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‘ABSTRACT

The rationale for the present study stems from the claims of thg isgthrony model
and comb model of speech timing. that speakers of Englid'tmahtaina'ccruiq‘terrpord
invariance within an interstress interval (rhythmic unit). |

With reference to stutterers, nwuqmuomdutovwm«notthoywould
mmmdmtm,mmmammnmwmm
segmental levels. Moreover. it was slso the intent of this study to obtain production dsta
MM.W“W&ffrmMMWMW;N
mmmwnmmwwomwmwu
organczation of riyythmic units of varying sizes in stutterers snd normal speskers of -
Engieh - - - | *

m-dpnenmu.dhnmwom«anurmofm
mbymdeUsofiw\ﬁmmmMnmm
Wbmmmmmmmwm
nmummbymwﬂmmm-tuw.f

The results showed no evidence of siress isodivony. Tempors! compression and .
wd“mmmuamdudmm
mmmnmdumwmmmmw )
mmummnmmm mmm
‘mnmumawmmmmmu
mmMajmummumw
mummnm-mmmmnm
10 reguiste rete and rivyihm

mummhnmnmmu
MQ‘MA”M-UQO”MUMS“OQ
temporsl argensstion within riwenic Ui I\ normsl speshers. Finally, enperivants sre
suggesind for fubwe iwestigaions on rete and rhyewn. .
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I. INTRODUCTION

investigations on the prosodic features “of English gre‘w vyith the efforts in
deveioping speech recognition systems snd synthetic speech Lea (1976), for example,
through a -sorics of experiments demonstrated the value of prosodic information in
speech recognition systems The prosodic festures that convey' lingufsfic information are
intonation, stress, and rhythm\ Of these. the latter two are intricately related in English. The
rhythm-of a Imguage s more or less determined by the pattern of occurrence of events in
time, whether it be articulatory units or pauses. For English, studies on the occurrente of
stress in time would inevitably address the issues of rhythm and the temporal organization
of speech in general.

The interstress interval which is aiso known as the metric foot or a rhythmtc unit
has been the focus of several investigations on the rhythmic structure of English. These
studies will be reviewed in the next chapter.

There are three welil known theories to explain temporal 'organimion of rhythmic
unit the isochronous modet, the comb model ‘and the chain model The isochronous and the
comb modeis are open loop systems, and the chain model is a closed loop system. in the
isochronous model, the interstress intervals are constant regardiess of the number of
intervening unstressed syllables. in the comb modei, the speech segments are preplanned
This model is used to explain temporal compensations of segments and coarticulation.
Lastly, the chain model hypothesizes that successive e.spooch gestures are iriggored by the
complctron of the previous one. The initistion of successive speech gestures wnll depend
onthoumory feedback, mnmportmtfactor in the closed loop model, not accounted for .
in the open loop systems ,

The rationsle for the present investigation stems from claims niade in the
‘isochrony modd\ﬂid the comb model of speech organization that speakers of English tend
to maintain invariance within a rhythmic unit

Aswﬂlbonoudnﬁnrwnwmthefoilowmcrmtor aimost all the studies havo
concentrated their afforu in supporting or refuting the isochrony hypothesis. Besndes«
most of the esrlier studies with the exception o%a few . Shen and Peterson, 1962;
Udnll 1971, 1972, Lea, 1974) have based their conclusions on spooch sampies that are



produced under experimentally contrived condiions

The present research was therefore undertaken to study temporal orgamzation of
rhythwric units 1IN natural contexts such as within a discourse in this study an attempt wili be
made to answer some of the Questions with respect to the three well known modeis of
speech organization First of all. if stress uva exists in the natural flow of speech s
this 1soctwrony determuned by the very structre of the English language’ Secondly
sllowmng for the fact that inter stress intervals in English can range from a sinqbc syliable to
several syllabies. how dO speskers mantan temporal invariance of rhythmic units? Do
speaskers mantan temporal nvariance through adpjstments in segment durations and of
rate control? )

If English speskers. on the other hand. preplan in terms of rhythrmic units. then are
there processing constrants that would determmne the maximum length of a prepianned
unit? Do these restrictions n processing somehow mfiuence the structurai make up of the
language? |

Lastly. if English speakers plan l\d\produco speech in terms of syliabies. then do
stresses merely set the rhythm of the language by virtue of thew acoustic prominence?
Are thers temporal reguiarites operating within an interstress interval that would
determne the rhythm of M?Marcbm:o'mvorybwcqnsuon;wonoodto
m:woru'nord.rtomdorstmd temporal organization of speech i

With reference to stutterers. it is even more critical to understand how stutterers
orgaruze ther speech temporaily. Particularly. because stuttqng is a temporal disruption in
speech SWrthaﬂdemﬁomthMﬂs,bmmgbgshavobom ’
thhmwuw.wumhwmof fluent speech (e.g.
Agnello and Wingate, 197 1. Haend and Luper. 1980. etc. These and several other studies
will be reviewsd in the next chapter) Moreover. it has aiso been reported that stutterers:
fiuent speech is perceptibly distinct from that of normel speskers (e.g. Prosek and Runyan,
19821 One of the objectives of this study is to obtain production data that is likely to
explan thug perceptible dif ference between the fluent mooch of stutterers and normals. .

chirdmmwmnmtéwrpordormofmm
“stutterers. |f the rhythm s set by !ho'ocanm of stresses at oqQual intervals. as
" pradicted by the isochrony hypothesis, then the question is whether stutterers, at least in



ther fluent utterances are able tc follow a 'normal” rhythmec pattern In ther speech
despite the !aryngeal lags and asynctromes of the speech musculsture’ It some temporal
mvariance 1S the norm. then do stutterers strive to mantain this invarniance through
adjustments i rate and segmental cur stions’ .

On the other hand. If 1Isochrony does not exist for normal speskers but f Enghsh
speakers tend to preplan ther units in terms of Nterstress Ntervals then do stutterers in
therr production of fluent utterances show any differences in thew ability to preplan urts
of diffprent durations? Would stutterers be closer to normais in preplanmng smaller units
than iarger ones because of their production dif ficulties?

Lastly would stu’ttarors tend to use have abnormal pattern within rhythmic units.
partucularly because most therapy programs teach the strategy prolongation of syllables to
tacilitate fluency ‘

Besides understanding temporal organization of speech in stuttarers. the inclusion
of English spesking stutterers ig likely to provide confirmation of certain normal trends
about English. Despite several possible differences, stutterers may provide dsta consistent
v;nth that of normals’ on certain aspects of temporal organization

Although answers may not be found for all the above questions, an attempt wilil be
made to answer .several of them This study is therefore, designed to characterize and
compare temporal organization of rhythrmic units in the fluent speech of stutterers and
normal speakers of English

in the next chapter, a review of temporal aspects of normal speqch/pt%sis’es and
temporal characteristics of fluent speech of stutterers will be presented Specifically, the
studies will cover issuss on production and perception isochrony. Firstly, the various
speech tvmmg models, developed from studies on normal speech will be briefly described.
Socondly the studnes on normal production and perception will be reviewed in the light of
the the modeis of ‘speech timing On stuttering, firstly, production studies on timing will be
reviewed, which will be followed by a review of perception studies on the fluent speech
of stutterers.

The third chapter will be devoted to the methodology employed in this study.
information on subjects, nature and method of speech sample collection, instrumentation

and the procedure used in obtaining durational measurements of speech samples will be



presented n detaml

in the fourth chapter the resuits of several ANOVAs other a posteror tests it any
and graphical lllustrations for the various conditions will be presented and interpreted

The fifth chapter will consist of ciscussions of the results Further /mpilications for
stutterng and for a speech timing model wiil be presented

The sixth chapter will consist of conclusions of thus study and :mplications for
future research

Follc&vmq the fnal chapter bibliography and sppendices will be made avaiabie The
sppendices will inClude the speech texts used n the primary experment. the specially
constructed sentences used n the suxiliary experiment the computer programs used N
obtaning durstional measurements. statistical programs used In the analysis of the data

and the measurement data for all the components examined in this study



. REVIEW OF LITERATURE

Like most issues in speech research. the study of temporali organization of speech
has been investigsted through production and perception experiments In thus chapter.
1ssuss On temporal compensstion n normal speech production and perception will be
outiined Following this review. research on temporal characteristics of fluent speech of
stutterers will be presented Some of the studies reviewed will include mvestigations on

lsryngeal trming. and perceptual dif ferences in the speech of normais and stutterers.

A. Tempors|l Characteristics in Normals
in ttus section. the tursng modeis of speech will be described This wiil be followed
by a review of research. the findings of which have s besring on these modeis.

Timing Modeis of Speech

Since speech 1s temporaily ordered. there have been several modeis of speech to
explan timng Lashiey. in 1951 contradicted t associative chsin theorists, n
hypothesizing that speech production invoives u‘vord interacting and inter dependent
systems, whwch he termed as “determwning tendency”. The determining tendency
corresponded to the spesker's intentions. According to Lashiey, the temporal ordermg is
not inherent in the idea. the word, or the motor orgmiz{u'on. but it can control the ordering
of the system Syntax is considered a temporal orderng device, which integrates the idea,
the word. and also &d«m of the motor actions. Lashiey's model is an open i0op system
m whach several systems are constantly interacting

Yot snother open i0op system is the Isochrony model. According to this model,
stress syllables occur st equal time intervais in English, regardiess of the humber of
iMervening unstressed sylisbles. thoroby, causing the comprassion of sylisbles in longer
units. This model has been used to explain stress timing and its role in setting the rhythm in
English |

Based on this assumption of stress isochrony, Martin (1972) proposed a model of
speech rhythm, according to which, the timing of stressed and unstressed items are
planned in a herarchy. The stressed items receive primary emphasis and unstressed items



receive a secondary emphasis The speech i1s decoded on the same basis by the listener
Thus twerarchy as opposod to concatengtion sliows for sttention cycling between input and
processing. whersas. perception of concstensted eiements would seem to require
continuous attention

Kozhevrkov and Cht;towch (1965) measured time within a syntagma in Russian A
syntagmas is an articulstory sequence with no pause n between It 1s sometimes one
syliable and ranges up to seven They conciuded that the sucessive syilables within a
syntagma are preplanned. and an artuculatory urwt of twrwng was a CV syllsble Kozhevrwov
and Chustovich hypothesized an open ioop model for the controi of the sylisble commands.
They found that within a syntagma. relative durations of syilables and words remsined
mvarant within changes n rate. but reistive duratons of consonants and voweis withn a
syllable showed significant changes That means compensatory changes in duration
occurTed at the segmental level in order to Mamtain nvarnance at the level of a syliable or in
larger units. According to this modei, successive syilables are prepianned and sach syllable
command is automatically nitisted, by a rhythm generator n the nervous system

in contrast to this model is the closed loop model. in which feedback plays a very
mmportant role. This model was first published by Fawrbanks (1954) According to thus
model, the command for the next syliable is issued n response to an afferent /mpuise
indicating the beginning of the preceding syilsble.

Several researchers hsve concentrated their efforts to find empirical evidence for
the above models. in the following section. some of the important investigations will be
presented

Rhythm in English

Any review of literature on the topic of rhythm will be incompiete without the
_ mention of Pike's (1945) classification of langusges as stress timed and sylisble timed. Pike
cited French and Spanish as examples of syliable timed languages in which sylisbles are
more or less evenly spaced $0 that phrases with extra syliables take proportionately more
time. in contrast to this, in stress timed languages like English, Pike oburvod'that there is a
tendency towards equal spacing of stresses. A single rhythmic unit is comprised of only
one primary stress and varying numbers of unstressed sylisbles. but will have a constant



duration This hypothesis 18 popularly known as the isocivony hypothesis In sections to
fouowamytm'icm\twmboroforrodtodsoul'mf‘oot"ora“foot’.whichlslho
time nterval between two major stresses The isochrony hypothesis suggests that the
armmofwswmmamuvtqodtvodWMUnWOf
mstrosudwwyottommwmmfootsontommmlcm
constant interstress nterval. Therefors. the production of sylisbles in the l-'q:? rhythmic
urwts will undergo shortering pouﬁbly vowel reductions and probably will aiso be
articuiated rapidly o

Atthough we have no evidence that Pike's speculations were besed on sxperimental
verifications. it is nevertheless an intriguing observation, based perhaps on'his linguistic
intuitions and personal cbservations. This hypothesis deserves experimental verification
uvplybocauaapoochprocgc':isnotodyaproductionprmunap«coﬁnmproccu
as weil, and the reality of linguistic intuition needs to be established. §

Apart from these considerstions, the import of Pike's isochrony hypothesis is thiit
it proposes rhythmic unit as a unit of perception and/or production Further implied in this
theory is that segmental durstions are sffectsd by temporal constraints dictated by larger
units Port, 1980). In this context, Port refers to the interaction of temporal structures of
wvotypu.wﬁchhomuﬂn‘tmpordnicrmfndﬂb“uﬂ'pord
magrostructure” The temporsl microstructure reflects segmental durations such as
inherent durations of phonetic segments. The temporal macrostructure determines timing
owwwm.tioﬁuofwﬂduanm. 198 1. While the notion of
-inherent durlbom is somewhst debetable, Port's dichotomy of temporal
structures could nevertheless be utikzed by redefining the microstructure to inchude timing
fminmncf-muwumnvmmmwonhmm
mﬂ%uﬁh’mmmimofmhmmro
d?ocudtohq‘vwdmonmeﬁrt

Prodnﬂonixp‘rlm

Abwlmlaocflravy:
W*v&nommmm»ftwmmmmww.

Many early ressarchers found no constant interstress intervals in their deta (e.g. Shen and



Peterson, 1962 Bolinger. 1965. O'Connor. 1985). These researchers differed in the type
of speech sample they studied and in thewr criteria for determining the
Shen and Peterson (1962) obtained measur between

using prose samples read by three speakers. Each of
nvestigstors assumed that only one stress occurs in 3 sentence. They did not control for

a different passage. The

m;MofMAm,quWmmWwoiMhm
.merstress intervais. This resuited in 3 large variability when messurements were pooied
for the three speskers. On the basis of these measurements Shen and Peterson rejected
the isochrony hypothesis.

Bolinger (1965) used two lengthy sentences produced by six speskers He
messured the interval between accents that were first identified in the text He found no
evidence to support the notion of isochrony as 13 out of 53 intervsais he measured were
twice the length of the shortest interval. He aiso noted that besides the number of
syllabb‘smmmvdwomoﬂwfmwsamuwmm.,mw
initisl or final positions and the reistive semantic significance thst infiuenced the length of
an interval. .

O‘Connor (1965) anslysed a limerick with strict rhytm. The stresses were
Wbyduswodmdbymmﬁmmwmammchdaﬁm
these results O'Connor found no evidence in support of isochrony. in a lster study.
O'Connor (1968) examined the duration of foot in reistion to the number of component
sound segments. He made Messurements on seven utterances using five speskers. Each of
ﬂnuturmmn‘atpofﬂrnmoylbﬁcfmmm\dfootvtbdh
wmﬁmmwmw while the first and the third foot remained
wmmmofmvmfomwmdnuhmﬁmofwm
O'Connor found no evidence of temporal compensation in the varisble foot

in contrast to theee findings, Uldsll (1971, 1972) claimed isocivrony for one
spesker in 3 moderately siow “news resding” style. She anslysed David Abercrgmbie’s
reading of “The North Wind and the Sun". The text was divided into rhythmic fest by the
wnbromscmhundmdmmnmhwzwmwno
me. Despite this vast differsnce, Uldsl claimed a tendency towards isochrory. The results
mmdeutmmmsnwmm.dfm«mwmwmmm"



’
and 520 ms.The average durations of monosyilabic disylabic and trisyllabic feet were 440
ms. 510 ms, and 540 ms, respectively. The average of the four-syllsbic fest was.
however, 780 ms. which differed greatly from the overali sverage of 520 ms

Lehiste (1973) conducted production and perception experiments to verify yet
another modification of the isochrony hypothesis. Aborerombnnsed.wse?) clasmed that
metric fest (rhythmic feet) of dif ferent types are of equal durstions. Ldisttqmod
. 17 sentences according to the rules established by Abercrombie. Each sentence consisted
of four metric feet (e.g.! Oid the | doctor | say | sOmething | | The internal structure of
each metric foot was made up of disyllables in which sylisbles differed quantitatively. i.e.
"“short-long (~ —J; medium—medium ( ~ ~J; and long-short (— — . Each of these foot types
occurred in the four different positions in the test seffiences. Syllable durations were
measured from sampies produced by two speskers. The results indicated that while similar
durations were seen for feet of the same type. large varistions in durstions were noted
for feet of different types. Tﬁcrofon, Lehiste contended that production isochrony exists
for fest of the same type.

Lea (1976) summarized his studies on rhythm and timing cues using sentsnces
embedded in paragraphs. He reported-that intervals between stresses are a linear function
of the number of intervening stresses. interstress intervais. however, tend to cluster near
O.4m~wuiswoudbompriuda§ammtdiiwdrony,m
rwmmw&\cywumsdnwmmwm-wvmumof
mmmmwformdrmdmouodsymw.mhdrm
of Lea's study see Lehists, 1977).

Y«ermMMfdodtofnduppmforhmodrmyhypom
" was reported by Nekstani, O'Connor and Aston, (1981 This study wae besed on
mobmndmmwpromcngywmwthmw
| studying stress position effects on sylable curstions, Nakatans et al probed the issus of
mw Thoymfomm‘ﬂu\cﬂonoﬂootmmnmamfoot
: hummwmwhdnmmbynhndfowbymmmw
" denoted by (0). A two—foot (1004, a three—foot (10001, and s four—foot (10000), kkewise
had two, three and four unetressed syllsbies following one main stress. The reiterant units
‘mwwam—mwm‘mwm'mmwm
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smbedded in a sentence For example, "the abeurd dsy made many icdeas seem strange”
was recorded as “the ma MAMA made many idess ssem strange” The nonsense syllables in
Mcmhdwomm-\dmonhwu:rudpﬁv"‘ym'mwﬁﬂy,md
speskers (18) were selected and traned to produce fluent reiterant tokens. The subjects
were at first required to say the actusl English sentence, following which they were asked
to produce the corresponding reiterant tokens The speskers repested the sentences with
m;wnmwmrmwwmmmwowmmwwm
durgtions were then mede from spectrograms Nakatani et al acknowiedged the
vmofrmmmmmmwrmMmtbonm.of
rhythm in natural speech They. nevertheless. cisimed that their study showed “no evidence
to support even a libersl interpretation of isochrony”. lndofmofmomthoy
noudMnsodvondebomoannrmthumomw
varigtions are controlied

Nakatani et al also found phrase position effects on stress syilable duratnon for
nouns but not for adjectives Also for noms’?thoy noted that the phrase position effects
onsyﬂnblodrtﬁonmmmfhdpodﬁt;ﬁwcnmgﬁgibh

The results of this study aiso indicatad that the overall word durations increased as
a function of foot size They used these findings as further evidence to reject the
nochronyhypom

Thus far, duom isochrony has not been reported. Howovor in several studws
tmpordconwuﬁomnlhowhvdhwobmoburvodnhubuntguod
that the evidence of temporal compensation is indicative of rules that operate to maintain
, temporal invariance Port, 1980). It is precisely this consideration that has led several
others to argue in favor of the isochrony hypothesis.
Tendency towards |/ sochrony:

Swwdmuw:mmwnmwwntobngutmmnosy)w.words
and decresse progressively as unstressed syllables are appended to the base words
Lehists, 1972; Lindblom, 1984; Lindbiom and Rapp, 1973 ; Bamwell, 1971; Kiatt, 1973
Rapp, 197 1; and Huggins, 1979).

This conclusion hes been drawn from studies bssed on a variety of speech
samples. For example, Lindblom and Repp (1973) in their study used nonsense words,

ol
I



£M(1972)Mimwdsﬁmw~t.Btnw.l(1971)usodshor§pfru“
and Kistt (1973) embedded target words in CI’H’/MRQP (1971) noted
compensations between consonants and vowsl durations in a word for Swedish sampies.

Contrary to the findings on English in some of the aforementioned studies. Umeda
(1972) found that the number of syud)lu v 3 word did not affect vowsl durations Owing
thug discrepancy to the nsture of speech sampies empioyed in esrlier studies, Harris and
Umedas (1974) hypothesized that temporasi factors in isolated words. carrier phrases and
connected text are gpvcrmd by different rules The apparent discrepancy. they said. must
come from difference in speech mode and not from differences in speakers. They
verified this formulstion by examining the duration of stressed vowel fowel as in “bat’) as
a function of number of syliables that followed Two speskers produced the target words
in carrier sentences and in connected speech They found that results from both speskers
were identical They aiso noted that means for vowels in ail non-prepausal positions were
identical. There couldboqfw of reasons for this ascnpmcy between Harris and
Umeda's findings and other studies. One possibie expianation is that certan syntactic’
factors under certain conditions may induce temporsi compensation. Huggins (197%)
examined the combined effects of an appended unstressed syllable and the syntactic
boundary on the duration of the preceding stressed sylisble. in his Classic example,
"Mb«l\douf,hoobmodmnwhmmmm'symwumdto‘cm“‘
(e.g. cheeses), there was a substantial shortening of the vawel in "cheess”. However, when
this unstressed syilable was added to an adjacent word (cheese asbound), the vowel in
"cheess” in fact increased in duration However, when unstressed sylisbie was added to the
word “bound”, progressive shorteming of the vowsl was noticed regsrdiess of whether
the unstressed syliabie was added within the word “bound” bounded) or ito the adjscent
word bound sbout). Huggins attributed this difference in the effect of unstressed syliables
on choou md"bomd’tohocc\rrmofambou\drybymmoubpct
"cheese” t\dprodicm'bomd"tomw

Lea (1975,1976), acknowiedging the offoct of syntactic bounderies on the
rhythmic structure of a metric foot, has noted thet the mean interstress interval doubles
mw,mmfmmmmpwuumantwumm
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and sentence boundsries tended to correspond to mean interstress mterval The pause
durations between clause boundaries corresponded to one interstress nterval, and the
pause durations between sentence boundsries were twice the morstros\s imerval. The
INCrease in interstress intervai as a consequence of clause and sentence boundary pauses
is both adequste to signal the presence of syntactic boundasry and necessary to
disambiguats ambiguous sentences (Lehiste Olive, and Strester, 1976) in an earlier study,
Lehiste (1973) showed that the duration of the metric feet differed sharply for the two
versions of an ambiguous sentence, aithough ther internal rhythmic structures were
identical. Disambiguation invoives restructuring the ‘sequences of a rhythimc unit by
mtroweingapumLdﬁmmnodvusummrodﬂyofmmfmum‘
of production

n a most recent paper. Dauer {1983) compared interstress intervals in contmuous
texts in English, Thai, Spanish, Italisn and Gresk He found that interstress intervais in
&meiszawmwMismmoimmm
interstress intervals in Spanish which is believed to be a syliable timed langusge. However.
he noted that stresses showed a tendency to recur between 0.4 seconds and 0.5 seconds
and this appesred 10 be ‘s universal property. Dauer stiributed this tendency towards
isochrony to the fact thet, in continuous text, interstress inmerval in English contains a
maximum of five syksbles. partly dus to the syntactic neture of the language. Wheress. in
Gresk, Spanish, and Italisn very rarely, there may be nine or ten sylisbles. Dsuer further
contanded thet the difference between stress timed and syilable timed languages lies in the
differences in their lexical compositions, syllsbie structure, vowel reduction and phonetic
reslizstion of stress.

Seversl studies reviewed 30 far have besed their arguments in favour of 3 wesk:
version of isochrony hypothesis. This wesk version of isochrony model is in fact referred
t0 a8 the comb model, which suggests that intervais between stresses are preplanned but
not necessarily equal

om-.nf'mrurwobmmmnmmm
correistions of durstions betwesn adjscent segments thersby demonstrating support of
ummmMumMmuwm

/mm-umofo-mmw-m.nmmm
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compensations observed by several researchers mdeed occur and that it s not
maccuracy resulting from segmentation procedures [Ellis and Weismer. 1978). iIn any
event. Ohala argued for the consideration of both. the comb and the chan model in
explanng the nsture of speech plarrwng He postuistes a3 hybrid modet the comb model to
explan short term timang over 2 span of one or two syliables and the chan model to
.W long term timing Subsequently. evidence for both modeis has been demonstrated
by Carison and Granstrdm. 1975. They found that under érnln conditions where rhythrmc
" demands were mportant, Compensations were noted between consonants and vowels.
However. perfect compensations never occurred Carison and Granstrdm speculsted that
comprorruse is likely to occur if contradictory demands have to be met

Letuste (1973, 1978) contnued to seek support for the notion of isochrony
through production and percephon expermments. in addiion to syntactic constrants on
production isochrony. Letusts suggested the consideration of perceptusl factors as well
Tius issue of perceptual isochrony will be the object of review in the following section

Perception Experiments -
Threshol/d for Durstion: |

inspired by Classe's (1939) specuistions. Lehiste (1973) reexamined the issus of
isochrony. Classe's formuistion suggestsd neither perfect production isochrony nor
perfect perception isochrony, implying that speskers have a tendency to spesk in rhythmic
units thet sre perceived by listeners as isocihronous (see Lehists, 1977). in an esrtier
onprLMHS73)Wtomtth.pcrw reality of isochrony. Thirty
listeners at first judged the durstions of metric fest of 17 sentences and then of non
Mmuﬁ&nmwmofmwmmmﬁkdm
Mwnmm-mmmmémnyof
jdgements were better for non-gpeach stimuli then for metric feet in sentences. The
conclusion of this experiment was thet, if kisteners cannot tell the differences of duration,
then the rhythmic units are perhaps perceived as equal If the cbesrved durationsl Change
is lsss than one JND (Just Noticesble Difference), then it can have no little perceptusi
significance Kistt, 19761 ]

/ \
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Engﬁshsp.dmrshaveroportodmmdnmptttomv;monasw
duration was changed by 20 ms (Hugg:ns 1972). In another study. while a mimimum JND of
25ms was obsorvod, JND increased by a factor of four under certain conditions (Klatt and
Cooper. 1975} Thus Kiatt (1976) observed that durational changes of 20% or more may
serve as primary perceptual cues for speech stimuii

Lehists (1977) in her review on isochrony argued that differences m durations of
nterstress intervais found in several studies (e.g. O'Comnor. 1965. Lea. 1974. Lehiste.
197 3) may actusily be beiow the perceptual threshoid

Perception of | sochronous and Ani/sochronous | mervals

Anather intriguing observation is that listeners perceive amsochronous intervals as
isochronous. Coleman (1974) investigated isochrony within sentences that were controlled
for grammatical and phon.tlc comexts (See Lehiste, 1977 for a review) The samples
consisted of 16 resl words and 16 nonsense words in carrier phrases. Each word
consisted of two nterstress intervais and each interstress interval contained zero to three
unstressed syllsbles He found that interstress intervais increasad with increase in the
number of syllables. However. listeners (40) tended to hear these anisochronous mterysis
as isochronous.

A similar finding is that listeners perceive isochronous intervals as anisochronous
MMorton, Mercus and Frankish, 1976; Tuller and Fowier, 1881 Further, subjects made
systemstic changss to the acousticaily isochronous intervais when they were required to
adjust the interval urtil they were perceptually isochronous (Morton, Marcus and Frankish,
19761 To expisin this, Morton et al introduced the concept of a P—center which refers to
_ hpdmﬂofroftmmﬂmawwdwhdthum:mto;udooonutofthoword
A P—ctnt.rlswuah?wd\doocdwmmmcoofawordmfm
mmndfomdmcwmmofP-cmtoachdofm
stress onset, word onut or vowel's pesk intensity. _

In two other reiated studies. Rapp (197 1) and Allen (1972) investigatad the location
of stress beat in a word Alen, in his study, used three subjects Target sentences for
experimental tasks were extractsd from spontaneous conversations. The sentances were
played repestadly from a loop tape. Subjects performed three tasks. First, they tapped

v N

P -
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their fingers "on the beat” for a specified syllable in a sentence. Second, they moved an
audible click in the sentence until it coincided with the syllable beat for a designated
syllable. Third, they judged whether or not an audible click that was superimposed on the
sentence near a rhythmic beat "hit the beat”. The subjects’ location of "beats” on all the
three tasks were in general agreement The beat%‘ occurred in close proximity of the
stressed vowels, their beats precedirig the vov:/el's onset by a duration®positively
correlated with the length of the initial consonant clusters.

Rapp (1971) observed similar results with even higher correlations of beat
locations to the duration of the initial consonants or consonant clusters. Subject:i.n this
study repeated disyllabic nonsense utterance to the beat of a regularly occuring pulse.
Although the subjects’ production of disyllables corresponded with the pulse, the pulse
preceded the stressed syllable by a dur;tion that varied directly with the duration af the
prevocalic consonant 6r consonant cluster.

This apparent similarity in findings of Rapp. Allen and Morton et al. that the
occurrence of beat or P-centers show systematic departures from acoustic isochrony
with no obvious corresponding acoustic correlates, led Fowler to propose that P-centers
correspond to articulatory onsets. Fowler {1979) noted that when speakers were
instructed to produce isochronous sequences, they produced acoustically anisochronous
sequences, which listeners perceived as /being isochronous. In other words this implies
that our search for a correlate of isochrony should be at a different representational level
other than the acoustic level.

Tuller and Fowler in a recent study {1980), used electromyographic recordings of
orbicularis oris in five subjects to test whethér perceptually isochronous sequences have
isochronous articulatory correlates. Subjects were asked to produce alternating {duk, suk.,...
etc.) and homogeneous (bak, bak..) sequence of sounds. In summary, the homogeneous
sequences were acoustically isochronous. Alternating sequences were articulatorily
isochronous, but showed departures from acoustic isochrony. That means the articulatory
onset of certain consonants will not have obvious acoustical markers. This study, hdwover,
failed to find any correlate of P-center. Specif,ically,' P-center was not fouﬁd to
correspond to articulatory onset of the initial consonant, the vowel or even the final
consonant In fact the ariiculatory onsets of the syllable's initial consonant consistently



occurred earhier than the P~c§ntar and the articulatory onset of the syllables final
consonant occurred consistently iater than the P-center Ailthough Tuller and Fowler
{1980} acknowledged the lack of evidence in this study for articulatory P-centers. they

»

.
V. eontemplated the possibility of the vowel's ammmrﬂ of i1ts target shape of the vocal tract

e

(in MacNeilage. 1970} as a likely correlate of P-center !f an articulatory correlate were
present for P-centers in natural speech as opposed to the contrived expermental
conditions. it woulid indeed be a strong argument in favour of the motor theory of speech
perception posited by Liberman Cooper Shankweiier an-d Studdert-Kennedy (1967
According to this model of speech perception listeners use ther own production
experiences as a reference for perceiving speech sounds

A motor basis for the perception of rhythm 1s. however not a new notion
;\borcfrombue (1967) described speech rhythm as bemng “essentially a muscular rhythm’
experianced as a rhythm of movement by both'spukers and listeners sharing a common

language and thereby a common experience of rhythm

Summary
In summary, the rhythmic organization of English appears to be centered around
;' prmary stresses. Although absolute isochrony of mterstreci Eterval has so far not been

reported. temporal compensstions have been consist Observed It is belhieved that

temporal compensations would have iong rmge ;ff&ct;'lllf not bfocked by syntactic
boundaries’ Perceptuslly. despite the variability in the interstress intervais that may resuit
from ch in phonetic and grammatical contexts, listeners tend to perceive intervais as
being 1sochronous. Two principal explanstions have been offered to account for this
phenomenon of perceptual isochrony. One. that the differences in duration are below the
perceptual threshold Second. the notion of P—centers and corresponding articulatory
. correlates such as isochronous onset of muscie activity have been suggested as the basis
for the ﬁorc.ption of nsodrony Apart from the controversial isochrony rhypothosns.
arguments in support of aiternate models, the comb and the chain models, were presented
.-ln the rest of this chapter a review of(tho literature pertaining to temporal
;'{""éﬁtactoristics of fluent speech of stutterers will be presented
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B. Review on Stutterers’ Fluent Speech

Filuency and disfiuencies in the speech of stutterers are no longer considered as
discrete events in the flow of speech but as points on a continuum (Wilhams, 1957
Adams and Runyan. 1981) Studies involving the analysis of fiuent speech of stutterers are
relatively few compared to the number of studies on stuttered speech Basically these
stuches fall nto tree groups One body of research has attempted to compars the
chmically induced fluency of stutterers with the speech of normal speakers on different
parameters namely acoustical and physiological The second group of researchers have
examined the laryngeal immg characteristics of stutterers. The third body of research has

focused on perceptiblie differences between stutterers and normal speakers using a

istener judgement par achgm

Clinically Induced Fluency

Ever since Wingate (1969. 1970 1979) postulsted the 'vocalization” hypothesis to
provide a consohdat‘d explanation of the various ny inducing conditions. several
investigatons milo focused on acoustically characterizing the fluent speech produced
under varous thcrq‘nutnc conditons Some exampie of these conditions are singing.
choral resding. rhythm. delayed auditory feedback (DAF). pacing. etc.

Reducton in disfluencies during smngng 1s partally explamned t;y ncreased uttofmce
duration (Hesley. Mallard. and Adams. 1978} and mcreased voicing duration (Coicord and
Adams. 1979) Wingdte (1976.1981). however. contended that reduced variation In
intonation pattern in the singing and rhythm conditions causes shift in stress contrasts and

‘changes in the prosodic pattern. Vowael length ncreases were aiso noticed during noise
and rhythrrec stimulstion (Brayton and Conture. 1978) and under DAF MNovak,' 1978). In
addition, rate reduchon and ncreased ntensity resuited under DAF (Lechner. 1979 and
when stutterers were asked to spesk n hwgh and low pitch (Ramig and Adams. 1981)
Recently. Hayden. Adams, and Jordshi (1982) reposted that shorter voice mnitistion times
occurted during pacing Voice initishon time was operationaily defined as the amount of
mmwmmmmmofammmmumsmmms. they
explained was due to the effects of rhythm on tirming control for onset of phonation



Typically. under all these conditions, fluency 1s induced as a result of increase in
duration of vocalization. reduced speaking rate. and increase in lmtensuty These acoustical
changes. it is speculated. are the result of a series of aerodynamic vanations (Adams and
Hutchinson. 1974) Electromyographically. Freeman and Ushiyma (1978} observed that
lower levels of muscle activity and fewer instances of abductor-adductor cocontraction
were assoclated with the four fluency evoking conditions namely chorat reading. masking,

DAF and rhyttm

Laryngeai Timing

The second set of studies. aisc triggered by the vocahzation hypothesis. focuses
on laryngeal timing in stutterers. The work on this topic has taken two major forms First,
some studies have measured voice onset time (VOT) and voice termmation time (VTT) in the
fluent speech of stutterers Voice onset ime refers to the time that elapses between the
release of a consonant and the moment of voicing Voice termination time refers to the
tme that lapses between the end of a strmuli and the cessation of voicing Second, some

. Studies have used the reaction time paradigm to study laryngeal timing
’ investigating VOT and VTT in stutterers. Agnelio and Wingate (197 1) found that
stutterers had longer termingtion times when compared to normais in the production of
fluent CV syllables Numerous other studies have showed that VOT of stutterers were
longer than those of non stutterers in the production of fluent syllabies (Agnello. Wingste
and Wendell. 1974. Agneilo. 1974. Hand and Luper. 1980). in on—going speech. Hillman
and Gilbert (1977) observed greater lag in voicing in the fluent speech of stutterers than in
' hormal speakers. Metz. Conture and Caruso (1979), in their investigation of VOT for

, Jfrication and aspiration in the fiuent speech of stutterers, found significant dif ferences in
* VOT between stutterers and normais for some speech sounds only. '

Reaction Time Studies

Several researchers have pursued to investigate vocal reasction time in stutterers
on the basis that a phonatory lag would result from a delay and difficulty in coordinating
the speech mechamsm mn producing voice. Most of the researchers have empioyed
reaction time techniques requiring stutterers to produce voice or speech when a signal is |
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presented .

Venkatagiri (1981) obtaned reaction times for imitiation of whispered /a/ and
voiced /a/ The results showed that stutterers took longer time for initiating a voiced /a/
compared to a whispered /a/ Reaction times for normais did not differ for the two tasks
When the two groups were compared. however statistically significant differences were
not found between normals and stutterers for both the tasks This finding contradicts
several earlier findings.

Adams and Hayden (1976). Cross. Shadden and Luper (1979) and Cross and Luper
(1979). obtained responsa latencies for the production of isolated vowaels in response to a
pure tone signal. They found that stutterers were siower than normats in vocally
responding to the signal. Other researchers asked their stutterers to produce a syllable in
response to a flash of light (Starkweather. Hirschman and Tannenbaum. 1976} and some
others asked their subjects to produce a VC syllable in response to visual and tone signals

in addition to vocal reaction times. Prosek. Montgomery, Waiden and Schwartz
{1979) obtained manual reaction times. They found that whiie stutterers reaction times for
the production of VC syliables were siower, their manual resction times as measured by
EMG. did not differ from normd speakers. Consistent with thes, Reich, Till and Goldsmith
(198 1) found that stutterers and normals differed sigrnficantly on speech phonation tasks.
The difference for throat clearing approached significance. but the two groups did not
show significant dif ferences on the finger tapping task.

in another study, McFariene and Prins (1978) used EMG activity in orbicularis oris
as a measure of reaction times for producing sytiables to auditory and visual stimuli. They
found that stuttprers were significantly siower than normals in response to suditory signal,
but they did not differ significantly in thew response to visual signais. Recently, however,
McFariene and Shipiey (198 1) examined whether or not stutterers and normais differed in
istency of vocslization onset for ‘auditory and visual stimuli They found that while
mrsw«odo\:vcttmnormdsmmﬂydimrnmﬁnsmdy,ovrw
dif ferences were not significant across stimuius modes and responss conditions.

The inconsistency in findings noted in the liter sture o\ resction times may be due to
methodoiogical dif ferences such as practice effect or due to the severity of stuttering in
the populstion used in the studies.
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Apart from these timing delays in initiating voicing and terminating phonation,
stutterers’ fluent speech have also been found to have longer vowel durations and longer
transition times (Adams, Runyan and Mallafd, 19795 Disimoni. 1974 Starkweather and
Myers. 1979; Hand and Luper. 1980. and Kerr ani Cooper. 1976). Transition time refers
to the time taken for the articulators to move from a consonant to a vowel.

Cooper and Allen (1977) assessed the timing control accuracy of ten normal
speskers and five stutterers on a variety of tasks such as sentence repetitions,
paragraphs. and nursery rhymes. A finger tapping task was used as a control task. They
found that on most experimental tasks normal speaskers weres more accurate timers than
stutterers. They discussed the results in terms of timing control processes such as a
neural clock for controlling speech segment durations and a speech motor output buffer
whose capacity may be limited in stutterers.

Additionslly, direct evidence of lags and asynchronies has been reported by
Zimmerman (1980} using high speed cineradiography. Zimmerman studied movements,
positions and timing of lip and jaw structures during the production of fluent syllables of
/pap/. /mam/, and /bab/. He found thast movement onsets had longer onsits and
conMGy the VOT were siower for stutterers Stutterers aiso took longer time to
attan peak velocities of lip and jaw structures. They heid their postures ionger and
transition times were longer as welil In addition. stutterers showed asynchrony between lip
and jaw movements.

in another study, Shapiro (1980) reported on an EMG analysis of fluent and
disfluent utterances of several types of stuttersrs Shapiro found that inappropriate and
excessive muscular activity was present during the production of fluent and disfluent
utterances for stutterers.

All these studies mentioned sbove dif ferentiate the fluency of stutterers from that
of normal speskers. both in the process of production and n their acoustical
representations. Therefore. it ssems ressonable to expect stutterers’ fluency to be
perceptibly dif ferent from the fluency of normal speskers ‘
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Perception Studies . 1

Typically, to study perceptible dif ferences betwéen speech of stutterers and that
of normails, the listeners were asked to identify the stutterers’ utterance from a pair, one
of which was a fluent utterance from a normal subjgct and the other was spoken by a
stutterer Listeners successfully identified stutterers from normals from the fluent
samples (Wendahl and Cols. 196 1. Few and Lingwall, 1972; Hotchkiss, 1973; Runyan and
Adams, 1978, 1979 Critcher, 1979 and Prosek and Runyan, 1982). Further in some
gtudies. listeners were asked to indiéne the basis on which they differentiated a
stutterer's fluent utterance from a normal spesker's. Listeners have indicated use of a
variety of cues. However, Adams and Runyan (1981) have grouped thess cues into five
categories: rate, rhythm, effort, laryngeal behaviour and articulation Rate inciudes Iistoﬁors'
subjective judgements such as. poor speaking rate, siower rate, longer sylisble durations
and abnormal rate. Rhythm includes “less normal rhythm”, abnormal pauses and hesitations.
Effort refers to low vocal intensity. Laryngeal behaviour inciudes WMI tension and
vocal tremor Articulstion refers to imprecise articulstion

Recently. Prosek and Runyan (1982) reported correlstions between certain
temporal measurements to listener judgements From fiuent speech sampies of 3%
stutterers and 35 non stutterers, they obtained averages of spesking rate, number of
psuses. pause duration and duration of stressed voweis Thou aversges wers then
correiated with listener judgements. The resuits showed thst speaking rate and pauses
were important for the listeners in differentiating stutterers’ speech from normals’.
However, as Prosek and Runysn themseives point out, the choice of predictors in the
muitipie regression analysis they used could have very well influenced their results.

Summary

in sumwmary, the acoustical, physiological and the perceptual cheracteristics of
stutterers’ fluency show marked dif ferences across several reisted temporal factors such
ammwummwmrmmmmmw
rhythm in the literature. mmyhn'mmofhm\gfmd
stutterers’ fluency. It is often used with reference to sbnormal psuses or hesitstions,
syliable tapping. taking to the best of a metronome etc. Here, in the litersture on stuttering.
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the term “rhythm” is used in a general sense to describe events in the flow of speech or
successive events at set intervals In the present study. however, rhythm is defined
linguisticall; A rhythmic unit, is synonymous wit_h the metric feet and the interstress
interval. Basically, this interval is comprised of stress vowael duration, unstressed vowael

durations and intervowel intervals.

For the purposes of this study, the question o’f?uakif whether or not
stutterers follow language specific temporal rules of. ¥ ythmic units in their fluent

productions despite timing disruptions at the laryngeal and segmental levels. The predict&:n
is that if stutterers attempt to maintain temporal relations in larger units as specified by the
language, then adjustments in spesking rate are likely to occur to compensate for siow
onsets and delays.
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This chapter provides a description of the procedures involved in obtaining speech

samples and subsequently the measurement data from the samples.
A. Subjects

Speech samples were obtained from twenty male subjects. ten normal speakers
and ten stutterers. Both groups of speakers were native speakers of Canadian English
Eight stutterers had undergone group treatment a year prior to this recording Howevar.
their stuttering had relapsed overtime, which subjectively placed them in a
moderate-severe range. These eight stutterers were recorded prior to their
commencement in a refresher therapeutic program. Two other stutterers reported having
had no prior treatment They were both judged to be in the moderate—severes range as
well.

The sampies of these subjects were selected from 29 subjects who were initially
recorded All the subjects were required to produce all the target items fluently. Speech
samples from two femsie stutterers were obtained, but were excluded from the study as
they were not fluent on several of the target items Since thers were no other female
stutterers who were available st the time of recording only maie speskers were usad for
the normal group.

B. Msteriais

Thabpcttw‘rurmodtorudtwowmwuamoxvmd
from an article in Scientific American, mhm«nmaddmfrmarmphy'
wxl).mmumwowMNMw&%oMWd
organization in connected speech in 3 nstural context The two different texts offered
ponﬁﬁﬁu-fumwdmofﬂndiﬂtmfootmmunﬁw
mOfWMrUWhmmomwmmw-ﬁn-w‘bm
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Only two levels of stress were considered since perceptually two leveis of
stresses. stressed and unstressed seem to be relevant (Nakatani. et al. 1981} The primary N,
stresses are numerically denoted by ! and unstressed syllabies are indicated by O Lexical
stresses were marked by two Iinguists and the agreement was almost perfect One

‘prtncular word that received different stress markings from the twg linguists was not
part of any of the target rhythmic units

The various foot sizes are synonymously referred to as rhythmic units and
untorétress intervais. The descriptions of the various foot sizes used were as follows:
monosyllabic rhythmic unit or foot also known as F1 consists of one stressed vowel. The
number refers to the number of syliables in the foot F. A disylisble rhythmic unit or foot.
known as F2 consists of one primary stressed vowsl followed by one unstressed syliable.
Likewise, F3, F4, F5 and refer to three syilable. four syilable and five syllable feet or
rhythmic units.

The rhythmic units spamned over word boundaries. Both content and function
words were included in these units. The word boundaries were intentionally included within
the interstress intervals in order to overcome the limitations of some earlier investigations
as acknowiedged by Nakatani et al, (1981) in ther study. Since utterance final position
have been found to increase durstion of vo.wds Flege and Brown, 1982), rhythmic units
consisting of clause boundsries were exciuded It is aiso well known that speskers
introduce a pauss equal to an interstress interval as clause markers and twice the
interstress interval to mark sentsnce boundaries Lea, 1975, 1976).

All the utterances thst were avasilable for the different foot sizes were not used in
ﬁnuyd&Toi:mwwom_fogowhgapuotmmﬁmqnhbuhofmof
ssgmentation. Some tokens were excluded because several subjects did not fuccessfully
produce those items Thus, by a process of subject and token eliminstion, four tokens
wcrodiounforneh.ofhfootduc.ﬂ.ﬁz. F3. and F4. Although some F5 units were
wﬂ“ﬁmhmw.'mm“oowidmwymw
Other avsilsble tokens were esliminated for ressons mentionsd esriier. Further two
subjects, ons normsl spesker and one stutterer were exciuded following the initisi
ANOVA. These subjects were found to be outliers The deta presentsd and discussed are
based on messurements cbtained on 9 normal speskers and 9 stutterers In addition. one
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token in F3 had to be removed from all statistical anslyses. Thus. measurements made on
four tokens for each of F1. F2. and F4 were used in the statistical analyses For F3 data on
three tokens were used in the statistical analyses In some analysis of variance (ANOVA)

ane token for F5 was included in the analysis.
C. Auxilisry Experiment

in addition to the principal experment, an auxihary experiment was done in which
five normal speskers were asked to read sentences in which rhythmic units were
embedded in specisily constructed sentences (RUSS, Appendix ). This experiment was
done to obtain bassline data on normal speakers, ’;\m'ticu!tly for the six syllable units (F6)
as these units were not available in the texts chosen for the primary Jporiment Rhythmic
units in RUSS ranged from F1 to F§ Measurements on these sampies were obtained using -
the same procedures that were used in the principal experiment

D. APP-’;CIB - * . L

The instruments listed below were used in this study. Wherever relevant, the
technical specifications of these instruments accompany the listing.

N
Microphone: Sennheiser MD 421N ) . °
~trequency responee: 30~ 17000 Hz + 5 dB
—sensitivity: 0.2 mw/microbar at 1000 Hz
~directionality. cardoid
. )
Tape recorder: TEAC A 7030 GSL
-frequency respones: + 2 dB, 50- 15000 Hz
-spesc 7.5 ips. '
-SNR 58 dB.
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Audio frequency filter: Rockiand Programmable Dual Hi/Lo filter series 1520
-frequency range. 0001 Hz to 1 11 kHz

~accuracy =+ 2% of dial setting
Oscillator: Hewlett-Packard 204 D
Graph plotter: Hewlett—Packard 7001 AMR X-Y recorder

Minicomputer: POP-12 A

-memory. 16 Kbits. .
-operating systems: 0S/8 and Ailigator

E Rooovdlrg

Subjects were individually recorded in a sound treated recording room. In order to
elimingte cross talkk effects, only one channel (left) o; the TEAC was used Each subject
was'instructsd to read the two passages in any preferred order. No mention was made of
the rate of spesch or the sccuracy of productibn of the target items The intent of the
experiment was not known to the subjects Only one reading was obtained from sach of
the subjects.

F. Sampling , y
S The acoustic data was sampied by the computer for digitization and subsequent
storagae. The selected stimuli were digitized at & 168 kHz sampling rate on a PDP-12A
minicomputer using Alligstor operating system (Stevenson and Stephens, 1978). The audio
signal was first passed through a band pass filter set from 68 Hz to 6800 Hz to eliminate
80 Hz noise and prevent alissing. The calibration of the ampiitude of the signal prior to
sampling was made to prevent pesk clipping Signal clipping was preventsd by adjusting
the amplitude of the signal at the source Following this calibration, the signsl was
transferred to the computer, digitized snd stored in the computer memory.
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CULEFT CURSOR RIGHT CURSOR

e

121 : 195
Figure 3.1 Editor dispiay. The top trace is the signal being edited and the bottom

two traces are ‘edit windows' giving magnified views of the signal
surrounding the left and right cursors (Stephens & Stevens, 1978).
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G. Segmentation and Measurements

The signal was retrieved using a program (Appendix !l which automatically
displayed 16 seconds of the signal Auditory playback was avalable which aided the
segmentation process. Another sub program ailowed the edmﬁg of the signal.

The editor display 1s shown in Fig 3.1 A single trace appears in the upper hatf of
the screen and two shorter traces of the signal appear mn the lower hal‘f These shorter
traces are referred to as the “edit windows™ and displgy the region of signal 120 sampie
pomts on either side of the two cursors seen on :he top t}ace. The cursors can be
positioned at any point along the signal by potentiometers. The prdéram also allows
auditory playback of the signal between the cursors and the entire signai can be displayed
The signal within the cursors was extracted. labeiled and the duration of the extracted
portion anomat'cal?y measured and printed on the ta!etyé:e. “

For each rhythrmic unit, the stressed vowae!, the unstressed vowaels, and the interval
from the onset of one vowel to another until the interval from the onset of stressed
vowe! 10 the onset of the next stressed vowel known as the interstress interval was
ssgmented and measured

Measurement of vowels were made from their onsets The beginning of a vowel
was defined by the emergence of a complex periodic waveform appropriate to the vowel
mn question The cursors were piaced nesr the zero crossings of the waveforms before
u’nm}orpodLDocma\swwobuodonbomvisudmdwdiéphybackFig 3.2 shows a
computer dispiay of the sampied waveform showing a disyliable unit The time markers ar
dph&oﬁcdlyduiqutodAtoEAmdBMmhcusorm:kingsmclmhgtg
stressed vowel. The onset of stressed vowel to the onset of first unstressed vowel is AC,
the duration of the first unstressed vowael is CD, the interval from onset of the unstressed
vowel to the onut of the next stressed vowel is CE This compietes the entire interstress
interval which is defined as the duration from the onset of the stressed vowel to the onset
of next stressed vowel By adding the durations of the segments AC + CE the interstress
mterval of the rhythmic unit can be cmod The intervowel intervals were also
caicuisted by simple arithmatical method For example. the intervowel interval, BC = AC —
AB.
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‘-‘ VWWV%NW\M

Figure 3.2

©

Sampled speech waveform showing components of a disyllable unit
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It should be noted that some arbitrary decisions had to be made whenever
segmentation was difficult as in instances where vowels were followed by | or r The
audio play back of individual segments greatly aided in the segmentation particularty in the

segmentation of vowels bounded by nasals



IV. RESULTS

In this chapter the results ’of five analyses of varn‘ance (ANOVA) on five
components of the rhythmic units will be presented The five components are the
interstress nterval (IS the stress vowael (SV) the first unstressed vowel (1USV). the total
unstressed vowel! (TUSV) and the intervowel nﬁtervals (V) The analysis of variance was
carmned out using BMOP statistical programs Also presented are results of a posterior:
tests namely the Tukey A test for comparisons of pairs of means and trend analysis on
some of the components Further some of the significant interactions will be examined
through graphical lllustrations

At first ANOVA was done for the IS using ten subjects in each group and 4 tokens
for each foot size However. further examination of the subject means showed one
subject in the stutterers group as an outher In addition one of the tokens for F3 showed
mean durations that were large enough to have contained a pause n the rhythmic unit
Therefore this token was eliminated from further analysis for all the subjects The mean
duration value for F3 was used in the place of the missing vaiue Further analyses were
carried out using 9 subjects in each group

In addition to the resuits on the prinCipal sxperment. data on 5 normél speskers
from the auxihary experment will be presented in this auxikary experiment rhythrmc units
were embedded m specially constructed sentences The segments from this experiment

will be referred to as rhythmic units in special sentences (RUSS)

A. Interstress Intervsi (IS1)

For nterstress interval. 3 mixed factorisl ANOVA was camed out The results
presented here are from the analysis that was done for rwne subjects in sach group on
foot sizes. F1. F2. F3. and F4 With the exception of F3. all the other foot sizes had 4
tokens. F3 had 3 tokens. The mean vaiue of these three tokens were used n piace of the
missng value for F3. The five syliable foot size was not nciuded n thus ANOVA. but the
vaiue for a single token under F5 was used in the graphical ilustraton

The resuits of ANOVA (summarized i Table 4 1) showed that both stutterers and

normals had significant differences n means for foot sizes F=15396. df=3. p<000 1)
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SOURCE ERROR
TERM

ME AN S(Q)

G S(G)

F SF(G)
S(G) T(GSF)
GF SF(G)
SF(G) T(GSF)
T(GSF

Table 4.1

SUM OF D.F. ME AN F PROB .
SQUARES SQUARE

58734735. 1 58734734.7 988.57 0.0000
944625 . 1 944625 .1 15.90 0.0011
5679210. 3 1893070.0 153.96 0.0000
950619. 16 59413.7 6.63 0.0
252301. 3 84100.4 6.84 0.0006
590203. 48 12295.9 1.37 0.0676
1935107. 216 8958.8

ANOVA summary for interstress intervals.
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The durations of ISl increased as a function of foot size for both groups.

Significant differences were aiso noted for group means (F=15890 df=1 p<
0 001). stutterers showing significantly greater means when compared to normals. This
differences between stutterers and normals increased with increase n foot size This s
demonstrated by the statistically significant F value obtained for foot size by group type
nteraction (F=6 84 df=3. p< 00006) These results are graphically illustrated in Fig 4 1
Most importantly. ISI increased as a function of foot size for both the groups due to the
mere increase in number of syllables However the piot for both the groups fall below the
inear extrapoiation, which s inditated by split lines. suggesting some degree of temporal
compression For stutterers. at F5 the curve lies above the dotted curve, showing greater
than inear increase When this data was subjected to a trend analysis, a sugnnficant linear
trend was found (F lin=4 73 at O 05 level See Table 4 2).

Figure 4 1 also shows that the ratio of stutterer to normal duration increases with
increase n foot size. Compared to normails, stutterers mean duration for F1 s greater by
16%. for F2. 24% for F3. 29% for F4. 36% and for F5 by 44% Qualitatively, this
progressive increase n differences between the two groups is noted in the widening of
the gaps between the piots for stutterers and normals as a function of foot size (Fig4 1)

Additionslly the Tukey A test was done to test the significance of the differences
between pairs of means .

iIn Table 4 3 the Q values are tabulated Normals showed significant differences
between F1 and F3 (Q=5.03, p<0.01). and F1 and F4 (Q=8.34. p <0.0 1) Stutterers showed
sigmficamt dif ferences between F1 and F2 (Q=4.78. p<0.05). F1 and F3 (Q=7 43. p<0.01);
F1and F4 (Q=1272. p< o.onZ:? and F4 (Q=529, p<0.05). The results tabulated in
Table 43 aiso shows signf differences between other pairs of means that
contributed to the overall significant F for the foot size by group type interaction

The IS! offers a dependabie measure of speech rate. Time per syilable rates were
caicuisted for the different foot sizes Fig 4.2 illustrates change in rats in terms of time
taken per sylable. as a function of foot size, for stutterers and normal speskers
Stutterers and normals take increasingly less time to articuists a syilabie as a function of
foot size Normal speskers on the average take approximately 239ms per syilable for a
monosylisbie foot 182ms per syllable for a disyllable foot. 14 1ms per syliable for
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SOURCE

FOOT
Linear
Quadratic
Cubic

GROUP x FOOT
Linear
Quadratic
Cubic

Table 4.2

SS

5594292.
924.
83692.

247642.
2532.
2073.

intervals.

(e ) NOSILN |

df

F

.73
.04
.52

.20
.10
.03

PROB

0.

Summary of trend analysis for

05
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F=FOOT SIZE N=NORM S=STUTT

F1IN F1S F2N F3N F2S F4N F3S F4s
MEANS 239.0 278.4 365.5 425.4 455.1 547.2 553.1 748.8

FIN 1.06 3.42 5.03*= 5.84* 8.34»= 8 .50*= 13, 79x=»
F1S 2.36 3.97= 4.78% 7.27*x 7 43== 12 72»x
F2N 1.61 2.42 4,92+« 5.08* 10.37==
F3N 0.80 3.30 3.46 8.76*=
F2S 2.49 2.65 7.94x*=
F4N 0.16 5.45%=
F3S ) 5.29=

F4S

= P<0.05 == P<0.01
Table 4.3 Results of Tukey A test for interstress

intervil.
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trisyliable. 136.8ms per syllable for four syllsble. and 147ms per syllable for a five syilable
foot Stutterers. on the other hand. require approximately 278ms per syllable. 227ms per
sylisble. 184 3ms per sylisble, 187 Ims per syilable and 213.4ms per syllable for
monosyliable, disyliable, three syliable, four syilable, and five syliable foot, respectively
Thus, both stutterers and normals show rafa increase as a function of foot size for three
or less syliables. For the four Sylld:;lo unit, t;w rate shows stabilization This 1s followed by
a decrease in rate for the longest unit »

Although _stuttorprs follow a trend similar to hormais, they are consistently siower
than normals. A progressive increase in the difference for rate is observed between
stutterers md normais. Their difference in rate being the greatest for the longest unit (five
sylisble unit).

A significant F value for subject nested within the group factor was obtained (F =
6.63. df = 16, p<.01). This is graphically illustrated in Fig 4.3a.b in the form of histograms
Stutterers show greiter variability than the normals. The frequency distribution fori
stutterers has a greater spread than for normais. For stutterers, \ho range of means
averaged over all foot sizes is between 421 ms to 643 ms, whereas, for normals the
range is narrower from 348 ms to 455 ms.

For RUSS, the ISI show a linear increase as a function of foot size, suggesting an
simost constant rate in terms of time taken per syllable. These results are illustrated in Fig
a4 | |

Since both the primary and the auxiliary experiments showed no evidence of-
product\i;)n isochrony, the data was further examined for possible evidence in support of
isochrony in perception |

Firstly, the range of means from monosyliabie to five syilasble foot was observed -
to fall relatively within a narréw range for normals (239 ms to 748 msijthan for stutterers.
Despite their significantly longer interstress intervals, the range of means for stutterers
was 0.2 seconds to 1.06 seconds from F 1 to F5 syllable foot |

Secondly, a frequency couit of the different foot sizes was done on the two texts
that were used in this study. Table 4.4 shows thst the disyilisble foot occurred most
frequently in both the texts.
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F1 F2 F3 F4 F5 F6
NARRATIVE 22%  41% 20% 8% 6% 3%
PLAY 21%  45%  25% 6% 3%
Table 4.4 Frequency coﬁnt of foot sizes in the two

texts.
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A
\

Thus, bath the measured interval range within which stresses occur and the
frequent occurrence of disyllable foot in English could partly explain why speakers of

English perceive stresses as occuring at isochronous intervals.

B. Stressed Vowsl DuntloAn sV}

The resuits of the ANOVA for stressed vowel durations are summarized in Table
4.5 Measurements on four tokens sach for F1. F2, and F4; three tokens for F3 and one
token for F5 were used in this ANOVA

The results showed significant differences in the mean durations for foot size
(F=3979. df=4, p<0.001}). The resul\s\ also showed significant differences for subjects
nested within group factor (F=3.20, df‘\—*-.16. p<0:Q01). Fig. 4.5 is a graphical illustration of
duration of stressed vowels as a functio\n of foot \size. This figure shows that the mean
duration of strassed vowsls is shorter in a disyllabic rhythmic unit than in a monosyllabic
unit Following a siight increase in duration for F3, the mean durations of stressed vowels
progressively decreases for F4 and F5. Thus, the stressea‘ vowael duration for stutterers
and normais n general, showed temporal con1pre§§ipn as a ﬂ}hction of foot size. A trend
analysis (Table 4.6} on this data showed. a significant linear troﬁd at the 0.001 level and a
significant cubic trend at the 0.0 1 level. Tukey A test vJ;\"‘s\performed to identify the pairs
of means that contributed to a significant F value for,fd\{:t siz§ The results tabulated in
Table 47 show statistically significant difference betweeen F1 and F5 for 'normals
(Q=5.31, p<0.01) and for stutterers (Q=5.36, p<0.01). For stutterers, in addition, the
difference between F3 and F5 was significant F=5.31; p<0.05). Fig 4.;5 also shows that
the ratio of stutterer duration to normal duration for any given foot size does not appear
to be significantly large. This observation is statistically confirmed by the resuits of the
ANOVA (Table 4.5) which showed that the group means and the goq:{ype by foot size
interactions were not statistically significant ' ;.

ﬂf;:s.bomsmurwst!dnormsd\owodaswnﬂtn’u\d;nmmpord
compression of stressed vowel as a function of foot size wacvor, when compéed to
normals. the absoiute mean durations for stutterers were grester, the oxtonf of
compression seen from monosyliabic unit to the five syilable unit was wutorfor normals

than for stutterers Whie normsis showed a compression of about 38.3% from
/’



SOURCE ERROR SUM OF

TERM SQUARES
ME AN S(G) 3958297.2
G S(G) 27092.0
F SF(G) 103587 .4
S(G) T (GSF) 68203.0
GF SF(G) 2332.5
SF(G) TI(GSF) 41649. 1
T(GSF) 359291.7
Table 4.5

D.

F. MEAN
SQUARE:

3958297.
27092.
25896.

4262.
583.
650.

- 1330.

22
02
85
69
12
17
71

928.59
6.36
39.79
3.20
0.90
0.49

ANOVA summary for stressed vowel.
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PROB.

QOO OOO

.0000
.0227
.0000
.0000
4716
.9996
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Table 4.6

SCURCE

EOOT

L near
Quadratic
Cubic

SS

53063 9
248% 4:
28 L

df

L) CO M

(o2}

~J

m

w

N

Summary of trend analysis for stressed vowels.
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=307 SIZE N=NCRM S=STUTT

F1s

hal
w
(2}

FON  F4AN  FS5S  FZN  F4N F2S F3N FIN

MEANS 72 8 87 8 89.7 93.4 103.6 103.8 109. 118. 134.39 135.9

“5N .8 2.0 2.4 3.6 3.6 4.2 5 3=% 7 3=x= 7 3=x
F4N 0.2 0.6 1.9 1.9 2.4 3.5 5 5% 5 Bx=
56 0.4 1.6 1.7 2.2 3.3 5.3 5 4=
F2N 12 1.2 1.8 2.9 4 9= 4 Q=
F 4N .03 0.6 1.7 3.7 3.7
£2S 0.6 1.7 3.6 3.7
F3N 1.1 3. 3.1
FIN 2.0 2.0
F3S .05
F1S

= P<Q. 05 «= PCO.OM

Table 4.7 Results of Tukey A test for stressed vowels.



monosytable to five syllable unit stutterers showed a comprassion of about 33 7% Thus
with the iesser degree of compression stutterers seem O mMantam slower -ates and
longer stressed vowel durations. compared to normals

Temporal compression of stressed vowels was alsc present for RUSS Fg 46)
The extent of compression of the stressed vowels n credit decreased by about "7 4%
from disyllable umit to six syllable unit This lesser degree of compresion in RUSS s
Jttributable to the fact that compression was observed ‘for the vowel n  Ccreat
embedded i rhythrmic urits of varying sizes Wheregs ‘or the principal experiment the

duration of stressed vowels were obtained from vowels of different phonetic categorres

C. First Unstressed Vowel Duration (1USV)

The analysis of variance on the duration of 1USV for foot sizes F2 to F5 was
carried out There were four tokens for F2 and F4 three tokens for F3 and one token for
F5 The resuits of ANOVA summarized ;n Table 4 8 showedbthat the dif ference n means
for foot sizes was statstically significant (F=1146 df=3 p<0001 A staustcally
sigmificant F value was also obtained for group means (F=16 35 df=1 p<0 000" and for
subject nested within group factor (F=3.22 df=16 p<0000M

Fig 47 ilustrates the first unstressed vowel as a function of foot size for
stutterers and ngrmals. The plots for the two groups showed temporal compression as a
function of foot size.

Further. the Tukey A test was performed to identify the pars of means that
contributed to the significant F value for foot sizes. These results are presented in Table
4 3 Two pars of means had differences that were statistically significant

Fig 4.7 also shows that the piots for the two groups run paraliel to each other
indicating no group by foot size interaction This lack of interaction was further confirmed
statisticaily

The significant dif ferences between the two groups comes from the difference in
the average duration obtained for the two groups

Quaiitatively, stutterers and normais differ in the extent of compression of the
1USV Aithough stutterers have ionger vowel durations, the ‘xtont of compression is only

98% from disyllable to five syllable umt Whereas. for normais. compression of
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SOURCE ERROR
"ERM

ME AN S(G)
G SIG)
F SF(G)
SiG) T{GSF!
GF SFI(G)
SFIG) T (GSF)
T(GSF)

;\

~
Table 4.8

SUM QF D.

SQUARES

986076.06
27261 .13
17351.72
26676.94

336.93
24219.72
111919.50

ANOVA summary
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F. MEAN F PROB.
SQUARE
1 986076.06 591.42 0.0000
1 27261.13 16.35 0.0009
3 5783.91 11.46 0.0000
16 1667 .31 3.22 0.0001
3 112.31 0.22 0.8802
48 504.58 0.97 0.5275
216 518.15

for first unstressed vowel.
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F=FOOT SIZE N=NORM S=STUTT

FSN F2N F 4N F5S F3N F2s F4s F3S
MEANS 38.2 47.5 49.6 57.7 59.6 64.0 72.2 78.9
2.
1
1

F5N 1.2 1.5 =%
F2N 0.3

FAN
FSS
F3N )
F2S

Fas

F3S ’
= P<0.05 =+ P<0.01

- Do

O - =N
wwoN W
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- Table 4.9 Results of Tukey A test for first unstressed

vowe | .



;& approximataly 19 6% occurs:

The two groups also differ in ther vanability within therr groups. The means for
notmals rangéd from 40 ms to 59 ms. whereas. for stutterers the range was considerably
larges. from 40 ms to 83 ms This within group vanability 1s (ustrated in Fig 4 8a and 4 8b
in the form of frequency distribution of means for stutterers and normals respectively
The frequency distribution for stutterers show a greater spread than for normals.

Data for RUSS aiso showed temporal compression of 1USV as a function of foot
size Fig 49) up to five syllabie unit For the longest unit. there was a sharp increase in
duration The extent of compraession for RUSS was. however, oﬁly 11 1% from disyllable
to six syllable foot The iesser degree of compression noted for the stressed vowsis in
‘credit” compared to stressed vowels in the principal experiment is most likely due to the
fact that in the RUSS. the compression of the same vowel was observed for the dif ferent
foot sizes. whereas in the principal experiment vowels belonging to different phonetic.

categories were present

D. Total Unstressed Vowe! Duration (TUSV)

The analysis of variance was carried out on total unstressed vowel durations for
foot sizes F2 to F5. There ‘;vero four tokens for F2 and F4; three tokens for F3 and one
token for F5. The resuits of the ANOVA (Summarized in Table 4.10) showed that the
difference between means for foot sizes was significant (F=243.71. df=3. p<QO0M).
Siqufiémt differences for group means were aiso found (F=1863. df=1, p<0.0005),
stutterers having longer durations reiative to normals. Agsin, a significant F value was
obtained for the subject nested within group faétor F=10.78. df=16, p<0.00 1)which was
Consistent with the grester within group varisbility seen for stutterers for the mesn
durations of stressed vowel. 1USV. the TUSV and the ISL

Similer tor the trand noted for the overall ISI, a significant group type by foot size
interaction was present (F=6.75, df=3, p<0.0007). Hiustrated in Fig 4.10 is the greater
than linear incr‘uiointhototd duration of unstressed voweld as a function of foot size
for both groups. Note that the curves for both stutterers and normals lie above the linear
extrapolation which is indicated by spiit lines A \'
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SOURCE ERROR SUM OF D.F. MEAN F PROB .
TERM SQUARES - SQUARE

MEAN S(G) 8759803. 1 8759902.72 921.83 0.0000

G S(G) 177013. 1 177012 .50 18.63 0.0005

F SF(G) 2499411 3 833137.09 243.71 0.0000

S(G) ~ T(GSF) 152043. 16 9502.68 10.76 0.0

GF SF(G) 69174. 3 23058.13 6.75 0.0007

SF(G) TI(GSF) 164089. 48 3418.51 3.87 0.0

T(GSF) . 190777. 216 883.23

Table 4.10 ANOVA .summary for total unstressed vowels.
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Tukey A test was done to identify pairs of means that contributed to the significant
F value for foot sizes and for foot by group interaction These results are tabulated in
Table 4 1)

For stutterers, significant differences were obtaned for the successive parrs of
means. F2 and F3, (Q=4 00, p<005). F3 and F4, (Q=497, p<0 0%), F4 and F5. (=594,
p<0.01) For normals. significant difference V\’/as present only between F3 and F4 (Q=4 16
) at the 0 05 level (

For the RUSS. a linear increase in the TUSV duration was seen as a function of foot
size (Fig 4 11) up to the four syllable unit For the longer units, F5 and FB, the increase
actually 1s less than linear, suggesting some temporal compression for the longer units.
This lesser than linear increase for the longér units corresponds to the unexpected sharp
increase in the 1USV for the six syllable unit These observations should be viewed in the
light of the fact that for RUSS, the speakers showed an almost constant rate across

1

rhythmic units of varying sizes.

E. Intervowel Interval {IVI)

Analysis of variance for intervowel intervals was carried out for F1 to F5 with four
tokens for F1, F2 and F4; three tokens for F3 and one token for F5. The results of ANOVA
{Summarized in Table 4.12) showed that both stutterers and normals had increase in V! as a
function of foot size (F=3054, df=4 p<0.001).. This 1s, however, expected due to the
mere increase in the length of the units. Most importantly, the plots (Fig.4.12) for both
stutterers and normals fail below the linear extrapolation, which is indicated by split lines,
thus showing some degree of t;amporal compression. This compression is particularly
evident in the graph from F2. For normals the rate of increase is slower than linear for
units of three syllables or more.

| Interestingly, for RUSS, (Figd.13) for five normal speakers, the VI showed no
temporal compression, but in fact the curve lies above the linear extrapolation, which is
indicated by split lines. At F6 in particular, the curve deviated considerably from the linear

extra_polation, indicating that temporal expansionhhad occurred.
7 Significant differences were also"o'bta'med for group means (F=11.10, df=1,

p<0.0042), stutterers showing significantly longer duration than normals. Similar to the
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trend noted for the nterstress nterval the dif ference between stutterers and normais
beco progressively iarger as a function of foot size being the greatest for =5 Aiso
note that ‘for stutterers "he ncrease ‘from F4 to 75 s at a ate greater than inear "Mis
~as confirmed by statistically sigmficant group type by ‘oot size nteractior F=3 86
af=4 p<C Q007 Figd "4 shows that the difference between stutterers and normais for
the nterstress niervals are 10 a greater extent contributed by ther chifferences n
ntervowel ntervals than by Ther dif ferences n vowel durations Further Fig4 ‘Sa b anac
shows that the contribution of different components tc the differences between the two
groups for the overall nmerstress Nterval corresoonds to the proporton esch of these

components hoid within 3 given rMythmMmic unit

F Rgtlos: Relative Timing

F1g4 "6 a and b ilustrate the "atios betweesn components of N ~hythmic umits of
varous sizes Note that the -atios Of stressed vowel (o unstressed vowel duraton and
mervowel Merval o total. unstressed vowe! durstion are similar for a3 grven sized unit ‘or
DOth norMais and stulterers with the exception of the longer units This indicates that s
group of stutterers were simular to normais in the mternal organization of rhythmuc units
The aifferences between the two groups are. however in terms of rata As mentioned
e ir stutterers chffer from normais n terms of the extent of compression and in ther
absowte Aurgtions for ail the components within 3 unit It s suggested that tws lesser
degree of :orrormoén faciiitates the Mmantenance :;f the reistive brmeng between
components withen 3 urwt

Contwrmation of tws observaton on reistive tming comes from the asta on RUSS
tor five normais Table 4 13 shows that the ratios of intervowel nterval tc total vowel
U ation 1§ sMost constarm fOr thesse speskers across foot sizes. wrth the exception of
the six syllable urwt F8i This temporal nvarance corresponds with the aimost constant
rate thst was observed across {00t sizes. nciuding the longest urwt

This observaton on relstive trmung s sigvficant becsuse. both stutterers and
nOrmais have demonstrsted with consistency that certan reistive trvwng ruies operate
w1then yTIYTec urits DOssDIy 10.MaIMan the rhythm specific 10 the language
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G. Summary

In summary the results showed that the mterstress intervals ncrease as 3 function
af foot size for stutterers and normals However stutterers consistently »ojed longer
nterstress ntervals indicating consistently slower trmﬂrp,rnn#"r'ates The difference
between the two groups for ISI increased progressively as a function of foot size
Although this dif ference for ISI between the two groups s attributed to therr differences
n SV USV and VI a sigmificant percentage of this difference was accounted for n therr
differences for IVl The differences between stutterers and normals for vowel durations
accounted for a relatively smalier percentage of the overall difference in !SI The
C'orlvtrtbutlons of the different components to the dif ference between the twé groups for
the overall ISI corresponded to the proportion in which each of these components were
preasent within the rhythmic units A

The ncrease n !SI as a function of foot size was as expected. due to the
increasing number of syilables This increase was less than Iinear. suggesting some degree
of temporal compression of the components of the units Temporal compression was
indeed observed for SV vowet. 1USV, and VI as a function of foot size. The to?rporal
compression of these components resulted n -rata increase. but reached a plateau from
F3 to F4 Following thns stabilization. the rate decreased for the longest unit This rate
decrease s associated with the greater than inear inCrease that occurs for the total
unstressed voweis For stutterers, the rate decrease for the longest unit is contributed by
both, increase in TUSV durations and IVl While temporal compression of selected
components facilitates rate increase, temporal expansion of TUSV seems to counteract
the effects of conj:rossion to some extent Thus, the selective temporal compression and
expansion of components within rhythmic units seem to be an effective rate controi
strategy. Moreover. this rate control mechanism aiso seem to interact with certain reiative
timing rules that operate to mantain a criticsl reiative timng between components of a
rhythmic unit

While stutterers showed trends similar to normais up to F4, for SV, 1USV, IVI, and
TUSV; they differed from normals in ‘the extent of compression md.in thewr absolute
durations of vowels and intervowel intervals Most impbrumly, despite ther dif ferences.

stutterers waere similar to normals in their ratios between between components for a given
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sized unit The differences between the two groups were the greatsst for the longest unit

For F5. both stutterers and normals showed a decrease n rate Normais seem to
achieve this rate decrease through increase n TUSV while mantaning the tming
reguiarities. 1@ . temporal compression of SV 1USV and V! Stutterers on the other hand.
achieve this rate decrease through ncrease n the durations of TUSV and V! The increase
n VI consequently results n a greater ratio of mtervowel nterval to total vowel duration
for the longest unit for stutterers

For RUSS. normal speskers showed a inear increase n ISI. thus resulting in an
alimost constant rate However similar to the results of the principal experiment. temporal
compression of SV and 1USV were observed as a function of foot size Unike the results
ot the principal exper ment. temporai compression of IVl was not observed in fact for VI
the curve hes above the hnesr extrapolstion For the longest unit (FG), the speskers
deviated from the temporal reguilarities seen for the other units for RUSS In contrast to
the iinear ncresase noted for the other units the TUSV showed temporal compression for
F6 Counteracting these effects are the sharp increase for 1USV and Vi 1t appears that

tempor 8l compensations between Components are necessary to regulate rate and rhythm



V. DISCUSSION

in this chapter the issue of isochrony will be first discussed Following this. the
most significant findings the temporal compression of intervowel nterval stressed vowel
and first unstressed vowel rate. and relative timing will be discussed These discussions
will be supplemented, with implications for future research. both n the field of stuttering
and 0 narmal speech perception and production Finally. a potential model of speech

uming will be proposed on the basis of the present fmdu‘ngs

A_ isochrony

The results of the present study showed no evidence o support the isochrony
hypothesis. According to this hypothesis interstress mtervals should be constant
regardiess of the m{mer of intervening unstressed syllables. From Fig 4 1. it 1s evident
that the mnterstress intervals increase with increase in the numtzer of intervening
unstressed syllables This finding 1s consistent with all the earlier studies that have
attempted to find 1sochrony n production data (e.g. Nakatam. 1981, Lehiste. 1973. 1977,
Lea. 1974, etc) despite the fact that the samples analysed in eartier studies differed from
the present study Nakatani. for example.-used reiterant speech and Lehiste obtained
measurements on target words embedded in carrier phrases. Somewhat similar to the
prbsm study, Lea (1974) analysed sentences in paragraphs and rejected the notion of
isochrony on the basis of ﬁ]s results which showed linear increase in interstress intervals
as a function of number of syllables in the interval. A linear trend is what would be
expected if speakers used a syllable timed rhythm. However, for ideal syllable isochrony to
occur the percentage increase should be greater than what is observed in this study. If -
syllable isochrony were present, the piots for both normals and stutterers would be L:'I'c')ser
to the linear extrapolation indicated vby split lines in Fig 411. Io the same figure note that the
observed values of interstress intervals do not match the ideal values for stress isochrony
which is indicated by the dotted horizontal lines. With respect to the intérstress intervails,
interestingly, stutterers were similar to normal speakers in that they neither showed
evidence of stress isochrony nor syhsble isochrony. But the two groups differed
significantly on measurements of interstress intervals, and the components that comprise

€
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the interval the unstresed vowel durartions, stressed vowel durations and the intervowael
intervals Stutterers had consistently longer durations on all measures. Furthermore, the
differences between stutterers and normals progressively uncreaﬁed as a function of foot
size. This point 1s well illustrated in Fig 4 1 where the widening of the gap between plots
for stutterers and normais can be observed as a function of foot size In other words, the
stutterers fluent speech is likely to be perceptibly distinct from normals’ speech for
monosyllables because a dif ference of about 16% between stutterers and normals i1s quite
close to the just noticeabie difference (JND) which |s‘g‘\pout 20% (Klatt, 1976} if. however,
hsteners are required to make judgements of normality of stutterers’ fluent utterances. the
monosyliables are likely to receive ratings towards the "normal” end of the scale. The
ratings for the longer rhythmic units will be farther away from "normality” This gr0w1ng
dlfference between the two groupgitor longer rhythm'c umts not apparent for the
monosyllabic unit demonstrated the mportance of using contmuous speech in the study of
rhythm as opposed to words embedded in carrier phrases or reiterant speech

Specific mention should be made of the interstress interval for the five syllable
foot Particularly, stutterers showad.;) mean increase of about 310 ms from F4 to F5 -
which 1s approximately 42% increase. This difference in duration between F4 and F5 units
iniltself is well above the overall mean %atnon ‘for the monosyllabic foot which is »
approx-lmately 278 ms. Normals. likewise, showed an increase of 35% from F4 to F5.
Howeve{{gthe difference in duration which i1s about 190 ms 1s not above the mean duration
of a F1 for normals Interestingly, for rhythmic units in special sentences (RUSS) used in
&w auxiliary experiment. normal speakers showed an average increase of about 115 ms
from F4 to F5, and a dramatic increase of about 22 1ms occurs between F5 and F6. These
data suggest that due to unfrnilitity of longer rhythmic units, speakers are likely to break
a larger unit either by introducing a pause or by stressing an unstressed vowel. Either way,
speakers seem to have a tendency to maintain a critical duration between two main
stresses. This may be purely due to psycho-physical limitations. The pause, for instance,
may well correspond with the moment of nnhalatlon ,Other researchers have addressed
this issue for its significance in motor plannmg Nooteboom (1975), quoting Miller (1956),
' commented_that in general the length of praguction programmes do not exceed the
magical number of seven sylilables. Nooteboom and Cohen (1975} analysing the phonemic



errors that occur as shps C* ‘ongue ~Clec ™Mat Nt IDIVONS aNC T aANSPOSTONs 2ITo
when two adjacent syllables Mt@ract ~mCc® May De "etlecive ¢ ™e gmouT T speecT
material simultaneously presen.; i~ The speech progra™ ¢ Tws _Dntex” They  ONTiLQec e’
the speaker does "ot s@em™ C OOk MuC” ‘ather aheac ' sever syviapies ;v—fqus
observation they predicted that the ‘empora Nlegratior °*' stetches -°‘ speec”™ AT
consist of more than seven syilables F-omwir "373 notec ™M@ SPOONe STS -7 sips Ut
tongue exhibit the correct stress patter™ whic™ suggesdls ™a’ st ess Davs a- ™po~
role in the organizatron ot speech per c}eptvon ang DT ouCTron

At' the processing end Kozhevnikov anc Chistovicr 96T ~vestigatec ™e
recognition of semenc? from which much of e phoneric N*ormMItIor was “emoved Dy
passmg‘the signal through a band pass filter that passed onty he ‘requency -ange ‘ o™
906 to 1141 Hz Listeners performance on the -@COgNion task Mproved Arth inC easing
length of the sentence but only ug throwh seven syliables The recognition gec!ned - apidiy

: .~
for sentences with sight. nine. ten eleven and twelve syllables "he, -oncluoec ™at! he
&

approximate Iimit of seven syll&:ies s determined by the u;nnod capac:ity c°* ™e
\processmg memory Similar fmdmgs wqe reported by Potapova {1975> hat vowe! iength
estimation by I|steners were more fehable for sentences five to oowt syllables iong n
sentences that consisted of ten and eleven syliabies. the sstimation correlated poorly with
objective measurements of syllable durations. They concluded tﬁat the greater number of
syllables constituting the rﬁythmuc succession leads to poorer results in the perception of
gyllable (vowel) duration” ' e |

There is Yeason to beﬁeve that the lumits in procosémg has influenced” humans in
structuring thegr languag.es Very recently, Dauer (1983) observed that in continuous natural
texts mtarstress antervals contain a maxnmum of five syliables for Englush and that they
may ' contain very rarely up to nine or ten in Spanish, Greek. or italian However, the
ma joru'y. c;f inté'r.s.ﬁ'e'ss intervals seerﬁ to contain two to six syliables for the Iangt{ages that

A}
were axamined. '

!
A frequency count made on the two texts used in this study (T able 4.4) showed
- that disyllabic rhythmnc umts (with a smgle unstressed vowel) have the highest frequency
(45%) for both the narrative and the dialogue. For the dialogue. for instance, the six syllable

units Were not present. and for the narrative the six syliabie units had a frequency of only
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aMsoIUte 3 aLonal INCrease ¢ Mtersiress Mtervais with increasing ‘OO0 size he
mersiress mlervais Measured 4 o0 ‘ive syilables ‘:H within a nar~ow range c* T
seconds tc 3 7 seconds ‘or normais ‘239 ms tc 738 ms: Even the nterstress intervais ‘or
stutterers which were significantly grester than normais fell within the ~ange of 02
seconds to 1 06 seconds (278 ms to 1067 ms! The increase in the range for stutterers is
primaniy ous to the iongest unit the five syilabie unit It 1s reasonabie to assume that both
stutterers and perhaps some normal speakers mtorr\ptod the five syliable umit v\wth a
pause. Therefore if the range of nterval between mgr(osyllable untt and fbur syliable umt
1s considered for both groups. the present results are r'emarkably consistent with earlier
studies In the present data then, stuttersrs show a range of 0.2 seconds to 0.7 seconds,
normal speakers show arange of 0.2 seconds to 0.5 seconds. The upper end of the range
for normal speakers in this study is very close to the average interval of 0.4 seconds
reported by Lea (1974) This range is also consistent with other findings. Abe (1967, in
Allen, 1975 ) reported a rarnge of 0.4 to 0.7 seconds, Alien (1972) observed a range of 0.3 |
to 0.6 seco?ds. More recently, Dauer {1983) analysed sevefal Ignguages and found that the
duration of majority (75%) of the interstress interval fell wit;wn a range of 03 to 0.7
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& gued That tThe NtersT ess Mitervals ae governed Dy the iexical and phonologiCal make up
ct the !W Since These nguistic struchwres have Cc be ntegrated (0 be
communicatively eftective n terms of processing and production the liritations faced by
The anguage user for processing nformation temporally 1s ikely to modify the structure
of the ianguage over ime There s even avidence to the effect that the rhythm of a
language s iikely to change from a stress-tmed to a syllsbie tmed rhythm as a
consequence of articulatory shortenng that may occur For instance. Brazilian Portugese s
reported to be undergoing a transition from syllable to stress timed rhythm (Major. 1981)
Modern Tha: (Luangthongkum, 1977, see Dauver. 1983) has been roportéd as being stress
timeg because of the introduction of polysyliabic and grammaticaél words into the
monosyliabic structure of ancient Thai.

Due to similar reasons children's earliest utterances which usually consist of
monosyllabic content words are described as being syilable timed (Allen and Hawkins,
1978). However, with the acquisition of function words and polysyilabic words, the child
begins to acquire the adult rhythm. Here again, the point to be reiterated is that, because qf
children’s relatively lowered capacities to attend and process information temporaily, the
temporal constraints for the occurrence of information loaded components of speech will

be even more stringent By the virtue of maturity, the child will acquire the ability to
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Althougr s nypothesis of lemporal Comstramts ‘O processing s “easonably
ogiIcai ‘urther empIrCal evicence 's Needed IC SUPPOr? s notion For iNstance evidence
or prefer-ed durstior ‘Or planning and processing spoo(;h units for speakers of different
anguages needs 10 be. estabiished “he Questions here are whether or not the unit for
orocessing ‘s uwversally constramed temporally or s the speaker cf a given ianguage
somehow conditioned 10 pian and process a unit of a certain magnitude more ef ficiently
than others’ The temporal imits ‘or pianning and processing speech units are kely to be
dictated by the structure of the language speakers and listeners use

Although several studies have referred 1o processing hmits, mast often they have
used number of syllables 10 mark the upper bounds Whie this information has been
beneficiai we also need to know whéther these syllables beiong to a rhythmic unit or
whether the maxumum temporal capacity will permit planning and processing one or more
rhythmic units without undue latency

The evidence presented so far ciearly \refutes the notion of produétlon isochrony.
However. 1t seems critical that the interstress intervals fall within a critical duration,
possibly to meet the demands of the processing and production mechanisms

In the following sections, more evidence will be presented in favor of rhythmic
units as units of temporal planning Furthermore, the evidence of certain timing rules

operating in relation to rate and rhythm will be presented.
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8 Temporal Reguiarities

One of the most signiticant “indings of the present study 's that both stressed
voweis and te ‘irst unstressed vowels «~ the -hythrmuc units showed emporal
compress:ior as a functior of ‘oot size thus proviging evidence n support of Metric ‘eet
as umts of planing

The temporal compressior of stressed and first unstressed vowe! resulted n
sigmficant dif ferences between foot sizes for both stutterers and normais The temporal
compression tor stressed vowels as a function of number of syllabies vet to be
articulsted corroborates with several earlier production studies on English eg. Port
1981 Kiatt. 197% Oller 1973, and Letuste. 1972) Dutch (Nooteboom 1972) and
Swedish (Lindblom and Rapp. 1973) Nooteboom (1973, 1975) in a perceptual experiment
using Dutch speskers showed that the speakers preferred durations for vowels reduced
as a function of number of syllables yet to be ;oduced in a word He used synthetic
speech and a method of adjustments to obtan preferred durational measurements.
Further these preferred durations corresponded with the measured durations obtamed
from the speakers production samples.

The resuits of the present study on the temporal compression of stressed vowaels
has greater import for English than those of the earlier studies. particularly those reported
by Nooteboom (1973, 1975). The present data i1s based on measurements made an natural
speech texts and larger numt;er of subjects as opposed to the use of nonsense words
produced by three speakers in Nooteboom's study. Additionally, in the present study, the
rhythmic units were not confined to polysyliabic words, but they crossed word
boundaries in which function words were included as well.

The present data on temporal compression not only confirms the existing
knowledge on stressed vowel, it also provides empirical evidence of other timing
regularities in natural connected speech. This consistency of the present findings with
earlier studies indirectly indicates a single mechanism of temporal organization of speech
for diffefent contexts or modes. This evidence contradicts Harris and Umeda's(1974)
contention that speech is organized differently for different modes. .

Besides this compression of stressed vowel, both normals and stutterers showed

tempdral compression of the first unstressed vowel and the intervowel interval as a
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function of foot size This observation which has not been reported in empirical studies sO
tar turther supports the notion of rhythrmc units as unit of temporai organization

Although both stutterers and normais showed significant compression of stressed
vowels across foot sizes both groups differed n the magmitude of compression that
occurred across the foot sizes The stressed vowel decrsased in duration by 38 3% for
normals and by 33 7% for stutterers This lesser degree of compression for stutterers
corrasponds with thew consistent slower than normal speaking rates

For normat speskers. the compression of stressed vowels was observed for
mytrmuc units N sentences The extent of compression frqrn disyllabie to six syllabie foot
was about 17 4% Thié iesser degree of compression can be o:plamod by tiwe fact that in
these sentences the stressed vowel in ‘credit’ was messured in feet of various sizes A
given vowel will perhaps compress only up to a certain degree. In further &port of this
contention, it was observed that the extent of compression of first unstressed vowels in
rhythrmic units in sentences when compared to units in passages was agan less. While for
connected text. the first unstressed vowel reduced by 196% for normails. and 38% for
stutterers, (from F2 to F5) the co}pressnon for_ the first unstressed vowaels for units In
RUSS was only 11 1% from F2 to F6. 4

These observations suppert Klatts {1976} maximum compressibility theory.
According to this theory, all vowaels compress up to a certain limit and this limit depends
on the minimal inherent durations of the vowaels. Since the unstressed vowaels are relatively
shorter than Jthe stressed vowels, the extent to which they can compress without

affecting perception is limited. In fact, when the F values for foot size (from the ANOVK)

are compared for VI, SV, and 1USV, the highest F value was noted for SV (F= 39 79
p<0.001). The next highest was IV! (F=30.54, df= 4 p<0 001), and the lowest F VAT
obtained for the 1USV (F=11.46, df=4, p<0.001). This rankmg of F values suggests r
the compression is the greatest for the .stressed vowel, least for the first unstressed
vowel, and that the extent of compression for the intervowsl interval falls between the
two. T

. This finding on the difference in the magnitude of compression, particulariy fc;r the
stressed vowel and the first unstressed yowel,‘fu(ther supports the theory of maximum.

compressibility. Somewhat in contradictior'\ is Led's (1976a) observation that with increase
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in rate. although all vowels and syllabic nucie! are shortened. the durations of unstressed
vowels decrease more than those of stressed vowels This implies a greater temporal
constancy of stresed syllables. thereby allowing the unstressed vowels to vary in order to
alter the rate of speech In fact. the total unstressed vowelis show temporal expansion as a
function of foot size (Fig 4 10) For this trend to occur. despite temporal compression of
the 1USV one or more unstressed vowel following the 1USV shouid show temporal
expansion If compressions had occurred In other unstressed vowaels: then the overall
greater than lnear trend would not be seen Further ANOVA on the data on total
unstressed vowel durations showed significant differences between Qtunérers and
normals. which become progressively larger n a similar manner as for 89 interstress
interval. Stutterers in both instances showed considerably longer durations with increasing
foot sizes when compared to normals. This statistically significant group by foot size
interaction 1s demonstrated by the widening of the plots for the two groups as a function
of foot size. This interaction is absent for the first unstressed vowels and stressed vowel
durations. This s illustrated by the parallel plots in figures 45 and 4.9 for the stressed
vowel and unstressed vowaels. respectively. This parallel trend suggests that stutterers are
abie to employ certain rules of language that operate to control the temporal regularities
just like normal English speakers. «

Temporal compression and expansion of specific components as a means of rate
control could possibly be language specific timing ruies. Thé interactions of these
temporal regularities in rate control, the motivations by which they are governed, and the

> . . :

limitations within which they operate, will be the objects of discussion of the next section.

¥
«

. C. Rate . C>

From several earlipr studies it is clear that the duration of vowels are reduced with
‘increase‘: in rate of sbeech (Gay, 1978, 1981). As ‘mentioned earlier, the present data
show;*z that the time per syllable de‘creased with increasing foot size for both‘s'tut'farers
andl normals up to three syllable unit Thi§ r'ate imr;se, however, resches a plateau from
from F3 ’to F4 and then rate reduction occurs for the longer units (Fig 4.2). This
observation can nbw be related to the observations on cWessim of stressed vowael,

first unstressed vowels, and intervowel interval. While the rate increase is achuovod by the

H
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compression of the VI SV and 1USV, the effoct of compression appears to be .

counteracted by the temporal expansion of the TUSV duratloﬂ An alternate speculation 1s
that. since thle duration of unstressed vowaels are relatively zhorter compared to SV and
Vi, comprissnon of all USVs may not be possible -due;to perceptual and articulatory
constraints. Thus, the unstressed vowels by the virtue of their malt; durations temporall;
expand, while the other components with reiatively longor durafions show terﬁporal
compression It s furthor speculated that the seloctnon of components for xemporal

-

compression and expansnon are governed by language specific rules.

The stabilization of rate that is seen between F3 and F4 corresponds with the slight _

increase in duration of SV and 1USV for F3, and with increased co_n:ip(ession for IVl Thus

selective comprassion and expansion of components r@sults in rate Stabilization. This .

observation is substantiated by the data on RUSS, in which temporal co}r\pressuon of SV

and 1USV occurs as a function of foot size. Therefore, the spike sé'bn for ‘SV‘and 1USV at -

F3 for the principal experiment is considered a deviation. from the reg&h{ities of temporal

organization. Moreover, for RUSS, despite the greater than linear increase for 1Vi, the rate

remains aimost constant for units of all sizes. Thus stabilization of rate seems to occur
through temporal compensations between components within a rhythmic unit Since the
temporal compression of SV and 1USV seem to be consistenly present for ali speakers,
_both in the principal and the auxiliary experiments, the compression of these components
rpmy be considered as evidence of temporal regularities of English. The compression of

VL on the other hand, is perhaps secondary and may occur only if compressnon of the

"primary compression” cOmponents have attamed maximum compre‘nblllty At this point,

this notioh of the*existence of _pnrnary and segondary compression components is merely.

speculative. It is also soaculatod that possibly, for speakers of a given language,
- compression of certain componants may be more natural than others _
Yet another observatlon that supports the theory of maxnmum compressibility and
the notion of primary components of compression comes from thdxu on normals for
RUSS. For F6 teMporal compression of the tow unstressed vowel is seen in addition to
the compression of SV and 1USV, while the VI continued to show greater than linear
increase. it appears that if the components that reguiarly compress athieve maximum
compreéssion, then the other oomponents in the umt are likely to co\ﬁhpross. so that ths

»

. ;. Y
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duration of a planned unit will not exceed dw'e processing limits.

Whnle stutterers and normals seem to use similar strategies for rate increase and
rate stabnlnzatnon, they appear to differ in their rate reducfion strategies. Normals achieved -
this rate reduction through increasing USV durations. at ‘the same time maintaning the
temporal compresston of IV, SV and 1USV Stutterers. on the other hand, achieved rate
reduction through increased USV and IVI. while still showing temporal compression of SV
and 1USV This deviation in temporal regularities for stutterers ;or the longer- unit s
perhaps due to the faot t}xat the five syllable unit, for which rate reducflon occurred. 1s not
a frpquently occuring unit, and perhaps the unfamiliarity of the rhythmic structure ofnposes
a greater demand in terms of articulatory planning for stutterers. In general. the
differences between stutterers ‘and normals were the greatest for F5 for all the
components in a rhythm‘ic unit Stutterers therefore show evidence of having. difficulty
planning and/or executing rhythmi'c units longer tr;a'n' four syllables This deviance from the
the temporal regular;ties also results in the discrepancy for F5 between stutterers and
normals. This issue will be discussed in‘ detail in the next seotion .

vThns observation on selective temporal compression and e'xpansion Is an irnportant 7
one in understanding the mechanism of rate control. jt seems that changes in rate does not
Jresm in a finaar transformation of all comonents'of a planned unit This finding concurs
with Gay's fingdings on mechanism of rate changes . -

Accordmg to Gay (1977, 1978 1981) changes in rate do not occur as sumple
changes in duration and spacing of motor commands but rather a more - complex

reorganization of. motor activity .of the muscles.in question occur. Rate-induced
. - ! ,

nonlinearity was observed between consonant and'\}o'wel durations at the muscle activity
level {Gay, 1978); the consonant duratiOns were mor‘ea nesistani to change than vowel
durafions. Although more work needs to be done to fully understand the physiological
intricacies of rate control, the speeulatlon is that rate mdt‘d complex reorgemzatlon of
muscle activity occurs—m order to maintain the relative timing betwen speech components.

This conslstency between Gay's findings and the present study is stnklng in view
of the fact that Gay hnd his subjects mtent'onally speak at faster rates whereas in the
present study the rate nnc.rem ‘was observed wufh mcreese in the slze of a planned unit as
a natural conSequence, possnbly, to meet the temporal processing constraints.

.

.
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Further the data from stutterers showing lesser degree of compression and
consistent slower than normal rate indicates that the magnitude of compresston is related
to the extent of rate increase. That is. the faster the rate a speaker intends to use. the
greater will be the compression of the selected components However. as noted in the
above discussion, there seems to be a maximum iimit beyond which compression may not
occur This limit is likely to be associated with the max:mu;n rate a speaker could achieve
within the restrictions set by processing and production mecharusms Thus, from the above
discussion. it is sug’gesfed that. to meet the demands of a temporal processing mechanism.
rate control strategies come into play. These strategies are certain consistent iming ruies
that result in selective temporal compression and expansion, and together they reguiate
the rate of s;;eech. it 1s further speculatéd that the rules for temporal compression and
expansion are language specific rules, which appears to be related to other timing rules
“such as’ the relative timing. Th.e discussion of this relationship between rate and relative

N \
timing will be focused in the next section

D. Relative Timing

One of the most significant findings in this study is on relative timing between
components of the rhythmic unit Despite the dif ferences between stutterers and normals
in-terms of rafe and absolute durations of individual compone’nts, both groups had sifhilar
ratios between intervowel interval to total vowel duration and stressed yowel) to
unstressed vowel duration for a given sized unit, with the exception of the five syliable
unit (Fig. 4.16a,b). Irlwterestingly, for RUSS, the ratios between intervowel interval to total
vowel duration were almost constant This t;mporal invariance corresponds with the
ailmost constant rate noted for FiUéS acr;)ss rhythmic units of all sizes. This observation on
relative timing in the mauxiliary experiment further confirms the significance of relative
timing for speakers of English. ‘ , l . /
~ The 'similaritjes noted for stutterers and normals on relative timing indicates that 2
this group of stutterers were similar to normal§ in the temporal organization of rhythmic
units. Furtherrﬁore, it appears that the lesser degree of compreséi.on and slower than
normal rates noted for stutterers faciliﬁte the .maintenance of a critical relative timing

between components. For stutterers, it ma‘y be possible to maintain this critical relative

. -
-
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tming and fluency at a certain rate. which 1s likely to be g rate siower than normal
However, if additional demands are placed in terms of articulatory planning, stutterers are
likely to show deviations Sf temporal regularities. which in turn will affect the relative
timing or the rhythm For instance, for the longest umit (F5), t;oth stutterers and normals
showed rate reduction, and normals ach@ved this without altering the temporal
regularities That is. normals consistently showed temporal compression and expansion of
spectfied components. whereas stutterers showed deviations from-temporal regularities
It appears that stutterers usually have to compromise on rate to maintain, fluency ~ar;d
rhythm, and further. |f greater demands are placed on articulatory planning. they may have
to compromise on both rate and rhythm in order to maintain quQ;ncy >

-The data on stutterers showing similarities in the unterﬁ;l organization of rhythmic
units have shed more light on how normal speakers mantan theprhythm of English. It |s/also
fuggested that the relative tming of speech components of a unit that determines the
rhythm of a language.

Without the data on stutterers and, tfhe data on the RUSS. from the auxiliary

" experiment, the ratios for each rhythmic unit for normals alone would have been merely

d;scrnptive. '

\ The present data on relative timing is consistent with Port's finding (1981), that a
constant ratio exists between stressed vowel duration and the following consonant The
ratio c;wanging primarily with the voicing value of the consonant These results further
corroborate with some studies on muscle activities. In a series of studies (Kelso, Tuller and
Harris, 1981; Tuller and Harris, 1980; Tuller, Harris and Kelso, 1981; Tui|er¢ Kelso and
Harris, 1981), the Haskins research group explored thg temporal relations of articulatory
events using electromyographic measyres. and showed that temporal relations among
articulators remain constant over changes in stress and speaking rate, while the individual
gestur‘es themselves changed They stated that specifically, the relative timing of
consonant activity for flanking vowels remained constant over suprasegmental changes.
These observations were, however, based on very restricfed set of nonsegse sy,llablés.
These ressarchers found that their results on articulatory movements were compatible
with the preservation of rehtivé timin'g over chénge‘s in magnitude of movements over

different m‘scle grons such as those involved in writing and locomotion.



Perceptual experiments also suggest that relative tming. and not absolute duration
" that s important at the segmental level in distinguisting phonetic boundaries in relation to
Kr;te of speech (Rakerd. Verbrugge and Shankwerer 1980. Miller and Liberman. 1979) The
sigmnficance of relative durations has been reported on Japanese by Port (1980). who also
observed that the relative constant sum of segment durations i1s critical and that temporat
*k compression extends across seweral syflables. In essence. Port-noted that both the sum o‘f
morae and the individual segments have a target duration
. A synihesus of the i1ssues discussed so far shows that it 1s important for speakers
_of English to maintain a critical ratio between comporents -of a given planned unit It 1s
h'ypomesuzea that this relative timing determines the rhythm of a language, » this instance
English Triggered by the temporal limits of processing. changes in rate occur The
mechamism of rate change. however. seems to be. governed by the constraints of
processing and production mechanisms and by certain relative timing rules. Thus by

) €
selective temporal compression and expansion of the speech components. rate control 1s

achieved without compromising the rhythm.

E. Iimplications for Stutterers

For stutterers, this seemingly complex reorganization that occurs during rate
changes has greater implications.

The two most popular therapeutic techniques used with stungrers to faciliﬁte
fluency are. syllable tirhed speech and syilable prolongation Both tﬁese techniques facilitate
fluency by inducing a slow rate of speech (e.g.. Perkins, Bell, Johnson, 1979; Ingham and
An&rews, 1973; Boherg, 1976 and others). From our present knowledge on the
significance of relative durations of intervowel intervals and vowael.durations, it is clear

" that syllable prolongation is likely to alter the rhythm of speech, although thege technidues
,ﬁ'c‘ilitate fluency. Stutterers must therefore effectively control their rates so that both
fluency and rélative timing of components would be maintained. While stutterers who-have
undergone treatment may have Ieaﬁed strategies for rate control, it is not known whether
their fluent utterances prior to treatment will show any tendency to maintain the critical

temporal relations for a given unit
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Perkins (1979) has addressed the 1ssue of the effect of slow rate of speech on
the ‘rhythm” of stutterers speech when they are traned to prolong all the syllables equally
He noted that the prosodic pattern of speech is altered Subsequently. when the stutterers
accelerate thew rate the disrupted prosody 1s mamntaned As a result a “fast monotony’
prévanls In ord/er to offset these effects of syllable prolongations and slow rates of
speech. stut/m?ers we}e trained to ‘prc;lo_ng only the 'stressed’ syllables about two
se(/:/onds/e\ h and subsequently they ungreased tt]g rate by shortening the duration of
'//;tressed syllables. all the while touching the msveésedsyllables ightly Perkins noted that
"a trade off seams to exist between rhythm and ot.her dimensions with which fluency 1s
mantaned. The stronger the rhythm pattern. the more the ‘speaker can sgrvn)e hard vocat

attacks, rapid rate. breaks in the breath stream’ “(p.107) This statement 1s vague and it Is

not clear as to what Perkins means by "strong rhy'thm pattern” ?
The effect on.the rhythm of speech v;mén stressed syllables alone are prolonged i1s
still not known While prolonging a single syllable as opposed to all the syllables may resuft v
in speech that 1s more acceptable it seems rather incompatible with the occurrence of
temporal compression of stressed vowels in natural speech as a function of iength of- - \
. 4

interstress intervals. In the light of our present knowledge on temporal compression and
expansion, .it may be beneficial to practice stress contrasts by sysfematnca!ly varying
durations in the context of rhythmic units of varying sizes. However. the nnsorporation of
stress contrasts into the training program may not ‘be effective at very slow speaking
rates. such as 60 syllables per minute (e.g. Boberg, 1976, 198 1), because listeners are not .
likely to integrate stress contrasts, and thus the 'rh;{thm pattern. f temporal events
6ccu‘rred at one second intrval or more. The preseﬁt data nevertheless indicates tpat
stutterers rr\\aintain fluency and rhythm at slower than nor s. /iherefore, t_raining in
stress contrasts could perhaps be introduced when stutterers achievé a certain rate a}
which the Salance between f‘luency ang rhythm could be achieved and maintaiﬁed Again,‘it
is not unreasonable to expect stutterers to use slower than normal ratéé in facilitating
maintenance of fluency (Boberg, 1981), as the present data shoWs 'that at slower than
normal ratés, fluency and rhythm could be maintained However, we need to obtain data
from perceptual experiments using normal speakers in orderf.\to arrive at an optimal rate ; B

Al

for stutterers.
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The differegt techriques that resuit in rate reduction for stutterers may In fact
result in fluent spelh that chffer g the tepporal domain : -

At least for some stutterers. the cor;rjbtex reorgsnuzauon tr;at ocurrs with rate
reduction mvolving reorganization of muscle acn’vutle‘s'(Gay, 1981) mgy‘ bé' dif ficuit to
achieve On the other hand, there may be other fluency inducing techrniques such as
shadowing or choral reading which facilitate a slower rate of speech wlthout affectlng the
temporal configuration of the components of a unit Wingate (1982) i a recent article
examined the fluency inducing conditions using spectrographic tracings. The “four
conditions were talkking to rhythm. choral reading. shadowing, and sina:wg_ From a
qualitative compartson, he inferred that the tracings under conditions of choral reading and
shadowing did not show any consistent pattern of changes in duration and amplitude.
Whereas. speech to a rhythm showed cor'wsiderable variation in the Ieng;h of $yllables and
ntervals in between However, Wingate ponted out that under all .t&sse conditions there
was reduced.variﬁon of the intonation pattern, resuiting in changes in prosodic pattern. |

Although in the present study, the primary co:cern has - been on temporail
organization of speech and its effect on the "rhythm’, the other ,featurfes of prosody,
pitch, and amplimde, are by no means implied to be less important Nevertheless, it is well
known that facilit'ati_c;n of fluency is most effective when segmental durations are
increased. This consequently results in rate reduction and stress modulation (Wingate,

1976). Wingate has further stated that "a substantial contributj wing down is to

facilitate a focus on prosody” (Wingate, 1982). Speech heard i ' en at a considerably

[N

reduced rate will undoubtedly draw attention to speech prosédy: If. however, norr_nal _
- prosody and fluency haye to be maintainéd at the -same;time,pa'variety of strategies may “be ’
used within a therapeutic p;pgram. For instance. rate reduction strategies which facilitat®
fluency should also be followed by b;actice in stress cor::rasts. The rhythmic units of -
varying sizes starting ffom the disyllable (which occurs most frequently) units will not only
provide contexts-for stress contrasts, they also provide conditions that will naturally ..

£

trigger modutatlon of rate and mamtenance of relative timing between components. The

use of rhythmlc units of varying sizes will also provide systematic practice for planning

units of varying length. .
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Furthermore, rhythmic speech units could be potentially used as tools to measure
variations on rate and rhythm, by obt\aining measures of interstress intervals for rate. and
relative timing between components as a measure of rhythm The critical relative timing
between components v;ill be influenced by the nature of rate reQuction strategies
empolyed Syllable prolongation or talking to a rhythm or syllable timing sre more likely to
disrupt this critical timing between Tomponents, consequently affecung the rhythm c;f
spo'ech. Then, by restoring normal trends in rate varistion for rhythmic units ! it may- be
possible to restore the critical timing between components. .

One rate reduction strategy that should be considered is the use of &urmond cues
for establishing strgss contrasts withun the context of rhythrec uruts. From the resuits of
the present study. it seems reasonsble to expect the mantenance of fluency. rhythm. and
rate. at lsast for rhythrmc units that are relatively more frequent in Enghsh At thus pont.
these nottons on therapeutic strategees for the mantenance of fluency. rate. snd rhythm
are specuistive and nesds to be substantisted by future research

nns&dyMwﬁhmmwsmummWacﬁoutow
rhythm, fiu.ncy.Nrno.nbmformnnpordm.womwbommrs
for whom this balance may be difficult 10 aciweve.

msMnsWMfuwmofhmww&ww
subjects for SVs and the 1USVs For the first unstressed vowels. three subjects n the
group of stutterers differed from the group trend Ths suggests that thess subjects dd
mtofwadeWaprUMMnmdm
uwts The lstter speculstion is rejected because these subjects cd show temporsl
compression of SV as a function of mmm.nummmﬁmu
10 use the mecharvem of rate control ss effectively as others For swressed vowels. one
normel subject and one stutterer differed from ther growp vends Thess two subjects
showed a shgit incresse 1 the durstion of siressed vowel for the five sylishie uwt netesd
. of compression The five syflable urwt ss ndicsted esrtier 8 not & fraquently occouring wwt
n&ﬁmumummwmmmnquun
ufamisiarity ;m temporally plaving longer unts. |
R is relevent here 10 brefly resxemine & study done by Shapro (1970) wiuch wes
mmwwnmmmu 18 male anvd 18 femsle
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stutterers, and used intensity as a measure for comparing stress patterns of several brief
utterances of stutterers and normal speskers. The curve for each utterance was plotted
with amplitude in the x axts and the time in the y axis. The results showed that stutterers
showed increased ampiitude for the initial stress. but subsequently the curves showed a-
rapid decay Also. temporally, the first stressed puise was influenced by the length of the
ntended utterance. ‘

On examwung the utterances used by Shapwo (seen n Wingate. 1982) in terms of
the rhythrac uruts. as defined n the present study. the ionger utterances {from four to fivo.
syliables) are rhythmecslly different from the three syilable utterances Examples of four
and five sylisble utterances are. "Thug has six legs” and “The cat's name 1s Tom™ A three
syhable utterance 1s. for example. "Rex chased Tom™ While the three syllable utterances
have three suCCessIve stresses. the four syllable utterance has an sitermating stress pattern
fuhfrnhuwm.mmwmwMtQmemThofivo
syliabie utterances begsn with an unstressed syllable Wingets noted that the curves for the
huwﬂ“mmfo&mwomtonomds.“mmdﬂwmn
Curves were more apparent for the four and the five syllable utterances A remterpretsion
of thaee fndings n terms of rhytivrac Urwts 88 Used N the present study would suggest
Mh“MMquuﬁmmm-uan
&wwrﬂn'nourmmndmhnmnum“www
spesch wiwch sutterers would heve practiced n ther therspeutic progravs The
ncressed smpituds and Wemporsl digplacement for Ionger UErances seems 0 be due to
Mpoeng sress On the rwaal sylisbie wiuch should in fact be Unetresssd Thus Ndicstes 2
haqfw‘fmnm.mﬂu‘ll&dvbumm Thas n turn will
result n doveaons from the normal rend M Werme of WNPOral COMPression. rate. relstve
tavang of components. snd thus. the overall riwtiwa of spéesch

F. impiiestions fer o Timing Mods!
m‘.m“hwhwnﬁhﬁldmdn'm
modsis of $pesch Wvung 10 expien Wwwporsl orgaruzstion of rySwnic urwts. The sgrwiicant
findings on tempPOrsl COMPreamon. GNPENEoN, “m wilhin ritylhumic units SEOngly
.whmmmwdwmn“dmm
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thus supporting an open loop. (comb model) system of Kozhevnikov.gad Chistovich,
(1965), as opposed to a closed loop (chain model) system. Aithough Kozhevnikov and
Chistovich based their model on their findings on Russian, the results of the present study
are very similar to those reported by the Russian researchers. in particular, variations in
durations of individual components occurred within the unit, but there seerﬁed to be a
certain temporal invariance in terms of relative timing between components. The
similarities between stutterers and normals for relative timing for a given sized unit, and in
particular. the temporal invariance soon_}or normal speakers for RUSS. support the notion
that successive syilables within a rhythmic unit are preplanned.

\Althouw these findings are in support of an open loop model. they do not support
the isochrony hypothesis according to which interstress intervals would be of equal
cliuration in contrast. temporal compression was seen in some components as a function
of foot size.

Besides providing substantial evidence in support of the comb model, the findings
of the present study are significant in understanding how rste and rhythm are reguiated
mmymmmmmwwmmmurwiﬁuobmodwiwn
onmmﬁcmutom'cmofapoubbmoddofspoochm

A possible model of speech timing is ilustrated disgramstically in Fig 5.1. This
model is mainly proposed to expiain the rate control mechsnism that was observed. and in
the hope of spurring experimental interest in rate and riythm '

" According to this modsl, the unit of planning is 8 rhythwc Unit, wivch to some
extert 13 deterrwned by the production and processing conetrsints, which siso influsnce
the structurs of the lenguags. The mize of the unit planned. and the output should slso meet
the limits set by the processing snd production mechaniame. Therefore. for longar units.
rste NCressss ocour and Whis is Qovernad by Certan spesch timing rulss, which reguists
the cCompresson of 58iected COMponents. However. dus 10 the limwtations imposed by the
production and processing mechavams. the magnituge of compression ¢ reguisted The
effects of compression sre sieo countarsctes by the Wwwpors espenmon of sslected
componerts. Thue -a;n betwesn temporsl COMPression Shd SNPERION GOVErned by
relstve trvwng ndes result n rgte moduistion These thres timing rues. ie. sslectwe
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between components

Figure 5.1 A possible mode! of speech timing.
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timing rules that oporafa within the constraints of the processing and production
mechanisms '

This model has similarities with Lashiey's model in that, various tactors illustrated in
the model are interacting and interdependent The role of feedback., however. still not
known ip particult,womodt(oso"okmwors'io questions such as how a spesker knows
that the magnitude of compragsion and thus rate falls within the temporal limits of
processing, or is it the physiological limitations of the speech mechanism that determines
the extent of compression? Port (1981) maintaing that phynoloocd restrictions on
articuistion dg not manifest themselves as a kind of output constraint He argues that the
extent of comgression he found in his study are not likely to be the physiologically
‘minimum duration thet speskers sre capebie of producing The extent of compression is
then. perhaps gqverned by language specific reistive timing rules. Finally the question rs.
WMN“chw\gawmmmmofa
gven unit? The speculstion 18 thet thees langusge specific timing rules are simular to
phonologicel rules a spesker hes acquired as pert of language acquisition The fesdbeck s
MNW&M&M:M‘&MW“W!.p
the rhyshwn Of a Uit snd possibly the rste ss well

This poesible model 18 by NO Mmeans compists. and doss Not imend 1o cover o
sspects of spesch tming n the reguistion of ree and rhwtivn. R is merely & skeletal
Mhamﬁmﬂ.“mﬂmm



Vi. CONCLUSIONS AND IMPLICATIONS

In this chapter the conclusions of this study ind the implications it hoids for

research will be presented

A.Comlutlono~
The present ressarch showed no evidence in suppart of production isochrony.
Mhrm;‘mhmuonmwuiutowwmmof
mmmwmmmmmmmmw
specifically the comb model. as oppoeed to 8 cicsed loop model
hord‘rtqup&“mm’xﬁ\gNWmem
within the rhwthsric units in this study. 8 possible modsi of speech timing is propossd
Mmm‘wnnummofprmmmu
@ofhwmm.mmmm.mmm
resches 8 pistesu. possibly dus to the imitasions of the production and processng
mecheniens. Whils the temporal compresson of M. SV. and 1USV resuts n rate
WﬂWbWhhﬁwﬂWof“W
MMWNWof“WMhN
stabikizatiofl of rate. For normel speskars, any rate decresse seem to resuRt from temporsl
enpangion of seiscted componants r“ than he reduction in M hus
A wmwmmwm.mum nmm
mechaniem siso iMeracts with certain relstive timing rulss thet GPErsts 1o Maintsin & criticsl
, MMMmhmhmamm,in
ma-nmm«‘mu
lh““““”““ﬂm“
the reistive timing sre spenific tming nulss Tt regdste rate snd rwtiwn of ‘spesch. in
880n08. e rete Conrol machaniem than. will ROt GRly QPSS within the vits sst by e
Mummnmnnmd“m
specific relsiive timing rulss.
mmnumummmmmwu
normals and the cheervations from e aumliery ssperiment further confirm thet ssisctive
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compression, expansion, and relative timing are speech timing rules of English and that
these rules interact with each other to produce the desired rate and rhythm.

Although the group of stutterers used in this study showed temporal regularities
similar to normals, the breakdown in temporal reguisrities that occurred for the longer
units for stutterers suggests that stutterers are likely to have gu:or difficulty planning
and executing longer units while maintsining fluency, desired rate, agd rhythm Stutterers
msmmoonvmiuonrmmrmm‘urhyﬁvn,lnordu'tonm
Fuency.

Thothroofndon. temporal compression, expansion. and reistive timing thst heve
mmwuwofwmnmmcmmﬂcpcm.m

Mofmummwnmw mm
MW:Mr.&NMMnMNnWM&F«
MNrmmmwmmmwum

MM“MMMMM!«WM&

MMMMMnaNMfaNﬁ-ﬂmMW

mmmuwdwmmm
m-m.mmm-wwmmwum»u
Wbﬂunm

. | _z ‘
of h“”“mﬂb”b“nm‘lh
n-u-h-- nﬁ-wm-—ummmm_

mhumdhm . ‘2
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Temporal issues in Nérmal Speech
Timing mode/: The possible model described ir: this study to explain regulation,of rate and
rhythm shouid be substantiated through i:erception studies as 'well. The relevance of'
temporal compression, expansion ané relative timing can all be studied through careful
manipulation of the speech signals and listeners’ judgément can be obtained on the
temporally modified SINS.
Unit of planning: Some of the possible studies in mdorsundung interstress interval as 3
unit of planning and/or processing in normal speakers are discussed in this section. ,
Although, in this study, evidence was prounto.; in support of rhythmic unit as s
unit of planning it was also noted thst temporal processing constraints are likely to
determine the size of the rhythmic units in a language, the duration of the most frequently
occuring foot size is likely to be the preferred duration for speakers of a given language.
This notion is purely speculstive and we need to seek empirical evidence to find out
whether or not the unit for processing is universally constrained temporaily, or whether a
spesker of a given langusge is somehow conditioned to plan and produce a unit of a
WWWQﬂMMMhMWQdOMwQOf differemt
lenguages have different preferred durstions for plarining snd producing s speech unit?
, mnmiofnmuﬂnamofprw‘gwbo
mmmwmmwmwwxoam&ovu
mnmm—mw«gwmnm
Mm.lWMWMMAMdmm
mmdmwnqunmdmmmn\m
Of he riwiumic wits, will reves! whather the rhytivic Wikt or the temporsl prosessing lmit
is critiosl in determining the unit of processing it is possible thet sighificant inersctions of
mnMﬂhhdhmm-‘lﬁﬁw « is slvo pesshie
uwhmmuumuumnmm
mmh”u&m”nd“qﬂndqﬂmw
.mﬂmmnwdmmhmum
mu-nﬁ sress mummm vk

Temparel campression: mmMnunnWMW

-
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unit as a unit of planning was the iemporal compression of SV, 1USV and VI as a function
of foot SIZO At the same time:it was also obserVad that the rate aof speech also increased
as a function of foot suze wp to a certam pom; The relation between magmtude of
cbmpro§s|on and rate needs io be investigated. The questlon is, supposing the stressed
vowef and the fvrst unstressed vowel which normally seem to undergo temporal
comprqssaon attain a\ limit and cannot undergo -comptession any further, do other
con!tpon&us of speech ina rhythmnc unit undergo tomporal compressuon to achueve a
target rate?_Apart' from the. theoraetical interest m.answe,rlng such a question, there are
.some p‘nctical qpplicatiohs\ For. instance, a synthesized unit of speech will perhaps be ]
judged as being more natural or acceptable if it is compressed in accordance with the
natural rules compyred to the over'all compression of a speech unit 'This question is
pttlcularly mpormt in the hy\t of our finding with ragtd to critical tlmmg relatnons

" between components in a rhythmic umt

-

Rclativo timing: The significance of relative timing needs to be verified through
percaptusi oxporimontx An uuful oxporm paradigm would bo to obtan lustonor'
wofmmmvowodmdrmmmnscmm
WMMQMMomemMrmmmwn
nﬂuwmprwwaﬁwraﬁomuwvwwmofamw
thet determines the rhythm of » Lhngqoduuofdffcnmw we can
WM«MMWWW?«MMrWof
mmmnwmwnmmmmwu
MMMMWManhwwhwm,
wdawmmnmmnmaanmmmm

_\mmmo’mm“b_h,MMnmm

‘w‘-.'-anaumu"-mmmnmoum
which speskers are ikely 10 Carry OVer 10 NONESNES-uUNits a8 well
' The cbesrvation on relstive timing of components of & speech unit hes sirred yet

. another possibiity for fubsre investigstion The lack of ehwainess” of syvihesized spesch
’ ”mndewnaanﬁnmnf

sylishic dursticns, than by altering the durstions of sylishise, & ariticsl relative timing could

- =
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-be astablished which in turn is l.ikely to result in synthesized speech utterances that are
likely to resemble natural \splee‘ch‘ This notion of adjusting durations to match an inner
temporal criteria is not new. Nooteboom (1975) used a method of adjustments using
synthesized s:peech segments in a perceptual experiment He asked subjects to adjust the
duratioh of synthesized vowels in a word in such a way that the word as a whole spunded
as n;tural as possible. A desired stimulus was synthesized repeatedly and the duration of
one acoustic segment of the wordv was contiuously adjusted by means of a knob. A very
important application of this duration adjustment feature would be for communication aids
that use synthesized speé‘éh With our present findings on the significance of relative
timing between components, by adjusting the duratioﬁs of the components of speech, it
would be possible to produce utterances which would perhaps have a rhythm that
simulates natural speech’ While it mayb not be practicil to expect users of communication
aids to have the linguistic intuition or the physical capabilities to make these temporal
adjustments, it is, however, possible for trained clinicians too make thesek durational
adjustmerits in these sids that have provision for storing programmed utterances.

/
Research implications on Stuttering and Rhythm '

Frequency of stuttering: Seversi subjects were eliminsted becasuse of the non avalability
of sufficient number of fluent sampies in all the target units. Also, several longer units
were eliminated for lack of sufficient number of subjects fluent in these longer target
items Of perticulsr interest would be the reexamination of the speech samples obtained
from the subjects in the present study and determine the frequency of stuttering as a
function of foot size If the frequency of stuttering is in fact grester for larger units, then
it is likely that the use of a mors familisr (or the preferred rhythmic pattern will reeult in
.mo'mmmmrmumofmmofmmm
po;d'ofma ‘ . ) |

Until now. it is believed thet through practice and familerity of the phonetic
m&qmumnmm, it sttterers are indesd
mmm@wmmm&imnmnm
“the effect bf sdaptation cbesrved in sttterers is in fact dus to familisrity of rhythnic
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pattern. This question can be easily verified by manipula(iing the phonetic contexts and the

stress pattern independently.

Rate and Relative timing: The present study show§ that. at slolver than normal rates
stutterers can maintain the rhythm of speech. We need to obtain data from perceptual
experiments, using normal speakers, to determine "an optimal rate at which st.ress
contrasts can be perceived and integrated perceptually as rhythmic patterns. Prior to
treatment stutterers seem to have a faster rate 6f speech compared to normals, hence the
rationale for teaching str_ategies to reduce their rate of speech in order to induce fluency.
It would be interesting to investigate whether stutterers use faster rate of speech to
maintain the relative timing between components.

In the present study, with.the exception of two subjects, all the other stutterers
had \mdergone treatment Although these two subjects did not differ from the group in
any signifi\cant manner. in order to understand whether the rhythm of stutterers’ speech is
different from normals (or disrupted), a replication of the present study with stutterers
who have not undergone treatment would be in order. Such a study will also verify
whether stuttering is indeed a "disorder of rhythm” as described by several researchers in
the field of stuttering.

In addition, the investigation of “rhythm” in the speech of stutterers from different
therapeutic programs will assist in the identification of these strategies that will facilitate
fluency with no or minimal effect on the rhythm of speech

Lastly, stutterers’ fluent utterances have been judged by listeners ( e.g. Prosek and
Runyan, 1982) and found to be distinguishable from normal fiuent utterances. in view of
the findings of the present study, it would be vaiuable to correhto listener judgements of
‘rhythm” on fluent speech of stutterers from various trestment programs with
measurements on relstive durations of components within rhythmic units. in other words,
the perceptusi ratings on rhythm should be correlsted with objective acoustical
messurements of duration | ‘
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APPENDIX | - STIMULUS MATERIAL

\

NOTE: Measurements were made on units underlined with stress markings.

- NARBATIVE PASSAGE \
Y

Few prehistoric animals could have captured the imagination so completely as have
the flying reptiles known as the pterosaurs. Extinct for the sixty four million years that
have passed since the end of the mesozoic era, these m:_n 9_{ ﬁa air have nonetheless
fngured prommcntly in man's view of the distant past ever since Arthur Conan DOyle mm
mgm m 18; m World”. For aimost two centuries paleontologusts have been
puzzling over the fossil remains of the pteroslurs and surely others have wondered how
the pterosaurs solved the problems of powered flight Hang-gliding enthusiasts ml,gm mﬂ
be curious because the larger pterosaurs weighed as much as a hang-glider pilot in 1830
_ Johann Wagler linked the ptorosaurs to the extinct marine reptiles. !

Until recently it was m,un nm pterosaurs with wnngspani as m n mhn
mg'm;s represented the maximum size for flying animais. Nine years ago. ‘howovor.
Douglas A Lavwson discoveged bones thst were quite large. The radius, the forearm bone,
measured aimost three quartacs of S mater long. No additionsl remains of this animal,
named after the Aztec god who 1dok 5 form gt 3 taltheced serpent, have come to light
since theh
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- _ EXTRACT FROM BADIQ PLAY

Johrt He should have posted it

Head How much do you know about it, man?

Johrt Wittering | sitnply afn't bilibva it

inspector: Then it's news to you , sir?

John: News? Of course it is.

Inspector: He seems to infer that you were present while he was being bullied
John: Does he?

Inspector: They were on at me worse than ever, even with the new master.
Head: And where were you?

John: Was | where?

Head With them in the garage?

John: Oh no. | wasn't with them. | stood far away watching.

inspector: You are quite sure of that, sir.

Head: Mind you, inspector, it's a highl&,:‘faysteriw letter.

Inspector: These sort of things generally are.

Heact All that riSish fbolit killing Mr.Petham

inspector: Yes, sir, I'm sure a word or two with the bgys will clear that up.
Heact Its 3o fantastic | shoukd hardly have thought it worth troubling about
inspector: Id ke 13 apsak to them though, sir.

Head: Yes, of course. rl_ttduyo:dongtoMnow

inspector: I'd rather see them individually, if you don't mind, sir.

Head: One by one? They could be dangerous!

inspector: Pisasa .

Hesd Are‘'nt you perheps making rather much of this?

Inépector: | Gon't think 80, si. lwuﬂv&mmnum

Headt Oh no, no. Much better t0 see them hers.
inspector: Do you know of other witnesese?
mmmn&&&dn-vwmmmm-u

Ay



BHYTHMIC UNITS IN SPECIAL SENTENCES BUSS)

The cradt pravad 10 be s mixed biessing k
The cradicr Sanchvad the contract. \
However. Cradil diasnarovad of the losn

The cradt Searaved was insufficient

The craditr dislooroved of our pians.

He cradibiy provad his pomt

The management craditably dhardvad the pisn

The point was cradiiy dianravad by John
mmz&x‘ oho mgd1 of the takeover
This crdalficr diaprivad the pont

The craditor provad to be stubborn. *

He criBShiS orbvad M point

The point was craditabiy ardvad by John

)

108



APPENDIX II - PROGRAM FOR AUTOMATIC SEGMENTATION

SAMPLING QF SPEECH

F #SS:5 EQ 1 GOTO 0
SAMPLE
CONTROL TRSTOP

SIGNAL EDITING

~

PR SENSE SWITCH 1 PLAYS WHOLE SIGNAL
109

L]



'SENSE SWITEK 0 PLAYS BETWEEN CURSORS
PR BEFORE YOU FINISH LAST SEGMENT. PRESS SENSE SWITCH 3

DATA Y

DATA T

DATA SEG*8

LABEL 0

PR GIVE ME SEGMENT NAME
READ »TTY &SEG

SET NTH =64

SIGNAL EXTRACTION AND DURATION MEASUREMENTS
EDITOR

«QUT
WRITE sOUT &SEG &Y &T
PLAY

SET FMODE=ON
SET TP=8

CALP
PLOT 0 950 12%

BETBEIVAL OF SIGNAL FROM DISK

SAMPLE
PR GIVE ME DISK STARTING BLOCK NUMBER
READ TTY &X

LABEL 0
"3SYS READ &X 20 0 &Y
/

110



ADD &X 16

PRINT &X &Y

ADD &Y 8

IF &Y LE 56 GOTO O

. SCALE 1000511

PLAY

PR NOW YOU HAVE SIGNAL. PRESS SENSE SWITCH 3
LABEL 2

IF #SS:3EQ 1 LINK G1

GOTO 2

END



APPENDIX III - BMDP PROGRAMS FOR ANOVA

ANQVA PROGRAM FOR 1SI

~

]
/PROBLEM "TITLE IS 'FOOT MEASUREMENTS' .
/ INPUT VARIABLES. ARE 16. FORMAT IS FREE.

MTSFILE IS GDAT3.®
/VARIABLE NAMES ARE F1T1,F1T72,F173,F1T74,
F2T1,F272,F2T3,F274,
F3T1,F3T2,F3T7T3,F3T74, b
FAT1,F4T2,F4T3,F4T4._
/DESIGN LEVELS ARE 2,9,4,4.
NAMES ARE G,S,F,T.
FIXED ARE G,F.
RANDOM IS S, T.
MODEL IS ’'G,S(G),F,T{GSF)" .
PRINT='GSTF' .
/END

112



/PROBLEM
/ INPUT

/VARIABLE

/DESIGN

/END

113

ANOVA PROGRAM FQOR 1USV AND TUSV

TITLE IS ‘' TIME MEASURE ALL .
VARIABLES ARE 32. FORMAT IS FREE.
MTSFILE 1S 'GDAT3A" .

NAMES ARE

F2T1US,F2T1UST,

F2T2US,F2T2UST,

F2T3US,F2T3UST,

F2T4US,F2T4UST,

F3T1US,F3T1UST,

F3T2US.F3T2UST,

F3T3US,F3T3UST,

F3T4US,F3T4UST,

F4T1US,FA4T1UST, .
FAT2US.FA4T2UST,

F4T3US,F4T3UST,

F4T4US,FATA4UST,

FST1US,FST1UST,

FST2US,F5T2UST,

FST3US,F5T3UST,

FST4US,FSTAUST.

LEVELS ARE 2.9,4,.4.

NAMES ARE G,S,F,T.

ARE G,F.
oM IS S,T.
EL IS 'G,S(G),F,T(GSF)".
PRINT = 'GSTF'.
NOEP = 2.



/PROBLEM
/INPUT

/VARIABLE

/DESIGN

/END

P

ANOVA PROGRAM FOR SV AND IV

TITLE IS ~TIME MEASURE ON TwQO' .
VARIABLES ARE 40. FORMAT [S FREE.
MTSFILE IS 'GDAT3B' .

NAMES ARE

F1T1SV.,
F172SV,
F1T3SYV,
F1T4SYV,
F2T 1SV,
F2T72Sv,
F273Sv,
F2TASV,
F3T1SV,
F3T2Sv,
F3T3Sv,
F3T4SYV,
F4T1SV,
F4T12SYV,
F4T3SV,
F4T4SYV,
FST1SV,
FST2SV,
FST3Sv,
F5T4SV,
LEVELS
NAMES
FIXED
RANDOM
MODEL
PRINT
NDEP

FiT1lv,
F1T21V,
F1T131v,
F1T4lV,
F2T11v,
Fa2T21Vv,
F2T31V,
F2T4lV,
F3T1Iv,
F3721v,
F3T31vV,
F3T4]V,
FAT11V,
FaT21V,
F4T3IV,
FATA]IV,
FST11vV,
F5T21V,
F5T31V,
FSTAlYV, :
ARE 2,9,5,4.
F.T.

Is s.T.

IS 'G.S(G),F.T(GSF)’ .
= 'GSTF' .

= 2.
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APPENDIX IV - CELL AND MARGINAL MEANS

MEANS FOR INTERSTRESS INTERVALS

GRAND MEAN 451.59722

CELL AND MARGINAL MEANS

G = 1 2
508.86806 394 32639
F o= 1 2 3 4
258.76389 410.33333 489 30556 647 .98611
S = 1 2 3 4 )
G = 421.250 540.8125 547 .3125 486.75 545.9375
408.125 390.0620 390.4375 348.50 355.5625
S= 6 7 8 9
G = 1 643.56250 559.25000 . 434.18750 400.75000
2 455.06250 389.00000 434 43750 377.75000
F = 1 2 3 4
G = 1 278.44444 455 11111 553.16667 748.75000
2 239.08333 365.55556 425 .44444 547 .22222
G= 1
F = 1 2 3 . 4
S = 1 270.00000 402.00000 396.00000 617.00000
2 281.00000 497 .00000 641.25000 744.00000
3 213.00000 489.00000 541.25000 °'946.00000
4 324.00000 397.00000 544 .00000 682.00000
5 252.00000 521.00000 522.75000 888.00000
6 363.00000 509.00000 745.25000 957.00000
7 333.00000 530.00000 629.25000 744.75000
8 238.00000 381.00000 486.75000 -631.00000
9 232.00000 370.00000 472.00000 529.00000
G= 2
F = 1 2 3 4
S = 1 227.00000 372.00000 498.50000 535.00000
2 238.00000 355.00000 405.25000 562.00000
3 244.00000 377.00000 390.75000 550.00000
4 222.00000 315.00000 376.00000 481.00000
5 233.00000 343.00000 348.00000 498.25000
6 281.00000 428.00000 466 .25000 645.00000
7 220.75000 327.00000 472.25000 536.00000
8 252.00000 421.00000 478.75000 586 .00000
9 234.00000 . 352.00000 393.25000 531.75000
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.

00000 32.

00000 56

00000 100.

00000 52.

00000 48

00000

.00000

00000
00000

. 00000
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69. ,
.00000
57.

61
62

39.
52.
35.
42.
.00000
72.
40.
57.
44.

47

56.
.00000
40.
52.

81

00000
00000

.00000

00000
00000
00000
00000

00000
00000
00000
00000

S =

.00000
.00000
.00000
.00000

1 .
.00000
.00000
.00000
.00000

S =

1
.00000
.00000
.00000
.00000

S =
1
00000

00000
00000

Ss=

.00000
.00000
.00000

00000

100.00000
.76.00000
68.00000
89.25000

54.75000

41.25000

65.25000
45.25000
76.00000
76.00000
66.75000
60.00000
52.00000

40.00000
32.00000
60.00000
32.00000

2
100.00000
116.00000
92.00000
56.9&000

2
140.00000
84.00000
80.00000
100.00000

2
80100000
104.00000
68.00000
52.00000

T2
100. 00000
104 .00000

204.00000"

48.00000

68.
76.
64.
63.

46.
55.
50.
47.
48.

50

47,
54.
50.

36.
44.
32.
32.

112.
88.
36.
56.

60.
64.
64.
100.

64.
60.
32.
52.

60.
96.
36.
48.

0000
0000
00000
00000

00000
00000
00000
00000
00000
00000
00000
00000
00000

00000
00000
00000
00000

00000
00000
00000
00000

00000
00000
00000

00000

00000
00000
00000

00000
00000
00000
00000

00000

72.
64.
56.
40.

24.
24,
44
40.
48.
40.
.00000
48.
32.

56.
52.
72.
32.

52.
68.
112.
56.

36.
. 68.
128.
100.

32.
.00000
80.
52.

40.
72.
144,
.00000

00000
00000
00000
00000

00000
00000
00000
00000
00000
00000

00000
00000

00000
00000
00000
00000-

00000
00000

00000
00000

00000
00000
00000
00000

00000

00000
00000

00000
00000
00000
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128.
80.
88.
72.

© 104.
56.
88.
64.

112.
72.
60.
56.

108.
104.
76.
40.

68

68.
.00000
60.
24.

56.
.00000
64.
44,

72.
48.
68.
40.

00000
00000
00000
00000

00000
00000
00000
00000

00000
00000
00000
00000

00000
00000
00000
00000

.00000

"60.
40.
24,

00000
00000
00000

00000

00000
00000

00000

00000
00000

00000
00000
00000

09000

56.
152.
36.
72.

36.
84.
36.
64.

36.
72.
36.
56.

52.

112

32.
48 .
32.
24.

48.
48.
28.
24.

24.
76.
- 32.
44,

00000
00000
00000
00000

00000
00000
00000
00000

00000
00000
00000
00000

00000

..00000
28.
40.

00000
00000

00000
00000
00000
00000

00000
00000
00000
00000

00000
00000
00000
00000

.00000
. 00000
.00000
.00000

120

40
68
108
72

28
88
128
64

28
60

56

44
52.
84.
40.

32.
56.
72.
24.

52

40.
24.

24.
68.
68.
44,

28.

48.
- 40.

.00000
.00000
.00000
.00000

.00000
.00000
.00000

.00000.

.00000
.00000
.00000
.00000

00000
00000
00000
00000

00000
00000
00000
00000

.00000
00000
.00000
00000

00000
00000
00000
00000

00000
.00000
00000
00000

120



1 56.00000
2 76.00000

3 56.00000
4  48.00000

1 $2.00000
2 76.00000
3 60.00000
4  40.00000

—y
" oun
—

1 36.00000
2 67.00000
3 36.00000
4 44.00000

-
]
N
w
"
™

1 68.00000
2 60.00000
3 40.00000
4 48.00000

64.
44.
60.
48.

136.
56..
80.
40.

56.
76.
64.
44,

68.
52.
.00000
48.

88

00000
00000
00000
00000

2
00000 -

00000
00000
00000

00000
00000
00000

00000
00000

00000

.00000

40.
72.
32.

00000
00000

00000

00000

24.
64.
16.
32.

28.
136.
24.
48.

52.
76.
36.
40.

40.
76.
28.
44.

28.
68.
24.
48.

00000
0000
000
00000

00000
00000
00000
00000

3 -

00000
00000
00000
00000

00000
00000
00000
00000

00000
00000

00000

00000

40.
48.
52.
48.

48.
96.
24.
40.

28.
48.
60.
44,

64.
60.
88.
48.

32.
52.
68.
32.

MEANS FQR TOTAL UNSTRESSED VOWELS

Q

GRAND MEAN

174.40278

CELL AND MARGINAL MEANS

G =
F 2

/Ss c\.1

2

2

1
199.19444  149.61111

3

1¢4]

00000
00000
00000
00000

4

00000
00000
0000Q
00000

00000
00000
00000,
00000

00000
00000
00000
00000

00000
00000
00000
00000

1 2 3 4 -
§5.77778  124.94444 213.33333 303.55556
_ .

5
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131.2500

6
207 .87500
193. 18750

1
64.00000
47 .55556

1

1
42.00000
83.00000
75.00000
58.00000
69.00000
69.00000
61.00000
57.00000
62.00000

1
.39.00000
52.00000
35.00000
"42.00000
47.00000
72.00000
40.00000
57.00000
44.00000

1 S =
1

36.00000

89.00000
204.00000
212.00000

1 S-=
1
68.00000
156.00000
220.00000

356.00000

1 S =

1
64.00000
133.00000
256.00000

131.3125 209.7500 210.5625 196.875 231.0000
148.0625 143.4375 139.750 7152.1875
7 8 9
179.68750 215.43750 210.25000
151.50000 156.56250 130.56250
2 3 4
141.88889  237.55556  353.33333
108.00000 189. 11111 253.77778
2 3 4
89.25000 182.00000 212.00000
156.00000 244.Q0000 356.00000
133.25000 222.00000 412.00000
138.50000 227.00000 364.00000
168.00000 339.00000 348.00000
190.5g000 236.00000 336.00000
114.75000 243.00000 300.00000
134.75000 210.00000 460.00000
152.00000 235.00000 3%92.00000
2 : 3 -4
104.00000 170.00000 212.00000
.89.25000 199.00000 252.00000
110.75000 196.00000 232.00000
108.00000 173.00000 236.00000
118.75000 187.00000 256.00000
146.75000 222.00000 332.00000
116.00000 174.00000 276.00000
§7.25000 208.00000 264.00000
81.25000 173.00000 224.00000
2 3 4
40.00000 36.00000 56.00000
72.00000 124.00000 72.00000
196.00000 172.00000 156.00000
212.00000 212.00000 212.00000
2 3 4
100.00000 112.00000 52.00000
208.00000 148.00000 112.00000
268.00000 248.00000 240.00000
356.00000 356.00000 356.00000
2 3 4
140.00000 60.00000 36.00000
148.00000 124.00000 128.00000
248.00000 168.00000 216.00000
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412.

56.
114.
276.
364.

76.
168.
344,
348.

52.
190.
260.
336.

76.
115.
236.
300.

52.
135.
248.
460.

44,
152.
272.
392.

24,
104.
116.
212.

40.

1
00000

412.

80.
208.
216.
364.

100.
160.
444
348.

128.
144
232.
336.

104.

248.
300.

112.
136.
184.
460.

108.
200.
240.
392.

68.
112.
240.
212

68.

" oa

00000

00000
00000

00000 .

00000

000006

00000
00000
00000

00000

00000 -

00000
00000

00000

.00000

00000
00000

00000
00000
00000
00000

000

00000
00000
00600

2

00000
00000
00000
00000

5
00000

412.

64.
112.
168.
.00000

364

60.
188.
300.
348.

56.
304.

212

36.
128.
200.
300.

36.
176.
196.
460.

52.
.00000
.00000
392.

176
212

32.
124,
152.
212.

48.

00000

00000
00000
00000

00000
00000
00000
00000

00000
00000

.00000
336.

000Q0

00000
00000
00000
00000

00000
00000
00000
00000

00000

00000

00000
00000
00000
00000

3
00000

A412.

32.
120.
248.
364.

40.
156.
268.
348.

- 40.

124.
240.
336.

28.
120.
288.
300.

28.

212.
460.

44.

216.
392.

32.
76.
172.
212.

- 52

00000

00000
00000
00000
00000

00000
00000
00000
00000

00000
00000
00000
00000

00000
00000
00000
00000

00000
.00000

00000

00000
.00000
00000
00000

00000
00000
00000
00000

.00000

00000 -
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89.00000
188.00000
252.00000

2 S =
1
36.00000
111.00000
192.004000
23200000

2 S =
1
40.00000
108.00000
208.00000
236.00000

2 S =

1
56.00000
119.00000
176.00000
256.00000

2 S =

1
52.00000
147 .00000
264.00000
332.00000

2 S =

1
36.00000
116.00000
184.00000
276.00000

2 S =

1
68.00000
97.00000

220.00000
264.00000

2 S =
1
32.00000
81.00000
176.00000
224.00000

124.
216.
252.

00000
00000
00000

56.00000

108.00000
244 .00000
232.

72.00000
128.00000
232.00000
236.00000

64.
108.
236.
256.

00000
00000
00000
00000

2
136.00000
132.00000
244.00000
38200000

2
56.00000
120.00000
196.00000
276.00000

68.
108.
244
264.

00000
00000
00000
00000

88.
60.
228.
224,

00000
00000
00000
00000

00000 ..

“24.

80.00000
212.00000
252.00000

24.00000
128.00000
200.00000
232.00000

28.
116.
124.
236.00000

00000

28.00000
176.00000
176.00000

256.00000

3
5200000
148.00000
224.00000
332.00000

40.00000
160.00000
148.00000
276.00000

28.00000
104.00000
156.00000

264.00000

120.
116.
224.

00000
00000
00000

00000 .
00000

00000

64 .
180.
252.

24
96
148.
232.

28.

128.
236.

40.

160.
256.

48 .
160.
156.
332.

28.
68.
168.
276.

64.
80.
212.
264.

32.
64.
172.
224,

00000
00000
00000

.00000
.00000

00000
00000

00000

.00000

00000
00000

00000

.00000

00000
00000

00000
00000
00000
00000

00000
00000
00000
00000

00000
00000
00000
00000

00000

00000 .

00000
00000
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MEANS FOR STRESSED VOWELS

GRAND MEAN 104 .85833

CELL AND MARGINAL MEANS

G = 1 2
113.53333 36.18333
F = 1 2 : 3 4 5
126.6944 98.6666 121.8194 85.7777
S = 1 2 3 4 5
G = 1 99.20 126 .400 91.650 127.600
2 94.65 88.450 91.050 79.850
S = 6 7 8 * 9
G = 1 135.45000 131.00000 98.95000
2 113.80000 88.25000, 111.20000
F = 1 2 . 3 4
G = 1 135.388 103.888 134.9444 103.6666
2 118.000 93.444 108.6944 87.8888
G = 1
F = 1 2 3 5
S = 1 138.00 91.00 100.00 91.00 76.00
2 138.00 116.00 148.00 126.00 104.00
"3 107.00 104.00 113.25 82.00 '52.00
4 159.00 107.00 152.00 112.00 108.00
5 119.00 109.00 145 .25 122.00 76.00
6 194.00 112.00 153.25 114.00 104.00
7 130.00 12@.00 168.00 119.00 112.00
8 113.00 93.00 118.75 78.00 82.00
9 120.50 77.00 116.00 89.00 84.00
G = 2
F = 1 2 3- : 5
S = 1 104.00 81.00 125.250 87.00 76.00
2 113.00 74.00 97.250 82.00 76.00
3 121.00 81.00 105.250 68.00 80.00
4 103.00 73.00 81.250 82.00 60.00
5 122.00 115.00 116.000 103.00 80.00
6 142.00 130.00 104.000 117.00 76.00
7 105.00 82.00 113.250 73.00 68.00
8 130.00 111.00 144.000 95.00 76.00
9 122.00 S94.00 92.000 84.00 64.00
G= 1 S = 1
T = 1 2 3 4

114.25000
107.20000

87.30000
91.20000

81.3333

89.7777
72.8888
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136.

100.
160.
76.

176.
136.
148.
224.
104.

80.
152.
113.
160.

52.

192.
128.
152.
228.
108.

136.
112.
145.
212.

76.

196.
124.
153.
212.
104.

172.
152.
168.
228.

112,

96.
132.
84

76.

160.
136.
164.

108.

104.
140.
140.

76.

280.
152.
128.

60..
104.

116.
152.
168.

52.
112.

00000
00000

.00000
.00000

00000

.00000
.00000
.00000
.00000
.00000

.00000
.00000
.00000
.00000
.00000

00000
00000
00000

.00000

00000

00000
00000
00000

.00000

00000

00000
00000

00000

00000
00000

00000
00000
00000
00000
00000

156.
84.
220.
72
76

184.
60.
220.

104.

112.
76.
212.
56.
112.

.00000
.00000
.00000
.00000
.00000

.00000
.00000
.00000
.00000
.00000

.00000
.00000
.00000
.00000
.00000

.00000
.00000
.00000
.00000
.00000

00000
00000
00000

.00000
.00000

00000
00000
00000

.00000

00000

00000
00000
00000

00000"

00000

96 .
108.

104 .
76.

120.
120.
116.
140.
104.

144.
100.
144 .

108.

80.
100.

76 .-

132.

b b —d —h —a
HONDNO

120.

124.
124.
140.
112.
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108.
112.
119.
128.

136.
100.
116.
160.

84.

124.

125 .
160.
76.

124.
72.
97.

140.
76.

112.
100.
105.
124.

80.

92.
72.
81.
168.
60.

152.
120.
"116.
200.

100.
108.
148.
.00000
92.

32

112

84.
96.
160.
.00000

76.00000

112.
96 .
88.
28.
80.

88.
76.
80.
52.
60.

88.
156 .
148.

48.

00000
00000
00000

00000

.00000

88.
112.
.00000
84.

00000
00000

00000

00000
00000
00000

.00000'

00000
00000
00000
00000
00000

00000
00000
00000
00000
00000

00000
00000
00000
00000

124
72

124.
44 .
« 128.
«52.
76.

128.
48.
136.
60.
76.

120.
32.
132.
28.
80.

108.
40.
64.
32.
60.

128.
60.
108.
48.

.00000
.00000
16.
60 .
92.

00000
00000
00000

.00000
.00000
.00000
.00000
.00000

00000

00000 «

00000
00000
00000

00000
00000
00000
00000
00000

00000
00000
00000
00000
00000

00000
00000
00000
00000
00000

00000
00000

00000

00000

84.
112.
.00000
104.

76.

100.
80.
56.
84.
76.

140.
96.
96 .
92.
80.

124.
104.
100.
76.
60.

120.
124.

92.
116.

.00000
.00000
.00000
.00000
.00000

‘30000

.00000

.00000
.00000

.00000

00000
00000

00000
00000

00000
00000
00000
00000
00000

4

00000
00000
00000
00000
00000

00000
00000
00000
00000
00000

00000
00000
00000
00000
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5 80.00000 80.00000 80.00000 80.00000

G = 2 S ='6
T = 1 2 3 4
Fe 1 144 00000 168.00000 132.00000 124 00000
2 144 00000 200.00000 64.00000 112.00000
3 104 . 00000 128.00000 104 .00000 80.00000
4 156 .00000 52.00000 60.00000 200.00000
5 76.00000 76.00000 76.00000 76.00000
G = 2 S = 7
T = 1 2 3 4
F oz 1 100.00000 124.00000 112.00000 84 .00000
2 88.00000 100.00000 52.00000 88.00000
3 113.00000 156 .00000 80.00000 104 .00000
4 132.00000 44 00000 40 .00000 76.00000
5 68.00000 68.00000 68.00000 68.00000
G = 2 S= 8
T = 1 2 3 4
F = 1 128.00000 124.00000 160.00000 108.00000
2 104 .00000 152.00000 68.00000 120.00000
3 144 00000 144 00000 156.00000 132.00000
4 172.00000 56.00000 44 00000 108.00000
5 76.00000 76.00000 76 .00000 76.00000
G = 2 S= 9
T = 1 2 3 4
F = 1 132.00000 112.00000 112.Q0000 132.00000
2 92.00000 108.00000 72.00000 104 .00000
3 92 .00000 96 .00000 84.00000 96.00000
4 152.00000 32.00000 56.00000 96 .00000
5 64.00000 64.00000  64.00000 64 .00000
MEANS FOR INTERVOWEL INTERVAL®
s
GRAND MEAN 308.09444

CELL AND MARGINAL MEANS

G = 1 2 "
368.67222 247 .51667

1 2 3. 4 5
133.402 256.388 242.027 338.875 569.7777

S = 1 2 3 4 S
G = 1 270.35 337.45 616.90 340.25  345.25000

F =
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278.

443 .

. 237.

144 .
122.

132.
143,
121
165.
133.
169.
203.
125.
111

123.
125.
123.
119.
T
139.
115.
131
112

152.
252.
207.
392.
400.

112.
364.
337.
508.
536.

108.
520.

0S5 258.790 236.95 239.15 194 .70000
6 7 8 S
25000 375.05000 288.85000 300.70000
35000 248 .15000 274 .45000 260.15000
1 2 3 4 5
722 288.222 275.333 407.527 727.555
083 224.555 208.722 270.222 412.000
1 2 3 4 5
00 269.00 206.75 344.000 400.000
00 297.00 337.25 374.000 536.000
.00 311.00 294.50 642.000 1716.000
00 232.00 245.25 343.000 716.000
00 353.00 209.25 427.000 604 .000
00 327.00 401.25 607.000 712.000
00 343.00 346.50 382.750 600.000
00 231.00 233.25 343.000 512.000
.50 231.00 204.00 205.000 752.000
1 2 3 4 5
00 252.00 269.25 278.00 468.00
00 229.00 218.50 281.00 440.00
00 261.00 174.75 286 .00 340.00
00 200.00 186.75 226 .00 464 .00
.00 181.00 113.25 208.25 360.00
00 226.00 215.75 306.00 300.00
75 205.00 243.00 289.00 388.00
.00 253.00 237.25 283.00 468.00
.00 214.00 220.00 274.75 480.00
S = 1
1 2 3 4
00000 192.00000 96.00000 88.00000
00000 404.00000 244.00000 176.00000
00000 132.00000 248.00000 240.00000
00000 308.00000 304.00000 372.00000
00000 400.00000 400.00000 400.00000
S = 2
1 2 3 4
00000 144.00000 160.00000 156.00000
00000 268.00000 228.00000 328.00000
00000 500.00000 276 .00000 236.00000
00000 344.00000 388.00000 256.00000
00000 536.00000 536.00000 536.00000
S=z 3
1 2 g 4
00000 144.00000 172.00000 60.00000
00000 192.00000 276.00000 256 .00000
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294 .
712.
1716.

136.

245.
288.
716.

84.
376.
209.
516.
604.

224.
368.
401.
576.
712.

184.
476.

346.

404.
600.

116.
280.
233.
308.
512.

100.
224.
204.
184 .
752.

2

00000
00000
00000
S =

1
00000

.00000

00000
00000
00000

—

184
1120
1716

184.
88.

172

456 .
716.

168.
420.
156.
416.
604.

120.
204.
308.

400
712

300.
192.
300.
436 .
600.

168.
172.
240.
368.
512.

180.
128.
172.
316.
752.

.00000

.00000
.00000

00000
00000
.00000
00000
00000

00000
00000
00000
00000
00000

00000
00000
00000
.00000
.00000

00000
00000
00000

00000

00000
00000
00000
00000
00000

00000
00000
00000
00000
00000

00000 -

468 .
388.
1716.

216.
244.
272.
416.
716.

160.
272.
272.
.00000
604.

196.
376.
300.
.00000

4396

712.

192.
352.
376.
399.
600.

144 .
152.
256.
276.
512.

88.
288.
240.
200.
752.

00000
00000
00000

00000
00000
00000
00000
00000

00000
00000
00000

00000

00000
00000
00000

00000

00000
00000
00000
00000
00000

00000
00000
00000
00000
00000

00000
00000
00000
00000
00000

232
348
1716

124.
320.
292.
212.
716.

120.
344.
200.

604.

136.
360.
596 .
956 .
712.

136.
352.
364 .
292.
600.

72.
320.
204.
420.
512.

78.
284.

200

120.

752

.00000
.00000
.00000

00000
00000
00000
00000
00000

00000
00000
00000
.00000
00000

00000
00000
00000
00000
00000

00000
00000
00000
00000
00000

00000
00000
00000
00000
00000

00000
00000
.00000
00000
.00000

130
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100.
272.
269.
248.
468.

76.
228.
218.
268.
440 .

84.
288.
175.
260.
340.

104.
208.
187.
168.
464 .

56.
152.
113.

217.

360.

116.
208.

216.
260.
300.

87.
200.
243.
260.
388.

140.
180.
296 .
.00000
468 .

148.
184.
208.
356.
440.

164.
192.
152.
344.
340.

144

136
136.

88.
240.
360.

172.
192.
136.
356.
300.

152.
140.
292.
304.
388.

00000
00000
00000

00000

00000
00000
00000
00000
00000

00000
00000
00000
00000
00000

.00000

68.
172.
268.
464.

00000
00000
00000
00000

00000
00000
00000
00000
00000

00000
00000
00000
00000
00000

00000
00000
00000
00000

00000

144 .
252.
.00000
340.
468.

124.
300.
.00000
308.
440.

168.
256.
176.
360.
340.

132,
256.
208.
300.
464 .

. 156.
212.
100.
268.
360.

172.
232.
228.
396.
300.

120.
236
224.
328.
388.

00000
00000

00000
00000

00000
00000

00000
00000

00000
00000
00000
00000
00000

00000
00000
00000
00000
00000

00000
00000
00000
00000
00000

00000
00000
00000
00000
00000

00000
00000
00000
00000
00000

108.
304.
.00000
172.
468 .

252

152.
204.
216.
192.
440.

76

96 .
268.
180.
168.
464 .

96 .
224.
152.
108.
360.

96 .
272.
283.
212.
300.

104.
244,
213.
264.
388.

00000
00000

00000
00000

00000

00000

00000
00000
00000

4
.00000
308.
196.
180.
340.

00000
00000
00000
00000

4

00000
00000
00000
00000
00000

00000
00000
00000
00000
00000

00000
00000
00000
00000
00000

00000
00000
00000
00000
00000
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-

DB WN —

DB WN —

2

124.
260.
.00000
260.
468.

237

72

S

00000
00000

00000
00000

1
.00000
264 .
220.
240.
480.

00000
00000
00000
00000

176.
176.
168.
296.
468 .

140.
96 .
160.
.00000
480.

271

00000
00000
00000
00000
00000

00000
00000
00000

00000

148.
340.
340.
328.
468.

136.
248.
292.
356.
480.

00000
00000
00000
00000
00000

00000
00000
00000
00000
00000

76.
236.
204.
248.
468.

100.
248.
208.
232.
480.

00000
00000
00000
00000
00000

00000
00000
00000
00000
00000
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SV
1USv
TUSV
Ivl
ISl

MEANS FOR RUSS FOR FIVE NORMALS

F2
94
74

205
373

F3

87
65
145
285

- 517

Fa

85
58
225
395
705

FS

80
52
285
470

835

F6

76
64
315
640
1031
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