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Abstract: Focus p]ays a vital  rofe  in spoken  communication.  IJnlike s.ome  languages in which  worci-

lcvel aecent  is ussigncd  lexically. most  Chinese woi'ds  have no  ]cxica[ consu'aint  on  accentuation  at lhe
word  level. Thus, if a  disyLlabic word  is tu be focused on,  Chinese speakers  must  dccide zz,hich

syllable,  or  indeed it' both syllables.  shou]d  he stresscd.  Moreover.  Ihe stress  assignment  ol' the focal
words  is aiTected  by the sernantie  structure of the words,  which  are  cumposed  of  meaningful

charactcrs. In this paper, thc manner  in which  disyllabic focused words  uffect  variations  in the prosoclic
correlates  is i]ivcstigated, in terms  ef  the  sednantie  structures, stress patterns ttnd  tonal combinutions  of

the words  in Mandarin  Chinese. 1'he findings are  summarized  as  follews. (1) The cffccts  of  semuntic

structures  of  the Coeused words  on  the prosodie corre]ates  are  cotnpletely  mediated  by the stress

patteins. C2) The  prosodie ceiTelates  of  :he second  syllub]e  of  the  1'oeuscd word  ai'e morc  variable  than
those  of  the first sylLub]e.  Specifically. rhere is a  significant  ttsymmetry  of  vowe]  duration as  wcll  as

fundamental t'requency (Fe) range  between thc pre-strestted and  post-stressed syllables,  Moreover, the
tonal combination  signi[icantly  affects  the variations  of  both the  vowcl  duration and  Fo range.

Ke)'words: Focus, Stresb pattern, Seinantie structure,  Fe runge,  Duration

PACS  number:  43.70.Fq, 43.72.Ja

             1. INTRODUCTION

   ln Chinese, a monosyllabie  word  is composed  of one

character  that conveys  semantic  intbrmation. The meaning

ef  potysy]lubic words  is generally derived from the

con}bination  of  these  monosylLabic  characters.  tts in the

word  

L'gan.a]
 cai2  (steel material).''  "･'hich consists  o{' the

characters  
"gangl

 (steel)'' and  
'Lcaj2

 (materiul)." More-

over,  unlike  other  languages in which  word-level  acccnt  is

assigned  ]exically, as in the Japanese cxumples  of  
`"a'me"

{ruin) and  
'Lttme"

 (candy), most  Chinese words  have no

lexical constrainl  on  accentuation  aT  the word  ]evel. Thus,
if a  disyllabic word  is to be focused on, Chinese spcakers
must  decide which  syl]able, or  indced if both syl]ables.

should  be stressed. This st]'css  assignmenl  can  be particu-
]ar]y confusing  to sccond  ]anguage learners when  speakinLa

Chinese, for thc.v tcnd  simp]y  to p]acc strcss  accedit  on  all

syl]ab]es  of focused words.  A]though  it is acceptable  to
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apply  this simple  rule  in ccrtain  circumstances.  such  as  in

the reading  of  a govcrnment  report in which  very

promment  stress  ]s required,  and  in reading  aloud  by

young  pritnary school  students.  it is not  appropriate  to
comtnunicate  i]i this tnanner  in dailv 1il'e, The stress                                v
pattcrns of  disyllabic Chinese words  arc  detined conven-
tionally  as t'ollows L]1: stress plaecment on  the [irst syl]able

(SplO), the seeond  syl]able  (SpOb and  on  bc)th syllables

(SpI 1), Hereafter. Sp l0 and  SpO  ] are  referrcd  to as  
"single

stress': and  Spl 1 as  
-`doub[e

 stress-" patterns.
   It is widely  held thaL the  focally stressed  syl]able  is

accompanied  by  the changes  of  fundamental frequency

(Fo). durution, intensity, fi}rmant and  spect]'a]  tilt [2-8]. Fl-,

muvements.  moreover,  are  .Lu.enerally seen  as  the rc]iuble

prosodic eues  to'focus.  As a  tonal language. the Fo
movements  in Mandarin Chinese ure  gencrally described
on  the  basis of  a  top-  and  bottom-line lntonation model

[9.iO]. A  study  showed  i'urther that the fi'e movcments  c)f

maxima  are  significant  and  re[atively  free. but those  of

minima  are  limited by the bottom-]ine, which  results  in the

cxpansion  or  compression  ol' the locul F" range,

ill
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   There have bcen  several  reports  on  the nature  of

simple]'  double-stressed foca] words  and  their surroundings

in very  short  sentences,  inc]uding: (1) a  radical  asymmetry

of  t'undamentul l'requency (F'o) range  occurs  around  the

focused word  [7,8], i.c.. the Fo rangc  of  on-focus  words  is

sign"icantly  incrcased and  the Fo ra.nge  of  posL-focus

w'ords  is decreased, while  the Fo range  of  the pre-focus

words  is ]lltlc changed:  and  (2) a  rcmarkable  incrcase in

duration ofon-focus  wordg  is observed,  which  is associared

with  small  changes  in the duration oi' both the  prc- and

post-focus syllables  L8]. a  phenomenon  wc  caLi symmetry

of  duration. Despite Ihese  accumulated  findingg, however,

little attention  has been paid to the  nature  of  sin.gle-stressed

ft}cai words,  which  are fundamenTal components  of  fluent

Chinese speech.  Meanwhile,  it hus been shewn  that the

assignment  oi' stress  pattcrns is strongly  aH'ected  by  the

semantie  structurcs  of  the  foca] words  [11], We  therefore

conjecture  that the stress  putterns function as a mediator

between semantic  structures  and  prosodie correlates  of  the

i'oca! xfp'erds,

   Thc  presenl study  attempts  to ansiN'er  the following

questions: (1) what  is the relationship  between  semantic

structures.  stress  patterns, and  prosodic corre]ates  ef  the

fecal words  in Mandarin  Chinese, and  speciflcally,  are  the

effects  of  setnantic  structures  on  the prosodic correlates

completely  mediated  by thc stress patterns? (2) HosN' do the

three  aforementioned  stress  pattcrns and  the tone  combina-

tions afl'ect the prosodic con'elates?

   We  deal with  disyllabic words  in this paper, because

net  only  are  they  most  frequentl}, used,  but also  they ure  thc

fundamental constituents  of  other  polysyllubie words  ot'

three  syL]ables  or  inore.

      2. SEMANTICSTRUCTVRESAND

        Cg.ASSIFICATION  OF  WORDS

   Wc  classify  disyl]abic words  of  Chinese into the

ibllowing four categories  according  to difi'erent scmantic

structures:

   Category 1 (C1): words  in which  the contribution  ef  thc

first sylluble  is more  importttnL than  that of  the second

sylLable  to the meaning  of  the  word.

   Category 2 (C2): words  in which  the eontribution  of the

second  syllable  is mo]'e  important than  that of  the first

syllable  to the meaning  of  the word.

   Category  3 (C3>: words  in which  both the first and

second  syllables  contrlbutc  cqually  to the rneaning  oi' the

word.

    Category  4 (C4): words  in which  the relative  semantic

weighl  is subject  to eontext.

    In a previous study  [11]. we  found thaL Chinese

 speakers  tend to retain stress posirions on  the sense-

 contributing  sy]labLcs  of  the words  (Table 1). The  statls-

 tical  results  of  CCTV  news  speech  have shown  that (1)
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'1'able

 t Stress p:Mterns for each  categor>･  el' sernantic  strt]cture.

                                        ttt                                     tt                   '      ttt t   '
 Cat. Ex:unple Engiish Stress pauerns'                                      ttt

                 truns]utien SplO  SpOl .Sp]:
 Ci  ZhuanlYil Ccncentr'ated'' Yes  

'

 C2 Yi21)ing4 Must  Yes

 C3  GanglCHR  Just Yes  Yes  Yes

 C]4 Gan.ylCai2 Steel muteria]  
Yes

 
Yes

 .Yes ..
 
'N6'te

 that  no  entry  rei'ers to unnatura]  stress  placenient en  the

 specific  syl[able(s).

focused words  of Cl und  C2  are  conventionally  accom-

panied by stress  patterns SplO and  SpOl. respectively;  (2)
C3  words  are  often  focuscd with  stress pattern SplO, but

c)ther  stress  patterns are  preferred depcnding. on  the

prosodic contextual  factors, such  as  phrase finality: (3)

the assignment  of  the stress  patterns of  C4 words  is

somewhat  complicated,  depending on  whether  the fecus is

narrow  ur  broad [2]. In the casc  of  narrow  focus, the stress

is ussi.oned  to the narrow  tbcused syllable.  In the case  of

broad focus, the  stress  puttcrn Spl1  is most  frequently

uscd.  while  the other  stress patterns are used  depending  on

the prosodic contextual  factors. By and  large, it is obvious

that the semantic  structures  of a t'ocused word  slrongly

inlluence the asslgnment  of  its stress  pattern. Thus. the

issue of  the relationship  between  semantic  structures, stress

patterns and  prosodic cot'relates  of  the  fucused words

depcnds on  whether  or  nel  the effects  of  semantic

structures  of the focused words  on  the  prosodie correlates

are  cotnplete[y  mediated  by the stress putterns.

              3. EXPERIMENTI

3.1. Materia}s and  Analytica) Procedure                      v

   Four pairs of  disy]labic words  were  se]cetcd  from

different semantic  categories  as turget words  (Tablc 2).

Each  pair of  words  had thc same  tone combination  and  the

same  or  similar  phonemic  structure, but a different

semantic  structure,  To  contro]  the stress  patterns of  the

focaL word,  we  used  the canier  sentencc.  
"Zhe4

 shi4  TW

er2 bu2 shi4  CW,  (This is TW  hut not  CW.),'' into which

         Table2  
'['argct

 words  i'orExperimcnt 1.

    "･'ord p'airs (A, B) 
'
 

'English
 trunsla[ion Cat.

-Gangl.g'ou3
 A  Cengo  C3

 Gan]gou3  B Dried fruit C4

 Yi2dins,4 A Must C2

 Yi2ding4 B Tahlct C4

 C}ungtcai2 A  Just C3

 GangScaM  B  Stcelmateria[ C4

 Zhuamlyit  A  Concentratcd {/]t

 Zhonglyil B Tra.diLional doctor (]4
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  Z. Gtj  et  aL/  PROSODIC  VARIA'E'10NS OF  FOCUSE[)  WORDS

target and  contrustive  words  were  inserted for al1 four pairs
oi' disvllabic words,     '

   For exumple.  given the word  
`"gangl

 cai2'' C"sreel
material''). we  have the ibllowin.g 1'our derivalives.
"`Zhe4

 shi4  gangl cai2  er2  bu2 shi4  mu4  cai2.''  {'`This is
stee]  material  but not  )y'pod.")
'`Zhe4

 shi4  gangl cai2  er2 bu2 shi4  gangl g.han3 ping3."
(:'This is stec]  materiql  but net  a  steel  product.'i)
'`Zhe4

 shi4  gang1 cai2  er2  bu2 shi4  niu4  chan3.''  (`'This is
stecl  material  but net  a  weod  product.'')
"Zhe4

 shi4  gangl cai2  er2  bu2 shi4  giLl tu].'' (``This is
stcci  material  but not  anything  e]se.'')

   [n thc above  sentcnces,  the stresscd  syllables are

underlined.  We  also  made  the speakers  u-'are  that

sentences  with  target words  of Cl and  C2  are  used  in a

special  context  as  
`:metalinguistic

 correctio]i'-  1'2.], because
words  ot' C1 and  C2 are  conventionallv  focused -'ith  stress

patterns of splo and  spo], respeEtive]y.  Five native

Chinese speakers  born in Beijing, t-,o males  and  three

females, read  one  sentenee  twice. ,ALI[
 ot' the  utteranees

were  recorded  on  DA'F  in a soundproof  rooni  beforc being

digitized at  a  samp]ing  rate of  l ] ,025 kHz. The  syllable  and

vowel  segmentation  was  carried  out  manually  b}, observing
the wavcforni  and  sound  spcctrogratn  ol' an  utterancc.  I･b
contours  in  semitone  (retL I Hz) were  automatieally

analyzed  at  5-ms intervuls and  en'oneous  Fv x,alucs, if
any.  were  corrected  manually.  The  largest and  sma]lest  Fn
valucs  of  the Fo contour  of  the vowcl  segn]em  ol' a  sy]lable

were  exlracted  as  the  Fo maximutn  and  Fe minimum  values

of  the syllablc.  respectively.  The Fo range  was  defined as
the ditTcrence belween the two  extreme  values.

Table3

IN CH[NESE

 3.2. Results

    Table 3 shows  the tnean  ratios  of  the vc}wel duration of

 the disyllabic words  in the focusecl utterance  lo that in [he

 neutra]  utterance,  and  thc  results  of  the  onc-wav  ANOVA,

 Table4  is the samc  as  Table 3 except  thai  the mean

 differences tLre taken  for thc Fo rangc.  In addition.  we

 pert'ormed a  two-way  ANOVA.  with  
'`Word

 A'' and

 
'""'ord

 B't as  a  between-item  factor, and  the stress  patterns
 as a wiLhin-item  factor.

    The  one-way  ANOVA  foLind [hat neither  vowel

 duration (F <  b nor  Fo range  cJi <  [) was  afected  b.v

 the difforent setnantic  structures  of  words  A  and  B focused

 with  the sarnc stress  pattern, The  two-way  ANOVA

 revea]ed  thalt (t) strcss  patterns significantly utl'ected

 changes  in both vowel  duraLion (p <  O.05) Ltnd  Fo rangc

 (p <  O.05), but {2) there werc  no  internction effects

 between stress patterns and  the pair o[' werds  CF <  1).

 3.3. Discussion

    The resu]ts  show  that thc prosodic correlates  oi' the

 words  focused with  the same  strcss  pattern ure  insi.ff..nif'-

 icantl.v uf'fected  by their setnantic  structures. Stress patterns

 do infiuence pFosodic correlates.  1'hus, by associating  ",ith

 the prcyious results  [1]l that the seinantic  strLictures

 strongly  affect  the assignment  ot' stress  patterns as ]nen-

 tioned in section  2. it can  be conc]uded  that the  effects  oi'

 semantic  struetures  of  the focal words  on  the prosedic
 correlates  are  completely  mcdi"ted  by the htress  ptLtternh
 (Fi .E- , 1).

    These findings answeF  the tirst qucstion posed in thc
 introduction, and  form  the  fc undation  tbr the answer  to the

)v{ettn ratio ei' x,o",cl durulien of  foctrs L]ttcrance  to ncutra[              ' tt t            ttt t                     tt                                    tt
         Sy]iahle 1       tt

     W.B'  F'  p WA'

u"erance.

   W.B

    1.29
   O.95

    ].41

    [.49

   O.85

   1.47

   1.51

   O,84

   1,69

   1.03.

   O.90
   1.13

   ].47

   o.gl

   t.59

Sv[lab]e 2･ '
Subjec[s

MZJ

),･TXB

FHJ

FSY

FZM

Strcss

 atternp
 -     tt-SpllSplOSpOl

SpllSplOSpOl

Spllsp]oSpOl

Sp[tSplOspo]

Spl1sp]oSpOT

XNS-A

l.661.79Ll1

1.[6120].08

l.S51.641.16

LT]L161.091.291.381.]6

F IJ

1.671,76L]9

Ll5.].r91.06

1.S[1.59.]J4

1.091,]/lt.04

1.371.36],]3

O.O03O.023O.146

O,100n.o12().222

0244O,151O.118

O.618O.708O.344

U,372O.O14O.321

C).958O.882O.711

O,762(IL916O.654

O.638O.71IO.743

O.461O.432O,576(i564O,9IOO.59]

1.2SO.941.32

1,2. 3O.S4l.64

1.59o,g71.g2

Ll[O.9[1.[

 1

1.31O.74].s.r,

O,417O,032O.295

O.531O.103O,413

O.486O.381O.376

0.8320.020O.264

O.207O.124O.101

O.53. 6O.S62e,6ol

O.622O,7.h-9O.544

O. )- 12O.560O,S62

O.397O.891(L626

O.664{).746e,76o

              1f3
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SLress
 atternp
 ttSpllspioSpOl

Spl1spleSpOI

Sp]1SplOSpP1

Spl1sploSpOl

SpllSplOSpOl

                                                   Aeoust. Sci. &  71i('h. 24,

Table4  Mcan  difference of  Fi/ range  betwecn focus utterance  und  ncutral  utterance.

                                                                '                                                   tt tt                                        t tttt                                      '                       '                    '
        

"
 Syllablel Sy]lable2                   '                                                                '

     "/.A'  W'.B'  F  
'p''-

 ";.A  XNLB F

    
'2,27

 

'
 

'[,97
 O,14S 

'
 OJ09  

'
 424 3.91 O.025

      2.21 2,53 O.049 O.S31 1.5g l,8] O.036

      1.03 ],05 O.eOl O.974 5.42 4.79 U094

      1.14 1.3e O.045 O.S3g t.SO l.le O.S45

      (},98 [,03 O.Oe5 O.949 
-O,93

 
-O.S9

 e.le6

      O.54 O,49 O.037 0.85S 3,35 2.86 O.137

      O.75 O.56 e244  O.63S 1.55 1.56 O.eOl

      O,98 O.69 O.079 (].783 -O.37 -O.23 O.O19

      O.4S e.24 O,918 C).355 2. .S6 2.36 O,153

    -O.02 O.21 O.5S9 O,472 3.27 2,53 O.075

      U.21 O,33 O,SSI e.391 -{).81 
-].39

 O.2Yl

     -O.06 -U,03 O,021 O.896 3.12 3.[O e.OOI

      O.79 O.49 O.110  O,75] I.33 l.67 O,032

      O.50 O.S7 O.128 O.732. -O.02 -O.23
 O.061

      O.36 nAl  O.474 O,5[7. . 
3.6g

 . 
3.IY

 
O.027

3 (2003)

SuQjeets

MZj

MXB

FHJ

FSY

FZM

1･

(i,S77O.854OJ66

O.393O.755O.724

O.991O.S93O,7UV

O.793O,608O,99]

O.863o,gi3O.S76

Fbcusedwotdg Context

Classiticationoffo¢ usedwords

basedonsemanticstructures

CIC2 C3C4

Assignmentof'

stresspatternAssignmentof stresspattern

&)10 EpOl SPiO spO1 Eip l1

  Production of

prosodiccorrelates

g
             FO contoun  duration,

             intensi4y etc.

  Fig.1 RelaLionghip beLwee]i semantic  sLructures  nf

    words  uTid prosedic correlutes.

second  question, bccause it is re[iable  to investigate the

prosodic corre]ates  of  the focal words  regttrdless  of  what

kind of semantic  structure  they  have.

             4. EXPERIMENT2

4.1. Materia]s and  Analytical Procedure

   The experimental  procedure was  thc same  as that t'or

Experiment 1, except  that the target words  reflected alt 15

tona] combinations  (Chinesc 4 tones: H, R, L, F). excluding

tone  L-L  (tone L will  be chane,ed  into tone  R when  it

precedes another  tone L). Two  words  werc  selected  for

each  tone combination  (see the Appendix  for a  full list of

all 30 target words).  Thus, 1,200 (= 30 words  ×  3 stress

patterns and  1 neutral  x  2 repetitions ×  5 speakers)

uuerances  were  recorded  and  prosodic variations  werc

examined  through the analysis  of  vowel  duration, Fo             L. .
maximutn,  Fo minimum,  and  Fo range.

   The  values  of  thc prosodic eorrclates of  each  tone

combination  were  averaged  aeross  the two target words  of

the same  tone  and  across  beth repetitiuns oi' fhe target

words  in the sasne  sentence  uttercd  with  the same  stress

pattern. Thus. each  stress  pattern has a  total ot' 75  (= IS

tone combinutions  ×  5 speakers)  niean  values  for the

representatiun  of the variation  of  vowel  duration and  Fe

rungc.

4.2. Resu)ts

4.2.1. Effects ol' stress patterns
Vowel Duration

   Figure 2 illustrates the dislribution of  lhe  vowel

durutkU}n rEttios (cxi,cr?), where  cxi  and  or2 are  the ratios of

the  vc)wel  duration between focused and  neutral  utterances

for sy]lable  t and  syllable 2, respcctively.  The  68%  density

ellipses  for the stress putterns Sp1O  and  SpOl ure  shown  m

the figu]'e.

   As  can  be seen  in Fig. 2, there is a  significant

as.ymmetry  of  vowel  duration ratioti, because firstly. 979L

of SplO lie in rhe left region  of  the ordinate,  which

1l4
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Z, GU  et  t/iL/

                .

            

   er 
            

               t
            

      o

            

                ol
                       {x!.

   Fig. 2 Distribution ui' the vo-'c]  dupation ]-tio {(xi. cri).

    where  evL and  cr2 are  lhe  vow'cl  duratien ratios bctween
    1'ocused und  neutral  utLeru]iccs  foi' svllab]e  [ and

    sylluh[e  2-.respecLivety. 
"

   Table5 Mean  valuesai  and  di. of  vewcl  duration rutios

    in s},]]ableK  1 and  2 (ai, cx!).  respective]y.

    tt       tttt t                           tt-                                      '                                          tt
 Stress pattcrn a] d･,                                           '     tt        tt t                  t- t                            tttt                                       '
    Spll ].19 [.32.

    SplO [.43 O,85

    
Spe!

 . . 
1.[5-

 m  1.49

indicates that the vo",el  duration of  syl]ab]e  2 is shortened
when  there is singlc stress  on  syilub]e  l, and  secondly,  only

8%  ot' SpO 1 lie below the ttbscissa,  which  indicates t'hitt thE

vowe[  duration of  sy]lable  ] is rare]y shortened  ",hen  single

stress  Is placed on  syllable  2. Table 5 shows  the  mean

values  ai and  lr'2 of  the vow'cl duration ratios  in svilables  1
and  2 (cri, cr]), respective]y.  As can  be seen  in T5ble 5, ai
is decreased significantly  to an  uvernge  of 85`)i, for SplO
and  increased remarkably  to an  ax,erage  of  149%  fer SpC)].
This is in contrust  to the increase in di] to un  average  of

1]59Z and  1439b for SpOi  and  SpiO. respectively.  In
addition,  the ditTerence between  the meun  vowe]  cluration

rutio  ofpre-stressed  s-yllable  (cr-i =  1 ]5%)  and  mean  x,cwel

duration ratio  of  post-stressed syllable  (a2 ==  85%)  is

significant (p <  O.05), indicating that sing.le  stress  oi] the

syllab]c  of  disyllabic words  not only  lengthens the stressed

syllable  but also  s>,stemuticulty  affects  the length of thc

unstressed  s)tllab]e.

F" Range

   Figure 3 she",s  the dislribution of  the Fb range

differences (,fii.fi2). where  fii and  P2 represent  the

differences in I,b range  between focused and  neutral

utterances  for sy"ables  1 and  2, respective]y.  The  689t/

probability densiT.v el[ipses t'or the single  stress  patterns

PROSODIC  VARIATIONS  OF  [,OCUSED  WORI)S  IN  CHINESE
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                                         betwcen i'oeused and  neulral  LittcrtLnccs for syilable  1
                                        and  syliablc  2. respectively.
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 Tablc6  Pv(tan values  fii ui]d P2 of  Fu range  dill'et'enccs

   in sylluhles  1 and  2 ffiL, fiiL respective].v.

    '        t t                 '                            '                                tt                                         tt t-
SIress pattern 7ii LscmiloneT fii lsemitonel                                  '     '       t t                 t--                            '
   Sp]]  1.86 2.i8
   Sp]O ].65 -O.45

   
SpOI

 .O.51n 
3.ll

SplO  and  SpOl are  also  shown  in the figure. Firstly, 57%  ol'

SplO [ie in the left region  ot' the ordinate.  indicatins, that
the  Fe rangc'  of  syl]able  2 is more  like]y, to bc decreased in

lhe casc  of  sing]e  stress  on  syllab]e  1; secondly,  27%  ot'

SpO1 lie be]ow  the abscissa. indicating that the Fo range  of

pre-stressed syLlable  1 is less iike]y to be decreased when
syllable  2 is sTressed,  Table 6 sho",s  the mean  values  B]
and  fi2 of  Fo rttns,e differ¢ nees  in syllables  1 and  2 (fii,B!),
respeclivel},.  As can  be seen,  the  mettn  Fo range  dit]l'ercnces
increase  more  for the single  stress patterns (fii =  2.65.

fi2 =3.31)  than  thuse  for the double stress  pattern
(fii =  1.86, ei =  2.]8). with  signifieant  ditTerences at the
leycl of  p <  O,05. Another  substu]itiu] difi'erence is that the
mean  Fn range  diffcrence ot' the prc-stressed sy]lable  ]
Ctll =  O.51) is larger than Lhut of  the post-stresscd syllable

2 es, =  
-O.45)

 (p <  O,05).
4.2.2. Efl'ects uf  tone combinalions

   We  perl'ormcd an  extended  CHAID  (Chi-squarc Auto-

niatic  ]nteraction Detection) anulysis  [12.131. with  the

standardized  values  ot' cri, ai,  fii and  B2 as  dependent
vuriables  unct  the identities of  the tones  and  speakers  as

independent variablcs  (Tab]e 7), The standardization  was

made  on  rhe basis of  their means  and  standard  deyiations,
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'rable7

 Indepcndent and  depcndent  N'ariubles  Lised in

   the CHAID  ttnalysis.

imk/pentient i'ariahttf.h (J.V)

T.I Tone  identities of  syllable1(H,  R, L. F)

T.F Tone  idcnLities of  s},liahle2(H.  R. t.. F.]

Spk Subjects who  uttcrcd  thc  targeL  woi'd

               (F-1, F.2, M.1, M.2, M.3)

Dependeni  i,ctriahtes  (D.V)
dii Standardizcd vaiue  vi'  cri

di, Standardized va]ue  of  cr].
if]i

 Stundardized value  of  fii
A? - 

Standardized vtd.ue
 
of

 Ei -

                  Acroust. Sci. & 7'ech, 24, 3 (2003)

where  the standardized  values  were  denoted as di l . di2, Bi
and  B]., respectively,  The  CHAID  algorithm  recursively

splits  the dependent variable  space  into  two  or  morc

subspaces.  An  exhaustive  seurch  is rnade  to find the best

sp]it resulting in the most  statistically  signit'icant  difference

among  ali possihle splits  with  regard  to the independent

variables.  The  splitting proccss is repeated  untit  insignitL

icant difi'erence is i'ound after splitting,  The one-way

ANOVA  is uscd  to indicate the degree of the difference.

Thus  the targer the iL'-valuc, the greater the ditlerence

becomes. We  also  eulculated  the  reduction  ratio of  variance

(RR) after the split, Tables 8 and  9 sho",  the results  for

     Tabtc 8 Major  rcsults  ol' CHAID  anulysis  i'ur vowel  duration.

      L,arlables  was  t'urther split  into a  subspace.

Stress pattern SpOl
Depth
                       Independcntvariiib]es
of  sp.lit

                              F-1, M.1.  M.2,  M-3.
IsL spli1 SPkl F.2

                              H, R, F
2nd sp]it  T-Fi L

                              H. R, F
lsL split T-}"-

 I.

'
 indicateK lhat thc  subspace  represented  by the independent

Stres's paUern  SplO
Depthc]f

 split

di[
Dependent  variables

     F RRIva]

O.07-O,S6-O.13O.89di

 1.

2S

11F

Independent  va['iables

o.ol2,l7

di1

97

DependenL variablcs

     F

 28

 ISRR[%1

 57

RR[%1

]st split T.I/
H. RL,

 F

O.67l,07
s 10

     Table 9 Maj'ur results  of  CHAID  analysis  for Fu

      variables  was  further sp]it  into a suhspacc.

Stress pattern EpOl
Depth
                       Independent  vuriubles

et' spliL

                                   H,F
lst split  T-I R,L

range.'  indicatcsthaL the  subspaeerepresented  by lhe indcpendent

Bi
Dcpcndent vuriab[es
     F RR[za,]

-e.69O.42fi!
8F  10RR[%J

isl split

Stress pattern SplO

DepLhel'

 
spl]t

 . .

T.Fl
HR,

 I., F

Independent  variables

-O,61U.99

B,

62

DcpcndenL  vtLriab]cs

     F

46

RR[%1

]st split TI/

HLR,F -O.36O.68].1

R,

     4S

[)epcndcnt variable

     F

55

RR[%1

lst split

2nd  split

T[/

T-F:

H. RL.

 F*HR,

 L, F

-O.37-O.9LT-O.4S-1.11
[5

IO

18

10

li6
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  Z. GU  et aL/

vowel  duration and  Fl; range,  ]'espectively.  As can  be seen,

most  of  the CHAID-bused  splitting process underwcnt  at

lea$t one  split, except  for the process t'or the dependent

x,ariable  di2 under  stress pattern SplO. Moreover, the
identities of thc tenes were  mostly  s'clected  as thc ma.ior

independent variable  tbr the dependent  variablcs  di L, di2. 
,
 Bi

and  A2, indicatine that the tene comblnations  significantly

affect the variations  of  both durations and  Fc) ran.ee.

Vowel  Duration

   
'1'he

 tonal categories  of the second  syl]ables  (.T-F) undcr

stress  pattern Sp(}] strongly  atTect not  only  thc N,alue  of  di:

but also  that of dii. As can  be scen  in Table 8, the

stundardizcd  N,owe]  duration ratio  of  the  stresscd  tone  L
(di! =  2.17) was  much  ]arger thun  that of  the other  tones

(di; =O.Ol),  with  2L significant  difference (F =  97,
RR  =  579E･). which  even  antieiputively  affcets the standar-

dized vowel  duration rarios  oi' the  pre-stresscd sy]lables

CF=  ]], RR  =  159t), Thc  resu]ts  for thc stress  pattern
Sple  less clear]y  shoNv  the  tena] effects with  a  ditTcrence

(F =  8. RR  =  10%).

Fo  Range

   As can  bc seen  in Table 9. the tonal  categories  strengly

afd'ect the variations  of  the Fe ran.ue  of  both stressed

sy]lahles  1 tLnd  2 with  signiilcant  difference (1' -- 45,
RR  =  S5`)t foi' syllablc  1; F  =  62, RR  ==  46{I, for syllable
2). In .generul.  the Fo ranges  ot' the static  tones  H and  L

-,ere increased less than  those  of  the dynainic tenes  R an([

F. except  that the  Fo rang'.c  ef  the word-final  tene  L was

tnereascd  to the  same  cxtent  as that of the  dvnatnic tones,

Moreovcr, the high-offset of thc stressed  toncs  II und  R

tncreased  thc onset  Fo of  the post-stressed syllablcs,  whiie

the low-offset of thc stressed  tones  L  and  F clecreased  the

onset  F" ol' the post-stresscd syL]ables.  As  a resuk  thcre is a
significant differencc between the cft'ects of the two  tonal

categories  (F =  15, RR  =  18%).

4.3. Discussion

   Thc  resulrs  for thc  effects  of  the stress patterns of  thc

focused word  Mustrate that the stressed  svllables  were

consistently  produccd w;th  signiticantly  incl'eased vowcl

durutien and  F- range,  but with  regard  to the pre- and  post-
stressed  syllablc  jn the  words,  there  was  an  overall

as.v]nmctrtc  x･'ariation  in vowe]  duration and  Fe i'angc,

i.e., u s]ight increase in pre-stressed syllable  and  u

considerablc  decrease in post-stressed sylluble, However,
us  can  be seen  in Fisures 3 and  4, the asyminetrica]

prepcrty of Fo range  is lcss obvious  than that of  vowcl

durution, irnplying that tona] interuction probably atTects

the variation  of thc Fu range.  In addition.  neither  the
distribution oi' vewel  duration ralios  nor  the  d"'fercnces of
Fv range  is concentrated  within  the  domain  of  each  stress

pattern, indicating that there  malr,' stil] be other  factors
which  might  systematicall)･  uffect  the N,ariations  of  vosN'el

F]ROSODIC  VARtA']'IONS  OF  FOCUSED  WORDS  IN  CHINESE

250{Hz)
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 . -.  L..
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Fig. 4 F" conLuurs  c} l' a tonc coinbination  H-t" produced

 by spcaker  N{Zj with  a sti'css  1)?Lttern SplO arid a

 neu[ral  pttLtern.

duration and  17o range.  
rFhus

 it is worth  considcrinE  the                                         b
dctailed ell'ects  of  tone  combinations.

   The  results  for the elTects of  the  tone  cumbinations

illustrate that] (b the word-iinal  tone  I. of  Et stressed

syllab]e  sho",s  a unique  lc]]gthening ei:feet  en  the variatiun

of  x,ow'el duration, which  may  be due. at ]east in ptLrt, to the

phcnomenon that a  rising  Fo contour  is appended  to the

word-tinal  tone  L. whi]c  the word-initial  tonc  L keeps

['alling only:  (2) thc F- range  of  the pest-stressed syHable  is

strong.ly ai'foctcd  by the  high-or-1()w ofi'set  of  the tone  of

the precedin.u su'essed  syllable,  Contrary te the expectatien

that the Fl) range  of  the post-stressed syllable  would  be

decreased accordi]ig  ro  the as},mmetric  propei'ty oi' {hc F"

range,  it is inci'eased when  preceded by the high-oft'set

tones. The  tone  cembinntion  H-F  is a  typical examplc  in
our  data. As can  be seen  in Fig. 4. the lio contour  of  the

first srressed  syllable  is raiscd  significantly,  whieh  ls

f'ol]owed by a  censiderable  increase oi' the Fo Jnaxi:num  in
the secend  post-stresscd syllable  by 12Hz  and  a  slight

incrcase of  the F[] minimum  by 5Hz, As  a  result,  the Fe

range  ls increused in Lhe post-stressed sy]lable.  Xu  [14]
exammed  F[] contours  ot' bi-tonal sequences  und  fi)und a
carry-over  tonal effect  on  F- contours:  thc starting  Flj of  a

tone  is assimi]ated  to the offset  of  a  previous tone. It is
eonsidered  that the carry-oyer  effcct  resulted  in the

increase of  the Fo range  of  the post-stressed sy]lable.

               5. SUMMARY

   The results  e[' our  two  exl)eriments  reveal  that/ (1) the
eff'ects  vf  semantic  struetures  of rhe  t'ocuscd ",ords  on  the

prosodic correlates  are  eemp]eLely  niediated  l)y the strcss

patterns, (2) there is a significant  asymmelry  of  vowel

duration as  we]]  as  Fo ranee  betlhecn the  pre-stressed tlnd

post-strcssed sy]]ablcs.  Implying that dltTercnt strategies

are  employed  in the Lask ot' focusing disyllabic words  ",ith

thc sins,le  stress patterns SplO  and  SpOl, i.e., ernphasizing
the first s>,11ablc as  -'el]  as  weukening  the second  s.yllab]e

for the formcr. but emphasizins,  the second  syltab[c  only

117

NII-Electronic  



The Acoustical Society of Japan (ASJ)

NII-Electronic Library Service

TheAcousticalSociety  of  Japan  {ASJ)

I'or the lattcr. Moreover,  the  tonal combinations  signifi-

cantly  at'1'eel the variations  ot' both the vowe]  duration und

Fo range.
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