Phonetic Tree Analysis (PTA)
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" Introduction (#1) "

@

¢ Current situation of English education in Japan

Q Not only
Q What is thg
@ A boom --

& No adaptation techiMgyes are allowed basjgs



" Introduction (#2) "

@ e —C

¢ No two students are the same.
Q@ No methods to represga®he differermmmggconcisely and accurately

@ Perceptua
@ No need

© Can be appliedNg



" Introduction (#3) "

¢ From phonetics to phonetics+cognition

@ Conventional --- matche® Detween mwggounds ---
*\‘(( T = ' )’/* Based\gn speech sci. and eng.
N \ students’ / ¥ Affectedy mic, BN, size,

Q
Q@ Proposed -

c

flso on cognition

Cg#fiplete cancellation of
atic multiplicative noise

Intelligibility oriented



“ Development of JE speech database (#1) *

¢ Technical and educational requirements for the design

Q@ Technical issues
@ Focus only on coy

sl becarding stralggy

© Random sgflection of 158 <.hv!fo’«| female uNversity students



“ Development of JE speech database (#2) *

¢ Word / sentence sets for the phonetic aspect

size
Phonemically-balanced 300
Minimal pair words 600
TIMIT-based phonerg ; 460
Sentences with phgfieme sequejjee O produce fi§ently 32
Sentences designgfll for test 8 : 100

© Minimal pir word
®

¢ Word / s speft

size
Words and comgound 109
Sentences with vRrious Mg 94

S§ntences with va§ous rhyth 12l

ofl words, syntactic

© Prosodic symbols astgped by English teaci



“ Development of JE speech database (#3)
@

¢ Symbols and marks assigned to the reading sheets
@ Phonetic symbols

B/ D/ G/ I:)/T/ Kl JH/
@ IV, IH, EH, EY, AE

,S,SH, Z, ZH, F, TH, V, DH, , NG, L, R, W)Y, HH,

ER, AXR, AX

Q Lexical strffss = pri d (0)
Q Sentence ftress (rh -) andl phrase break (/)
@ Intonatio

51_0001 This was easy for us.
[DH IH1 S] [W AA1 Z] [IY1 Z IYO] [F AO1 R] [AH1 S]
51_0002 Is this seesaw safe 7
[IH1 Z] [DH IH1 S] [S IY1 S A02] [S EY1 F]
51_0003 Those thieves stole thirty jewels.
[DH OW1 Z] [TH IY1 Vv Z] [S T OWi L] [TH ER1 T IYO] [JH UWw1l AXO L Z]



“ Development of JE speech database (#4) *
@

L
¢ More examples
S |
52_0094 — TN

Did John resign or retire 7
[D TH1 D] [JH AA1 N] [R AXO Z AY1 N] [AO1 R] [R AXO T AY1 R]
7% - EREERSC TRHEL DGR L 72D, ELSRDON ) IOV TaRR5,

52_0085 ——
Did John resign or retire 7

[D IH1 D] [JH AA1 N] [R AXO Z AY1 N] [AO01 R] [R AXO T AY1 R]
% : Yes/No BERIC TRHEZ 5B L7z Z &3 FEnE )9 haEmN s,
| NNIAWG) |
51 0105 Come to tea.
/o - @/
[K aH1 M] [T UWi]l [T IY¥1]
21_0106 Come to tea with John.
/o -+ - @ /
[K AH1 M] [T Uwi] [T IY1] [W IH1 DH] [JH AA1 W]
51_0107 Come to tea with John and Mary.
/o - @/ - + - @ -/
[K aH1 M] [T Uwi] [T IY¥1] [W IH1 DH] [JH AA1 N] [AE1 N D] [M EH1 R IY0O]



“ Development of JE speech database (#5)
@

¢ Recording
Q@ Speakers
© Quasi-random selg

@ Recording task

ion of 100 male and 10 ale univ. students

correct articulationW{English sounds.



“ Development of JE speech database (#6) *

§ I] @ Grab Z71)l @WE BOAB D1YES ALT E
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(‘ Listen to each of the following sentences and evaluate the accuracy of
segmental features in the connected speech, including linking, " e e
| Contents reduction, and allophonic variants. e
§ No.1
No.? Evaluation should be as ohjective as possible and score the accuracy s
( No.3 based upon a five-point scale. =
MNo.4
3 Mo.5 1. Wery poor ( inaccurate in pronouncing sentences, and apt to be misunderstood ) &
m 2. Poor ( inaccurate in pronouncing sentences, and considerable practice needed )
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N—‘B 4. Good ( accurate in pronouncing sentences, but some practice needed ) =
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MNo.18 -
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. Sentence3 | The two artists exchanged autographs.
| Voice \95 Evaluation A Z ES A 2
Z R .
Sentence4 | Diane may splurge and buy a turquoise necklace.
I Voice \95 Evaluation - Z ES A 2
Sentence5 | The hallway opens into a huge chamber.
- L
Voice ﬂE Evaluation A Z 3 A 2 :

o U il A M0 AST 000 waw



“ Corpus analysis of JE production (SI, #1)

¢ Training of AE and JE SI-HMMs

Q@ Monophones with a sig sy visualization
@ Transcription autg RRONLEX
& Pronunciation nscription
AD
Window

Pre-emphasis

Parameters

| aw, ay, zh, aa,
Phoneme set
LV, W, ax, Y, Z

(5st. + 3dis.)

HMMs

Training

T
GG

Initial models




“ Corpus analysis of JE production (SI, #2) *
@

¢ Magnitude of variances of AE and JE

Q Relative difference Wmver cep. dimensions

w18

— — —
S N o)
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' g
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o
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o ©

Ratio of variance in JE to that in A
a
L

O
)

Q Entries of phoneme+state

@ JE > AE although #) < #AE and JE are ully read samples.
@ Due to inter-speaker differe ' nunciation proficiency



“ Corpus analysis of JE production (SI, #3)
@

¢ Phoneme pairs difficult for Japanese to discriminate

@ Ratio of state distanceg to that | . ' .
(DH2D-3)H4)5)

pair s2  s3  s4 pair s2  s3  s4

r/&/l/ 018 0.18 0.10 /hh/&/f/ 0.31 0.27 0.58
/s/&/th/  0.09 0.03 0.10 /b/&iv/ 094 0.79 040
/s/&/sh/ 0.28 0.34 0.55 fih/&/Ny/ 022 0.20 0.15
/th/&/sh/ 0.23 0.32 0.49 /ih/&/y/  0.17 0.29 0.62
/z/&/zh/ 036 049 0.76  /uh/&/uw/ 026 023 0.30
/z/&/dh/ 020 0.24 0.35 Jae/&/aa/ €24 0.28 0.62
/z/&/jh/ 021 037 0.62 [ae/&/ah/ .0 T 0.17 0.12
/zh/&/jh/ 031 032 0.56 [aa/&/ah/ (€ 25 213 046
/zh/&/dh/ 0.27 031 0.38 fer/&/ah/- C 75 0 9 0.16

v /dh/&/3h/ 0.19 020 0.44 fer/&/aal" .7 £ 42 0.26
9 m/&mgl 074 059 050  fer/&lae/ 0.15 009 022
Q
Q@ Larger confusion is seen in each
@ Mid and low vowels are re apanese mid and low vowel /8p/.



“ Corpus analysis of JE production (SI, #4) *
@

¢ Schwa and other vowels in AE and JE

Q@ Five nearest phonenma in AE and JE

state I st 2nd 3rd 4th 5th

ax2/AE 1h2(0.68) uh2(0.73) d4(0.75) ah2(0.76) ¢h2(0.86)
ax3/AE 1h3(0.87) uh3(0.88) e¢h4(0.93) ae4(0.94) uw4(0.96)
ax4/AE uw4(0.69) 1h4(0.72) uh4(0.76) ah4(0.80) eh4(0.84)
ax2/JE ae2(0.46) ah2 0.51) aa2(0.51) ay2(0.65) aw2(0.69)
ax3/JE ah3(0.57) aeZ(*.C1) aa3(0.72) aw3(0.80) uh3(0.87)
ax4/JE ah4(0.54) a~+0.€1) aa4(0.73) aw4(0.78) uh4(0.86)

— /

produce.
© Various voWels are foun b owels in JE.

© Japanese produdg/d/ for schwa.



“ Corpus analysis of JE production (Sl, #5)

¢ Phonetic Tree Ana|y5|s (PTA) with SI HMMs

Q State-level distance
@ Bhattacharyya dig#hce measure

Q@ Hierarchical clgfstering m with

aa-2 aa-3 aa-4,,,, m-2 m-3 m-4,,

aa-2 ﬁ \
aa-3 0
09

d’s method

/aa/

(OSL D
(WD
&L D

2 o aa-4

000, 2o

il

i | 0, o

-

0 :
y tree diagram




“ Corpus analysis of JE production (SI, #6) *

¢ Where are the confusing phonemes in the two trees ?

th= e
th= 1
iy= 11
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“ Corpus analysis of JE production (SI, #7) *

ion of the tree structure

¢ Phonetic interpretat

vowel insertion

4 & v2 subtree

3

(3



“ Corpus analysis of JE production (SI, #8) *

¢ Phonetic interpretation of the tree structure




“ Corpus analysis of JE production (SD, #1) *

¢ Speaker Dependent tree diagrams

& 1-state HMM
& approx. 60 sg



“ Corpus analysis of JE production (SD, #2) *
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“ Corpus analysis of JE production (SD, #3) *

€ A PTA example of a poor student (subset = S3)

c Speaker : TL« /MOS
2 Set ©'S3
2 Score : 2.38
%
: v Y
: ‘&\ 5 ,"
ar
)
)
=
4.6
I
- i
NSRS 2 S8 0@ OS - =g~ O 3 T T
sOpth /| jriiotuwvgrlpgnm




“ Corpus analysis of JE production (SD, #4) *

€ A PTA example of an intermediate student (subset = S3)

Speaker : TK1 /MIN3

S f)
£ Set :'S3
S Score : 3.18
k%,

a)

O)

Lan

o

(b}

=

5.8 5.1
|




“ Corpus analysis of JE production (SD, #5) *

A PTA example of a good student (subset = S3)
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“ Corpus analysis of JE production (SD, #6) *

(subset = S3)

A PTA example of an American teacher

A/
4

Speaker : USA/F12

Set : S3
Score : 5.00

4.7

6.1

[

7.0

uoluolsIig bulbisy

r 1 9A€eEmnyuwwl

oir

[&tfszdgbvdh



“ Corpus analysis of JE production (SD, #7) *

& A PTA example of an American teacher (subset = S6)

S Speaker : USA/F12
2 Set : S6
% Score : 5.00
2
O
ar
o
)
=
2
! 6.4
4.5
Bisiit ity i
CCCOANSTOD EEencclE R
[&tfszvd g m rhaereao
8)



“ Corpus analysis of JE production (SD, #8) *
@

¢ Characteristics of PTA

@ Can do abstracg md€hsiaind visuakation.
Q No physics, '

@ Requires no ' q g ¢ :
Q@ Never ha ISmMQ :& Hsl :
© Can be ajplied to Cllug Ny clg &apif wihout ny difficulty.

Q@ Only focud *‘s&m

© Shift and A
Q@ Scaling dol ¢ MalcaSFc proporfonally modified.
Q A part of ' he distances.

© Extraction of gly thesphane "UC ig some other factors.
Q@ Perceptual repredxgtation of the pronunciatigh structure.




“ Corpus analysis of JE production (SD, #9) *

¢ Labeling of phonemes
@ Phonemic transcriptigge®®tnerated Dy™grced alignment
@ Sequence of phog#Mmes seen in speech of S&ge seconds

Q@ PTA for the overa
@ Change ogonunciatl of some months or years




“ Corpus analysis of JE production (SD, #8) *
@

¢ Characteristics of PTA

@ Can do abstracg md€hsiaind visuakation.
Q No physics, '

@ Requires no ' q g ¢ :
Q@ Never ha ISmMQ :& Hsl :
© Can be ajplied to Cllug Ny clg &apif wihout ny difficulty.

Q@ Only focud *‘s&m

© Shift and A
Q@ Scaling dol ¢ MalcaSFc proporfonally modified.
Q A part of ' he distances.

© Extraction of gly thesphane "UC ig some other factors.
Q@ Perceptual repredxgtation of the pronunciatigh structure.




“ Corpus analysis of JE production (SD, #10) *




“ Corpus analysis of JE production (SD, #8) *
@

¢ Characteristics of PTA
@ Can do writing of hoyy

@ Can do abstracg md€hsiaind visuakation.
Q No physics, '

@ Requires no ' q g ¢ :
Q@ Never ha ISmMQ :& Hsl :
© Can be ajplied to Cllug Ny clg &apif wihout ny difficulty.

Q@ Only focud *‘s&m

© Shift and A
Q@ Scaling dol ¢ MalcaSFc proporfonally modified.
Q A part of ' he distances.

© Extraction of gly thesphane "UC ig some other factors.
Q@ Perceptual repredxgtation of the pronunciatigh structure.




“ Corpus analysis of JE production (SD, #11) “

o |
¢ MLLR = Affine Transform of cepstrums
Q@ AT = scaling + warpings®otation + S T |
Q@ Structure in an ol#Ct is kept before and after W& transform

Q@ MLLR with}a sing| ‘ ‘

Q@ MLLR adapfatiorR beech gecognition
Q Different pRrts of NGRS \ ‘ @g¥speaker ghdividuality.
@ Speaker indi§duality can b@ mddgled by a singlgflGMM.
Q@ MLLR adaptatN in gk 1 ynthghis
Q@ HMMs of a speal are converted into those ofgfother with 5 sentences.

9N~ 1
Q@ Good cancellation of speakerindividuality



“ Corpus analysis of JE production (SD, #8) *
@

¢ Characteristics of PTA
@ Can do writing of hoyy

@ Can do abstracg md€hsiaind visuakation.
Q No physics, '

Q@ Requires ng ' q ) ¢ :
Q Never hasf'mism: &_‘.:’\ :
@ Can be afplied to Clldger™ue elg ﬁm[i out #ny difficulty.
Q@ Only focud v‘s&m‘ S R \# dists
© Shift and A
Q Scaling do¥ ¢ MalcaSiFC proporffonally modified.
Q A part of '
© Extraction of gly thesphane yite ig some other factors.
Q@ Perceptual repreXptation of the pronunciatigh structure.



Is PTA new ¢ (#1)

¥ NO!




" Is PTA new 2 (#2) u

@
¢ “The Sound Pattern of Russian” by M. Halle

. B B, b b, m m,

Fig. I-1. Branching diagram representing the morphonemes of Russian. The numbers with which each node is labelled refer to the different

features, as follows: 1. vocalic vs. nonvocalic; 2. consonantal vs. nonconsonantal; 3. diffuse vs. nondiffuse: 4. compact vs. noncompact: 5. low ton-

ality vs. high tonality; 6. strident vs. mellow; 7. nasal vs. nonnasal; 8. continuant vs. interrupted: 9. voiced vs. voiceless: 10. sharped vs. plain;
11. accented vs. unaccented. Left branches represent minus values, and right branches, plus values for the particular feature.



Is PTA new ? (#1) "

NO !

Q@ “Structuralism” by R. TR G. Fant, and etc
@ Concise and acc X

a"-:’» YES 4!

@ Technical
@ Complete c§
Q Robust also |

¢ YES !!!

@ Accordance betwedxgphonetic structure g#ffd lexical structure

@ Cognition-based goodness™s #htal aspect of the pronunciation
@ Not native sounding but mtelllglblllty based scoring




“ Corpus analysis of JE perception (SI, #1) *

¢ From phonetics to phonetics+cognition
Q@ Conventional --- matche® Detween

‘\‘(&
o ’} ,&\\

g sounds ---

Based\gn speech sci. and eng.

Atectedy mic, BN, size,
age, individuality

’ =
e

N oriented

¢
>

gntal
icon

)P AR
N, Basedflso on cognition
Listeners’ adaptation .
, : Cg#fiplete cancellation of
.__or cancellation

atic multiplicative noise

Intelligibility oriented



“ Corpus analysis of JE perception (SI, #2) *
@

¢ Reduced acoustic space of JE phonemes

Q@ #phonemes of ] (apprge
@ T-to-N mapping

@ Reduction of agbustic space g e of lexiN\al density
@ Confusednegf = segmentgitf gy = cognitiNe load

Q Quantitatiyf e ~ Thee

e .
¢ Cohor?

< #phoMeeges of AE (approx. 40)

/s/ €rey/

/ih/
Q A lef S ,
/eh/
/b/ €=
S..
S... D straight
str...
S... B A y |
cohgsf= a set of activated words
tcandidates > 1  #candit ™es iaem®Oates > 1 #ecandidates =

& Estimation of the cohort size with the initial portion of input speech



“ Corpus analysis of JE perception (SI, #3)
@

¢ Acoustic unit of cohort development

& State-to-state distance =8
¢ State-level distance matrix provides all the required information.



“ Corpus analysis of JE perception (SI, #4) *

¢ Cohort size as a function of threshold 6

A: Japanese speakers
B: American speakers

\

>

C: a single Japanese speaker B
D: a single American speaker /

Intelligibility
Confusedness

~N
AN
\
AN

Size of cohort estimated with

<

an initial syllable of an utterance (x10%
EaN (@)]
K

llllllllllllll

00 05 1.0 15 20 25 3.0

Threshold 6 for inter-syllable distance
[T T ————

v

High - Required resolution of acoustic analysis Low



“ Corpus analysis of JE perception (SD, #1) *

¢ Cohort size estimation with unigram
Q@ Vocabulary

@ WSJ 20K (unigraryg

Q@ Varieties of thegd

= words starting with /zh/ ONdipthongs
itial syllabl@soflhagvord enNes

Q@ For each of fhe dif lated
Q CS1(wj,0) |



“ Corpus analysis of JE perception (SD, #2) *
@

¢ Expected cohort size and segmental proficiency
D Y

3500

Set-6 2.18
© 3000} _ Score range #SpK .,
‘N 2.0<=score<2.5
P o500} 2.5<=score <3.0
o) 3.0 <=score < 3.5
% 2000+ 3.5 <=score <4.0
O 4.0 <=score <4.5
O 4.5 <=score<5.0
) 1500 score = 5.0

&

L 1000

n
500/

Threshold of inter-syllable distance (6)

v



“ Corpus analysis of JE perception (SD, #3) *
@

¢ Expected cohort size and segmental proficiency
s |

600 .

Set-6, 0 =0.35

B o1
o o
o o

wW
o
o

Expected cohort size

N
o
o

20 30 40 50
o Segmental proficiency rated by teachers

@ Non-acoustic matching can estimate the segmental intelligibility.



w

Possible applications of PTA (#1) 0

Or—————————————————————————()

¢ Speech samfles of RYY ;lO
@ Several sentencq&sp

¢ Estimation of the next target for efficient learning

teacher’s

Which repl:

ement realizes the largest reduction of ¢ohort size ?



Possible applications of PTA (#2)

¢ Which phoneme’s replacement should come first ?

500 e -
o _ T
400 t--1 | "Hr WM N K ~
| 'R RR
8 L |
' 350 | R |1}
= TR
@) _ ‘l/~ _
< 300 :
o ~!: ’b |
0250 | | I-’ “I I_
200

150 LML




Possible applications of PTA (#3)

¢ What is the order in the most efficient learning ?

Cohort size redug#on by successive phon®ge replacements
500

original
A0 MR SRR 0 W o e GRS

4000 t-------ff X NINCTR I VP gy, - o]

W
o)
o

Cohort size
w
(=)
=
I

2507 | - e e AL SR

200 TR T I T Hﬂ: [ M ------ T

el b

91 0r Aamms Zpnu:[ew tuyg jirthorl f kv

o0
5 oIr



-

Possible applications of PTA (#4)
¢ The learning order of another student

Cohort size redug#on by successive phon®ge replacements

500
T il A B\ R R 1 1 £ H e il
original
10]0) B EEEEERERY EEEEEEEEE & ¢ "'- R+ £ 14 i p i ket
N
(7)350 ................. - L ooooo| REASESLARIEESERTERE LT R Y
g \
S 0 VY /
%3%' """"" . |\ e e ) R S
S i \
250... J L . \@ooocooooks 2 | S b ococoooooood AREELSERYEEE NSRS
| ([ | e N’ i\ AR s i
200 native w_* H [W
R s e AN s s s=oec=escn g O ESEABE D=
SEEBIE TShT N S .. 3 e SIS T S I R
Phopey
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Possible applications of PTA (#5) "

¢ Prediction of her future.....2

orig.o 1 0r Aams dgg€zpnurfewg 0 D

tuyg jirthorl f kv

T

c peaker : RYU/F06
2 Set : S6
2 Score : 2.02
2]

a)

O3

(=

o

[O)

=

Ly bt |l
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Possible applications of PTA (#5) "

¢ Prediction of her future.....2

orig.o 1 0r aamsdgg€zpnufewg OPDE Uy jithorl f kv

TOTTTITIT

S peaker : RYU/F06
= Set : S6
2 Score : 2.02
B2,

&)

O3

(=

o

[O)

=

T =S s Fes Ty e A T T T T T T T T T T T e | el U G o T YR g ) N e e



i Possible applications of PTA (#5) "
€ Prediction of her future.....?
orig.o 1 01 Aaims dg N\t vy jithorl f kv
>

peaker : RYU/FO6
Set : S6
Score : 2.02

Merging Distortion
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Possible applications of PTA (#5) "

¢ Prediction of her future.....2

orig.o 1 0r aamsdgg€zpnufewg OPDE Uy jithorl f kv

peaker : RYU/FO6

S
= Set : S6
409) Score : 2.02
2
O
=
)
(D)
=
5.0
b
cco=Cc X
Soxsl=®
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Possible applications of PTA (#5) "

@

¢ Prediction of her future.....2

orig.o 1 0r aams dgg®€ zpnuifaewg tuyg jirthorl f gkv

>
S peaker : RYU/F06
= Set : S6
2 Score : 2.02
!
£ 1
)
)
= \¢/

\— 8.4
5.3
4.5
| |
<N B ENE G 225 T2 MG 5EFTTFEESS
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Possible applications of PTA (#5) "

¢ Prediction of her future.....2

orig.o 1 0r aamsdgg€zpnufewg OPDE Uy jithorl f kv

peaker : RYU/FO6

S
= Set : S6
2 Score : 2.02
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Possible applications of PTA (#5) "

¢ Prediction of her future.....2

zpnu: [eewg ODMG vy jirthorl f gkv

>

orig.0 1 01 Aaxms d g

c W peaker : RYU/F06
L ﬁa\( Set : S6
2 . T\ I " Score : 2.02
e
: =\ }/
ke
S 4
=
/.6
4.4
|
o L P M
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Possible applications of PTA (#5) "

¢ Prediction of her future.....2

orig.o 1 0r aamsdgg€zpnufewg OPDE Uy jithorl f kv

peaker : RYU/FO6

S
= Set [ 86
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Possible applications of PTA (#5) "

¢ Prediction of her future.....2
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/m/



Possible applications of PTA (#5)
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Prediction of her future.....?
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¢ Prediction of her future.....2
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LVCSR vs. SIE

@

¢ Two types of hearings

Acoustic model

e
lanit an utterance utterances
P (MFCC) (phonetic structure)

phone models
(tied-state triphones)

(native phonetic
structure)

Pron. lexicon

phoneme-based
tree structured lexicon

perceptual-unit-based
tree structured lexicon

Lang. model

word trigram

word unigram
(baseform unigram)

isolated word

children & elderly
native sounding

Integration decoder .
perception model
: segmental
Output sentence candidates eaa e
| intelligibility |
mismatch IS
Problem
oblems =




Some interesting issues on PTA (#1)  *

Y 8% \ A

Which is more intelligible pronunciation ?

e s naly A




“  Some interesting issues on PTA (#2) *

@

&

Foreign accented pronunciation always
reduces the segmental intelligibility ?

v




“  Some interesting issues on PTA (#3) *

@

Phonetic
structure

y’ strgture

e —

-

Some optimality is found between the two
structures in a single accented language ?

I

onetic
structyre

O

Lexical
structure



“  Some interesting issues on PTA (#4) *

O e O

Phonetic
structure

\

=\

ML 1

. L

2 with keeping the
the two structures ?
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S ,ml‘
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. ture
A language is e

optlmallty bet

Lexical
structure



Two ways of looking at speech

%S;parate observatlon

910r A sdorre zpnu:[aew

iirhorl f kv

Co-existence of different phones
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Several new lights on “Structuralism”

Non-native speech =~  What’s missing ?
e Learners differ at all. e Cepstrum-based space

e No rules there, it's chaotic. ‘ e MLLR adaptation of ....
e Only bottom-up processings \’ e GMM modeling of .....
* PTA to extract the structure n® Individuality, mic, age, etc

Word-level cognition Application to LL

e Phoneme <« phone perception e Intelligible pronunciation
e Access to mental lexicon e Str. description of learners
e Cohort, Trace, Shortlist, etc e Segmental intelligibility

e Structuralism on lexicon * Design of efficient learning
T ———



Conclusions & future works (#1)

¢ Development of Japanese English read speech database

O . il
¥ Some Interesting 1SStre

Q@ Bvs. A, Bvs.S, and B vs. B

v



Conclusions & future works (#2)

v

¢ Tuning up of acoustic conditions for analysis







