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This research aims to study the acoustic characteristics of Thai initial and intervocalic stops in tracheoesophageal
and normal speakers. It examines the hypothesis that the acoustic characteristics voice timing, closure duration, intensity and
fundamental frequency discriminate voiced, voiceless unaspirated and voiceless aspirated stops for two groups of speakers.
The research also has experiments for normal listeners to perceive initial and intervocalic stops spoke by tracheoesophageal
speakers. It examines the hypothesis that listeners can detect differences between voiced and voiceless stops in initial and

intervocalic position, but can not distinguish voiceless unaspirated and voiceless aspirated stops.

The data were collected from words read by three tracheoesophageal and three normal speakers. The speakers are
all male of the same age, education, domicile and size. The data includes initial stops of isolated words and intervocalic stops of
bisyllabic words. For analyzing the data, the Multi-Speech program was used for voice timing, closure duration and intensity
and the Praat program for fundamental frequency. For the perception test, tracheoesophageal words were recorded on compact
disks. All 30 subjects listened through headphones in laboratory and chose answers from sets of responses printed on answer

sheets.

The research reveals that voice timing discriminate the three types of voicing in both initial and intervocalic stops in
normal speakers. For tracheoesophageal speakers, voice timing distinguishes three types of stops, especially in intervocalic
position. It discriminates initial voiced and voiceless stops, but can not discriminate initial voiceless unaspirated and voiceless
aspirated stops. Closure duration in intervocalic position in tracheoesophageal speech and normal speech distinguishes
voiceless unaspirated and voiceless aspirated stops, but does not distinguish voiced and voiceless stops. Both intensity and
fundamental frequency of the syllable in these two groups of speakers do not discriminate three types of initial and intervocalic
stops. This study concludes that the important acoustic characteristics for discriminating stops are voice timing and closure

duration.

The perception tests clearly reveal that the listeners detect differences between intervocalic stops for
tracheoesophageal speech better than initial stops. clearly. While the listeners can perceive three types of intervocalic stops,
they can distinguish onlyinitial voiced and voiceless' stops only. They can not discriminate initial voiceless unaspirated and

voiceless aspirated stops.

The study of the ability of alarygeal speakers to produce Thai initial and intervocalic stops of tracheoesophageal
speakers goes beyond the research of Gandour et al. (1987), which studied only Thai initial stops in esophageal speakers
before tracheoesophageal speakers became available. The research reveals that intervocalic stops are better than initial stops
in tracheoesophageal speakers. They have to control P-E segment instead of the vocal folds, so they are not good at the onset

of speech. Later in utterance, they can control the P-E segment, so the rest of utterance is better.

Department ............... Linguistics............ Student’s SIgNatUre......ovie i
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2.2 WelTUENN

2.2.1. ANHUENNATIANAIRASADINE QY TUSN
o o 3| o dl a dl o % 1
weityauein (stops) Wundnyausniinainnisianaindangninlinialutdesiln
(oral cavity) Tnegrunsal anusMlavBeandyausin iwaiudeuazaullunziy
% = 1 1 ¥ 1 . 2 rd‘ [ % 3’/ [~3 [ %
nifape anAsliannsonnudn il ludesayn (nasal cavity) 1 gunsaininiuanfiazinas

[y < o gy o Ay oA ) \
1Aszavnila nnlFAaNsuaa9an1AwteduLde s (supraglottal air pressure) Tudasiln

1% o o

WAqARNAUtugINdIANAuaIN AN ELendeslin Weaduasnafuanuanainiued1g
s 4.

gaa139 anngninldazwseannisdesian et @ [bl, [pl, [p'] sl

a

AMFUNT Y TULANAINITDAT UL A28NINAIABIN19I 9 Uaasadeaz ludasiln

Y o

Tuanuzilaadenndnyausnn o

oral cavity

nasal cavity

(ann Abercrombie, 1967)

NINA 2.2 NINLARINIZLAUNIT Nl av@eewsnyausin

v 1
Abercrombie (1967) wiedunaulunia aaudasndyauzinaanidu 3 499 (@mwﬁ

2.2) Aa
1 dl . - d‘ & a o = 1 1 AQI a % » .
TAN 1 () FNULATNIAULARBULAINIAANY LTENTT “giqqisuTlafinan” (shutting
phase)
1 dl . 'S o v a 1 1 o » dl
4N 2 (ii) gmumm‘m%m@ﬂq L72IN91 “DNNNAN” (closure phase) GRY!

v v
AR Aa FraIznaNTINAUAN

g9 3 (i) FauuaznsilenaIniy Fanda “19szunean” (releasing  phase)
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(1) Frunsadfniuain inlinszuaanliaisnsansiwllls

) meﬁuﬁﬂuﬂmﬁwﬁumﬁqmLﬁ'ﬂiﬂﬁmum@m@rﬂﬂmﬂ'mwﬂ

(3) hiﬁma?@ﬂmLma‘ﬂmmmzLmehugmm‘miﬁﬁmﬁmﬁm
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yeNANNENNTLL LN e R N ann s LA Mg N EIE LAY A

(1) @aafinWiad (aspirated stops) Tud09d 3 Lﬁi@gmmaiwﬂmnﬁu

Euwdasazdland e Inguanvseantd

1 o

(2) @ueinlunuau (unaspirated stops) TWga97 3 WegIunTaluenaINi

I 1 '
a '

Y = % aa a Y =l 1 = % dd‘ =
AudevazEudulunsniidesaszannng waziduideaazpras) Audaas lunsaln il
LRENATEATHN

%3 1 1 a s al -7 1 © U [~ al o 1 0 o
Anmnuzn1anuan dounininaiideslites wasliadlusaadudaedn wadnsy

AN N AN NI INUANIN AT LA AN

2.2.2 NQuuazaIa BN TaIAUNE Y TUEAN
2221 A1928Z10A113NLAL N8 (Voice Onset Time %38 VOT) LAZANTLE LA

nsdueaduAENaINgAIZLNEAN (voice timing)
ANTTEISAAN FNLAENARY (Voice Onset Time %38 VOT) Hun1sAn AN LANANY
1RIATZAZIIA1T0IN1TAUTRUA RSN UL AN TN aN Tune iy guein daen1sdu

=l 1 = g T Y 1 1 nI/ ¥ a

109 AUIRENNAUN9TZLNAAN 1321091 voicing lead Tl uAIaL () Fa9nnsdusa9Ld A
NAIN1992UN8AN 38N91 voicing lag M uAILAN (+) A1T90921914 voicing lead LA
voicing lag Ag A1 VOT waswetyaueiniu fendtyaueiniasilan VOT Aaayu wityaus
% % [ a v a C o % 1Y 1 a 1 e
Anlideslinuanidruanindinssgud wazndyaurinlifosiuauiAruaniinggus

ANNATAL (Lisker and Abramson, 1964) A1 VOT #11170uaR9 e AININA 2.3
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\ i
i
VOT voicing lead (-) i voicing lag (+)
[}
I
I
I

(Arutaeann Ladefoged, 1971)

a o [ o 1 o ¥ = [ >4 ¢ o 1 a
NINN 2.3 ﬂ'J’]NﬂNWNﬁ‘a‘%ﬂ’J’NﬂW‘J‘VI'N’IN‘II’ﬂ\‘ILﬂuLﬂﬂﬂﬂquuﬂ’a‘mLNﬂLﬂ@QLﬂEN

W YT ULAN

lunsAnEwetygreinnE nedanadnatansiiu Lisker Laz Abramson (1964)

b

ANHIAINLANANNTAYANTLELIIAINNTE U0 LA ULAL AN AN A USALN1TIU8 AN
o AARNAW ¥30AN VOT 29wty aueinaunisdunaned lunimlng uazn1m1du
p = =~ o P | A~ !
anvanenIEINeen@Ning gALNRAINLHLAINAALLAEN (Sound spectrogram) 1/97n7)31
o/ o v al a o/ 1Y [ al v L o/ % 1

weiryauziniesiian VOT Anau finludesiinuaniruanIndinasguel uazinlifiasmuan
HAruanunegud nnliarusoudandyausineanidu 3 dscinn Ae dndas Anlidaes
Tainuan wazinlufasnuas

Gandour (1985) AN 1A VOT 409wy susinn1s nganundasduna19s
TuAneNaAme Aa /ba:n/ “UNW” fpa:n/ “Unw” p"a:n/ “W1w” /dam/ “an” ftam/ “F1” /t"am/

“1” kan/ “f” /k"an/ “AU” ANELBNNIET 5 AW WUIT A1 VOT AR18iULad Lisker LAz



15

Abramson (1964) Aa WityausintasliA VOT fiaau finldfesldnuaniiAruanlndinses

v v

Auel wazAnldAaanuaniAruanvnsgud wietnglsAinundyyauzinie /b, d/ uas
o [ % IS

wetyausinldfesnuan /p", t'7 luntenmaaas Gandour (1985) #A1 VOT 11NN97

294 Lisker lay Abramson (1964) @mmqﬁ 2.2

AN9799 2.2 WiaLAauAn VOT aaendyausinnim Inaseudnaanuidaaeed Lisker waz

Abramson (1964) iU Gandour (1985)

NATOL T Welty Uy
b/ Ip/ Ip/ /d/ 1t/ 1t k! K"/

Lisker Waz Abramson (1964) -97 ms. 6 ms. 64 ms. -78 ms. 9ms. 65ms. | 25ms. | 100 ms.

Gandour (1985) -120 ms. 6 ms. 85ms. | -100 ms. 7 ms. 87 ms. | 21 ms. 99 ms.

wgid1An VOT 284 /b, d, p°, t" Tuauae3 Gandour (1985) HAnnnnandemunyly
U89 Lisker WAz Abramson (1964) anidunail k/  winaaglaesnuiddemilauiu fAe
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v v v
a o AR o o o v o

RUNENNA A1m3Lnulss ARSI U N FUNENALAZIZNIedTy ATl N17NA19104
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Gandour et al. (1987) An®an VOT aeen1zn nalugdlinaewdas uazdyandann
e
A

o & g o S o v v e A ° N
TAAN T UAINEI AL LANHLALNNEITUTUSNNALWENGA 8 LAEI 1uA91 fba:n/ “uu /pa:n/
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ﬁﬂ‘]:mﬂﬁ?%ﬂZLfJ@qﬂ’]?ﬂﬂﬂu@NW]ﬂ ﬂ’]‘i‘ﬁﬂ‘]&f’]ﬂ"]ﬁ‘zﬁlgLQ@Wﬂ’]ﬁ‘ﬁ/ﬂﬁu@Nﬁﬁiﬂﬁﬁi@Lﬁ‘ﬂ

R

1% '

Teyueinge|

u

TUAIUANTEI WATTWINTN A1N9UITHTR9R YAE 81UANA " (2531) ANz

=

b2
o

wansinfuaNassndruin lifaslinuanuInign seanme weyaueindes uas

a o ar

o 4 1 o o -El/ v ! ¥ a ! o ?:/
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10 = ° ° > o o = \ , A a v o '
mﬁ‘@'ﬂﬂLZWNM‘LI’Nﬂﬁimﬂ@mm%hﬁ@@m@m-ﬁ@ﬂﬁ@’]‘mﬁ‘ sﬁ\?iﬂﬂﬁ"]ﬂﬂsﬁ')\u\?ﬂuvﬁ\?ﬂ@ EQ’QEJVLNQ'TN'T?Q

v
o

wiANszazaInsiniuan e Avivinanean@aslnadyanldnasnau-naana1mnsnuiuniaet
ATzezinaINIainAuaNAnilu wetysurintes 99.31% Anldfeslinuan 99.31% uazinlddasnuau

94.44%
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—l— N finflas
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Anladfedlanuan | 54.99| 64.121] 67.97 | 68.06 | 67.09 | 6526 | 63149 | 60.96 | 56.01 | 49.77 | 41.81
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0% | 10% | 20% | 30% | 40% | 50% | 60% | 70% | 80% | 90% | 100%
infias 54.40 | 59.90 | 65.06 | 65.69 | 65.68 | 64.16 | 62.67 | 61.36 | 58.69 | 53.09 | 43.76
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finfiag 54.40 | 59.90 | 65.06 | 65.69 | 65.68 | 64.16 | 62.67 | 61.36 | 58.69 | 53.09 | 43.76
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A p 0.997 | 0.997 | 1 1 | 0.998 | 0.996 | 0.991 | 0.996 | 0.998 | 0.993 | 1
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TE Anlaifasniuax 56.81 | 61.617| 65.27 | 65.94 | 66.70 | 65.52 | 64.30 | 62.38 | 58.97 | 53.62 | 43.49
A p 0.044*| 0.086 | 0.387 | 0.868 | 0.702 | 0.866 | 0.925 | 0.969 | 0.712 | 0.609 | 0.122
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Tugnaildinaanan-naana1us ANAIINLETNIBIN N ANN NS TYT U Fiuatserdng

u

asviilu@asiniis 3 dszinmeg s 38-64 wditua ldwansvanaAtAudusaane s
Tugwaing Insdnsizaa9AIANNIENIBINNAAAS LWABLAL ANTUNNTILEENNTIAE)

luszes 30% WIn WATABLT ARAINBUTINE (AAINH 4.5) WT1ATUANANNANNANHIZ D

a

ANANITNTRIN N AN Y TUE AR LSAN WAARA L AUANEULIIAIA NI N A
rdll o 1% [~ = o/ [l 1 £ a o o o 1
wensAlandyausAulwdssinuazagseudtedsr EwaUna 4 uiussAuredA1AN

dinaesnead wusa wiuausinteslanEugaian seaane neaueinifomuan uay

o

nldfaslinuanmiuatfu TeAA LN InaneA lundyrusintaslssaunindiAes

[ %

vuArAdNra e lundyrusinlddaamuanuinnanninldfadldnuan willaudu

szivaeAIAMdNTRIne A luEnaUNE Wagadadnazinanulsisan (ANOVA)

v
o o

WU41 ArANIdNTRIwe A lune yauzine 3 Usziny wanaAtsiuedeldlidad1Any

(@Eﬂ’]’a"]\‘lﬁ 4.23) meqﬂm@wmmumﬁwmmﬂ@' (T-test) WANATUIAIAIN LT NS
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1
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NeNIATENINEWAN IEUaDAAN-NABABNUITTLENALNEA WLdY A1AMNITNTBINEN9ALAY

1 o o

doulunjuansineiuatingliidedAty (Amnsen 4.24)
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aznalsfinu AAonudnaeswenIAsEnInandauindes inludfasldnuan uazinluifas
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AT197 4.22 man139tAT1iANLL T (ANOVA) ArmaaiduaaesneaaAnEneyaus

Fududesinagsendnasslugyaing

WelEY T AAnudiumusTazna Tl des (%)

0% 10% | 20% | 30% | 40% | 50% | 60% | 70% | 80% | 90% [ 100%

infias 51.86 | 51.18 | 65.81 | 68.30 | 67.18 | 65.49 | 62.99 [ 59.34 | 54.06 | 48.89 | 42.45

Anludaalinuan | 40.77 | 36.33 | 53.52 | 67.49 | 67.89 | 65.71 | 63.14 | 60.01 | 55.77 | 50.17 | 42.03

A p 0.097 | 0.042*( 0.609 1 1 1 1 1 0.993 | 0.998 | 0.988

finfiag 51.86 | 51.18 | 65.81 | 68.30 | 67.18 | 65.49 | 62.99 | 59.34 | 54.06 | 48.89 | 42.45

finladfasnuan 44.52 | 47.32 | 59.29 | 63.70 | 67.01 | 66.72 | 63.57 | 60.54 | 55.94 | 50.22 | 42.19

A1 p 0.426 | 0.946 | 0.953 | 0.916 1 1 1 0.999 | 0.99 [ 0.998 | 0.999

Anlifaslivuan | 40.77 [ 36.33 | 53.52 | 67.49 | 67.89 | 65.71 | 63.14 | 60.01 | 55.77 | 50.17 | 42.03

Anluidaanuan 4452 | 47.32 | 59.29 | 63.70 | 67.01 | 65.72 | 63.57 | 60.54 | 55.94 | 50.22 | 42.19

A p 0.917 | 0.186 | 0.971 | 0.961 1 1 1 1 1 1 1

6

A9 4.23 HANITILATI TR NLT1391 (ANOVA) ANAINHLE NN N19ANH

o v a o 1 ! £ dl ¥
Wﬂmﬂu:mmflummﬂﬂ@ga‘:mﬂqmﬂum anldvaanau-uaaaaI g

N TUS AN NN AINTZE AN AL e (%)

0% 10% | 20% | 30% | 40% | 50% | 60% | 70% | 80% | 90% | 100%

inAas 47.57 | 44.75 | 68.14 | 62.82 | 62.54 | 62.27 | 60.62 | 58.37 | 55.04 | 49.66 | 42.14

nlufedlinuan | 42.24 | 38.14 | 50.66 | 60.68 | 62.49 | 62.26 | 59.95 | 57.78 | 54.27 | 49.93 | 42.12

AN p 0.729 | 0.666 | 0.919 | 0.997 1 1 1 1 1 1 1

finfiag 47.57 | 44.75 | 5814 | 62.82 | 62.54 | '62.27 | 60.62 | 58.37 | 55.04 | 49.66 | 42.14

finldfasuan 46.34 [ 49.10 | 60.52 | 62.56 | 63.21 | 63.26 | 60.82 | 58.38 | 54.61 | 50.90 | 42.28

A p 0.999 | 0.913 1 1 1 1 1 1 1 0.999 1

fnlifesldnuan | 42,24 | 38.14 | 50.66 | 60.68 | 62:49| 62:26 | 59.95 | 57.78 | 54.27| 49.93 | 42.12

nlufeaniuan 46.34 | 49.10 | 60.52 | 62.56 | 63.21 | 63.26 | 60.82 | 58.38 | 54.61 | 50.90 | 42.28

A1 p 0.885 | 0.188 | 0.787 [ 0.998 | 1 1 1 1 1 1 1
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o

dl ] { 1 ¥ dld
N3N 4.24 NANIINARDLAITNLANFNTVEIA (T-test) ANAITNLANYBDINY WNAN
o % [ al o ] U U ¥ dl b3
‘Wam*ﬁummﬂummnﬂ@gi:mwm:i:mNMﬁﬂfmmmu-

UARABIUITALEWAUNA

WYLy AAnudiumusTazna Tl des (%)

0% 10% | 20% | 30% | 40% | 50% | 60% | 70% | 80% | 90% [ 100%

N finfiaq 51.86 | 51.18 | 65.81 | 68.30 | 67.18 | 65.49 | 62.99 | 59.34 | 54.06 | 48.89 | 42.45
TE finfiaq 47.57 [ 44.75 | 68.14 | 62.82 | 62.54 | 62.27 | 60.62 | 58.37 | 55.04 | 49.66 | 42.14
A p 0.318 | 0.152 | 0.055 | 0.051 | 0.066 | 0.228 | 0.238 | 0.813 | 0.845 | 0.867 | 0.795

N Anlsifealdnuan | 40.77 | 36.33 | 53.52 | 67.49 | 67.89 | 65.71 | 63.14 | 60.01 | 55.77 | 50.17 | 42.03

TE fnluifaalinuan | 42.24 | 38.14 | 50.66 | 60.68 | 62.49 | 62.26 | 59.95 | 57.78 | 54.27 | 49.93 | 42.12

A p 0.597 | 0.553 | 0.650 [0.038*|0.018*[ 0.194 | 0.176 | 0.525 | 0.663 | 0.955 | 0.790

N fnluifaenuan 4452 | 47.32| 59.29 | 63.70 | 67.01 | 65.72 | 63.57 | 60.54 | 55.94 | 50.22 | 42.19

TE finldfasviuau 46.34 | 49.10 | 60.52 | 62.56 | 63.21 | 63.26 | 60.82 | 58.38 | 54.61 | 50.90 | 42.28

A p 0.617 | 0.531 | 0.801 | 0.777 | 0.129 [ 0.018*|0.032* | 0.427 | 0.712 | 0.857 | 0.925

4.4 AANNDYAFIUTDINE A
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4.4.1 WY TUSANAUNLNA

o o a e

Tugnalnf da989A1A N D YA gIUTRITUYNA ATy et 88-113 1F5 R

49 q o

' 1
4 a

FIANIAINNDNAFIUUBINENATIN Ny Tz udasdinias Anlddasldnuay way

a - 49 (22

[ %

¥ 1 I
AnlifesuanidnriziuneudulazAas Anatetvsaillaslunauing qnisuves

% o

WeI9AN 0% gengatundryausinluifeslinuan 112.82 1@5nd sasunpa inldiaanuas

a

%

111.87 1850 warwsnyaueindes 109.42 @5ada1uaiu (i 4.6) lladtAszia N

7

1 o

wils1l991 (ANOVA) gadamuaduanssaing g1 Anymeadia (gn19n9n 4.25)

Tudnanlinasnan-1aanaImsnaui 1 199299A1ANNDYATIUIBINENARTGR

9 [ %

1 14
AB 47-78 (@Fmd AnwouraedAIANDYag UAReUEWALING Ao TUARUAULATANAIRENS

saitiaslunauding uinisasszanliadnane WaTITALAIAMNDYATIULBINE WANH

o ¥

| = o Y 1 d‘ dl | dl o‘d‘d
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|
o ¥ ﬂ a o v o =
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718140 ﬁymmﬁﬁlﬁ@:ﬁ BALATZIIA N LT (ANOVA) (@m’mqﬁ 4.26)
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TunaN 1 FUaaAAN-NaRARITITNANT 2 TI9UAIATAININATILARINL N ARINEA
a U 9 U a9 au q

s o ¥ J
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a q

' 1 [ ' 2
a v 1 a
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6) WagadadinsriindauutlsUsau (ANOVA) Wud1 AMAIINDYATIULBINENIAT
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a3l AneruzteAInINNDya g uIesNeIA IEyan ldnaenad-naana1mg
1 dl v a o ¥ a 1 ¥ dl ¥ 1 dl [
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NINNIENAN IEaanaN-1aBAAMNINANT 1 AnEuziAG 8 uszuINNgyaR i annan-

v !
A 1 a

UABARINNINY 2 NN AE ANAINDYAFINTINe AN RNy susudu@asinliies

1 dl o 1 dl rd‘d o 4 | a o Y
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o

Indpssiuinlaifasldnuan WefRdainmyiaanuudsilsau (ANOVA) wudn AnmAsw
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AN397 4.25 NAN13IATIZEANLLILI9U (ANOVA) mmmﬁgmgﬂmmwma

weandityauzsiuiudasinlugwaing

WETYTUE ﬂ'wv~mmﬁHaﬁmmmmmmmﬂﬂmL‘&'m (%)

0% 10% [ 20% | 30% | 40% | 50% | 60% | 70% | 80% | 90% [ 100%

niing 109.421107.58(106.28]105.92[105.70(105.41|102.95(101.29| 98.29 [ 93.95 | 88.55

finldfiaslinuan  [112.82[107.76|106.33|105.72[105.32(104.23|103.25|101.65| 99.15 | 95.30 | 89.55

A1 p 1 1 1 1 1 1 1 1 1 1 1

finfas 109.421107.58|106.28|105.92]|105.70( 105.41|102.95[101.29| 98.29 | 93.95 | 88.55

nluifeariuan 111.87(107.35(106.42[105.57(105.10{104.70(103.50(101.94| 99.73 | 95.61 | 89.05

A1 p 1 1 1 1 1 1 1 1 1 1 1

nlufedlinuan  |112.82(107.76|106.33[105.72|105.32[104.23|103.25[ 101.65| 99.15 | 95.30 | 89.55

fnldfasmiuay 111.87]107.35|106.42|105.57|105.10( 104.70| 103.50( 101.94| 99.73 | 95.61 | 89.05

A1 p 1 1 1 1 1 1 1 1 1 1 1

6

AW 4.26 NANMTAATIEIANNULTLIIU (ANOVA) AIRITNALATIHUBINEATH

o % 3| a o k7 dl 173 1 dl
weltyrueRuiudesin lugwan ldaenan-nanna v sNgNn 1

WeTy Uz ANANDYATIUAINITEZIANISIEUR N (%)

0% 10% | 20% | 30% | 40% | 50% | 60% | 70% | 80% | 90% [ 100%

infiag 64.15 1 63.40 | 63.13 | 54.56 | 58.44 | 59.35 | 57.39 [ 55.70 | 58.41 | 52.93 | 47.71

fnlifedlinuan | 63.72 | 65.77 | 66.50 | 65.38 | 60.86 | 62.56 | 63.67 | 61.06 | 61.10 | 58.69 | 52.32

A1 p 1 1 1 0.997 | 0.912 1 0.999 | 0.999 1 0.997 | 0.999

finfag 64.157 63.40 | 63.13 | 54.56 | 58.44 | 69.35 | 57.39 [ 65.70 | 58.41 | 52.93 | 47.71

fnlufeaniuan 77.81 | 77.30 | 73.10 | 73.00 | 71.61| 72:43 | 68.97 | 69.89 | 66.52 | 64.45 | 59.92

A p 0.909 | 0.847 { 0.976 | 0.183 1 0.871 ] 0.935 | 0.661 | 0.977 | 0.784 | 0.612

fnlifeslinuan | 63.72 | 65.77 | 66.50 | 65.38 | 60.86 | 62.56 | 63.67 61.06 | 61.10-| 58.69 | 52.32

fAnlafasmiua 77.81 | 77.30 [ 73.10 | 73.00 | 71.61 | 72.43 | 68.97 | 69.89 | 66.52 | 64.45 | 59.92

AN p 0.811 | 0.896 | 0.997 | 0.585 | 0.94 [ 0.949 | 0.999 | 0.943 | 0.997 | 0.993 | 0.929
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-

AW 4.27 NANTAATIZIAMINULTLIIIU (ANOVA) AMAITNDALATIHUBINEATH

o % 3| a o ¥ dl %3 1 dl
welrymuemuiudeainlugyan livaanan-nanna1nisngun 2

wetyue ANANDYATIUAINITEZIANITIAUREN (%)
0% 10% | 20% 30% | 40% 50% 60% 70% 80% 90% | 100%
infad 94.26 | 99.56 | 99.77 [105.71]105.08|111.50|104.50]|104.71[103.98| 99.09 | 82.37

inldfeslunuan | 83.15 [ 83.20 [ 91.32 | 96.11 | 96.70 [107.98|110.62|111.11]|104.18]|104.15| 91.83

A p 0.974 | 0.802 | 0.986 | 0.967 | 0.983 1 0.997 | 0.993 1 0.996 | 0.881

finfia 94.26 | 99.56 | 99.77 [105.71]105.08(111.50|104.50(104.71|103.98| 99.09 | 82.37

Anluidaanuan 110.24]113.57(114.30( 125.72(124.93|129.91(128.45[129.31[129.08[ 119.82( 102.26

A p 0.882 | 0.888 | 0.863 | 0.539 | 0.568 | 0.719 | 0.437 | 0.22 | 0.149 | 0.267 | 0.177

Anludealinuan | 83.15 | 83.20 1 91.32 | 96.11 | 96.70 [107.98|110.62|111.11|104.18|104.15| 91.83

finladfasnuan 110.241118.57|114.30(125.72|124.93( 129.91]128.45(129.31| 129.08| 119.82| 102.26

A1 p 0.285| 0.08 | 0.32 [ 0.052 | 0.086 | 0.407 | 0.645 | 0.437 | 0.076 | 0.465 | 0.752

1
el

FI1999 4.28 NANTTILATIZVAINLLTLTIU (ANOVA) AIANDLATIUIBINE AN

o % | = o U v dl E73 1 dl
‘Wﬂmmuzmmﬂummﬂmzmwmemﬂwa@ PAN-UNBARIUITNGN Y 1

1
=l

¥ ¥ 1 dl ¥ a
e [ ivaanan-uaena1vIsngNa 2 wazgnalng

ety ANANDYAFINAINITEZIANITI AR EN (%)

0% 10% | 20% | 30% | 40% | 50% | 60% | 70% | 80% | 90% [ 100%

N-TE 1 finfias 0* 0* 0* [0.001*| 1 0* 0* 0* 0* o* o*
N-TE 2 finfiaq 0.853 | 0.983 [ 0.943 | 1 1 |0951| 1 |[0.999 0991 |0.992 | 0.967
TE1-TE 2 finfiag 0.341 | 0.560 [0.046*| 0* 1 0* 0* o* o* 0* |0.001*
N-TE 1 in'laiAasldnuau 0* 0* 0* ]0.002%| 0.999 | - 0* 0* 0* o* o* o*

N-TE 2 fnluifaalinuan  |0.050* | 0.086 | 0.582-f 0.88 | 0.927 | 1.000 | 0.998 | 0.9177| 0:993 | 0.907 1

TE1-TE 2 finlidieslinuan 0685 | 0717 | 0.204 | 0.43 | 0.999 | 0* 0* 0 0* 0* 0*

N-TE 1 finldiasuau 0* [0.001*| 0* ]0.789|0.999| 0~ 0~ 0~ (0 0~ 0~

N-TE 2 finldfiasnuau 1 0.986 | 0.959 | 0.175 [ 0.086 | 0.077 [ 0.085 | 0.007*| 0.076 [0.007*| 0.274

TEA-TE 2 finladfasviuau 0* [0.004*| 0* |0.154 (0.996 | 0" 0~ 0~ (0 0~ 0~
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4.4.2 WY TUeNIeudNGase
TugnaUna 199289AIANDYAFINTRINENA lundtyTusAinssndneasyie 89-115
Bind IndiAeeiudagresAtantyagiueesnesAningsussuiludaein dnwoue
1 Azll o ¥ [ dll o ¥ a o 1 A ! dl
289ANANNDYAFIUIBINE AT At e AL en gy sussudu@eein nanape neunay

At Anatetsaliaslunauiing qnEuvesnesAnAndmueinlafedlinuaui Angen

b

4n A8 114.05 &5 sa9ume fnlddaswuan 111.35 135ad uazinfias 109.56 @5ad

(@mwﬁ 4.7) W AdeTAT1 ALY 71591 (ANOVA) ANANDYATIHIBINE 1A b

o Wo7 a

WAAZAANLIANNLANFNBENS INETEAATYN AR (9R19197 4.29)
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A1379% 4.29 HANN9ILATITEAINNLLF1991 (ANOVA) mmmﬁaﬂ@gmmmwmq

welyruzsuiudesinagsendnasslugyaing

ety U ArANDYAgIUAINTTEZIIANITILAUREN (%)

0% 10% [ 20% | 30% | 40% | 50% | 60% | 70% | 80% | 90% [ 100%

inAas 109.56(107.26|106.76[106.20|105.47[104.721103.58(102.31| 99.32 | 95.42 | 89.24

fnluifadlinuan |114.05(108.04| 106.28|105.56| 104.57|104.25[102.82|100.99| 98.97 | 95.04 | 89.46

A1 p 1 1 1 1 1 1 1 1 1 1 1

finfag 109.561107.26[106.76|106.20105.47|104.72|103.58(102.31| 99.32 | 95.42 | 89.24

fAinldfiaswuan  |111.35/107.76[106.59(105.88| 105.50| 104.77 [103.88[102.45| 99.80 | 95.69 | 89.62

A1 p 1 1 1 1 1 1 1 1 1 1 1

finladfaslinuen | 114.05/108.04[106.28 [ 105.56| 104.57| 104.25(102.82(100.99| 98.97 | 95.04 | 89.46

fAinldfiaswuan  |111.35/107.76[106.59(105.88|105.50| 104.77 [103.88 [ 102.45| 99.80 | 95.69 | 89.62

A1 p 1 1 1 1 1 1 1 1 1 1 1

'
P

19NN 4.30 NANMTIATIZIAAINLLTLIIIU (ANOVA) ANAITNDALATILUBINEATIH
o U =l o 1 1 U dl 73
weiyruesuiudesinatseninassludnanldvaanan-naanaing

o
NG 1

Wity m"]ﬂfmmﬁH@ﬁmmmwmmmnﬂmLam (%)

0% 10% | 20% | 30% | 40% | 50% | 60% | 70% [ 80% | 90% | 100%

nfing 63.29 | 67.01 [ 63.10 | 64.01 | 62.18 | 58.69 | 62.44 | 56.66 | 54.23 | 52.68 | 47.30

fnlifeslinuan | 67.30 | 67.75 | 68.21°( 69.69 | 68.11 | 65.86 | 62.58 | 58.53 | 57.38 | 51.65 | 47.45

A p 1 1 0.999 [ 0.998 | 0.916 | 0.985 1 1 1 1 1

finfas 63.29 | 67.01 | 63.10 | 64.01 | 62.18 | 58.69 | 62.44 | 56.66 | 54.23 | 52.68 | 47.30

nlufeapinan 72.56.| 70.60-|-69.52 | 67.17 | 66.58 | 63.96. | 60.54 [ 60.17.| 59.33 [ 56.10 | 48.96

A p 0.97 1 0.995 1 1 0.998 1 1 1 1 1

nlufedlinuan | 67.30 | 67.75 | 68.21 | 69.69 | 68.11 | 65.86 | 62.58 | 58.53 | 57.38 | 51.65 | 47.45

Anldfnanuau 72.56 | 70.60 | 69.52 | 67.17 | 66.58 | 63.96 | 60.54 | 60.17 | 59.33 [ 56.10 | 48.96

A p 0.999 1 1 1 0.855 1 1 1 1 1 1




A9 4.31 NANTAATIZIAMNULTLIIIU (ANOVA) ANAITNDALATILUDINEATH

-

66

o Y @ A e | y gy o
WEIQ_,I‘TIIAZZMHL‘]JHL@EI\Tﬂﬂﬂ%izﬁ’]’mﬂﬁ‘zsluﬂquwmmﬂiﬁ]ﬁ@’ﬂm@m-ﬁ@ﬂﬂﬂ’mqiﬂ@qlﬂﬂ 2

welnyTuy ﬂ"]ﬂfnmﬁ'g@ﬁwummzﬂmmmnﬁmLﬁm (%)
0% | 10% | 20% | 30% | 40% | 50% | 60% | 70% | 80% | 90% | 100%
nfiag 101.87[113.50|116.85|115.38(109.23|105.67|109.02 [ 112.44|109.48(102.55 | 104.13
fnluiAadlunuan [114.47]115.59120.30120.99| 119.51| 126.65[120.95| 115.68| 108.98 [ 101.34| 96.99
A p 088 | 1 |0.999 0993|0887 |0.273 (0989 | 1 1 1 | 0.999
nfiag 101.87[113.50|116.85|115.38[109.23| 105.67|109.02 [ 112.44|109.48(102.55 | 104.13
Anlifesiuan  [116.18]122.67|120.76[121.19]125.32|125.25 [ 124.33| 122.44| 121.44(112.21|101.13
A p 0.81 | 0.939 | 0.999 | 0.992 | 0.524 | 0.352 | 0.966 | 0.998 | 0.991 [ 0.995 | 1
fnluiAadlunuan [114.47]115.59/120.30[120.99| 119.51| 126.65[120.95| 115.68| 108.98 [ 101.34| 96.99
Anlafeanuan  |116.18]122.67(120.76[121.19[125.32| 125.25|124.33| 122.44 [ 121.44[112.21|101.13
A1 p 1 | 0.967 1 | 0984 0.999 | 0.982 | 0.987 | 1
AN 4.32 NANMTIATIZINANULSLITIU (ANOVA) ANRITNALAFIHUBINEATH
welyruzAuindesined ssudigassssniegna i [uas nas-uaenaimng
NN 1 Juanliuaenan-1aanevinangui 2 uazgwaing
Ny Uy ﬂ"]mmﬁHaﬁ’mmm:mmmmﬂﬂmL'Zm (%)
0% | 10% | 20% | 30% | 40% | 50% | 60% | 70% | 80% | 90% | 100%
N-TE 1 finfias 0* 0 0 0 0 0* 0 0* 0* 0* 0*
N-TE 2 finfas 0.975'| 0,981 | 0.875 [ 0.990 | 1 1 0994 | 1 1 1 1
TE 1-TE 2 finfiag 0.006* | O 0* 0* 1 0* | 0.08510.059 |0.024*(0.031*| 0.003*
N-TE 1 in'laifasldnuau 0* 0* 0* 0~ |0835]| 0 0* |0.001%|0.002*| 0* 0*
N-TE 2 Anlaidasldnuau 1 -{.0.902 |.0.393 |-0.246 | 0.243 | 0.010* | 0.887 | 0.976|-0.969.| 1 1
TE 1-TE 2 finldfasluinuan | 0 0* 0 o* |0973| o 0* | 0.003*|0.004*|0.002* | 0.001*
N-TE 1 inlafesviuau 0* 0* 0* o* o* o* 0* |0.003*|0.001*| 0* o*
N-TE 2 finlaifasviuas 0.993 | 0.291 | 0.380 | 0.254 | 0.040* | 0.047 | 0.675 | 0.823 | 0.726 | 0.866 | 0.950
TE 1-TE 2 fAnldfiaanuas 0 0* 0 0* 1 0* 0* |0.001*| o 0* 0*
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