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This study aims at investigating whether rhythmic units influence tonal realizations in Thai
connected speech. The informants in this study are three 26 to 30-year-old radio announcers. Their
speech is recorded prior to informing them about this study. They are then asked to read 2 sets of tone
checklist. The data are first analysed auditorily to indentify rhythmic units, salient syllables, and weak
syllables. For each tone, five tokens are selected for each of the following contexts: salient syllable in
one-syllable rhythmic unit, salient syllable in two-syllable rhythmic unit, salient syllable in three-
syllable rhythmic unit, weak syllable in two-syllable rhythmic unit, the first weak syllable in three-
syllable rhythmic unit, and the second weak syllable in three-syllable rhythmic unit. The fundamental
frequency value of all of the tokens are analysed and recorded using WINCECIL and EXCEL. Line
graphs are drawn. Tonal realizations in the different contexts are analysed statistically using WINPSY
0602 2000 (School of Psychology, University of New South Wales).

In the presentation of result, the five Standard Thai tones are divided into two groups: level
tones (mid, low, and high) and contour tones (falling and rising). The study finds that in the case of
salient syllables, rhythmic units significantly influence the tonal realizations of contour tones in most
contexts, but they do not have the same effect on level tones. In the case of weak syllables, rhythmic
units significantly influence tonal realizations in either level or contour tones. However, there are a few
interesting exceptions in both salient and weak syllables. Tonal realizations of the high tone in short
checked syllables differ significantly when ocurring in two- and three-syllable rhythmic units. The
falling tone differs markedly from the rising tone. While the rhythmic units significantly influence the
variation of the falling tone in unchecked syllables in most contexts, they have much less influence on

the rising tone.
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(1990, p.145) a1

“...we speak of the rhythm of a poem we mean the

recurrence of stress and pauses in it.”
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FINITNIAUFTN 3NN N304 e (beat) Hoffer (1971, p.14) Na1397

“In music, the term rhythm refers to those elements that
relate to the sensation of ongoing movement, as
contrasted with factors of pitch, loudness, or tone quality. It
does not refer only to a recurrent pattern, orderly
movement, on repeated situation, as it sometimes does in
everyday usage...

Probably the most fundamental component of rhythm is

beat, the recurrent pulse found in most music...”
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Abercrombie (1967, p.96) Na1271

“Rhythm, in speech as human activities, arises out of the
periodic recurrence of some sort of movement, producing
an expectation that the rhythm of speech are those of the
syllable- and stress- producing process, Speech rhythm is
essentially a muscular rhythm, and the muscles concerned

are the breathing muscles.”
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“The essential basis of a syllable, therefore, is a chest-
pulse, which may or may not be accompanied by the

muscular reinforcement which makes it a stress-pulse”

aued Smalley (1977, p.150) NA1991 NeneAAeLle e raadesiiina1nn1ss98 L@ e
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Luangthongkum (1977, p.48) na1aAdnarasiu Smalley Tnaliiguadinenruazanl

' '
@ A =

a Ly 1 o =] a ! | 1 al d‘ @
mmLmﬁwummqmﬂummim @qumuwmqﬂwlummvlmamﬂuumwwmem@ﬂmmmgﬂmmm

q

Tudlunadana e

“In this thesis, the syllable will be regarded as the
smallest phonological unit and that its full form can, by

itself, be a rhythmic unit.”
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“If we want to collect data on relative syllable length,
then we must first define some larger phonetic unit
something larger than a single syllable but smaller than a

complete utterance”
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“A stress-pulse usually has the effect of producing a
louder sounding syllable, but a silent stressed syllable or
silent stress is also possible when there is a reinforced

chest-pulse but with no sound at all.”
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“In many languages, stress is one of the factors that
conditions the duration of a sound or a sequence of

sound.”
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“The pitch of the voice is determined by several factors.
The most important is the tension of the vocal cords. When
the vocal cords are stretcded, the pitch of the sound will go
up. Altering the tension of the vocal cords is the normal
way of producing most of the pitch variations that occur in
speech. In addition, as we saw in the section on stress, an
increase in the flow of air out of lungs will also cause an
increase in pitch, so that stressed sounds will usually have

a higher pitch.”
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Abercrombie (1967, p.95) Na1271

“Loudness, or the scale of medium, depends on the
degree of force with which air is expelled from the lungs by
the pulmonic air-stream mechanism while the vocal cords
are in vibration-the greater the force, the greater the

loudness.”
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“When a person makes a cessation of speech, there is a pause.”
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AT N7 2.1 gLlitedwmasLssnmeing (Table of Metric)
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(Fnunsann Blair, 1935, p.84)
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Iinaafssialfhidunanlunmsiwasfueefide
222 fin Temporat (Temperal Schoot)
asfignsideyesdnin Temporal WAFLBYENANNRMANE Mz enusEdidn Tuust

AZWEIRUFEAT BNANNIAUREN (beat) AN HanaMBUsTazamsswinTiassusFdegnitm fu T

 se ot da 5 A, ] = L e
’J’W:Nm’ﬂ NAINFT T,@EJ 1 wﬂxﬂﬂuﬂﬁ‘%@@i’izwﬂd { ! AR 1 BUNEWUY
Foatne A et s =
{ BA————— Y b L L — + At
NaNT
( T % X , T =2 2 - ; L B B =
> S Suns 2 T { T o T +  m— T et 1 1 *

ndhatetlszneusing 8 visesusd InesnlinsqusnunsusacinwmusEtus R IAung
AUALN



17

ar, f’ o o -t 3 Qs o 0 as < 4 ' 1 ] f
Fadumdnnisdiesnsiiudasdamasiddnyuesdnin: Temporal Ssagfidaaiireninanion
Jwsiilinsrazaaninelszannin M Ganudnnasiian Isochrony Faldduundmazannifhdn 3
¥ =4
Aszinnsion Aa
1. fwriimenamifueTaanvue (syllable-imed rhythm) Aa srasaelunisasni@es
uslazneAnANlreUszanuwint widnmszaa@astinunlunened i Wu awelfaAs vise

wiivsiluntnivefiosys (2516) Inaadnfauazansinatinal i

Angng
ar g v e Y e e
v asur A 7 e

(Fanatann 9y, 2516 Wi, 60)
99T (2516 Wi, 60) BFLNEN

“Fesendemndtulsslesdhanths eweeindesn
ReasmnAnyintumn Blidildume thadeanin e
winfiae vitellFumntuRuonings dauscazoatiy
MTHARTFINNTT %umgﬁuéwmu foot Tuusanlsziem %mm
Uszloadranstiull o wenadivintu wisslaAusnddnuo
foot A dalszlemmdaiidnuou foot Wi Rl
49 1fzz'l,ummmﬁ%\mﬂqﬂiz‘iﬂﬂﬁuﬁmﬁu"
2. §maziifimeaaBtaninunfusiert v (stress-timed rhythm) Aausiaznenafay
Wiuneasduaminuntdvioty  wiasi@ndrszesinaluniseend@enusiasnendsiniu uidaaina

srudtingdsrar A e seannuvin

lelaa Y

ot Which is the/ ' train for/l Crewe, /! piease?”
1 2 3 4
(a7 Abercrombie, 1958 p.98)
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F9UNIENIN 1, 2, 3 hay 4 azFasiAnlasszuinumingy wddnaslanndnlunuoedamay

N

3. A9uaEizandn mora-timed rhythm 1 d9uazlunsndy

[ o

3

AudnAty lueAdaiasldnanais

'
o o o =

= X P
U “N@QWJ?.:‘]J?::LI]VM%”LNN

Abercrombie (1958, p.97) {IndNAARFALLINTALAUEITIAINZHIINIZULILN 1 UaY 2

IPENAIIILARTNIHINIINIY 1 UL

l19nua_e

©

=

U

v
o

“As far as is known, every language in the world is spoken with
one kind of rhythm or with the other. In the one kind, known as a
syllable-timed rhythm , the periodic recurrence of movement is
supplied by the syllable-producing process: the chest-pulses,
and hence the syllables, recur at equal intervals of time-they are
isochronous. French, Telugu, Yoruba illustrate this mode of co-
ordinating the two pulse systems: they are syllable-timed
languages. In the other kind, known as a stress-timed rhythm, the
periodic recurrence of movement is supplied by the stress-
producing process: the stress-pulse, and hence the stressed
syllables, are isochronous. English, Russian, Arabic illustrate this

other mode: they are stress-timed languages.”

o A

2 v ] ] o o o ] o dl ¥ ¥
N'J'QEIL@ﬂfﬂﬂl‘)ﬁLL‘].NMW]E@\W"JSLL‘LI‘LI@']‘Hﬂ Temporal LFUNU Lummﬂ"umﬂmﬂum@

] n:'ll a K 10 | -:II ¥ ¥ 1 1 o o o = ° o =
HARMNNITYARDLUBANETITNTA @ﬂmmLﬂummmhmmmummqmmmumuﬂmm @WM?UJ’]’]H’]VLVIEIN

P Y = P
RseNgafusznednAls eazldinatasalyl

2.3 nisAnsaanazlunulng

=2 [ % =2 dl o 1 a o =2 dl
nsAnEAavag lunE Inadunisdnenideneuaanndnnen naidamaziunle  Tunns@nen e

o = a n:'ll < ¥ 1 o d‘ @ a o %
AQANITHNITINANTUILTAIAINNLTY 11 (tempo) m@\‘immmmuqﬂuw WasannauiFatnani lilaseaing
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ansdanzitiReuladd anunirdhassnnelvedl 3w A newafiaenened solative style) visantis
wadn naypuLLRainas TR (combinative style) ¥sa NYSWATLALLIMUNAT WRENSWANLILEY (rapid

. . :’: dug ar & 1 = ar
combinative style) tliuiufRdedrariiasnndnynsmeaiile

o o 1 - . . L . i R .S 1
Noss (1954) Fwassvidans uuirasdauiiessuuBaanisivg fusznevmvainmndag
@enfiTunsaa@aaninun 7 : 7 uaensves / . / Tnentssanfureanba@asdidunieanafeamiinun

1 L4 8
unznsvgavin W ldma@asonsinasnanudismeuese s svanns fail

1+ .1 dhuszezaanenaRiesiafuwensdisnyin T ineLlsngnnelund/ dsclen
/.7 fhuerazioateet ungIuiage I Nnenas

/:1 Susssrnaeafilifineinamenad

/] @RvIIUANENR) fi”&‘;‘:ﬁ:mmsmmuﬂmw‘?;LfiumiqﬂLﬁﬂuﬁﬂmaﬁuwm\iﬁ

@ 1
/-] (@A) Ascezinandutnunansifhanis@eainnmelunaned

A lfidavinavtalinssndnaneeAugeinilvinaien  uasfnetaues Noss Afiusien

b4
ez ifiumiosnRerafhusiadl

Fanena
'paj'ndj: 'diif
‘ Where are you going, Dee?
'paj'naj 'dii:T
"Where shail | go?’

(T AesesunBengaiifintiu)

aNFRENINNT contrast fuwes / : /7 vhidacmneuedssTaanRsulyd Noss Rsanlin

Fonithusnloe@enlumsntne

Thawisomboon (1955) Anwngunisaadesninim (Stress Group) Tuddnduiuifiaseu

ARNNENA nnatadnlussirengunsanBeutinu SneediReweAidenfiliiuneasdoaningiy

s

# Geluafrdersrlammansaivaiengunissadeamingnls Thawisomboon (1955, p.18) na29N
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“Itis postulated that there is only one fully stressed syliable
in a stress group. A long word or sentence may have more

than one stress group.”

| . . v
Thawisomboon  WiEmsisfeyursanuddntugnisidaesnmeuas e linumnansdu
gl o g o d”
BN TLDIWEINIARID AL FAT) _
A wweasn sileFumnssadeemin
B WYUNENNAT SN R IR NVTIN T a9aN NS NAN B E LN TR UR Ut N

R ; L& ¢ $sas @ & cA'
Lmuwmmﬁimum?ﬁ\nﬁa\muﬂmmn

O

'me:w 'kin ' 'pla: BBA

‘paj thG ''rd ma: BACB
(A1N p.21, 23)

Kruatrachue (1960) aglnnmeningiidansvianisugaiianayin Wiianssmunquuaswe s

o e X .
Whifhunbelun AUl Kruatrachue (1960, p.57) NA191

“There-is some sort of rhythm or juncture which results-in

the grouping of syllables into larger units.”

A9uUIAA Kruatrachue (1960) Hafefl Thawisomboon Fidndmnnihudndniudiagu

WeNaAR]

Rudaravanija (1965) nanaiedamizuazuitsedaiosiunimiineg  usligwdaadu
Thawisomboon (1954) Rudaravanija diuandinenineiinbedonsuuuls ualifeseilidoan:
dludnduius Tae Rudaravania nanadnlune nedszneudawenedisiuneasdasninagnaiss 1

NENIA WAsHeNia@oamtinfigeassing lunedgsvierend/ U Tuaaus

Noss (1972) umLﬁuﬁzymmnn’mﬁuiagﬂm@ﬁwmamé‘lﬁiﬁmfﬁ\sﬁmﬁmﬂmqﬁwﬁuﬁuﬁ

ugsidwanudnduiuduii eaduldifassnenfusemnudugnosesaszasyinldifiadinmlu
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nsaaed lwaneiniafiudayaainnisdaaiszazinaiaesngsdenatirlilganeusasdesdanslu

A el

“If we collect data on relative syllable length, then we
must first define some larger phonetic unit-something
larger than a single syllable but smaller than a complete

utterance.”

=® o o 1 = ” a dl [~ Y K < Y o

Noss A4NINIIMANTELINANTBINE WA WA “250 U m” TutiFuniduniswadinadoudadin
ANHAUENUBINENAIAL LTS TaNaN1TIaan1 I BNAAUaT MU daas N1 Inapasa A vy
waeideN s adnenans uazdminenuddusie Tl Noss wuzthdinisfinenseudianisaades

WINILLATIINITAITANHLEINAINTI

'
=

pun AN Fasdsr lun i inaeensazifuniign  Aa  Luangthongkum (1976, 1977),

a

Fguius (2525) Luangthongkum WastuInisnaAxiEal unas uazldasuimasdsnzuuudnin

1 ¥ 14
Temporal Inautiedaaziflu foot Telddryansnl | fuanmem luusas foot azilsznausiag 1 weneAawld

o

a v Y

TneineedAnldfunisasdesin 1 nesdiane  Tneweadn iiunisaadesingesdsngdunened

) ol o =l vo = o o Aeoo | ool o
WINT24 foot AMUNENANLTINUANENFANIATUNsaaReuntin (WddeildAdnensfniiaaudnsiu
(prominence ; salience) azilunenefnlalasunisas@asntininewAnld (seldtsngeefilé) dauqn
Busiu foot T Ae weeANAFUNsaaAeuTinNe9ATR

a1nNNN9ANEI Luangthongkum wudntaseadiaresidagqanas lun s ned 5 wuy As

S| = Wgdse 1 WeNA

| Sw | = K 2 "

| Sww | = ” 3 ”

| Swww | = K 4 K

| Swwww | = ” 5 " (rare)

" wA.pg.u30.faen el uduuziin
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Benufhugmsléiin | swo-4 | mnearwdnmelu 1 mhedansanlnausananeiiles
measReanin (8) musewens B umrandaarin (w) %@'ﬂﬁﬁiﬁﬂﬂﬂﬁﬁa 0 waneAlautis 4
HENA

T s - el s . o % = Py Y
usnantidlunumiszeswensfisiunmeasi@esinoraumsiennulnizantsvgnls

. ] 1 2
(P) Senafuamslfiin | (sP) wo-4 | Sushashafenamiiugil

MILEIWIT 1 WeNA

Isl ©  esmidulnade
28N lm‘u A | a3
s s s

S
i
<% X
trl . fhidlaussdan
q | i s wae | il
¥ LiF
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“rin BN wRr dan
ULTINIT 2 WUNA
I swi : anAsIAUAUA
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pnar [ eu A | eu

Swaw

| pwl : wamtiauiy
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WHIFINE 4 Werng
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V(TR - CFTY

S w w

AL

me iﬂﬁq %wRN

b
una 11 5e | §e

g3 |ue
o~
P www
VUNEIAIMAZ 5 WENA
| swwww | wszunegiaaiadia
wir | wngfan [A a | éa
Y Swww w
-1 - e & .
| Pwwww | - Gauzde. . udafincazna
fanz | e Wan 1t N Ay | ne

A

P wwww

(a7 B3=WuS, 2525 Wi 306)

v v v v
Luangthongkum 487N sia i uiasinansss anntiinanufleniua s NATIne s

1 P 1
wikarangt uazdaedeuns Wyt tunsidrinuGeaniBen whedmnz 1 wenefidudwousnni
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4R D 60.99% MiaedInag 2 NENAAPTUSAN 20.57% siaedauay 3 Wenedil 13.47% miaadamnz 4
WHWAH 4.26% UWATUUILAINIZ 5 WEIWA ﬂmngﬁ@ﬂﬁ@mﬁ@ 0.71% laevadame 4 uay 5 neAay
ﬂmﬂgﬁmmmuﬁfqmqﬁu

ANENITBINUIEAINIY W NAANTU  uazneeAangy fifuguninzesnisedmnsdan
i tufe Lﬁ@ﬁmmﬁu;ﬂﬁmﬁuLf;mLﬂuﬂé’mmmu wugn lidudedsuziuule aziiaanen91eq
mispdamraunAlneszanm 3 whona uasieinenarlilndRueiuimeadmninuasnenadiun

TunadannzariannTnanad AN d9NI sl AN UI NN TNIANTW NA19AD

ST [Pl = 3
| Sw |, | Pw | = 2:1

1 3 3
| Sww |, | Pww | = D lrBadln ot

I
=
~

| Swww |, | Pwww |

Il
~

| Swwww |, | Pwwww |

Luangthongkum asagildnniminaiinisas@asndnunduiezesiinun  wslufeanses
dszinnnandanil Taasdgnn a4 lunie mefineeAifuesesninuun Luangthongkum (1977, p.192)
wuadnaams lun nganunsaduladviauuninensmdwaiaanauusn  wazuuuinnsaud@aariniun

= rﬁl o U U
duwazasnavua Taananagn

“Regarding rhythm of Thai, | am reluctant to say that it is
one or another. It fluctuates between the two divisions, i.e.
sometimes a syllable-timed rhythm is used, and sometimes
a stress-timed type is used. It depends upon the style of
speech and the preference of each speaker, therefore,

instead of two, we might need three divisions :

1 2 3

Syllable-timed Transitional Period Stress-timed

By means of the above division, it can be said that a language

like Thai belongs to the second category.”
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Tuanuddeilaznananianisuds (Tone Variation) 2a99790ug NAIUNAN T9AN91 NNTKUT WANFN9AINAD

41 nndasuudas (Tone Change) luwdraanisinandnunnaades I ans (2543) na191 nuls
a el ~ ' =< , o ,

199078772 UsngnisainanEdanuvainaglutasrat lanamilingianizluganandaqiin dou

o o o d' ey 4
nilagullasresn A ﬂmﬂgma‘mmmmm@ﬂﬂﬂmummqm waza1anana lidnnsil aeuLlas
2890111 ARNTTHU 77BN LU
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\Hanaatansulsresassugnaaznataieiadesine i lidnan ez aesssugndudsllaindn

o
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neouefflugtanluadaniier widinaioieaniaasuulasesssugndaznananiladanniliifia
ATUINNIUTANINUHALATWENWINNIUBIFTUE NABI N ATTRITY

duAaaAunMsAnEINsulsre9ssug N w1 e liinsAnenadesine i ldassnug nellu
- 4 7% d . . e

ne ngddndnwusiuandrgldandndnsasidsngludmaneanesfines  Ingainuaniide
assnugna e Ineinuniduneeniuiud assgndlunieninad 5 miaedes Ae ansity (mid) w@n

(low) T (falling) A3 (high) WAZAMAN (rising) TLNARANTUNAIALIUABLNNTINENLIT WRKINITANEIRNE

—

o

& 1 v 3
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Abramson (1962) ANHIANNNAULNITBIATLITINTITUE (perception) UAZILATIZITFAILILATE
n:'ll 1 -:II rdl a o d‘ o a d‘d
Sound Spectrograph  {aMIANANNDYAFINLRMTTULNANLIINY TULTUN A AR EINE N AR N AT
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100%

an

&
DURATION (%)

i 2.2 Andnsnizaesssnignsmueanghumeneiilass @esena i BuvAmaiRone wdipen

(Abramson,1962)

g 8 & %

FREQUE MYy N ePS

g

®5 % R
DURATION (/%)

d‘ Qs e'dl i o‘d‘adv b= ¥ 5] ay o d‘ o <
OWY 2.3 éfmmwmm@m??maﬂmmm’lﬂgiuwm\mmm?:mmf{u SULITUVIANWAMEIIRENAREN

(Abramson, 1962)

AwFuidulszluossnugnsisd Tunmdl 2.3 unumstnglunenadawinasiaadeaain vee

WhuweadfTn Beflrmnnuiyagutasdaneasiiaiiu uasiAnniyeg unLimeseme Al iFm
AU ARAY
Erickson (1974) AnwiiBauien@inan nliyaguanessiignsivia 5 anguannisi 4 Ay

(@ 3, Wi 1) drusuAweaey 16 A Ineleani@asdindn buu ua puu antidinFmniyagusas

\isa Pitch Extraction Program ez Phonetic Analysis System Tuauiid tamsidauanalsisiail’

2 e e o s = o X Y a o . w = a4
’mmmﬂmmwﬁmnwmmmqs‘imﬂ“nmmﬂmamm@ﬂmm Erickson AENSABNFIRENIHLINAHINT T AU mﬂumﬂ‘wm\imm

2
oo o

anessiumsesuana s iuaidel
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A

3004

460 200 300 400 50
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A & a o i ] 2 i a =i .
Nl 2.4 Endnsnicvesssag il fuvAsadsetaiuAnifeane G (Erckson, 1974)
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v ! L4
amaARedl Ae assugndandnfidndnenssnludawine 39 Erckson fidedunsdn Whunasnainnig
Usnpuiimsugs usinamsddtlaesnaiuayunanisddeuny Abramson (1962) uanantifanwisae

- dwdyrussiuiiBvinasieramiyagudusiuesesugnsluglan

Abramson (1975) Anwsleanaud] 1962 A meaaugain uwifaguenmuentiu 25 A
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¥
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wertugnAiduedos ddnsuranssugndia  uariefansnniun menudy nannmidaienanadieng

fushuianndelidl 1062

Abramson (1976) Anwnefufideassnigndt Ineulasseugnelify 2 nau Ae nguiihi
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alal ar
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o ez LOW
aninn High
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ssamyvm=Rising

f, Range
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- In
170 + — X1

140
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duration
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“It is quite possible that all the common obligatory and
free word variants of Thai can be derived by phonology
rule (in the structural, generative, or traditional sense) from
a basic list of citation forms. This can never happen,
however, until the running speech or “surface” forms have
been adequately recorded in all kinds of contexts. Also,
true phonological variants must be rigorously distinguished
from lexical variants in the formulation of such rules. Much
recent work on Thai phonology lacks validity in one or both

of these respects.”
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i 2.12 dndnerousaasssnignsiandnyluiBumsing (Tingsabadh&Deeprasert, 1997)
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1. Statistics in The Research

The statistical procedure used in this research is analysis of variance (ANOVA) in the
special case of testing for trend analysis. The purpose is to compare statistically variation of
tone shape between contexts. In these studies, the tone shapes came from the normalization
of duration, 0-100%, 11 points. Each point of duration is the fundamental frequency which
contributes to the overall shape of tones. To acheive the aims of the research (see chapter 1),
in comparing each tone in different contexts, statistics will play an important role in the

decision making.

1.1 Statistics is important
In almost every branch of research, statistics serve many purposes. Sanders (1990,
p.10) states
“It is a fact, though, that you need a knowledge of statistics to help you to (1)
describe and understand relationships, (2) make better decisions and (3)
cope with change.”
Statistics is the tool for analyzing and drawing conclusions, so choosing the

appropriate type of statistics is also important.

1.2 Types of Statistics
There are two types of statistics.
1.2.1  Descriptive Statistics such as mean, mode, standard deviation, etc.

1.2.2 Inferential Statistics such as t-test, z-test, F-test, etc.

Before | outline the method of examining the data by the inferential statistics
procedure, ANOVA (F-test), there are some basic concepts which will be useful for a good

understanding of this method.
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1.3 Hypotheses
After reading some literature (Wright, 1986; Murphy & Brett, 1998), | can conclude that
there are 2 kinds of hypothesis.
1. Research hypothesis: is the statement of researchers’ expectation regarding the
result of the experiment by using their own knowledge or experiences.
2. Statistical hypothesis: is the statement which infers the results of the experimental
tests on a sample of the population, to the whole population by value of
parameters such as mean (L) and standard deviation (O). Statistical hypothesis

m can be divided into 2 types.

2.1. Null hypothesis; H,

Murphy & Brett (1998, p.91) state “There is , of course a third possible
statement about two variables—the prediction that they will found to be totally unrelated. This
is called the null hypothesis. ”

In this kind of hypothesis, we can infer that two population parameters are

equal as follows;

Hy il = W,

2.2. Alternative hypothesis; H,
We can infer that two population parameters are not equal and can divided
into two kinds as follows;

2.2.1 Non-directional hypothesis or two-tailed test;

Hit )L # L,

2.2.2 Directional hypothesis or one-tail test;
HytH > L,
Hot )L < W,

1.5 Level of significance (QL)
When making a decision, the level of significance helps to infer the level of error which
occurs in inferring properties of the population from the particular sample data that has been

colected. Thus it refers to the probability that a correct conclusion is being made. For

example if a result is signifancant at Ol = 0.05, it means the the chance of drawing a correct
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inference is 95%, and the chance of a mistake (accepting the alternative hypothesis, H,,
when the null hypothesis is in fact correct) is 5%. In this thesis QL = 0.05 was chosen as the

appropriate level. .

1.6 Critical value
This value, which is derived from published tables based on ideal distributions (in the
case the F-distribution) tells us whether or not we should accept the alternative hypothesis.
If the critical value is higher than the test value obtained from the statistical tests, we

reject the hypothesis, and vice versa.

1.7 ANOVA or F-test

ANOVA is a way of testing hypotheses about the differences among 3 or more means.
For instance, if we want to compare 3 or more random samples, we can use ANOVA. But in
this research we need more than applying F test to the mean comparisons. Due to the series
of the fundamental frequency over the duration of a tone, testing the relation of tone shapes is
also necessary. As far as the tones in Thai are concerned, there are two shapes of tone

characteristics which are important, straight line and bend curve.

In conclusion, trend analysis is a way of testing the characteristics of the shape of the
relation between contexts in which each tone has arisen. Before comparison, there are some

further basic concepts that must be taken into account.

1.8.1 Contrast or Comparison
When comparing between groups of mean, the weight or coefficient must be

assigned to each group. The sum of contrast coefficients must be zero..

1.8.2 Orthogonal contrast for trend
Orthogonal contrasts or coefficients will be assigned to test each trend shape,
whether linear (no points of change in slope in the curve), or quadratic (one point of change in
slope in the curve). For these trends to be orthogonal, the sum of the products (multiplications)

at each point must be zero. (Winer, 1962)
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An example is given below for just 3 points on a curve.

Point on the curve 1st 2nd 3rd Sum
Linear -1 0 1 0
Quadratic 1 -2 1 0
Product(linear*quadratic) -1 0 1 0

To make clear all the concepts, here is the method of running ANOVA with
trend analysis in this study.

As stated earlier, the purpose of this research is to compare each tone shape
between two contexts. Each tone shape came from 11 points of time (0-100%, in 10% steps).
The contexts are S1 (salient in 1 syllable rhythmic units) S2 (salient in 2 syllables rhythmic
units) S3 (salient in 1 syllable rhythmic units) w2 (weak in 2 syllables rhythmic units) w3/1 (the
1* weak of 3 syllables rhythmic units) and w3/2 (the 2" weak of 3 syllables rhythmic units). In
addition, we also have citation form and the average of all 3 salient contexts (S) and all 3
weak contexts (w). The first purpose to examine is tone shape within groups of salient and

weak, and to compare each kind of salient and weak to citation (CF). For this we have;

S1 S2 S3 w2 w3/1 w32 CF
1 -1 0 0 0
1 0 -1 0 0 0 0
1 0 0 0 0 0 -
0 1 = 0 0 0 0
0 1 0 0 0 0 il
0 0 1 0 0 0 -1
0 0 0 1 -1 0 0
0 0 0 1 -1 0
0 0 0 1 0 0 -1
0 0 0 0 1 -1 0
0 0 0 1 0 0 -1
0 0 0 0 1 0 -1
0 0 0 0 0 1 -1

The coefficient assigned to compare a pair of context is 1 and —1 for the pair in

question.
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The second purpose is to compare between each kind of salient to overall

salient and citation, and each kind of weak to overall weak and citation as follows;

S1(w2) S2(w3/1)  S3(w3/2) CF

1 0 0 -1
0 1 0 -1
0 0 1 -1

And we also have;

S1(w2) S2(w3/1)  S3(w3/2) S(w)
1 0 0 S
0 1 0 -1
0 0 1 S

In the data to be analysed each column contains 11 points of duration, and
each row contains 15 tokens (See chapter 3).

According to tone shape in Thai, it is supposed to be straight and/or bend
curve, which are called linear and quadratic respectively. The set of coefficients fror linear
and quadratic trends for the 11 points are

543210-1-2-3-4 -5forthelinear

and

15 6-1-6-910-9-6 -1 6 15 for the quadratic curve.

Comparisons between columns are said to be within subjects tests, and those
in the rows are the within cell variance or error variance. The generic formula used to test
significance is,

The different between within subjects

Error variance
The more error in tokens, the less is the F value, and vice versa. For the
following analyses the critical F value is less 4.60. Thus if the obtained test F-value is less
than 4.60, we can infer that there is no significant difference in tone shape between contexts.
But if the F value from calculation is higher than 4.60, we can infer that there is a significantly

different tone shape between contexts.



243

2. FNINANADARARIN ST LTE LN NLTLNGNS]

nethianemaelunienuantl duauesssigndszAuanainassgneilaauszaung
RuuNANATAFIaNeNA fRduauan F Awinlddaaaaidiedi 95%61 F laninndien
a v o o dl vy o dl 1 o ¥ 49/ 1 o 1 A o
A (4.60) gAAevieresnig * Miianduiewansdnmnduiug udetiunnsinaiuasnaiie
ARty dou * wanednAn F aanuanlaiianlndiaes 4.60 dvanaiinndaauduannnlidaag

4
wansnsae s ladAniniaauldmndsetnedaunalunndmn dausaiaaluiadanauduiug

= o o X o
BN ﬂ'W';TL‘]_[?ﬂ'LIL‘I/]EI‘LIﬁW[ﬂ’Nﬂ ANU (@ﬂ?:ﬂ@unummq)

BTN N WARNANATA LN RELWELTTRIane9AeY weneddes  Tumisadamaziuusingeg
UWATANUANANIENI WLEUMNENAAuA LN 9 AGee NI A uunaudszinnaes
' o ° ! 4 o o = o a
ndaadazluAyasaiiied fuluAARLINENALRLY
Amiuludespnudniusgidlidaueudoluumn 3 diannduiusuuui 129 §

ANTNNEdnazls (aund 3)



244

AN A F 18993904 NATHL
Fuug anslny el lACV:S LlBNCVS LBACV? piaiilu F3CVS Fiscv?
ey

1 554.919** 478.691** 585.276** 526.396** 645.619** 16.022** 8.332** 101.058*
2 18.891** 41.337* 5.993** 0.249 2.773 77.411** 17.597** 15.356**
3 7.347* 0.724 2.442 0.534 1.473 1.962 0.050 1.442
4 2.809 0.447 0.466 0.030 1.066 0.350 0.988 2.286
5 4.463* 0.004 4113 0.634 0.231 0.509 0.543 0.366
6 2.952 0.170 7.542%* 0.225 0.171 0.431 1.579 0.192
7 5.458** 2.338 0.574 0.139 2.905 1.009 0.274 0.004
8 0.097 2.446 3.515 0.484 1.944 2.324 0.895 0.366
9 4.170 14.225* 1.238 0.231 6.581* 0.944 3.881 2277
10 5.381** 513 3.597 3.288 AN 7 0.086 8.121** 4.952**
11 1.554** 0.681 0.317 2.609 1.884 0.355 1.485 1.074
12 0.566 2.166 0.124 0.102 1.501 0.151 0.366 1.369
13 2.291 0.731 4.762** 5.202** 0.554 0.848 1.145 0.848
14 0.381 0.647 1.697 6.261** 3.760 1.409 5.670** 0.009
15 0.073 0.297 0.324 0.661 3.166 0.376 1.432 0.992
16 2.446 0.736 0.158 2.849 2.280 1.195 1.234 0.334
17 2.223 2.746 0.684 0.281 0.443 0.054 5.194** 0.009
18 0.941 1.307 3.444 7.390** 3.518 2.881 8.539** 19.664**
19 6.873** 23.697** 29.737** 99.788** 95.966** 2.603 9.414** 24 .317**
20 10.117** 7.885** 31.218** 10.014** 48.622** 0.050 0.029 0.085
21 0.893 0.335 3.321 0.000 1.303 0.661 3.325 1.528
22 0.962 0.640 3.154 0.073 1.570 0.002 0.784 2.611
23 0.115 0.051 0.052 0.270 0.127 0.300 0.116 9.436**
24 0.582 0.752 2.149 0.056 0.029 0.030 3.643 0.085
25 1.709 1.646 0.551 0.378 0.074 0.389 0.103 7.595**
26 3.291 0.602 3.256 0.608 0.177 0.607 0.582 9.436**
27 0.450 3.263 2.166 17.889** 3.847 12.118* 0.420 0.900
28 3.004 0.100 4.009 11.317* 8.714** 62.887** 5.666** 2.049
29 4.072 1.754 2.287 0.571 1.334 27.495** 4,935 7.623**
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AN
AU Tndlu ncv:s LTIk
W
1 22,543 3.089 12.929*
2 100.814* 136.307** 274.591**
3 4.723** 3.935 1.227
4 0.359 5.439** 0.288
5 2.003 0.090 0.124
6 3.005 0.619 0.036
7 0.114 0.060 0.001
8 1.059 0.987 0.052
9 6.066** 5.189** 2.612
10 2.563 4.830** 0.265
1M 0.100 0.486 3.177
12 2.259 6.409** 9.492*
13 5.396** 4.241 2.950
14 0.073 0.592 0.948
15 0.004 2.565 0.009
16 0.255 0.002 1.530
17 0.295 2.589 1.144
18 83.781** 91.101** 19.095**
19 93.881** 127.385* 11.057*
20 9.723** 0.121 1.162
21 12.116** 3.104 2.073
22 4,906 0.881 9.077**
23 0.202 0.852 3.485
24 1.059 0.701 2.049
25 4.857* 1.843 0.006
26 9.016** 0.439 2.667
27 5.519* 0.106 31.490**
28 17.371* 3.859 73.838**
29 16.324** 20.371** 32.048**
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WL
1 316.810* 340.688* 255.962** 285.438* 491.565** 9.688™* 3.437 52.198**
2 26.559** 25.997** 7.866™* 0.011 7.254** 180.573** 19.887** 15.608**
3 0.193** 6.441** 0.679 0.304 0.512 0.001 0.503 0.001
4 2.654** 8.884™* 0.074 0.435 2.765 0.355 3.729 5.737**
5 8.036™* 2.717 4.720* 0.059 9.714** 2.324 1477 1.933
6 3.342 0.005 0.542 0.474 (k160 0.775 5.449** 6.042**
7 0.012 1.156 7.260™* 13.663** 0.022 2.715 10.486** 13.397*
8 0.482 2.441 0.966 1.607 31.892** 0.082 3.614 22.598**
9 0.090 3.144 0.349 3.640 4.804** 6.574** 0.008 0.977
10 0.818 0.648 2.711 4.834** 0.650 2.738 0.445 0.469
" 1.254 1.331 2.629 5.264** SECITES 6.038** 0.926 4.045
ANANAUS AN F 9a99950ugnellaeuss Au
Wy Tnitlu mev:s 00
1 53.175** 0.001 7.876**
2 69.023** 124.650** 230.808*
3 0.400 0.001 0.750
4 1.645 4.578* 1.552
5 11.804** 5.157** 3.454
6 17.315* 13.097** 1.242
7 34.763* 52.183** 11.263**
8 25.923** 102.083** 28.915**
9 0.460 1.190 9.501**
10 4.965** 0.040 39.214**
" 5.275"* 0.025 26.992**
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ANALTUET 11 Woa Tupnsailsznauidag
LT 1 NAeL ANNANTUE LKA R INeNIA Foe L ﬁmmﬁ'mwmqﬁlﬁm
lunnLFum (Linear - overall)
4097 2 nagay AnadNTLEULLELTA e AR e TURA ML BN
YNLTUYN (Quadratic — overall)
L097 3 NAdaL ANNUANANsTdATeAt NN luNe A daelumiog
UL 2 WA AL ﬁmmlﬁmwawﬁlﬁm (Within-w: w2 vs CF)
L0 4 NaEeY AINUANFNRIAn AN luneN IR aneNsAusnTuMaeSavaz
3 WA AL ﬁmmﬁlmwmqﬁﬁm (Within-w: w3/1 vs CF)
L0 5 NaEeL AoNUANFANRsAn AN luneN IR R e nen i Rge e
ML 3 WA ﬁuﬁﬁmmlﬁmwmqﬁlﬁm
(Within-w: w3/2 vs CF)
LT 6 NAEEY AINANTUELLLE LR ITBENd daeluming damaz
2 WA ﬁuﬁmmﬁmwmﬁﬁm (Lin x w2 vs CF)
L0aP 7 NadaL ANNANTLEULLLAURTITaINENR BREmenaAusn luminadavaz 3
WA ﬁuﬁmmﬁ'mwmaﬁlﬁm (Lin x w3/1 vs CF)
U097 8 NAdaL ANNANTLELLLILAURT eI FREne ARl S avaz 3
wm\iﬁﬁuﬁmm?{mwmaﬁﬁm (Lin x w3/2 vs CF)
L0 9 agey AoNdNTLLLLE LI e snensAdes luminadamy
2 WEINA ﬁuémmﬁmwmqﬁlﬁm (Quad x w2 vs CF)
LA 10 Negey AnuduRLEII LA e meneA Fosmenafusn lumitadas 3
WA U ﬁ‘immﬁ'mwmaﬁﬁm (Quad x w3/1 vs CF)
unaf 11 nagen AnaduRLELLLIEUTA eI FaenansARgasluminadaas

3 WEN9A L AWARLINENAALY (Quad x w3/2 vs CF)
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ANY AN F 29993504 NATTAL
Auiug ansley aniflu 1BNCV:S 1ANCVS 1AnCV? mailu AICVS mIcy?
Wy
1 280.412** 190.936** 211.451* 443.914** 196.528** 12.511* 4.362¢ 41.053**
2 12.047* 15.078** 1.638 0.775 1.709 18.533** 4.347* 11.290**
3 0.819 3.084 0.763 2.231 6.558** 0.094 1.974 2.028
4 8.970** 7.158** 0.161 3.147 15.860** 0.784 4.557* 5737
5 4.040 3.042 5.825™* 0.973 10.075* 1.035 8.976™* 1.933
6 7.297* 20.080** 20.017** 16.529** 142.610** 0.206 5.513** 9.529**
7 0.192 26.520** 13.982** 81.115** 13.581** 2.517 21.652** 13.397**
8 6.233** 4.153 9.248** 17.740** 88.898** 1.700 1.235 22.598**
9 2.912 0.932 2.252 2.643 9.830™* 7.530™ 4.054 4.403*
10 0.031 0.318 1.028 29.066** 2.034 53.025** 3.466 0.469
1" 5.110** 0.031 6.436™* 6.806™* 13.617** 36.563** 7.406** 4.045
ANANTUE AN F 10999503 nelAnusy iy
WL Tilu mCv:s Ll
1 9.584** 0.562 4.763**
2 42.935** 20.761** 141.244**
3 4.331 4.018 0.225
4 1.881 2.068 0.265
5 0.003 1.050 0.176
6 57.167** 41.553** 8.880**
7 135.784** 50.132** 10.340**
8 49.977* 77.713* 4.590*
9 18.461** 2.453 47.987**
10 9.877** 1.944 78.981**
11 23.021** 2.370 79.163**
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WAL
1 171.871** 183.830** 445.082** 144.802** 293.335** 8.821** 7.887** 66.846**
2 13.783** 24.745™* 6.342** 2.189 1.409 131.931** 8.958™* 34.628**
3 5.811** 0.750 0.281 0.073 1.618 1.590 0.400 1.225
4 0.010 0.125 2.840 0.276 0.039 0.021 1.111 0.893
5 7.399** 0.280 4.188 0.853 0.977 1.299 0.062 0.020
6 1.927 1.737 1.950 1.974 0.015 0.094 0.076 0.766
7 1.313 0.004 3.971 8.157* 1.449 1.470 3.242 0.132
8 0.000 1.792 0.276 1.180 7.091** 0.825 3.987 0.302
9 1.761 0.649 4.643* 0.029 2.501 0.189 1.087 0.001
10 0.158 0.351 1.450 0.139 0.510 0.114 0.301 5.842**
11 0.456 0.046 0.721 0.128 0.035 0.534 2.815 11.417*
ANANUE UL AN F 2a993s0ugnelLaeussiu
il mCv:s AR
1 21.585** ISP 16.401**
2 59.088** 74.075* 222.846**
3 2.548 4.884** 0.988
4 0.239 1.324 0.006
5 4.258 1.883 0.606
6 3.722 5.803** 6.296**
7 2.489 1.703 0.429
8 0.821 5.189** 7.695**
9 10.517* 3.499 8.851™*
10 0.963 0.024 6.597**
1 4.768* 1.208 0.435
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weAfeeluNUFuN (Linear - overall)
w0t 2 nadey poradiiusiundulfaemensifeslumiaesanzunusine fu
neeAnes luNLFTLY (Quadratic — overall)
L0 3 Nagey AYNUANFNRIAn AN lunensAFe e luiae
AIMIZ 2 WENA AU WeNaAsag (Within-w: w2 vs w)
L0 4 VAR AINUANFANTRIANRANe luneN AR anensAusnuMnefavaz
3 WENNA U WENAREE (Within-w: w3/1 vs w)
U097 5 NAdEL ANUANANSTIATLRAt NN U A dReEnATidaslumae
RINIL 3 WENNA U NeARaE (Within-w: w3/2 vs w)
LT 6 NAEAY AINANTUELLL LA ITBIENd Faelumiing davaz
2 WA U WeNAAag (Lin X w2 vs w)
L0 7 Nadel AINANTUSILL LA TRmEN R daemenadien lumisadamay 3
WA ﬁuﬁmmﬁ'mwmqﬁlﬁm (Lin x w3/1 vs w)
L0aT 8 NAdaL ANNANTLEULLILAURTITaINE A R REne ARl uMNe Sz 3
WY9A ﬁuﬁmmﬁ'mwmqﬁlﬁm (Lin x w3/2 vs w)
U097 9 NadaL AnNdNTLSLLLAUTA e e AR e lumine Ay
2 WEINA ﬁuémmﬁmwmqﬁlﬁm (Quad x w2 vs w)
U097 10 nadeL AnaFuRusLULIEUTATameeA Faanansdusn it denns 3
WA HU NE9AGeE (Quad X w3/1 vs w)
L0 11 negey AN LA e meeAFosmenaiTigeslumisaday

3 NE9A U WeNeAees (Quad X w3/2 vs w)
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AN AN F 18999 30UEINATTAL
Auug ansley enidu 1lanCV:S LlNCVS Lancv? malu AICVS | miacy<s
uuy
1 150.548* | 92.217** | 107.009** | 220.070** 41.995* 9.523** 10.179* | 72.298**
2 3111 11.206** 0.004 0.714 0.109 1.969 0.819 11.282*
3 6.150** 0.694 6.346™* 0.012 1.781 0.009 1.578 0.250
4 1.916 2.789 0.948 0.444 2.707 2.423 0.444 0.259
5 0.510 1.49 5.820** 0.379 0.553 1.402 0.545 0.960
6 0.596 0.008 0.001 2.123 4.124 0.980 0.02 0.604
7 2.957 2.631 0.440 1.614 1.210 0.520 4.029 1.618
8 1.049 1.289 0.730 0.015 0.007 0.042 3.770 3.347
9 0.127 1.386 0.090 0.212 0.039 0.144 0.230 0.739
10 3.108 1.471 1.963 0.592 0.091 1.126 0.014 5.941**
11 2.278 0.024 3.744 0.030 0.144 0.013 4.929** 0.034
ANANAUT UL AN F 10999s0ug Nl Anusy iy
ndlu ncv:s AW
1 0.845 18.475™ 10.976**
2 11.967* 27.730** 88.601**
3 1.213 0.254 0.007
4 0.127 0.745 0.019
5 2.689 0.787 0.065
6 0.116 0.627 0.369
7 0.323 0.555 1.815
8 0.076 4.200 0.414
9 0.499 2.295 0.691
10 8.864** 0.821 0.692
" 5.510* 0.019 3.253
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