medi ately providing, by the conmputer systemto
a sound aSSOCIa*ed h a cprrect 5 di scrim nati on when the individual
user correctly |} b= di scrjm nates between the two sound stinmuli so as to
reinforce the CJéﬂectfdiscr MINH‘<T1f(N t he i ndi vi dual user. --
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™

L8 [New] The method of claim2 and further Pc'y,q‘[sud&ﬁll 520 4
e oLy Prow g, B e emputer svsten te - amENS A T uliEiaes -
| A TR AR

the individual rectly discrimnates between the two sound
stimuli * $o &s Yo Yeinforce the ceprect discrininatiperter—the

I ndi-vi dual user. - --9. [ New The nmethod of claim1l TH\HSe$|éEFﬂ HAS BEEN
each sound stinulus i ncludes a frequency nodul ated sweep.-- REPLAQID
[New] The nethod of claim1l wherein each sound stinulus inttUdes a tonal
stinmulus.-- --1nl. H NmﬂstemThefrrecmadimofsclmemeﬂn Wiey eiviideeach

sound stinulus includes a conplex tonal stinulus.--
displays related to temporally modified aural signals

are subject to parallel selective temporal emphasis.
12. A method of increasing the ability of a
human being to process aurally received audio sounds,
the method comprising:
a) recording verbal sounds in a computerized

5 system;

O

'b) modifying'-the recording of certain short
duration phonetic.elements by computer program means
without'changing Ehe fundamental frequencies of those
elements; | |

10 c) converting the modified digital signals to
an analog signal; and,

d) generating aural sigrals of the modified

analog signal.

13. The method of claim 34 wherein the modifying
step includes a shortening of vowel sounds associated
with the _élongated pbrtions of selected phonetic
élements and sHbrtening some si}ent intervals so that

5 the elapsed tiﬁe for.generating the outgoing signals

is substantially the same as the elapsed time to

record the incoming signals. e o
| REPLACEMENT SHEET
This Sheet Has Been Replaced
WA l'il o19uL 35
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| CEMENT SHEETS  SG ,
--d2.0 I;FAE@m{TB,tahggi Oftoc]‘!;:@'bml erein each sound stinulus incl uo‘ggsa“‘i ‘

frequefcy- . 3%@; g _____ 4a lt onal stimulus.-- -
%" - ere,| f& ach sound stinmulu ERL—AQEJ\AEWIPS%

The met c& .....

modul at e aﬁﬁ pl ‘usuj """" tongl stirhfus. -- --14. [New] The
met hod{o %P‘gﬁ ré'l'"n ‘Soujnd stinulus includes a speech s@¢ﬁ,ﬂqq
-- 15. The net hocjg ‘h qal m wherein each sound stimul us

ol vods nion s Sl T 1T

sound stimuli are JH RERMEDH randomorder im the t M Sseties of
presentations. - - --17. [New) In an interactive conputer
System ~- 1. (New] 1In an interactive computer system

including a processor, an input device, an output and
a sound generator, a method for training an individual
user over the course of more than one session to
5 discriminate between two sound stimuli, the mnethod
comprising:
providing, by the computer system output to the
individual user, a series of presentations of the two
sound stimuli separated from each other by an
10 interstimulus | interval (ISI):
receiving by the computer input device, as the
series of presentations is provided, user inputs
wherein each received user input is responsive to at
least one presentation in the series and wherein each
15 such received user input provides an indication of the
individual user s ability to discriminate between the
two stimuli ; and
decreasing, by the computer system, the ISI
‘between the two sound stimuli in the random
20 presentations as the individual s ability ;l:o

discriminate between the two sound stimuli improves.-=

- 2. [New] The method of claim 1 wherein
each such received user input represents the
individual user s attempt to discriminate between the
two stimuli of the at least one presentation to which

5 such received user input is responsive.--
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series of pre ions is prov1%2% if the fgég¥53u
user s ability to discriminate between the two sound
stimuli improves during the at least one training

session.-~

=4, {New] The method of claim 1 . and further
including:
decreasing, by the conmputer systen, the ISI

between the two sound stimuli in the randonm

presentations from one session to the next if the .

individual s ability to discriminate between the. two

sound stimuli improves from one session to the next.--

-, [New) The method of claim 1° wherein

“the individual user’s ability to discriminate between

the two different sound stimuli is measured in terms

of the individual user’s ability to discriminate the

order in which ¢the two different stimuli 'are

provided.--

~~6. [New) The method of claim 1 wherein
the two sound stimuli include a first sound stimulus
and a second sound stimulus; and

wherein a first type presentation in the series

I nputs wherein
IS responsive to at 15 | east one presentation in the
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i ndi vi dual user s attenpt 4t ¢ bet meeMI”ﬂlﬂ(l“l“ﬂ”lﬂES%@éErET

sounds of the at |east jone_presentatiod

i nput is responsive. -- _ --19. The ‘metholl of claim 17 and
further I ncl udi n o SI ng by the conputer system
during at 5 | eloret] utess tthanmig'm:essnmld shémiPusbefaldmverdheby Wwitheb
speech sounds in the present ations as t he presentations are
provided i f the igefandsgundcstimulus imj vhight hei Sarpki adde sesonden t he
two speech sound portlons | nproves during the at_I| east one given

sessi on. - - sound stizmpli FH@WFeP?Hétﬁét RBatBe TFLim 17 and further

' ncl uding: Cerreea':.sx'xI : be\éonge yp o%r 5 essteen atfor;:e :lu§ ! the

series includes the second sound stimulus followed by
10 the first sound stimulus in which the second and first
sound stimuli are separated by the ISI;
wherein a third type of presentation in the
series includes two occurrences cof the first sound
stimulus separated from each other by the ISI; and
15 wherein a fourth type of presentation in the
series includes two occurrences of the second sound

stimulus separated from each other by the ISI.=--

-= 7. [New] The method of claim .2 and further
- including:
immediately providing, by the computer system to
fhe individual user, a sound associated with a correct -
5 discriminatien when the individual user correctly
discriminates between the two sound stimuli so as to
reinforce the correct discrimination for the

individual user.--

-= 8. [New] The method of claim 2 and further
including:

immediately providing, by the computer system to

the individual user, an animation associated with a

5 correct discrimination when the individual user

correctly discriminates between the two sound stimuli
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i ncl udi ng: +  Immediately pfoviding, by the conputer 'sydtem to

the individual user_ a-.sourd—assoclrated with a correct Seediscrimonat]
when- t he indivi d8gi asuterrebnferee the correct discrimizmatignnfessthetween
the two speech sound portions so as to reinforce the correct

di scrimination fdRALKAAUAKGHGERUAT user. - - -- 22, [ New The

met hod of claim 18 and further including: I mredi ately providing, by
the conputer systemto the individual user, an animation associated with a

-=9, [New] The method of claim 1 wherein

each sound stimulus includes a frequency modulated

sweep.~--

== 10. [New] The method of claim 1 wherein

‘each sound stimulus includes a tonal stimulus.--

== 11. (New] The method of claim 1 wherein
each sound stimulus includes a complex tonal

stimulus.=--

--12. ([New] The method of claim 1 wherein
each sound stimulus includes a frequency : modulated . -

syéep plus a tonal stimulus.=--

~- 13. (New] The method of claim 1 wherein the
eaeh- sound stimulus includes a fregquency modulated

swéep plus a complex tonal stimulus.--

«=14. [New] The method of claim 1 wherein

each sound stimulus includes a speech sound.--

-= 15. [New] The method of claim 1 wherein
each sound stimulus includes a portion of a speech

sound; -
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di scrim nates bet “ d portions so as to rejnfogge
correct discrimn ‘lI d WLH di vi dual user. -- ég Aﬁ?ﬁ%ﬁ _
The met hod of claim 11 wherein the at |gsst two speech p rhions include la
consonant and a vowel. -- --24. [New] The nethod of claim17

wherein the at |east_t SO ortj e pr ed 'rﬁé§$ufﬁ#—§?ﬁka~—kn~
the series of present at-}ighs. '['ngﬁ) tﬁgi%&cﬁé%m hn 54 eF &ive
computer system ¢BCLYthA% ALALLE WP S»re%nk:gﬁuladﬁ( &6n HadPiRUkneand 2
sound generator, a nmethod Tor training an 1 ndividual user over the course
of more than oneghi3kBi B¢ ps8sshLREibAs! £COgNi ze a speech sound, the

met hod conpri si ng: repeat edl.y providing, by the conputer system

out put, the speech sound to the individual user;

-=17. [New]) In an interactive computer system
including a processor, an input device, an output and
a sound generator, a method for training an individual -
user over the course of more than one training session
5' to recognize a speech sound which includes at least
two speech sound portions, the method compfising:
providing, by the computer system output to the
individual user, a series of presentations that
include the at least two speech sound portions
10 separated from each other by an interstimulus interwval
(ISI):
receiving by the computer input device, as the
sei.-ies of presentations 1s provided, a series of user
iﬁputs wherein each user input is responsive to at
15 least one i:resentation in the series and wherein each
such received user input provides an indication of the
individual user s ability to discriminate between the
two different speech sound portions; and
decreasing, by the computer system, the ISI
20  between the at least two speech sound portions in the
presentations as the individual user s ability to
disc;iminate between the two speech sound portions

improves.--

-=18. [New] The method of claim 17 wherein
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-- 26. [ New] WﬁQcHEEHEH 9&céi@é&13§ermﬁﬁﬁﬁﬁrhs respdiidive Slch recei ved
user input represents I ndi vi dual user s attenpt to identify

t he provi ded speech sound of the at | east one occurrence to which 5
such received user input is responsive.--
-=19. [New] The method of claim 17 and further

including:
decreasing by the computer system, during at
least one-training session, the ISI between the two
5 speech sounds in the presentations as the
presentations are provided if the individual user s
ability to discriminate between the two speech sound
portions improves during the at least one given

session.==

-=20. [New] The method of claim 17 and further
including:

' decreasing, by the computer system, the ISI

between the two speech sound portions in the

S presentations from one:session to the next if the

individual user s ability to discriminate between the

two speech sound portions improves from one session to

the next.==

-—21. ([New] The method of claim18 and further
including:

immediately providing, by the cdmputer system to
the individual user, a sound associated with a correct

5  discrimination when the individual user correctly



-- 27. [New] Th wherein the &'EC&HIEEJn of
t<he speech sound terrporal changREiPer ency content. --
-28. [New] The mm@u‘lamﬁ“““ 5 wherein the enphasi zed portion
of the speech so s~ €onsonany _

77 -- 29. [New] The nethod of cﬁ aim 25 wherein the

enphasi zed portion of ,the speech sound is a consonant and t he ot her

portion of the sRé8ERiminates betwasn/the two speech scund poutioh®esq The
nmet hod of cl aim 25 %nd further decreasi ng by

the conputer sys®&m °dLFr"|’"rfbf°a’E°e the F@EE’F"Bn%iﬁ%‘%W&%@ESlW B2 energy

| evel - enphasi s tion of the repeatedly provided speech sound
as the speech sounglvgauége gg%ly provided, if the i ndi vi dual user s

ability to identify the speech sound

--22. ([New] The method of claim 18 and further
including:

immediately providing, by the computer system to

the individual user, an animation associated with a

5 correct discrimination when the individual usef

correctly discriminates between the two sound portions

so as to reinforce the correct discrimination for the

individual user.--

-=23. ([New] The method of claim 11 wherein the
at least two speech portions include a consonant and

a vowel,.--

==24. [Nev] The method.of claim 17 wherein the
at 1east two sound portions are presented in random

order J.n the series of presentations.--

-f:.zs, '[New] In an interactive computer system

including a processor, an input device, an outéut, and

a sound generator, a method for training an individual

user over the course of more than one training

5 sessions to recognize a speech sound, the method
comprising:

repeatedly providing, by the computer system

output, the speech sound to the individual user;
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as the speech sound is repeatedly provided,

receiving by the computer input device, a series of

15 user inputs wherein each user input 1s responsive to

at least one occurrence of a provided speech sound and

wherein each such user input provides an indication of

the individual user s ability to identify the provided
speech sound; and

20 decreasing, by the computer system, the relative

energy level emphasis of the one portion of the

provided speech sound as the individual user s ability

to identify the speech sound improves.=-=-

--26. [New] The method of claim. 25 wherein
each such ' received ﬁée_r input represents the
individuai user s attempt to identify the provided
speech sound of the at leaé.f one occurreﬁce to which

5 such received user input is responsive.--

-=77. ([New] The method of claim 25 wherein the
emphasized portion of the speech sound has a rapid

temporal change in frequency content.--

--28. [New) The method of claim 25 wherein the
emphasized portion of the speech sound is a

consonant.--
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an ani mati on as correct identification when the

i ndi vi dual user* “cdrréetf y identhfies the speech sound so. as to
reinforce the correct identification -for the I ndi vi dual user.
--34. [New] The nethod of claim25 wherein the enphasis of the

enphasi zed portion of=t ke.rdptestled! Fhe methed RF Fd i8peactharaii tecr eases
the relative salience . asi zed speech,spund rt | 2% to

promote 5 Ieaﬁqﬁhﬁf M%Bﬁ%ﬁy@ﬁ%@nﬂ?%ﬁu’aﬁ %S
--35. [ New rﬂﬁ] %{;t -] Cetr' ﬁSxE@HR‘%Fr %&fe@ch soungnfé Ueg'

processor, an i Vite put an soun generator “a met hod

for training an Jndividual user over the course of nore than one

training session 5 to recogni ze a speech sound, the nethod conprising:

repeatedly providing, by the conputer system out put, the speech sound

to the individual user; enphasi zi ng, by the conputer system the

ener gy -=30. [New] The method of claim 25 and further
including:

decreasing by the computer system, during at

least one training session, the energy. level emphasis

5 of the portion of the repeatedly provided speech sound
as the speech sound is repeatedly provided, if the
individual user s ability to identify the speech sound

improves during the at least one session.--

~=31. [New] The method of claim 25 and further
‘including: '

decreasing, by the. computer: system, the energy:

lével emphasis of the emphasized pprtion of - the

5 repeétedly provided speech sound from one session to

ﬁhe next if the individual usér s ability to identify

the repeatedly‘prdvided speech sound improves from one

session to the next.--

. ==32, [New] The method of claim 26 and further
including:

immediately providing, by the computer system to

the individual user, a sound associated with a correct

5 identification when the individual user correctly

identifies the speech sound so as to reinforce the
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portion of the “ sound:; REPL/ ~
conput er systemmmﬁfmﬁm l‘ devi ce,

i ndi vidual user fs tablestd cgasistently recogni Ze the provi ded
speech sound; and 15 |f the individual user is
consistently recogni ze, t he provi ded speech,sound decreaS|ng by
t he conput er sy ssermect cldent ficatdam foTs the ipgiyhgual Tportion of the
provi ded speech sound and repeating the provi ded speech sound with
the decreased relative 20 enphasis at least until the indivi dual

user can consi stently ecognize oy C qﬂ#q:
t he decreased enphasi’s. [ﬁ (ﬁ The L.Qﬁag& Jf@%ﬁp%ﬁ %r‘lél nteract | ve
conputer systemg i cluding a processor, an input device, an out put
and a soundpgener tor, a method for training an individual

user over the course ﬂhmﬁélfyilbzmdtﬂh@'nhygt§68§bﬁﬁu\ter system to

the individual user, an animation associated with a
5 correct identification when the individual wuser
correctly identifies the speech sound so as ¢o
reinforce the correct identification for the

individual user.--

-=34., [New] The method of claim25 wherein the
emphasis of the emphasized portion of the repeatedly
pfovide_d speech sound increases the relative saliencs
of the emphasized speech sound porfion to promote

5 learning the speech sound by the individual. user.--

-=35. [New) 'In an interactive computer systenm
including a" frocessor, an input device, an output and
a sound generator, a method for training an individual
user over the course of more than one training session
5 to recognize a speech sound, the method com;irising:
repeatedly providing, by the computer system
output, the speech sound to the individual user;
emphasizing, by the computer system, the energy
level of one portion of the provided speech sound
10 relative to another portion of the provided speech

sound;

detecting, by the computer system using the input



5 to recogniz

e a speech sound which includes a .
sound porti onsummmﬁﬁl !ﬁl’l si ng: RE%@[

t he conputer

pr ol ongi ng,
sound portlons
receiving by th
repeatedly prov
I S-responsive t
wherein e
t he individual
and

20 t he prol on
speech sound as
sound i nproves.

20

REPLA

(D8

t he speech sound to the

Ny

EET

K Raee, b

of the repeatedly provi ded speech sound;

the conputer system at/’9l east one 10 o* t he . speech

h cnnnnl :

ut e ut devi ce { he spee
Fi& @3 sé’ﬁeggeaf ke, ‘"3""1‘;‘!‘&3& s“%f'ere‘r% ahle |$er i nput
f_the s Beech sounddand

% sslﬁﬁnt&aé??sa%ﬁiaﬁcﬁﬁ%[RGP%&%%@
user 3Ad Und S IE | ged e apre B g isﬁc%g%gg

ecreasin

9@@0%5@%31ﬁHE”E&&WE&é&”EﬁEe&ﬁesBﬁﬂﬁatQQEggasl?g P 8”

t he "i ndi vi dual”™ user s abi | nt i
the computer system, the relative emphasis of the one

portion of the provided speech sound and repeating the -

provided speech sound with the decreased relative
emphasis at least until the individual user can
consistently recognize the provided speech sound with

the decreased emphasis.--

-=36. [(New] In an interactive computer system
including a processor, an input device, an output and
a sound generator, a method for training an individual
user over the course of more than one training session
to recognize a speech sound which includes atleast
two speech sound poitions;'the method. comprising:

repeatedly providing, by the computer system

output, the speech sound to the individual user;

10

15

prolonginé, by the écmputer system, at least one
of the speech sound portions of the repeatedly
provided speech sound;

receiving by the computer input device; as the
speech sound is repeatedly provided, a series of user
inputs wherein each user input is responsive to at
least one occurrence of the speech sound and wherein
each such received user input provides an indication
of the individual user s ability to identify the

provided speech sound and

of

sound
e conpu er system gth of
| ded
speech
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dser input repr t I ndi vi dual user : deny
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such received user ¢ nput™i ssresponsive.-go --3
met hod of claim 36 and further : ncl udi ng:t o
t he conputer system during at east one training sgs
of the 5 rol onge ‘6??3%”‘%& byhEhepemputey syshaTheFhsphend
as the speg E S %d T) re atedlé/ proviéied: | f t he indivjdual
user s abflity {0 PF%@%W&? Sp§ch soun @%ﬁ?%f%r%dﬁpﬁfeﬁé@g SO[[J&SW]
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by the conputer &ysigaptifif ¢Hd'Yptech soudld tj_ﬁgrgxlggggged portion of the

repeatedly provided 5 speech "sound from one session to the next if the
I ndi vidual user s ability to identify the repeatedly. provi ded speech
sound i nproves from one session to the next. - -

== 37. [New] The method of claim 36 wherein
each such received user input represents the
individual user s attempt to identify the provided
speech sound of the at -least one occurrence to which

5 such received user input is responsive.--

-—'38. [New] The method of claim 36 and further
‘including: |

decreasing by the éomputei' system, during at

least one training session, the 1length of the

5 prolonged portion of the repeatedly provided. speech

sound as the speech. s_ound-'*'. is repeatedly provided . if

ti\e individual user." s ability to identify the

repeatedly provided speech sound improves during the

at lea_st one session.-——

-~-39. ([New] The method of claim 36 and further
including:’ | |

decreasing, by the computer system, the length

of the prolonged portion of the repeatedly provided

5 speech sound from one session to the next if the

individual user s ability to identify the repeatedly

provided speech sound improves from one session to the

next,--
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i medi ately prOV|d|ng, e conputer syste
ani mati on aSSOCiﬂéﬁﬁhyhéh a correct identification when the |nd|V|duaI
user - correctly identifies the speech sound so as to reinforce the

correct identificaimmediatedy ﬁi&VLdﬂﬂﬁ,Vh@uﬁheuéeﬁputer system “t42-
(New) The nmethod of claim 36 wherein the
the individual user, a sound associated with a correct
5 identification of the speech scund when the individual
user correétly identifies the speech sound so as to
reinforce the correct identification for the

individual user.--

--41. [New] The method of claim 37 and further
including:

immediately providing, by the computer system to

the individual user, an animatioﬁ associated with a

5 correct identification when the individual user

correctly identifies the speech sound so as to

reinforce the correct identification’ for the

individual user.--

-—42. [New) The method of claim 36 wherein the
prolonged portion of the speech sound has a rapid

temporal change in frequency content.==

==43, [New] The method of claim 36 wherein the

prolonged portion of the speech sound is a consonant.-

-—44, [{New] In an interactive computer systen
including a processor, an input device, an output and

a sound generator, a method for training an individual
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prol onged portion of the speech sound has a.nmﬂgﬁ; Eg«gﬁ
h

Ehgjﬂugpg?/oﬁggéeHt(umluul"c"lu"m’Hméch[ls\lte;\llj\dnd |-srhg consonant . EP%;‘H

In an int®erdctitve®computer syste$d including a procejssor. an input
device, an output and -a sound generator, a nmethod for tra ning an-

i ndi vi dual user overe'ghe course H?eﬁo£’¥e£ ém%n“eo EBFW
trainining session 5 to recognize a speec sound ncl udes at | east
two portiopgs, the wetBadieemy isgdedn sound whicH eﬁm‘ﬂﬂéy Pt Oykaiey, Dby -

t he conputer system out put, the speech sound to the individual user;
prol ongi ng, by twe porpibns, sylsé emetlndd | camgiriming:10 portion of the
repeatedly provided speech sound. - detecting by the conputer

syst em usi ng the i npuepeatedlylepmaw idiing, hebyt Hthe ndiopputer usystem abl eto
output the speech sound to the individual user;
prolonging, by the computer system, at least one .
10: portion Qf ﬁhe'rEPeatadly provided speech sound:
detecting by the computer system using the input
device, whether the. individual user is able ¢to
consistently identify the provided speech sound; and
if the individual user is able to cansistently
15 identify the provided speech sound, decreasing, by the
computer system, the length.of the prolonged portion
of thé providéd speech sound and repeating the
provided speech sound with the shortened length of the
prolonged portion of the provided speech sound at
20 least until the individual user can consistently
identify the provided speech sound with the shortened
length. -~

=45, [New] In an interactive computer system
including a processor, an input device, an output and
a sound generator, a method for training'an individual
user to recognize a speech sound, the method

5 comprising:

repeatedly providing, by the computer system
output, the speech sound to the individual user:;

differentially emphasizing, by the computer

system, the energy level of a portion of the provided
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consi stently t he provi ded speech sound;gamsl |a foF T S
i'ndi vi dual us iiiﬁh"ﬁ'wwmﬂﬂl’sl stently 15 idekti ‘fmﬁgg
sound, decrea conputer system the {gngth of the .
prol onged portion of® t e provi de®8 speech souhd €peati ng the
provi ded speech sound with the shortened |ength of th prol-ore
portion afy the de ec &’%’«F’ea 2 st I vi dual
user canq'(?onm sl’gée%[\é? So8Ra |€ee$1t ttﬁg prglo‘\‘/’ltggg eecjﬁésound \l):\nﬂgh t he
short ened _ p:lg@rjghh speech sound; and-45. [New In an interactive
conputer system . I ncl udi ng- a processor, an input device, an output
and a sound geceisioy by netdocodputdr aimpuy devied) vaduzhe

user to recogni ze a speech sound, the nethod 5 = conpr|5|ng

repeat edl y prospeieni sbpnﬂhescmapaaéadl;yspmlded a s, d‘masepeech

sound to the individual user; differentially enphasizing, by the
conmputer lﬂﬂ@ﬁeMherhéneﬁeﬂgyreeebvemu%ﬂlpompm i !telwﬂpﬁéVﬁded
15 ° to at least one occurrence of the provided speech

sound and wherein each such received user input

provides an indication of the ._individual user s
ability to identify the provided speech sound énd

repeatedly providinrj the speech sound to the

20 individual user at least until the .individual- user

~ learns to identify it.==

~-4¢. [New] The method of claim 45 wherein
each - such received wuser input represents the
individual user s attempt to identify the provided
speech sound of the at least one occurrence to which -

5 such received user input: corresponds.--

-=47. ([New] The method of claim 45 wherein the
differentially emphasized portion of the speech sound
includes a rapid temporal change in <frequency

content.--

-- 48. [New] The method of claim 45 wherein the
differentially emphasized portion of the speech sound

is a consonant.--

-- 49. [New) The method of claim 45 wherein the



10 speech sound relative to another portion of_the AR I pﬁi eech
Sound; and’ by the conputer REE%‘_A&EMENJESS[ eEﬁ

speech sound |sl|“um’ml'nﬂlll“m ded, a series of user- - inputs wherein
each received USerClnputﬂlssre5p0n5|ve8415 to at | east one occurrence of
t he prOV|ded speech sound and wherein each such received user input

provides an i ngi eld a0 iy Sadgiilist AP pottTbnSos the Bhbbii Vsddhd dentify

t he provi ded speech soun repeat edl y- provi di ng t e speech
sound to the £9 a !c&@kl.s&hdﬂ%l bt J:eaéf Bi:tk.ohh%f' R/ i gpedeniser

|l earns to identify it. The met hod. of cl ai m 45
wher ei n S 53163 vowasieiwed user |nput represents the

i ndi vidual user s attenpt to identify the provided speech sound of
the at | east one occurrence to which 5 such.recei ved user i nput
corresponds. . -- 47. [New] The nethod of cl ai m 45 wherein

t he di ffer entTab0y efijgwki zdhepvethod of alaime®ewhereincthe

i ncl udes a rapld t enporal_change in frequencgy content. --

differentially emphasized portion of the speech sound_

is a consonant and the differential emphasis increases

the relative salience of the emphasized consonant to

S  the individual user to promote learning the emphasized

consonant by the individual user.--
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