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Purpose

The purpose of this study is to develop an intelligibility
testing of Thai speech based on the (English) diagnostic
rhyme test (DRT) (Voiers, 1983). The Thait diagnostic rhyme
test ('DRT) consists of 2 test sets: initials (21 phonemes)
and final consonants (8 phonemes).

The TDRT is an adaptation of several useful frameworks:
DRT, new Chinese diagnostic rhyme test (NCDRT)
(McLoughlin, 2008), and the analysis method of balanced

confusion matrix (e.g., Miller and Nicely, 1955).

TDRT’s advantages are twofold. TDRT allows us to
systematically evaluate percent intelligibility responses in
each stimulus pair and to effectively obtain confusion
matrices. :



* Confusion patterns provide important information for the
understanding of how speech signals are auditorily processed
and transformed (as some parts of the signals will become
more distinct while others suppressed (Stevens, 1981)).

* This insight is crucial for a number of areas in speech
research, including speech recognition.

* To date, a very small number of studies on Thai have
investigated confusion of Thai speech sounds, including
tones (e.g., Gandour and Dardarananda (1983), Thubthong
(2001)). This aspect of That consonants is not well
understood.



Test for Initial Consonants
Speech materials:
* 21 monosyllabic rhyming words (CVV), each of which
differs only in their initial consonant (commonly used
words)

* filler words

Speaker: nattve male speaker of Thai

Recording procedure:

* Words were embedded in a sentence context and read 5
times.

* One token for each target word was selected based on
impressionistic hearing evaluation and spectrographic
inspection.



no. transcription  Thai script translation

L. /paa/ 1 throw

2, /p"aal N bring

3. /baa/ U1 teacher

4, /taa/ ah eye

5. /th aa/ m paint

6. /daa/ a advance along a wide front
7. [tcaa/ R talk

8. /tc" aa/ % tea

9. /kaa/ il CIrOwW

10. /K" aa/ A stick

11 /?aa/ 91 uncle

12. /faa/ R F musical note
13, [saal/ %7 lessen

14. /haa/ g1 laugh

15, /maa/ i arrive

16. /naa/ 1 field

17, /naa/ R vory

18. Naa/ an donkey

19. /raa/ 31 fungus
20. /waal/ 7 2 meters (Thai unit)
21 /jaal 8 medicine

Table 1 Twenty one rhyming words differing in their initial consonants across 21 phonemes.

Complete word list: http://charturong.ece.engr.tu.ac.th/SEALS21 /Initials.pdf
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Figure 1 Waveform display (top panel) and wide-band spectrogram (bottom panel) of
the token /pda/ (without added noise).




Testing procedure:

* There were 420 trials for initial consonants and 80 trials
for filler words. In each trial, a target stimulus was
randomly presented and visually appeared with another
rhyming word (20 others differing in initial phoneme).
Listeners were asked to choose what they heard between
the 2 rhyming words (A/B forced choice).

* All trials were corrupted by each of 4 signal-to-noise ratio
(SNR) levels of additive white
Gaussian (AWG) noise: —0,
—12, =18, and —24dB.

Participants: 28 Thais




Peceptual Results for Initials

Initial SNR (dB)
Consonant -6dB | -12dB | -18dB | -24dB
P, 93.06% (87.14% |77.35% |24 .08%

Table 2 Average percent intelligibility for initial consonants.

P, = fe R 5 100% |

where Pe, Nr, Nw, and T are percent intelligibility score, numbers of correct
responses, numbers of wrong responses, and total numbers to stimuli, respectively

(Voiers, 1983).

* Percent intelligibility scores are decreasing as increasing
level ot noise. The SNR level of —18dB is the most
interpretable (subject’s performance at SNR levels of
—6dB and —12dB is near-perfect, at —24dB it is near-

chance).



Stimulus Response

T B (VB Y L L B 7 | L A (VA A (YA YR VA Y RV A VA A LT 1

/ !

/n/ 133 0 0 4 1 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0
/ph / 1 121 0 1 6 0 1 4 0 2 1 0 1 2 0 0 0 0 0 0 0
/h/ 0 0 137 0 0 1 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0
Jt/ 0 3 2 116 2 0 4 1 3 0 0 5 3 0 0 0 0 0 1 0 0
/th / 4 3 1 2 112 1 3 4 2 2 0 2 3 1 0 0 0 0 0 0 0
/d/ 1 0 0 0 0 132 3 0 4 0 0 0 0 0 0 0 0 0 0 0 0
e/ 1 0 0 4 1 1 115 5 1 0 0 B 5 0 0 1 0 1 0 1 1
[t p / 2 2 0 1 2 | 1 126 0 2 1 0 1 0 0 0 0 1 0 0 0
/k/ 1 0 0 3 0 0 2 0 130 0 0 0 1 0 0 0 1 1 0 0 1
/kh / 0 3 1 2 6 0 1 2 1 117 5 0 0 2 0 0 0 0 0 0 0
1] 0 1 0 0 1 0 0 0 1 1 128 0 0 4 1 1 2 0 0 0 0
1/ 5 0 1 2 1 2 0 0 0 0 0 126 1 0 0 0 0 1 0 1 0
/8] 5 0 1 4 1 1 1 1 1 1 1 5 116 0 0 0 0 1 1 0 0
/h/ 1 4 0 0 2 0 0 0 0 2 4 0 0 123 1 0 2 1 0 0 0
Jm/ 0 0 0 0 0 0 0 1 1 0 0 0 0 1 130 2 3 0 1 1 0
/n/ 1 0 0 1 0 0 0 0 0 1 3 1 1 4 2 122 2 0 2 0 0
/y/ 0 0 0 0 0 1 0 1 0 0 3 0 0 1 1 3 129 1 0 0 0
/1 1 0 0 0 0 1 2 2 1 1 0 0 0 0 1 1 1 124 1 2 2
Jt/ 1 1 4 3 1 5 5 3 6 2 0 1 2 1 1 1 4 4 91 0 4
Jw/ 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 139 0
i/ 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 140

Table 3 Confusion matrix for initial consonants at SNR -18dB.



Result patterns:

At the SNR level of —18dB, /r/is the most confusable

initial consonant and it is mostly misperceved
as/Kk/,/d/, and/tg/. The least confusable consonants

are/]/and/wW/.

At the SNR level of —18dB, investigation of listeners’
misidentified responses reveals that the listeners favor/t/
and disfavor/w/and/ T /over other consonants.
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Test for Final Consonants

Speech materials: ® 84 monosyllabic pairs of (C.V(V)C,), each
of which differs only in their final consonant phoneme and
the tone in each pair 1s identical

Ci=/p/.,/t/./&/,/p"/,/t" [or/K"/

V =9 short vowels VV =9 long vowels

Ce=/p/,/t//R/,/m/,/n/, /0/,/w/ot/]/

* pairs of filler words
(all are commonly used words)

11



Speaker: native male speaker of Thai (who took part in the
initial set)

Recording procedure:

* Words were embedded in a sentence context and read 5
times.

* One token for each target word was selected based on
impressionistic hearing evaluation and spectrographic
inspection.
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Table 4 (1)

84 pairs of
rhyming words
differing in their
final consonants
across 8
phonemes.

pairno.  transcription  Thai script translation transcription  Thai script translation
i /tap/ a1 liver /tat/ faa cut
2. /kdp/ nu frog fkit/ na press
3. (pdop/ oy ogre fpaat/ oa lung
4, ftop/ Aau slap /tok/ an fall
5. Tkap/ i and /kak/ fin confine
6. [thop/ Aay answer ftaok/ Aon hammer
7 /e apl ny pond M am/ ;ﬁn bass
8. k" aap/ a1y hold in the mouth [k dam/ {i’-ll.l skip
9, /K" apl Ay tight k" am/ ol prop up
10. /" op/ Wy meet /p"on/ ﬁ’u pass
11. /K™ apl au associate /K" én/ ‘F;’I’H seck

»

12. M apd Al tight /KM an/ Al squeeze
15 /kep! i keep T/ N4 excellently
14. /" aap/ [aREl hold in the mouth /™ aay/ W14 side
15. ftap/ AL liver [tayy/ A9 stool
16. tap/ A liver ftaw/ 191 turtle
17. M apl BT overlay " G/ 19 foot
18. K" ap/ Al tight /K™ aw/ Iﬁ’“i outline
19. /p" aap/ nn picture /p"aaj/ RL lose
20. [kap/ 1 and fkaj/ Th chicken
21. /K" aap/ A hold in the mouth /K" aaj/ Ao camp
22. [pat/ i@ sweep /pak/ iln stab down
23. /phat/ 14 slice off [phak/ in mouth
24, ltat/ An cut tak/ @n scoop
25. K" ot/ A coil Mk o/ ] oppress
26. /K" at/ fAn select /K" dm/ M prop up
27. /&M e/ an curl /K m/ ﬁu protect
28. fdot/ non hug /kdon/ nou before
29. /K" it/ A dig /K" im/ U be turbid
30. /" aat/ nia tray /t" dan/ 11 charcoal
31, Ipot/ t?]ﬂ duck [pimy/ l.ﬂd be ripe
32, it/ an close i/ ﬁﬂ protrusion
33. it/ e man who resumes secular life i/ 'ﬁd discard
34. /pat/ ia sweep /paw/ 1w blow
3s. k™ at/ Uf rub k" aw/ 1 knee
36. /i an think /e iw/ M eyebrow
37. /K" aat/ 1A anticipate /K" aaj/ o camp
38. feat/ fa bite Ikj/ n chicken
39, M aan/ na tray A aag/ a1y take a picture
40. It ik/ :l“lﬂ‘il{ suffering A am/ ff’m bass
41. Mk ak/ an prison /K" vim/ ﬁ’ ] protect
42, /th ak/ on discuss [t"om/ 01 spit 13




Table 4 (2)
Complete word list:
http://charturong.e

ce.engr.tu.ac.th/SE
ALS21/Finals.pdf

pairno.  transcription  Thai seript  translation transcription  Thai script translation
43. /p"ok/ W carry /p"én/ W pass
44, " sok/ Tan mound /it son/ TAu fall
45, /pok/ 1ln cover /pon/ 1lu powdered
46. /taak/ fan air /taay/ 19 differ
47. /K" Sok/ Taun knock NP soy/ T4 Pila (gastropod)
48. /" aak/ VN spit /" aan/ 19 spinning top
49, /p" ak/ R vegetable /p"aw/ 161 tribe
50. /p™aak/ HIN parched /p" aaw/ W12 scorching
51. /pak/ in stick /paw/ 11h blow
52. /kiik/ gﬂ cook (kij/ ?}El thug
53. /taal/ a1n air /eanj/ ae rabbit
54, /kaak/ nn garbage /khajl e rest on
55 /ttum/ g:m pimple /tim/ gc'm mole
56. /kaam/ ?'I)'lll claw /kédan/ ﬁ'lu stem
57. ftam/ @l pound ftan/ au clog
58. /t3om/ fou swarm t3ony/ f0d banana leaf
59. /pam/ {ou fortress /pany/ {loq cover up
60. /tem/ L‘;]‘N full [teny/ L‘?N favorite
61. /kam/ 1 grasp /kaw/ 1N scratch
62. /tam/ @l pound ftaw/ 181 stove
63. kaam/ A claw fkaaw! A1 step
64. ¥ ym/ 1A add /vyl 198 screw pine
65. /taam/ AU follow /taaj/ [uld] die
66. /paam/ 11’]53J palm /paaj/ e Pai district
67. kEn/ AU core fxiy/ N4 islet
68. /xgon/ Tau shave /kson/ Tna cheat
69, fteen/ AU wasp ftEen/ 11§ melon
70. fkan/ AU keep out (icaw/ 1 scratch
TL. /pan/ ﬁ'u mold /paw/ 11h target
72. /tan/ Au clog Jtaw/ 1M1 stove
73. /paon/ 1lau sloppy /paEaj/ los tuft
74. ftiin/ g'm mole /tuj/ gﬁﬂ puffy
75. /paan/ qﬂ'l‘lé. obtuse /paaj/ ‘SIVJ'IEJ plate
76. /p"én/ W civil Ip™Ew/ e clear
¥R /tin/ a4 admonish {tiw/ @ cram for an examination
78. /tan/ é‘ﬂ establish Jtaw/ 18 breast
79. /kon/ f’l"eN echo /k5i/ fST)E]El little finger
80. ftaany/ A9 differ ftaaj/ e rabbit
81. /kaan/ Tna cheat /kooj/ Tne shovel
82. Jkavw/ 1 old i/ Ih chicken
83. Nl daw/ 11 rice kM aajl Ae camp
84, /" aaw/ 17 fishy /M aaj/ A1e spit out
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Testing procedure:

* 'There were 168 trials for final consonants and 32 trials
for filler words. In each trial, a target stimulus was
randomly presented and visually appeared with other
word in the pair. Listeners were asked to choose what
they heard between the 2 rhyming words (A/B forced

choice).

* All trials were corrupted by each of 4 signal-to-noise

ratio (SNR) levels of additive
white Gaussian (AWG) noise:
—6, —12, —18, and —24dB.

Participants: 28 Thais (who also took
part in the initial set)
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Figure 2 Waveform display (top panel) and wide-band spectrogram (bottom panel) of
the token /kM&am/ (without added noise).
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Peceptual Results for Finals

Final SNR (dB)
Consonant -6dB | -12dB | -18dB | -24dB
P, 91.67%|84.01% |67.35% |27.21%

Table 5 Average percent intelligibility for final consonants.

* Similar to initial consonants, percent intelligibility scores
are decreasing as increasing level of noise. The SNR level
of —18dB is the most interpretable.



Stimulus Response

0. 7AY A VAN { VAN 6 VAR VAR S A /A T
/p/ 143 1 2 0 0 0 0 1
Jt/ 3 141 2 0 1 0 0 0
/k/ 1 8 133 0 3 1 0 1
/m/ 0 0 1 143 1 1 1 0
/n/ 0 2 0 0 136 6 0 3
/n/ 0 1 0 3 2 140 0 1
v/ 0 0 0 1 0 0 146 0
/i/ 1 0 0 0 1 0 0 145

Table 6 Confusion matrix for final consonants

at SNR -6dB.
Stimulus Response

N .
n/ 119 4 14 4 0 ) 0 4
It/ 11 118 4 0 ¥ 0 1 6
Jk/ 6 12 117 0 3 6 0 3
/m/ 1 0 1 119 6 11 3 6
/n/ 0 9 0 10 117 3 0 8
N/ 0 1 7 4 3 132 0 0
[w/ 0 0 0 3 2 0 142 0
[if 0 0 1 6 11 9 0 120

Table 8 Confusion matrix for final consonants

at SNR -18dB.

Stimulus Response

R A
/n/ 139 3 4 0 0 0 0 1
ft/ 7 126 8 0 1 1 0 4
/k/ 6 12 117 2 1 3 0 4
/m/ 0 0 0 141 1 1 0 4
/u/ 0 5 0 2 139 1 0 0
/n/ 0 0 3 5 5 131 0 3
Jw/ 0 1 0 0 0 1 145 0
i/ 0 1 0 0 0 2 0 144

Table 7 Confusion matrix for final consonants

at SNR -12dB.

Stimulus

Response

/ol & mf ) s
/p/ 108 9 12 1 0 5 0 9
/t/ 18 95 1 1 6 4 2 7
/k/ 12 12 92 4 T 10 4 6
/m/ 8 4 9 94 710 4 11
/n/ 3 14 5 1 89 15 2 8
/n/ 6 50 11 11 9 90 5 10
v/ 7 8 11 9 14 7 79 12
/i 5 8 5 9 8 11 0 101

Table 9 Confusion matrix for final consonants

at SNR -24dB.
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Result patterns:
* At the SNR level of —18dB, /k/and /n/are the most

confusable final consonants. /K/is mostly misperceived
as /t/and/n/as/m/. The least confusable consonant

is/w/.

* At the SNR level of —18dB, investigation of listeners’
misidentified responses reveals that the listeners favor/n/
and/1/and disfavor/w/over other consonants.
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Conclusions

Listeners’ performance is lower in the final consonant than
in the initial set, with listeners’ percent intelligibility scores
increase with SNR levels.

Preliminary analysis, at the level of —18dB, shows that
place of articulation errors predominate among the initial
and final consonants and that voicing is little affected by

noise. (in line with reports of English consonants (Miller
and Nicely, 1955; Benki, 2003)).

The biases of listeners’ misidentified responses could be
explained in light of frequency of phoneme occurrences
found in a Thai BEST corpus (approximately 9 million
words; each word was annotated for its pronunciation):

20



of the 21 initial consonants, /W/ is among consonants
of lowest occurrence, which

include/tg"/,/h/,/2/,/0/,/0/ and/f/.

of the 8 final consonants, /n/ has the highest
occurrences while/w/the lowest.
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