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ABSTRACT

HOW DO SPEAKERS PARSE TIME?
PARAMETERS OF RHYTHMIC TEMPORAL PATTERNING
TN NATURAL SPEECH OF NORMAL SPEAKERS,
FORMER STUTTERERS, AND STUTTERERS
by
FRANCES NASH PODWALL

Adviser: Professor Louis J. Gerstman

This éxpérimént was designed to investlgate rhythmilc
time pattérns of spéech-in individuals operating at several
1evéls of' fluency, and to assess the extént to which dis-
fluent speech is manifested as a timing control disorder. Two
five-minute spontaneous speech monologués were recorded from
18 adult male subjects, representing three équal groups of
normal speakers, former stutterers and stﬁtterers. Subjects
were recorded under two conditions. Condition 1 consiste@
of g fivé—minute mcnqlpgue without. g listéner; Condition 2
was a five—minute.mqnologué with a receptivé listener present.
Employlng thé autOmatéd spééch analysis systém of the Néw quk
State Psychiatric Institute; spéech samples wéré segmented

into phrases and pausés, the phrasés‘furthér sﬁbdividéd into

full (strésséd) syllables and unstresséd.transyllabic segments.



overall articulation rate in syllables per second and a
varlety of articulatory and phonological méasures were

derived.

A disceriminant analysils identifiéd two parameters --
length of syllabic perliod and phrase length -- as the major
detéfminants uniquely distinguishing individuals belonging
to the threé groups. The rhythmic patfern of normal speech
which emergéd is one of short syllabic periods clustered in
dong phrases, Résults of the lnvestigation confirmed our
predictions that 1) Speech of normal speakers 1ls signifi-
cantly moré éfficient, i,e., occurs at a higher rate with
moré accuraté timing, than is the speéch of former stutterérs,
while speech of stuttérers is least éfficient of all on both
criteria of rate and timing accuracy. 2) Speaking in the
presence of a listener facilitates speech rate in all groups,
an indreasé accomplished primarily by a shorténing of sylla- -

bles and pauses.

A virfually isochronqus syllable period was identifiled
for normal speakérs; The timing of the syllablé périod was
50 aceurgte that ifts variance was iess than the sum of thé
variances of itsgcbmponént subsegments in all cases. Greater
periad variancés in stutterers and ermér stuttérers; in

agsoclation with significantly 1ongér'transyllabic segménts

vi



and shorter phrasés;npoints to thé.ékisténcé of two con-
trol‘modés'différing in efficlency. - The control mode
feund among normal spéakers 1s oné of discontinuous timing,
88 rhythms aré maintainéd among segménts whose mean dur-
ations change in opposité diréctions.‘ A simpler, less
geeurate timing méchanism accounts for the behavior of the

atutterers.
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CHAPTER I: INTRODUCTION



HOW DO SPEAKERS PARSE TIME?
PARAMETERS OF RHYTHMIC TEMPORAL PATTERNING
IN NATURAL SPEECH OF NORMAL SPEAKERS,
FORMER STUTTERERS, AND STUTTERERS

CHAPTER T
INTRODUCTION

Broadly Spéaking one may say that thé sciences de-
rive from pattern-seeking, the arts from pattern-
making though there 1s a much more intimate relation
between the seeking and making of patterns than this
would suggest. . :
W. Grey Walter

Speech is a temporal art. The patterns of which it
i1s composed have been compared to those of music because of
the importance of time and rhythm to both. In speech, as
in music, the sense of time includés the sénseiof rhythm,
timing belng the more general concept. Further, rhythm dé—
pends on time: a combination of preclsion and variation in
the parsing of time underlles mﬁsic and underlies spéech
that ls rhythmic as well, In music thé'primary unit 1s the
metif, a recurring group of durations. The identification
of similar primary units is central to study of spéé’ch

structure.

" Statement of the'PﬁOUIém'

Unfortﬁnatély;-thé,géneration of rhythmic sPéech; thé
nature of its basic units, and the differential abllitiles of

2




individuals of warying degreés of flﬁéncy.ta.control its
timing patternS'aré‘aréas in whiéhfa‘&éarth'of expériméntal
invéstigations exista. The lack is all the more remarkable
in view of the récent accélération'of intérést in theoriés '
of speech timing, In the case of natural speech the custom-
ary lag bétweén théory and applicatlon is made gréater by
the technical difficulties presented by the problem of
segménting ongolng continuous speech. Although events are
transitory, it i1s necéssary to méasure segménts accurately,
and while boundaries overlap; décisions must be consistent
with phonological réality; This will requiré samples large
enough so that bélievablé patterns may emérge such as are

there to be found.

Recent studies of speech timing in the literature

- include reports from diverse disciplinary sources in the
United States, while those originating from abroad represent
the work done 1n phonetics laboratories, particularly those
of Sweden, Holland, England and the USSR. Much cross-
germination occurs among these laboratories and parallel
durational investigatlons are in progress. Unfortunately,
none of these durational studies attempt to look at sponta-
neous spéech. Speéch timing has heen discussed'theoretiéally
and ektensivély in the normal speakér (e}g,ﬁ Abércrombie,
1964 ; Allén;‘l9725 Allen, 1973; Jones; 1956; quhévnikov and

Chistovich; 1965; Léhiste; 19703 Lennenbérg, 1967; Lindblom



and Rapp, 1973; NacNellage, 1970; Martin, 1972; Nooteboom,
1973; Oller, 1973) and vather less extensively in the patho-
logical speakér (e,g.,:Beéch'and Fransélla; 1968; Van Riper,
1971). Some féw stﬁdiés’have expéfiméntally‘méasuréd dur-
ations of standard prédétérmined.vowéls or consonants (e.g.,
Lindbloom and Rapp, 1973; Nootéboom, 19733 Peterson and
Lehiste; 1960); répétitions of words or phrases (é.g. Kozhev~
nikov and Chistovich, 1965; Oller, 1973; Rapp, 1971) or the
repéatéd readings of test sentences (e.g., Cooper and Allen,
1973; Lehisté; 1973) in order to compare durations of segments
and reliability of réplication. The present study has béen
undertaken to provide further information in the area, in-
formation on thé spontaneous speech timing of individuals
operating at séveral clinically defined levels of speech
fluency. It will be of particular interest to learn whether
a close relationship obtains between the speech timing accur-
acy exhibited by these subjects and the fluency category in

which they have been placed.

Allen and Tingley (1974) distinguish two types of
timing models, Théy describe the "correlational' or "variance"
modél which looks at correlations betwéen the durgtions of
complementary phonétic ségménts and examines.variancéshof
particular phonetic segment durations. The work of Kozhevnikov

and Chistoviech (1965) looks at speech segméntS‘in this mannér,



as does that of Lehisté.(l970,\19?3); Wr;ghttlQTﬁ) and Allen
and his associatés'(Cdoper and, Alléﬁ, 19733 Tipgléy and Allen,
1975). The second bype of model, the "mean duration" model
concentrates on average durations of particular phonetic
ségménts rathér than témporal interaction between segments.
Thé classic stﬁdies in the fiéld are of this type and recent
éxpéfiméntal ekamplés may be found in the work of Lehiste

(1973), Lindblom and Rapp (1973), and Nooteboom (1972),

Actually "variance" and "mean" are inseparable
paramefers if oné wants to deal with a customary metric for
variation: the squared error about the mean. Accordingly,
the présent studj will include analyses based on both the
"variance" and the "mean duration" models in an effort to
dlscover temporal interactions, if such exist in the data,
between complementary phonetic segments, as well as evaluating
tendencies toward regularity within partiecular speech units.
This approach should yield information relative to the neural

mechanism which controls accuracy of speech timing.

The 1dea of using the variance of a period as a
megsure of timing accuracy can be traced hack to Andrg
Classé (1939). Ciasse proposéd an hierarchical scheme of
rhythmic units.and rélations starting with the syllable and
eXtending at 1east.tq thé sentence levél’and perhaps beyond;

It Sééms highly probable that the.séntencé'is véry
often a rhythmlc unit as well as a grammatical,




logical and phonetic one. Whether it affects, or
1s affected by, its nelghbours, remalns to be seen.
(Classe, 1939, p.48)

Classe here concurs with Daniel Jones' (1956; also
in Lelpzig édition originally puinshEd 1918) earlier formu-
lation on the rhythmic unity of the.séntence and its effect
on the duration of strésséd and unstressed syllables:

Vowel—léngth dépénds to a considérablé extent on

the rhythm of. the sentence. There 1s a strong ten-
dency 1in.connected speech to make stressed syllables
follow each other as nearly as possible at egual
distances.... The usage may be stated more fully as
follows: when a syllable contalning a long. vowel or
diphthong is followed by unstressed syllables, that
vowel or diphthong 1s generally shorter than 1f the
syllable were final or followed by another stressed
syllable; moreover, the greater the number of follow-

ing unstressed syllables the shorter is the stressed
vowel,

(Jones, 1956, p. 237)

The present study has been designed to analy:ze
rhythmic patterning at microétructural and macrostructural,
that is syllable and phrase levels, as the necessary pre-
requisite to understanding the more complex rhythmic réla-
tions manifested gt the supraphrase or sentence level that
Classe consilders definitive., Classels principles aré, however,
aecessible fo our levels of anglysis, for they are set forth
in terms of Intraphrase as well as interphrase'rélatiqns. We
¢an go on fo consider our results in terms of his prior for-
mulations on stréss:grqups, 1qqking at.statistical analyses

of our three popﬁlations at thé‘syllable'and phrasé 1évé1.



Classe conducted extensive and careful investigations on
structure and clustering of 1ingﬁistic stréss.groups using -
examples of rhythmically diversified material. His sub-
Jeets read the eXamplérs présentéd.thféé'timés and beat out
the rhythm as they réad. Timing of rhythmic.sChemés was
anglyzed by méans of kymograph tracings; a method in which
utterance length is récorded on a névolving cylinder. Among
the experiments Classe reports 1s one in which a group of
five subJects read twelve sentences (e.g., '"Two historians
never describe events 1n exactly thé same way') aloud. In
the main experimént reported a group of thirtéen subJects
read passages répresenting English literature selectéd to
sample five levels of presumed rhythmicity, grading from

poetic prose to colloguial play dialogue.

Results of the three readings by each subject were
averaged and standard deviations for sfress groups calculated.
Classe discards introductory words o¢f a sentence, such as
"There are," considering them to constitute a warm-up period
rather than an integral part of the rhythmic scheme. In the
sentence "If's a menace, a pitfall, a stumbling-block, etc.)
"If's a" 1s discarded and the onset of the first stress
.Eroup;'"menace;" 15 where measurement is initiated. For
purposes of reliability Classe's computations are based on
utterancés which contaln four or more stréssfgrqﬁps; Classe's

findings on hiérachical 1éVels of rhythmlcity both in different



levels of reading material and in,individﬁalS'themSelves
led him to focus on lsochronism as thé'eéséntial substrate

of rhythm in the Epglish language, °

Computer Analysis of Rhythm and Rate
. Lennébérg (1967) seems %o proJéct the development

of the type of microsegmental analysls we will attempt. He
proposes the existence of a basic time unit which has a
duration of one-sixth of a second, as well as the flexibillity
to pattern these units differentially in order to vary the
rate of speech. Lenneberg expects:

.++. within-subject variations [which] would, of

course, be subtle and detection would require sta-

tistical analysis of the periodic phenomenon in-

volved.

The statistic necessary to prove or réject

our hypothesls is quite simple, at present the

only obstacle is the necessity of making observa-

tions and measurements of hundreds of thousands of

events. Suppose we programmed an electronic com-

puter to search the electrical analogue of a speech

signal.... :
(Lenneberg, 1967, p. 119)
Such a speech analysis system has been programmed (Anderson
and Jaffe, 1972) and this study was made viable through
gecess $0 thils efficient and economical méthod of computer

processing.

To our knowlédge, the only studies in the 1i£erature
which use and répbrt on computer analysis of spéech havé

been limited preliminary investigations ‘(Anderson and Jaffe,




1972; Jaffe, Anderson and Rleber, 1973; Zeldenberg et.al.,
1973) employing éarliéh véfsions dﬂ'thé'é&étém,on which this
Study was baséd. The'pionéering stﬁdy‘(ﬁndéfson and Jaffe,
1972) looked at reading conditions in normals and found that
the speech of a tralned radio announcer showed shorter mean
durations of measuréd vocalle ségménts than that of the
average adult, while the speéch of an adult showed shorfer-
mean durations of measured vocalic ségménts than that of a
5-year-o0ld child, Reading conditions in pathologlical groups
were compared and the méan duration of vocalic segments
measured in thé speéch‘of stuttérérs was shown to be greater
than that of clutterers. In Zéidénbérg'gi;él., (1973) the
effects of delta-9- THC {(marihuana) on speech were investi-
gated and frequencies and mean durations of phrases, pauses
and vowels, three parameters of speech rate were examined.
Results in a spontaneous speech task showed a three-way
decrease 1in speech rate, as evidenced by prolonged vocalic
syllables, fewer vocallc syllables per phrase, and increased
pausing under the influence of the drug. Jaffe, Anderson
and Rieber (1973) compare the results of the above described
studies, dérivé a formula for spéech raté and disallow the
notion of a singlé speech-regulating biolggical clock, based
on evidence of opposing movement in relevant speech parameters,

namély méan duration of vocalic segment, phrase and pause.

Thé'gérminativé‘wOrk of Kozhewvnikov and Chlstovich
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(1965) ineluded the notion of separating rate considerations
from those of rhythmic programming as part of an early and
exhgqustive effort to identify and characterize the nature

of thé articulatory spéech unit. Based on inténﬁive study
of the productilon of several normal spéakers; Kozhevnikov

and Chistovich found evidence for a rhythmic organization

of syllablé commands within a unit they'térm thé syntagma.
The syntagma ls described as an utterance (a sentence or
its part), distinguished by meaning and obligatorily pro-
nounced within one articulatory output; Syntagmas -are
séparéted from each other by pauses; while syllables within
the syntagma are run together, and 1%ts léngth is congruént
with man's short term memory. Absolute durational values
of syntagmatic elements vary, but constancy may bé found in
relative durations of the elements, according to these
authors, who tell us that 1f we "consider the syntagma as a
sequence of syllables, its rhythmic figure is an invariant
and is completely independent of the rate of speech" (Koz-

hevenlkov and Chistovich, 1965, p. 89).

§pee¢h Preplanning, - Speech Chaining'andrtﬁE'HﬁiE'bf FEEdbaék
Among the goals of the present research wiil be an
effort to view our findings in the light of the unitary spéech'
preplanning modélLKozhevenikQV and Chistqvich'proposé, tné |
ballistic development of it described by Martin (1972) and

Andéﬁson (1975), and-aISO‘with'reféféﬂcé'to*the'combination
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preplanning and speech chalning modélipresénted,by Lindblom
and Rapp (1973; Rapp, 1971). Working with ‘Swedish sﬁbjects,
Lindblom and Rapp.dérive & recursive model of témporal com-
préSsion, Rapp uslng nonsense syllablés with the second
syllable stressed; the paradigm is extendéd fo phrases and,
séntencés through use of a reiterative CV framework. Findings
indlcate the presence of both anticlpatory and backward
compensation which act together to compress the duration

of medial vowéls. This bilateral compréssion is cited as
evidéncé for the working of a central planning méchanism in
whilch anticipatory compensation shows greatér effects on

vowel contour than does backward compensation.

Rapp's (1971) study supports speech chaining as well
as preplanning inasmuch as her results show F, contours to
be synchronized during the stressed vowel despite consider-
able variation in durations of preceding constants or clusters.
Her results and those of other investigators described below
suggest the existence of a time module composed of flexible
and Inflexible unifts of duration strung together, that is
accented vowel units which are preprogrammed and ballistically
controlléd (Anderson, 1975; Martin, 1972) and other units
(e,g,, consonant clusters) which aré nqt. This type of miked
ballistic and monitoring strategy appears to be the likeliest
candldate for a model of speech prodaction based on work

which supports thé'éfistencé of éach'typé'of mode (é,g., Borden,
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1971, Kent and Moll, 1975) and findings such as Rapp's (1971)
which.indicaté.duality of mode. Using oselllographic anal-
ySis; bhoth Haggard (1973 a,b) and Lindblom and Rapp (1973)
report some abbréviation of consonantal durations as a func-
tion of clustering. Postvocallc consonants usually being

of 1ongér duration than prevocalic, Haggard (1973 b) suggests
that 1t is reasonable to expect thém to belmore subjJect to
réduction, there being more elasticlty in the lengthler
séquénces. Such consonantal reductions rapldly reach a
plateau, howévér, due to conflict of opposing demands. Cluster
compression 1s necessarily quite limited. An articulatory
mechanism at the outset, is working close to the boundary cof
capability in order to produce a series of sounds with dur-
ations long enough:so that they seem discrete together with
movement patterns coordinated for optimal efficlency and so

cannot readily accommcdate additional temporal compression.

Further explanatory detail which gives physiologlcal
support to this type of model may_be obtained from the ex-
perimental efforts of Kent and Moll (1975). Kent and Moll
reporf that their ability to measure the hrief durations
between articulatory closures was dlctated by the temporail
resolution of the cinefluqrggraphic film used to observe
moveménts of‘tqngué ana 1llps, radiqpaquely marked as con-
sanant Sequéncés wéré prqduced in various positions within

a Variéty.of 1ingﬁistic contékts,‘e,g., /spr/. Sequential
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articulatory gestures were often.sorbriéf that only 10 .
msec sepénatéd one from the other. = As the authors state,
",..,.evénts aré timédﬁsp closely that théir sﬁccession is
barely resolved by the 10-msec sampling interval provided
by-thé cinefluorographic f1Im" (Kent and Moll, 1975, p. 313).
Some sﬁpport for chalnlng and probablé operation of feed-
back loops 1s provided by thelr report that ".... many
gubintervals within a given sequence were almost constant
In duration even though the total duration of the sequence

was variable" (Kent and Moll, 1975, p. 319).

Evidence such as that presented in the foregoing
studies continues to accumulate in refutation of Lashleyfs
(1951) argument that there is insufflclent time for peripher-
al feedback loops to operate in rapid skllled movements such
as speech, and Lenneberg's (1967) corollary requiring
staggered timing of motor commands due to the need to coordin-
ate differential response times of larynx and articulators.
Commands %o the larynx,for instance, would necessarily have
fo be given 30 msec earlier than those to the lips. Although
reaction times in man are estimated o be on the order of
100-2Q00 msec¢ in response to auditory and tactile stimuli
(quhevnikov and Chistqvich, 1965), much shqrter latencies
havé beén réportéd} These latencies are short enough to make
1t seem plausiblé that there is enough time for a round-trip,
afferent impulse to brain and efferent impulse to articulators,

within the time slot which sequential speéch ségments occupy.
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For.eXamplé stﬁdiéslby:Kugelberg (1852) and Rﬁshwind (1966)
are cited by Ohala (1970) to demonstrate the existence of
rémarkably short faclal refléxés in humans (e.g., eyeblink
and masseter réfléi); réflexés which have latencies on the
order of 12-15 msec and less. Kent and Moll (1975) suggest
that ".,..if the néﬁrophysiology of man is 1like that of
monkéy, thé round trilp néural transit time may be as short
as 10 msec ...." (Kent and Moll, 1975, p..306) based on
Bowman and Combs' (1968) observation that stimulation of
hypoglossal nervés in monkey evoked cerebral potentlals with

latencies of 4-5 msec.

Bordén (1971) studies the role and importance of
feédback on spééch by attempting to prevent sensory input
to the various modalities using several methodologies, in-
cluding that of mandibular block. After extensivé perceptual
and électromyographic investigation, she concludes that the

elimination of feedback may present insuperablé difficultiles:

One possibility we must not fall to consider
is that we have never achieved total blockage of the
feedback systems, "It has been our expepience that
to block out the hone conducted sound of our own
vyolces 15 painful if not impossible, In-the same way,
lingual and palatal anesthetization may leave many
other ¢lues from sensory endings in the back of the
fongue in addition t¢ sensory information from re-
cepfors well helow the area of gnesthetization. It
might be that. pronounced effects would result from
complete hlockage of elther system.

(Borden, 1971, p. 125, 126)
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Finally, we may not be’béyond the long arm of the
feedback loop, even in our sleep. Arkin and Brown (1971)
_give'éxamples'of subiécts' self—corréctions during sléep-
talking, e,g. "néked; néked day dréams;" Observations such
as these may indicaté.that "auto-speech monitoring mechanisms
are capable of functloning during sleép albeit at levels of
efficiency which show marked variation"  (Arkin and Brown,

19713 p- 1)'

In the self—corréctions of the child learning to
speak we can observe the operation of féedback and appreciate
its importance in language acquisition. There 1s evidence
however that thé child's reliance on feedback, 1f not his
use of i%t, has largely disappeared by the time he is four
(Borden, 1971), and a central planning mechanism has taken
over. In other words ,when speech 1s being learned 1t fune-
tions as a closed loop system, when highly learned 1t functions
in open loop fashion. Of course we may elect to consciously
monitor speech for various purposes and give special attention
to one or several feedback channels, in effect reinstituting

the closed loop system on occasion.

Chase (in Housé, 1967) discusses the child's growing
speech mastery in terms of progressive shifts from a closed-
laop fo an opén.loop type of opération. Iif spéech develop-
ment bakes a deviant-turn; as it does 1n children who start

to stutter, usﬁally at.aboﬁt foﬁr yéars of age, then it is
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possible that the necessary sequence of progressive shifts
that would maké’preplannedVOpen loop speech”pncduction a
viable . optlon may not take place. - Thus the child's speech
production modé may not move beyond some lnterim stage of
closed loop operation. . Various physical and psychological
theoriles have been advanced %o account for this anomalous
development; theories which run the_gamut from those dependent
on psychodynamic or 1earning theory bases (for example, see
discussions in Bloodstein, 1969 and Eilsenson, 1958) to those
which assign causality to neurophysiological deficits such

as the lack of lateralization and cerebral dominance (Orton,
1927; Travis, 1931). The controversy over causality 1s far
from resolved. In terms of production models, however, 1t
does appear quite apparent to the observer that the stutterer
1s monitoring and responding to acoustic and peripheral
articulatory feedback in a far more sensitive manner than

that of the average speaker.

In any event, the operation of feedback in speech is
not an all-or-none phenqmenqn. Whille we believe that for
the normal, spéaker speech 1ls largely a preplanned open
loop activity, there is such richness and redundancy of feed-
back systens, auditory,- tactile and kj,nes'thetic,‘ that in point
of fact, what seems impossible is not to have feedback
Hirsh (in House, 1967) tells us that Helmholtz - - in 1864
- - announced that‘the source of the'feedback'signal 1s the

command itself. More'explicitly, Mcculloch (in Arbib, 1972)



17

descrihes the.Clee coupling of efferent and afferent
systems: "The net 1s such that every efferent peripheral
neuron (i.e-; every neuron that controls an‘éfféctor, be 1t
musclé or gland) can belindiréctly afféctéd along sevéral
pathS-throuéh thé hét by éach afferént periphéral neuron
(i.e.; éach'neuron that 1s dlrectly afféctéd by a receptor
be Lt sensory cell or other transdﬁcer). Every neuron is
traversed by at 1éast one such path." (MeCulloch in Arbib,

1972, p. 165),

" Studies of Timing”Cdntfol

Tingley and Allen (1975) in their developmental
study of speech timing control in children ‘found no evidénce
of the use of periphéral feedback in thé speéch task they
used. Motor timing control for speech and tapping did how-
ever improve regularly with age. The children ranged in age
from five to eleven years old and perhaps, consistent with
Borden's (1971) result and Chase's (in House, 1967) thesis,
had already made the shiff from closed to open loop speech
production.

Thﬁ variance findings reportéd by quper and Allen
(1973) in another timing-control study havé particular in-
terést for us, . These investlgators examined relative accur-
gey of timing conbrol as ekhibitéd in the repetition of stock
phrasés and sénténcés sampled from normal and stﬁttering
popdlations; Althdﬁgh there was ovérlap in théfaccuracy 6f

timing control bétween the group of normal and the group of
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stuttering speakers, on the whole.sgbutterers were the least
accuraté timers and‘individuals identifiéd as M"cured"
stufterers had an avéragé accuracy rank indistinguishablé

from that of normal Spéakers.

Since ours is the first cbmpréﬁéﬂsive study to employ
naturally.generatéd spontaneous spéech for fluency analysis
according o a phonétic paradigm, it will be important to
compare our results with these measured under the more arti-
ficial conditions néedéd to obtain controlled speech samples

in thé phonetics laboratory.

An effort will be made to investigate the effect of
controlled interviewér contact with the subject; presénce
or absence of an appropriately responsive listener will be
correlated- with the speech variables employed for the peri-
odic analyses of speech from both normal and pathological
subjects. By means of this design it will be possible to
investlgate whether presence of absence of a listener has
an effect apart from the more difficult question of how to
interpret the psychqlogical process by which it is brought
ahout, Accordingly then, the temporal patterning of three
_groups, Normal Speakérs, Former Stuttérers, and Stutterers
will, be asseSsed'undér two speaking conditions: Condition 1,
in which the subiéctﬁis alone and_genératés a 5-minute Solo

Monologue and Condition 2, in which the subfect 1s joined



19

by a lListener, and generates a 5-minute Listener Monologue.

Speech 1is tape recbrdéd for subséquent compﬁtér.analysis.

The Listenér,condition is.générally'supposéd to be
oné of higher anxiety than the Solo‘condition; although the
form this anxiéty tékés’has been varilously reported (See
a compréhénsive review by Rochéster, 1973). Because of the
more stressful nature of the Listenér condition, as described
in the literature, 1t 1s inadvisable to counterbalance the
order effect of the two conditions for the reason that it
1s not féasible to mové from a conditlion of more to one of

less anxiety.

Mahl's (1956) classic paper reports that increased
sllence accompanies topical anxiety. On the other hand,
Pope et.al., (1970) observed a decrease in the silences of
psychiatric subjects on days that were designated as "high
anxiety" days for them. Admittedly one 1s often dealing
with "situational" anxiety superimposed on "predispositional
anxiety in these subjects. A consensual view of the liter-
ature would tend tq assoclate both longer pauses (é,g.,

Cassota, Feldstein and Jaffe, 1967) and, mutatis mutandis,

more frequént pauses (e.g., Siegman and Pope, 1965) with-

gtressful fopics and conditi?ns qf highjanxiety.

Apart from .content and predispositlonal conslder-
ations, is a 1istéﬁér.condition'96f se .considered to be one

of psychological stress as opposed to g no-listener condition?
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If ilncreased pausing is taken as index qf inereased psycho-
loglcal stress, thén’thére is someiévidéﬂdé'that.thé presencé
of an audience_géneratés anxiéty. "Rcchéster (1973) réports
studies (é;g., Lay and-Paivio;_1969;\Levin and Slilverman,

19653 Reynolds and-Paivio; 1968) whére'incréased pausing accom-

panies increaged intéfaction, with children as well as adults.

Increased pausing may také'various forms; 1i.e.,
pauses may be moré frequent; pauses may be considerably long-
er although somewhat 1éss freqﬁent; finally, pauses may be
shorter, but more fréquént. This last variety of increased
pausing could form part of a pattern of high ovérall speech
rate. or productivity; of which more syllablés pér phrase
and Shortér syllables are other componeﬁts. A ratlonale for
such a high productivity pattern is suggested by a model of an
"internal clock" of the human organism proposed by Michel.

Treisman (1963).

Treisman introduces the term "specific temporal arousal”
(Treisman,'l963, p. 23) to explain increased rates of résponse
which might be expected to include spéaking. He suggests that
high anxiety levels vend tq maintain specific arousal. Trels-
man maintains that "specific arousal" is g special case of
"general arousgl" gnd shows similar features. Parallels are
drawn betwéen Qﬁéieffects of "specifice témporal arousal,”
Ugéneral aroﬁsal;ﬂ aﬁd performance variables such as "intérést;"

"alérbnésS;" "vigilancé," "motivation,”" etc. Using Trelsman's
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characterization then, we may relate preSUmed "general
arousal™ to the presence.of~an,aﬁdience;_and.go on to pre-
dict that Condition 2, the Listener Condition, will show
higher rates of speech response than Condition l; the Solo

Conditlon, due to "gpecific temporal arousal."

' Studies of the Effect of an Audiernce on the Stutterer

Stutterers are popularly supposed %o show a special
vulnerability to the presence of a listener, over and above
that shown by the normal speaker. Search of the 1iterature;
however, reveals a single relevant example; and that one in
Russian (Razdolsky, 1965), of research which supports the
often repeated, seldom investigated statement that stutterers
speak better when they are alone. The attribution of faeilita-
ted speaking ability due to 1lsolation is also traditionally
extended to conditions in which the stutterer speaks to babies,
pets, etec., as compared to those in which he speaks to an
audience, converses with peers or with those of superior
status, The manner in which the stutterer is affected by his
audience has been reported by various experimenters (See
discussion in ququtein; 1959:;¢hﬁptér 5), An example Blood-
stein c¢ites is that of Porter (1939) who finds that as audience
silze increasesnstepwieé from one tQ elght listeners, stuttéring‘

also increases'pregressively.

It should be noted that this;study;-as well as most



22

others which lnvestigate the relatlon between dincrease in
aﬁdience sizé and-stuttéring; do.sofWith'réspéct'to the

effeect of adaptation on reading matérial;:rathér than with
respect to natunal spontanéous spééqhﬂ The adaptation

effeCt; as described by Johnson (1955); 1s "the decrease in
stuttéring, as méasuréd with referéncé'to its frequency or
sévérity; that occurs whén a stutterer reads the same passage
a numbér of times consecutively," (Johnson, 1955, p. 15). The
use of adaptation studies is anothér instance of making
comparisons bétwéén our spontanéous spéech results and reading
results of othér invéstigators due to the limitations of the

literature,

The Razdolsky (1965) study, however, seems to be one
of natural speech production becausé preschool childrén unable
to read are included in his population. Razdolsky reports on
a group of 125 stutterers who spoke 1in the presence of others
and alone. In 32 members of the group speech was markedly
facilitated when alone, 30 were somewhat improved, there was
very little imprqvement in 24, and the speech of 28 remained
unchanged, Spéaking in solitude eliminated all stuttering
behaVigr in 11 subjecys and enabled them to talk at a nopfmal
raté. While stuttéripg in the speech of preschOQl children
did nqt ¢hange véry mﬁch when théy wérelalone, children of
school age showed a noticeable improvement. Most of the ado-
léacénta and Adults in the study spoké.mﬁcn'béttér alone than

in thé préséncé of othér péoplé.
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The literature does contain .some studles in which
the.stutterér is,not:advérsely éfﬂéctéd by-énfaudiéncé.
Bloodsteln C1969;_p{:2Q5) speaks of a "startling result"
obtained by Young (1965) in which stuttering falled to in-
créasé with’incréases’in audience size. This was a study
of adaptation éfféct,as was that of Shulman (1955) who
gradﬁally increaséd audience size and found that adaptation
continued to occur. Siégel and Haugen (1964), in the con-
dition where there was a constant audience of one person,
seemingly analegous to the condition whére only the ex-
périménter is present, found some édaptation taking place
in the audience situation but less of if than in a control
group.

The Facilitative Effect of Anxiety and
Listener on Verbal Productlvity

In a series of studies, Kanfer (1958, 1959, 1960)
describes and confirms a generalized hypothesis of the fa-
cilitating effect of anxiety on verbal prdductivity. He
derives theoretical support for his thesis from the diverse
positions of Hull and Skinner,wherein Hull, regarding anxiety
as g drlve state, relates 1eVels of verbal activity to anxiety
1evels, while Skinner proposes that as anxiety increases,
Verbal output increases (Kanfer, 1959). Skinnerian studies
(e,g., Salzingér;:qutnoy and Féldman, 1964) have shown anoth-
ér viéw,'namély that the délivéry_of positivé réinforéémént-

by a li&ténér a150'incréases thé'raté‘bf.verbal résponding
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behavior. Finally, Matarazzo and Wiens «(1972), in their
compéndiUm of reséarch'into,thé anatomy-and.structuré of
thé'interview, discuss the role of thé'listénéf. They

present data which "réveal‘héaanddiﬁg-and=saying'mm;hmm,

two tactics long suspected by intérviewers and other con-
versationalists as having the capacity to increase utterance
durations do, in fact, produce such an increase" (Matarazzo
and Wiens, 1972, p. 94). These authors pr0posé an hypothesis
of listener stimulation of speaker production;'"moré human
output," increased speaker actlvity, based 6n "greatér—
satisfaction—in—the—presencé-of—gréatér—intérviewer-activity."
In other words, if someone 1s présent and 1isténing to him
with attention and interest, perceptlon of this fact will be
positively reinforcing and the speakér wlll talk more. This
reinforcement operates, perhaps, through a state variable
similar to that which Treisman identifies with "interest,"
"alertness," "vigilance," "motivation," etc. Specific
temporal arousal is perhaps just such a state varlable,
maintaining a steady level over a period of time such as the

duration of an interview.

" Hypotheses of this Investigatlon

”HypéthéSis I

Thé’dépéndent variables of thils invéStigation will -

distinguish and stratify thé thréé population groups in a
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manner consonant wilth their nosolpgical‘catégorizations of
"Normal Spegkers," "Former Stuttéﬁérs;W éﬁd'“Stuttérérs."
Normal Speakers will exhibit "more efficient spééch than
Formex Stutterers, while Former Stﬁttérérs will ékhibit

“Mmore efficilent” speech-than Stﬁtterers; "More efficient"
speech will be determined by means of macrosegméntal (phrase
and pause) and microsegmental (vocalic and transyllabic)
analyses of the five minute samples of thé thrée groups in
the two conditlons, Condition 1, thé Solo Monologué Condition,

and Condition 2, thé Listener Monolpgaé'Condition.

For the purposes of analysis and rank ordéring,
"more efficient" speech will be defined as speéch that is
"more productive" and "more accurately timed" than speech

that is "less efficient."

Speech that is "more productive"” will be operationally
defined in terms of the following criteria which are depéndent
variables of this investigation:

Vocalic and transyllabic segments, the complementary
components of the syllable period, will be briefer

and more frequent,

Phrasés will be longer, both 1n number of syllables
and in mean duration,.

Pauses willl be briefer, therefore Fluency Ratios
(frequency ratios of short to long pausesg'will be
higher at corresponding fluency cut points, or
strata. ' ' ’ ‘

Articﬁlation'ﬁatés (syllébléé/séﬁ;ﬁ will be higher.
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Apeech that 1s "more accurately timed" will‘bé.operationally

defined 1n fterms of.thé'following criteria which are dependént
variables of this investigation: ;

Varilances -of ftemporal parameters of speech units
examlned will be smgller in speech that is "more
accurately timed." The speech units examined will
be: 1) syllable periods and their component parts
{vocalic and transyllabic segments); 2) phrase
periods and their component parts (phrases and
pauses),

" Hypothesgis TII

The two conditions of fthe experiment, Condition 1,
the Solo Monologue Condltion, and Condition 2, the Listener
Monologué Condition, will be significantly distinguished
by all three groups. There will be a heightened response
to Condition 2, the Listener Condition, which will take the
form of "more productive" speech. "More productive" speech
is operaticonally defined in detail under Hypothesis 1 and is
based on criteria which‘are dependent variables of this in-

vestigation.

Thus, Hypothesis I holds that groups will be distin-
~guished, regardless of cqndition, on both productivity and
timing accuracy; whilé,Hypothesis II holds that conditions
wlll he distinguished for all_grqups by prqductivity alqne.
Thé prediction that‘gréups will be'distingﬁishéd by timing
agcuracy is cqnaistent with findings repbrtéd by Cooper-and
Allen (1973): = the prediction that conditions will differ in
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productivity_follows;frqm the préviqus,discussion with
.respéct to,spécific.bémporai'arousalf Thé'pnédiction of
differential productivity among groﬁps has long been made
on the basis of subhjective clinical impréssion but has not

hérétofore been asséssed objectively in continuous speech.



CHAPTER II: METHOD
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" An QOverview

Three groups of 6 subjJects each, Normal Speakers, Former
Stutterers, and Stutterers, were selected and pald for
participating in a spontaneous speech experiment. Subjects
were chosen from a male, Caucasian, college-age population
by means of a questionnaire which screened for prior speech
history, verbal ability test scores, and willingness to
participate in the expériment. Potential subjJects were then
given g screéning interview to verify prior speech history
and present spéech status. Individual expéfimental sessians
for the 18 subjects consisted of two spontaneoﬁs speaking
tasks of five minutes each. In Conditicon 1, the Solo Mono-
logue, the subject was left alone in a room aftér belng
1nstructéd‘to speak for five minutes on a sélected toplc.
Condition 2 the Listener quqlggue, followéd thé samé for-
ma% gs Conditlon 1 exgept that a résponsive listener was
present ln the room, A postexperiment quéstionnaire pro-
vided the subject's own assessment of any'emqtional stress
and concommitant spéech dlsfluencles he may. hayg.experienced

in the two speaking condltions.
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Subjects
A two phaséﬂscréening procédﬁre was usédyto sélect
suitablé subjects from ‘among a sét of VOluntéers. First,
they were scréened by their fesponsés-on a quéstionnaire,
than glven a screening intérviéw. Pérsons were Judged to
be sultable subjects for the experiment if they passed both
phases, after which they were scheduled for the individual

experimental sesslon,.

6 male subjects were selectéd in each of three pop-
ulation categoriés,;normal, stﬁtterer and former stutterer.
Normal speakers were obtained from an available pool of col-
legé students in the Néw York City aréa. The pathologlcal
and post-pathological subjects, also of collége age, were
obtained from cocperating university spéech clinies and
clinicians in the New York City area. The 18 subjects who
met the reguisite ¢rilterla and indicatéd théir wlllingness to
participate in the experimént were séléctéd as paid volun-
teers. A more detailed déscription of thé criteria for the

respective experimental popuiations will he found bélow.

Subject Screening Procedure

- Questignnaire

The initial screening procedure for all subjects was
théiquestiOnnairé which was administeréd on an individual or
a group basils. The 4 parts of the.quéstipnnairé are de-
scribéd bélow and thé bomplété qﬁéétibnnairé'can bé’séen in

Appendix I.
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1. Personal Information,
This sectlion provided identifying personal infor-

mation about the subject.

2. Prior and Present Speech and Language History

Thils section provided information on place of birth,
native language, general speech and language background,
and the nature of any speech or language problems that the
subjJect may have experienced. The subject was also asked
for information on any special speech tralning he had re-

ceived.

3. Verbal Abilities Test.

This seétion consisted of a test adapted by Breskin
(1970) from a verbal scholastlc apitude test of Brownstein
and Weiner (1958). The VAT includes questions which test
reading comprehension, skill in sentence completion, and
the use of vocabulary and analogy. There is a total of 16
multiple choice items. As this 1s a relatively difficult
instrument, and our purpose was to exclude subjects with a
problem in the area of language (as opposed to speech), a
score of 70% was established as a criterion for inclusion

in the experiment.

i, Participation Information.
The final section briefly explained the purpocses

of the experiment and the need for volunteers to participate.




32

Those willing to help with the project were asked to list
avallable free hours in addition to their names and phone

numbers.

Potential subjects for the individual experimental
session, subject to a subsequent screening interview, were
selected from those who successfully met the following cri-

teria based on thelr responses to the questionnaire.

1. On the basis of the Prior and Present Speech and
Language History section, subjects were excluded who reported
ever having had a reading problem per se, who were not born
in the USA, or whose native language was not English. Speech
problems that interfered with communication but were not
assoclated with disfluency were also cause for exclusion.

The cooperation of speech clinicians 1in university, hospital,
and private practice settings was instrumental in gaining
access to populations of stutterers and former stutterers.
Without their professional help and expertise the procure-
ment of requisite and appropriate members of these groups

would have presented major problems.

2. The VAT was utilized in order to eliminate any speak-
ing problems that were language connected rather than speech
problems specifically connected directly with past or present
disfluency. The cut-off point selected those individuals

whose reading ability was of high school level or better.



- 33

Screening Interview

Subjects passing questlonnalre criteria were given
a screening intérview. Pathological and post-pathological
subjects were referred by qualified speéch clinicians and
were, respectively,presently in therapy for a stuttering
disorder whleh was judged to be within the moderate range,
or had been discharged from therapy and had remained essen-
tially free of stuttering symptomatology for the period of
at least one year. Screening interviews were conducted
by a qualified speech pathologist and only subjects who met
all requisite criteria were scheduléd for the experimental
sesslion. In summary, we can characterize the three groups

as follows:

Normal speakers exhibited speech that was free of
interfering defects, and reported no history of speech dis--

order.

Stutterers exhibited disfluent speech patterns con-
taining the following: repetitiocons and/or interfering blocks
and/or prolongations. In every case these constituted a
varlation of a moderate stuttering disorder which manifested
1tself during the course of the interview and supported the
dlagnostic description given by the referring speech clin-
ician. Additionally, a full case history was taken which
was found in all cases to be fully congrﬁént with the char-

acterization of the subject as a "stutterer."
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Former stutterers had a history of speéch dlsorder,
but éxhibitéﬁ'speéhh”fréé of any identifying.stuttering
symptomatology. .Thefformér stuttefér wbuld bé judgéd a
normal speakér bylhis*listénérs; and he no 1ongér routinély
charactérized himself as a "stuttérer," although he might
occasionally expériencé some slight difficulty under stress.
Additionally, a full case history was taken which established
the developmental and therapeutic course of his stuttering
and the pattern of its remission, also the fact that he had
been at least a moderate stutterer and had retained stutter-

ing symptomatology through adolescence.

"Iﬁdividual'Expériméntal Session

A rinal total of 20 subjécts were selected as paid
volunteérs on thé basls of thé séléction procedures described
above, 2 additional subjJects were chosen 1n order to replace
2 of the original 18 subjects selected who were unable to
produce satisfactory tapé recordings. Thus, the required
total of 18 subjects remailned: 6 Normal Speakers, 6 Former
Stutterers and 6 Stutterers. The individual session is de-
scrilbed below, procedurés listed in the order they were
‘gdministered, Total time was léss than an hour, including

instructions and Subjec¢t's Self-Report Questionnaire,

L. A release form was signéd in whi¢h the subject agreéd

fo have his voicé’tape;récorded and his spééch”analyzed.
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2. Subjects spoke on ¢ different topics for a period
of at least 5 minutes for each topic. A 5 minute speech
sample was chosen because this period is considered to be

a reliable representation of the stable structure of pauses
and vocalizations (Breskin, Gerstman and Jaffe, 1971). Full
standardized oral instructions and an opportunity to ask
questions of the experimenter preceded the administration

of experimental conditions. Immediately prior to each con-
ditlon subjects were provided with 3 x 5 index cards which
set forth the specific requirements of a particular condition. {
These cards included a series of optional guestions related 3
to the task at hand. The questions were designed to make

it easier and more productive to speak on a particular topic
for the full 5 minutes required. Subjects were not obliged
to answer any of the questions provided on the topic, but
had the option of utilizing.them at points where such aid
might be convehient and helpful. The general instructions
for the entire session were given orally by thé experimenter
at the beglinning of the session. Specific instructions for
each condition, as well as the questions relating to that
topic were read beforehand by the subject and remained |
accessible to him throughout the time he was speaking. Each
condition was followed by a short rest period before having

the subjJect mové on to the next task. Recording procedures

were the same in each of the experimental conditions. A

general description of these recording procedures will be




.36

followed by specific descriptions of each condition.

Recording Procedure

A SONY TC~-11l0A tape recorder with automatic gain
control was used to record the experimental session. The
on-off switech of the lavalier microphone was under the
subject's control. This enabled him to Ilnitiate each ex-
perimental condtion when he was ready to proceed and without
the necesslity for the experimenter's presence in the room.
Subjects were instructed to turn the microphone on and
leave it on until the experimenter informed him that the
requisite 5 minute period was over. All subjects complied
with these Ilnstructions quite easily and cooperatively,
despite occasional extraneous distractions, some periods of
gross disfluency, and short lapses of material on which to
speak. Subjects were paid and appeared motivated to follow

all instructions and successfully complete the experiment.

Warm-Up Session

A warm-up session preceded the administration of the
experimental conditions. This was designed to accustom the
subject to the recording apparatus, speaking requirements,
conditions, etc. For the warm-up session subjects were
given several comic strips and asked to discuss them. Sub-
Jects spoke on the specified topic for at least 5 minutes.

The general procedure, as described above, was employed in
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the warm-up session as it was to be used in the subsequent

experimental sessions.

Condition 1

Condition 1 is the Soloc Monologue condition. At no
time 1is the experimenter present in the room during this

experimental condition.

A 3 x 5 card contains a short philosophical paragraph
introducing a discussion topilc that requires deéision—making,
offgrs options and attempts to stimulate the subject to be
imaginatlve and creative, for he is asked to describe situ-
atlons that exist only in his mind. The subject's task in
Condition 1 1s to describe what his respective life atyle would
be if his annual income was $1,000, $10,000, $100,000, and

$1,000,000 a year.

Condition 2

Condition 2, the Listener Monologue condition,
presents a situation of simllar cognitive complexity and
demand as that found in Condition 1. A short philosophical
paragraph introduces the question of whether the subject
is what he watches, that is, do his viewilng habits (i.e.,
theater, concerts, films, TV, etec.) accurately reflect the

image he has of himself as a person.

Although cognitive demand level in Condition 2 is

equated with that in Condition 1 as closely as could be



approximated, an lncreased social demand is supplied by the
presence of the experimenter, whose role is that of silent,
but attentive and"receptive listener. The experimenter sits
facing the subject in a relaxed manner, maintaining appro-

‘priate eye contact and facial responsivéness.

SubjectVS'Sélf—Report Questicnnaire

A Subject's Self-Report Questionnailre was administered
to all subjects as their final task in the experiment. (See
Appendix II), Thls questionnaire was devised in order to
have an independent indicator of whether and in what manner
the experimental conditions were affecting the subjects,
both in their attitudes toward the tasks and in their percep-
tions and Judgments of their speech performances in the

respective task condiftions.

The questlonnaire probed the subjects'! reactions in
several ways. The first section asked the subject tollook
back on the conditions of the experiment in order to compare
thelr effects upon him. Two questions were askéd about each
condition and a 5 point scale was used in each. The first
question asked the subject to judge how he had felt in that

situation along a dimenslon ranging from relaxed to tense.

The second gquestlon asked the subject how important he
thought it was to speak correctly in that situation judged

along a dimension of unconcern to importance.
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. Thé second-ﬁection‘gavé a bﬁiéf deSCription of
speech dlsfluenciles and asked the subject to rate his speech
in each situation along a diménsion of rélative'fluéncy
("smooth" to "hesitant and choppy"-spééch). Again, a 5-

point scale was used.

The third section qﬁeriéd the subject as to whether
he felt that he had been more fluent in one situation than
he had been 1n the other. An open-ended question asked him
to 1list or describé any factors in the situations or in
himself which might account for observed differences from
one sltuatlon to anothér. Thé quéstionnaire served an
ancillary purpose In that 1t explalined thé experimental con-
ditions to the subjJects in a manner they appeared to find

clear, satisfactory and scientifically justifiablé.

Five minute samples of speech générated by means of
the procedure described abové weré processéd with speech
analysis systems dévelopgd and described by investigators
Lﬁnderson and Jaffe, 1972; Cassotta, Féldstéin and Jaffe,
196&; Jaffe, AndérSon and Rileber, 1973; Jaffe and Feldsteiln,
1970) in fhé Départmént of Communication Séiences at The

New York State Psychiatric Institute.

This comprehénsive spééch analysls system yields
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measupements of processed time in terms of total vocalic
time, total intervocalic time, tobtal phrase time, tobal

pauge time; as wélItas duration and‘fréqﬁéncy of wvocalilc
segments;'transyllabic ségments,phraSeSand pauses. From

thesé méasuréd parametérs other statistles are derived.

Thése include méan témporal durations of vocalic, transyllia-
biec, phrase and pause segménts; whilch in turn lead to the
dérivation of méasures of méan articulation rate and sylla-
bles per phrase (structural complexity). These various units
comprise the dependént measures of thils study and will be

described bhelow.

" Dependent Measures

The sophisticatéd téchnology of the spéebh analysis
system_at thé Psychiatric-Instituté makes poésiblé an effi-
cient and exhaustive s@udy of speech unlts that are objec-
tively defined. Utilization of these techniques permits
a real time scrutiny bf the speech process that can providé
an adequate descriptiqn of ongoing speech close to the |
physiologlecal level. Iﬁ dealing with divérse populations
such as the Normgl Spéakers, Stuttérers and Former Stutter-
ers Qf this study;‘a rich armamentarium of énalytic speééh
unlts is especially:ﬁséful, and it is béliéved that the
spéech units désbribéd Eélow; thé'depéndént measures of

- this stﬁdy, will, when taken tpgéthéﬁ,'providé'a basic
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behavioral model o¢f natural spéethin:thé 1ndividﬁals and

thé_groups.studiéd.

The Vocallsegménts; transyllabic ségménts, phrases
and pausés described here aré statistically assessed (See
Appendix III for technical referencéS) in térms of frequency
and mean temporal duration tallied and calculated from a
five minute speech sample. Other measures are derived from

the foregoing as 1ndicated in the list below.

Figure 1 presents an hierarchical répresentation of
the levels of temporal patterning: _macrostructﬁral and
microstructural units. On thé macrostructural level we have
the Phrase Period which consists of a Phrase and the follow-
ing Pause. Phrases decompose into strings of Syllable Periods,
a Syllable Period containing a Vocalic Segmént (Stressed
Vowel = 60 msec) and a Transyllabic or unstressed portion of
the syllabic unit, A Transyllabilc segment consists of a
string of one or more of the followlng: unstressed vowels
(¢ 60 msec) and subvocalic elements. Subvocalic elements,
ngcégsarily less than 200 msec¢ in length; may take the form
of continuant consonants, stop consqnants or nonconsonahtal
.gaps, The various speech measures énumerated and described
below are derivéd‘ﬁrom the decisiqn prqcessés and measurements

QF thése baslec units,

1. £V
£V 1s the frequency of vocalic segments, that is, the



Fig. 1: Levels of Temporal
Patterning

h2




Macrostructural Units

/ |

10. PHRASE PERIOD (PP)

4,, 8, PERASE (string of one
or more syllable periods) (PHR)

Microstruyctural Units

=

1., 5, STRESSED VOWEL,
(> 60 msec)

9. SYLLABLE PERIOD (SP)

(Vocalic Segment) (V) 2.,7.

\

3., 6. PAUSE (= 20Q msec) (PAU)

—

TRANSYLLABIC (string of
one or more of the
following) (TIS)

N

UNSTRESSED VOWEL
(< 60 msec)

CONTINUANT
CONSONANT

Fig. 1. LEVELS OF TEMPORAL PATTERNING

SUBVOCALIC (<« 200 msec)

~

STOP NONCONSDNANTAL
CONSONANT GAP

£



by

numher of vocalic.nucléi.whose amplitudé riséslhigh enough
abové threshold and whdsé dﬁration.iSulong énopgh‘to make
thé'détermination that a new vocalie péak has occurred (See

further technical description under IV).

It should be noted that the syllsble, by most defi-
nitions, contains one and only oné vocalic nucléus. Hence,
the terms "vowel" and "syllable" will bé used interchangeably
with "vocallc segment" as is appfopriaté to facilitate com-
parisons bétween direct and derivéd measurés and bhetween

results of this study and reports in the litérature.

More technically, the vocalic segménts identified
by thls procedure are considered to be the niclell of
" ‘stressed or heavy syllables as opposéd to the vocalic nucleili
of unstressed or light syllables, Vandérslicé'and Ladefoged
(1972, p. 819) characterize such a distinection in the follow-
ing manner: "If a syllable is heavy, it will have its full
vowel qualify; 1f 1t Is 1light, it will be completely un-

stressed and will often have a réduced, céntralized vowel,"

2. S

TS 1s théﬁfrequency of transyllabic ségménts. A .
frangyllabile ségméﬁt“is a confinuqus ﬁnit of spééch time
containing neither vQcalic segments nor pausés (Sée pause

.deSCription;undér-fPAU). Transyllabilc S§gménts.includé all
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pergods of nonvocalic tlme that areumore than 200 msec long,
angd .contiguous coﬁbinations of theseﬂi'Nonvocalic time in-
ciudes’silence'and=sﬁbvocalic sound;~which ig defined as
sound possessling signal energies that rise above nolse, but
fall to meet the vocallc time and amplitude thresholds.

(See LV.) Since.every vocalic is terminated by either a
transyllabic or a pause, the frequency of transyilabic seg-
ments in a speech sample equals the frequency of voecalic

segments minus the frequency of pauses.

3. TPAU
TPAU is the frequency of pauses. A pause 1s a
nonovocaliec period of time that is 200 msec or longer {Jaffe

and Feldstein, 1970).

L, | fPHR

fPHR 1s the frequency of phrases. A phfase is defined
as a sequence of consecutive vocalle segments which are
connected only by transyllabic segments: a phrase 1s always

terminated by a pause.

5, Ly

LV is the mean duration of a vocallc segment. It,
is obtained by dividing total vocalic time 1n a speech sample
by the number of vocalic segments, £V, Identification and
measurement of individual vowel durgiions l1ls ‘accomplished

by’means of a PDP—lElcomputer whiech monitors the amplitﬁdeﬁ
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envelope of ongolng speech at 400 microsec intervals and
codes as a vOcalicmSégmént any périod of time between 0.060
and 1;630_séc thatlhégins when the’ﬁpééch signal (full-wave
rectified and 1ow—pa55'filtéréd at. 2 kxHz) rises to a point
at least 6 dB above backgroﬁnd noise:‘and continues until
the signal drops at least 6 dB from a moméntary value to
remain below that level for at least 0.020 sec. (Jaffe,
Anderson and Rieber, 1973). For a more complete technical
descriptlion see Appendix IITa, excérpted from Anderson and
Jaffe, 1972. A similar algorithm for vowél measurément has
been used in conjunction with automatic speech recpgnition

by Lea and Klocker (21975).

6. LPAU

LPAU 1s the mean pause duration. It may'bé obtained
from the frequency distribution of pausés or from the product
of two factors: the reciprocal of thé conditional probability
of speaklng glven previous silénce, and thé sampling intér-

val of the system.

7. LTS
LTS is thé méan transyllabic duration. It 1s obtained
by subfracting yogalic time plus pause time from total time

and dividing the remaining time by £V - fPAU.

8, LPHR
LPHR 1s the mean phfasé duration.v It 1s obtained

by dividing total phrasé'timé by,fPAU.
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9. L3P

L3} l1s thé.méan syllablé peﬁiod dﬁration} It is
simply the sum of I¥ + LTS. A single syllable period is
definéd as the time between a vowel onset and the next vowel

onsét within a phrase.

10, LPP

LPP is the mean phrase period duration., It is the
sum of LPHR + LPAU. Analogous to the syllable period, a
phrase period lasts from one phrase onset to the next phrase

onset.

11. N
N is the number of syllables per phrase, referred to

altérnatively as’Sffuctural‘Cbmpléxity. It is obtained by

dividing the number -of vowels-by the number of phrases.

12, ARW
ARW is Articulation Rate-Within Phrase, expressed in
syllables per sécond. It is obtained by dividing £V by total

phrase time,

L3, ART

ART is Articulation Rate-Total, expressed in sylla-
blés pér second{ "It is simply definéd as fV dlvided 5y
total time, but can be obtained by méahé of'thé following
formula which both derlves the measure and describes the
rélativé contribﬁtionS'of thé‘témpdfél péramétérs which make

it up:
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(LSP). (LFPP)

A variant form of this éqﬁation appéars in Jaffe, Anderson

and Rieber (1973, p. 231).

14, VLV
VLV is the varlance of LV. It 1s measured 1ln thils
study between Condition 1 and Condition 2, for a particular

individual or group.

15. VLTS
VLTS is the variance of LTS. It 1s measured 1in this
study betwéen Condition 1 and Conditilon 2, for a particular

individual or group.

16, VLV + VLTS

VLV + VLTS is the sum of the wvariances ¢of a mean

vocalic segment and a mean transyllablc segment between Con

ditions 1 and 2, for a particular individual or group.

17. VLSP
VLSP is the variance of LSP, It is measured in this
study bétwéen Condition 1 and Condition 2, for a particular

individual'or‘groﬁp.

18, VLPHR
VLPHR is the variance of LPHR.. It is measured in
this:stﬁdy between Condition 1 and Condition 2, for a partic-

ular individual or group.
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19..  YLPAU
VLPAU is the variance of LPAU. It is measured in
thls study between Condition 1 and Conditlon 2, for a par-

ticular individual or group.

20.. VLPHR + VLPAU
VLPHR + VLPAU is thé sum of the variances of mean
phrase and mean pause between Conditlons 1 and 2, for a

particular individual or group.

21. VLPP
VLPP 1s the wvariance of LPP. It is measured in this
study betweén Condition 1 and Condltion 2, for a particular

individual or group.

22. PLS

FL.S are Fluency Strata, extracted by a méthod of
scoring relativé fluéncy based on partitions of all pauses
in 3 spééch samplé. A fluenéy stratum 1s definéd by a cut
of f timé point that partitlons the distribution of pauses
into "shorter" and "longer." Fluency cuts are made and thus
definé strata at each 200 msec interval with that interval
and all below it constituting "shorter" paﬁses while those

abgvé 1% aré considered "longer" pauses, The Tluency ratio

of a stratum is thé ratio df the frequency of short pauses
divided by the frequency of long pauses. Fop example, if

we amine the Tirst Fluency Stratum, at the initial 200
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msec.intérval, thén thé fluency ratlc would consist of the
"shorter™ paﬁsés;ﬂin this case the number of paﬁsés that are
at léast 200 msec long hbut are less than 400 msec, divided
by thé "1opger" paﬁsés; in this casé thé numbér of' pauses
that are 400 msec and longer. This strategy is considered
to be more sénsitive to pauses of different lengths than
that employed by Goldman-Eisler (1972) who employs a single
cut point at thé 500 mséc interval in order to obtain a
ratio of “flugnt“ to "hesitant" transitions. Fluency cuts
madé at éach 200 msec Interval, (200 msec being the minimum
pause critérion), should provide flexibility to characterize
populations at diverse levels of fluency, flexibility that

would bé unavailable if only a single cubt point were used.

23. SSRQ _

SSRQ 1s Subject's Self-Report Questionnaire. This
is a form designed to elicit subjects' evaluations of the
effects of the experimental conditions. SubjJects respond
to a sériés of questions (These have been described pre-
viqusly undér qucedure, and a copy Qf the quéstionnaire
can bé fgund in Appendix II). Responses to each question
are ﬁcoréd on g 5 point scale and overall scoring determin-
ations aré made on the bases of self-percelved psychological
stress and sélf-péfceivéd'disfiuencﬁ in thé expérimental
conditions. Thé purpose of the quéstionnaire 1ls to obtain

an indépéndénﬁ measure of situational"divérsity,_one that
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1s guided by theisubjéctive éxperiéncé'of théiindividual.
Previous experimenters (e,g., Lay and Paivio, 1970) report
the usé of such instrﬁménts as thé Sﬁbiéct's Sélf—Report
Questionnaire as a relativély direct and indépéndent method
of ascertaining whebher the subject apprehends task difficulty
hiérarchically and in a mannér congruént with the éxperiment-

er's intention.

Independent Measurés

1. Groups
Group differences wére agsessed by comparing the
thréé.groups, Normal Speakers, Former Stuttérers‘and

Stutterers, by means of thé variables described above.

2. Conditions
Differences between conditions wéré asséssed by com-
paring Condition 1, Solo Monologué, and Condition 2, Listener

Monologue, hy means ¢of thé variabhles déscribéd abové.
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Results of this study consist of individual.dépend-
ent variable measures for each of the 18'subjécts in the
experiment. These were computéd as-indicatéd for the two
spontaneous speech monologue conditionSE‘ Condition 1, the
Solo Monologue Condition and Condition 2 the Listener Mono-
1qué Condition. Statistical analysis was performed on the
six dependent varlables relating to-fréquéncy of occurrence
and the five variables relating to mean dﬁration. Varliances
of mean durations were comparéd across sﬁbjécts and con-
ditions for four macrosegméntal (Phrasé and Pausé) and four
microsegmental (Vocalic and Transyllabié) spéech units (See

Tables I-XII).

As hypothesized at the outset, rank ordering of the
variables comnstitutes the minimal type of scale that can

distinguish the three groups.

For example, under equilvalent speaking demands a
higher Articulation Rate is more efficient than a lower, a
shorter mean pause duratiqn more efficlent than a longer,
and so on with respect To vocalie ahd transyllahic segmént
lengths. The Arviculatlon Rate fqrmﬁla describéd préviously
(Jaffe, Anderson and Riéber, 1973), démqnstratés the consis-
tenéy of these assumptlons. Most important, ranking the magni-
tudes of résultS'frqm‘the threé groups pérmits tésting of

Hypotheses I and II.
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TABLE I

TOTAL FREQUENCIES OF VOCALIC SYLLABLES (fV)
BY GROUP AND CONDITION

Growp -  Condition 1~ Condition 2. - -
Normal Speakers 2975 3186 61§1
Former Stutterers 2947 3001 5948
Stutterers 244y 2719 5163
8366 8906 17,272
I. Between Groups gg;ﬁ “Q£ P
A. Within Conditions
Condition 1 64.05 2 < .001
. Conditlon 2 37.26 2 < -001
B. Across Conditions 95,98 2 < .001
1I. Between Conditions
A. Within Groups
Normal Speakers 6.63 1 Z.01
Former Stutterers L9 1 ns
Stutterers 14.65 1 2.001
B. Across Groups 1688.28 1 <. 001




TABLE II

A, B. C.

Speech.Unit. . ... ... Condltion Normal  Former Stutterers Predicted Measured. P
oo - ____ Speakers Stutterers Ranking  Ranking
Fréquency of 1 hg6 hg1 hov A»B>C AzB>C  <.05
Vocallc Segments
(£V) 2 531 500 453 .
Frequency of 1 165 165 171 A>B>C C»B=A ns
Pauses
(fPAU) 2 179 . 185 188
Number of 1 2.686 2.484 2.098 A»B>»C A=B>C <.05
Syllables per Phrase
(N) 2 2.720 2.429 2.078
Articulation Rate, - 1 2.862 2.863 2.644 A»B>C B>A>C ns
Within Phrase, in :
Syll./sec 2 2.859 2,939 2.701
(ARW)
Articulation Rate - 1 1.653 1.638 1.358 AE»B>C A>B>C. <.05
Total, in Syll./sec
(ART) 2 1.770 1.667 1.510
Fluency Ratio, 1 .623 .604 .536 A>B>C A>B>C =.05
Stratum #1 '

S -2 . .698 . . .622
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(DURATIONAL COMPONENTS OF PRODUCTIVITY)
MEASURED RANKING oF GROUPS ON MEAN DURATIONS OF SPEECH UNITS
o (Values in msec)

TABLE III

A, B. _

Speech Unit Condition ~Normal - Former. Stutterers  Predicted Measured P

' o ' Speakers ‘Stutterers Ranking -  Ranking
Vocalic Segment 1 211 214 222 C>B>A CaB>A .05
(LV) 2 204 207 209 C>B>A C>B>A
Transyllable 1 228 245 385 CoB>A C>B*A «.05
Segment
(LTS) 2 237 240 354 C»BaA C>B>A
Syllable 1 ihq 460 607 CaBaA C»B2A <.05
Perlod ‘
(LSP) 2 by 460 563 C>B>A C>B>A
Phrase 1 943 873 792 A»BaC A»B?C .05
(LPHR) 2 956 806 778 A»BaC AMB>C
Pause 1 772 763 894 C>B>»4 - ns
(LPAU} 2 6LL 704 727 C»B»A
Phrase Period 1 1715 1636 1686 C»B>4 - ns
(LPP) 2 1600

1510

1505

95



TABLE IV

(ACCURACY OF TIMING)

MEASURED RANKING OF GROUPS ON VARIANCES OF MEAN DURATIONS oF SPEECH UNITS

. (Values in msecE)

LS

A, B, . o o
Speech Unit Normal Former Stutterers Predicted Measured Agreement of Predicted
N Speakers Stutterers . 1.1 Ranking Ranking  and Measured Rankings
Vocalle Segment 79 148 189 A<BeC A<B«C yes
(VLV)
Transyllabic Segment 200 547 L, 845 A<B<C A<BeC yes
(VLTS)
Sum of Voe and 279 695 5,034 A<BeC A<B«C yes
Trans. Segments
(VLV + VLTS)
Syllable Period 132 538 5,398 A<B=<C A<B<C yes
(VLSP)
Phrase 2,768 5,451 11,606 A<BeC A€B&C yes
(VLPHR)
Pause
(VLPAU) 17,090 10,714 17,978 A<BeC BeA<C no
Sum of Phrase
and Pause 19,858 16,165 29,584 A<B<C B<ARC no
(VLPHR + VLPAU)
Phrase Period 14,371 22,082 24 u67 A<BeC A<BeC yes

(VLPP)

£yt T e



(PARAMETRIC ANALYSIS OF DURATIONAL COMPONENTS OF PRODUCTIVITY)
MEAN DURATIONS OF VOCALIC -SEGMENTS (LV) BY - SUBJECT, GROUP AND CONDITION (Values in msec )

TABLE V

Normal Speakers

Pormer Stutterers

Stutterers

Subject ' :Condition'l' Condition 2 Condition 1 Condition é Condition 1 Conditlon 2
1 170 182 241 202 194 182
2 _236 217 194 204 210 209
3 200 192 231 220 127 125
4 203 200 255 256 273 272
5 228 217 196 194 252 214
6 230 214 169 163 274 25&
Group Means 211 204 21# | 207 222 209

ANALYSIS or VARIANCE OF VOCALIC SEGMENTS (LV)

Source af
Conditions(I) 1
Groups{(J) 2

Interaction(IJ) 2

MS
.00080
.00019
.00003

P
<. 05
ns

ns

8G



TABLE VI-Parametric Analysis continued -

MEAN DURATIONS QF TRANSYLLABIC SEGMENTS (LTS) BY SUBJECT GROUP AND CONDITION

(Values in mseec) -

Interaction(IJ) 2 .00157 <1 ns

Normal Speakers. -~ - . ... Former Stutterers Stutterers
" SubJect = Condifion 1 Condition 2 Condition 1  Condition 2 Condition 1 Condition 2

1 298 281 293 260 213 239
2 245 250 202 186 330 379
3 207 251 182 177 599 375
4 227 228 254 276 174 216
5 183 194 203 269 387 360
6 210 219 338 355 606 555

Group means 228 | ‘_237 | _‘245 | 25H 385 354.

lANALYSIS OF VARIANCE OF TRANSYLLABIC SEGMENTS’(LTS)

Source ar MS F P

Conditions (I) 1 .00019 <l ns

Groups(J) 2 .06670 3.7322 £.05

65




TABLE VII-Parametric Analysis continued

_ MEAN DURATIONS OF SYLLABLE PERIODS (LSP) BY SUBJECT GROUP AND CONDITION _

. {yalues in msec)

'SUDdéct

Normal Speakers. .

.. Former Stufterers

Stutterers

Condition 1 Condition 2  Condition 1 Condltion 2  Conditlon 1  Condition 2

1 467 463 534 he2 407 421
2 481 466 396 390 540 588
3 4a7 443 412 1397 726 500
4 430 428 509 532 hy7 488
5 410 412 399 463 639 574
6 hug 433 | 508 518 881 805

Group Means 440 by 460 | 460 607 563

~ ANALYSIS OF VARTANCE OF SYLLABLE PERIODS (LSP)

Source dF M3 F | P

Conditions(I) 1 .00307 1.5303 ns

Groups (J) 2 07676 4.2964 ns

Interaction(IJ) 2

Q0160 <l ns

09
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" Tests of Hypotheais T

Hypothesls I refers to the relative efficlency of
the three groups, Normal Speakers, Formér Stutterers and
Sbufterers, as Judged by criteria of productivity and

accuracy of timing,

Efficiency

Tables I, II and IIIX summarizé findings on measures
which assess productivity. Table I presénts information on
total frequencles of vocalic syllables (fV) collected and
results of Chi2 analysis by group and condition. Table II
presents information on méasured ranking of thé three groups
on frequency of speech units. Récall that fTS = fV - fPHR
and fPHR = fPAU. Table III presents information on measured

ranking of the groups on mean duration of speech unlts.

Table IV summarizes findings on measures which assess
accuracy of timing; it presents information on measured rank-
ings of the groups as determined hy varlances of mean durations
of speech units, Tables V-VII present mean durations of vVocal-
ic segments (LV), Transyllabic segments (LTS) and Syllable
Periods (LSP) by subject;_group; and condition, as well as

analysis of variance results on fhese measures.

Chi? analysls, rank orderings, and analysis of
vaprlance of the thﬂéeﬁgroups, as seen On'Tablés'I - VII,

confirm predictions' made in Hypothesis I, that is, speéch of
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Normal Spegkers is more efficilent than spéech'of Eormef
Stutterers- ~efficiency béing jﬁdged by.critéria of produc-
tivity and accuracy of timing- —whilé speech of Stutterers
is least efficlent of all. A detalled deseription of

results presented in Tables I - VIT follows.

“a,  Productivity

Table 1 summariées frequency information which con-
firms significant productivity differéncés among the three
groups, as determined by Chi2 analysis. As prédictéd by
Hypothesis I, Normal Spéakers producéd more Vocalic syllable
ségments than Former Stutterers; Stuttérers prodﬁcing fewést
of all. These differences weré highly significant (p< .001)

both across and within experimental condltions.

Table ITI summarlizes productivity in terms of fre-
quency of speech units. Predicted and méasured rank orderings
of productivity related speech measures of thg Ehree groups
were compared. The confirmation of hypothesized results
on productivity of Vocalic segments (fV) has already been
reported, and it élso reaches significance nonparamétrically
by the binomial test (Hoel, 1958) across both conditions.
Significance (p <.05) was establishéd.for three of the
five femaining measﬁres of spéech freqﬁéncy also hy means
of the binomial test. The predicted rank ordering with Nor-
mals mostproductive, Stutterers 1éast; héld.fqr the following
measurés: Numberiof syllablés in g phfaéé (N); ovérall

Articulation Rate (ART) and the Fluency Ratioc for Stratum #1.
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(See Table XIII.) . Two frequency measures provéd non-signifi-
cant,. those of pause frequency -(fPAU) and-withih-phrasé
Artilculation Rate (ARW).

Table III summarizes productlvity measures in terms
of mean durations of speech unlts. . Thé prodﬁCtivity hypoth-
esis predicts that Noprmals produce briéfér syllables (LV)
than Former Stubtterers, with the LV of Stutterers being pre-
dicted longest of all., Thls rank ordering 1s also predicted
for Transyllabic segments (LTS), Syllable Pertods (LSP)
Pauses (LPAU) and Phrase Periods (LPP). Expédtations were
that phrases would prove to be 1ongést in Normals and shortest
in Stutterers, wlith Former Stutterers occupying the inter-

mediate position.

Measured rankings matched predicted rankings (p < .05,
binomial test) on all mean durations of spéech units except
Pauses (LPAU) and Phrase Periods (LPP). Subsequent analysis
of variance (See Table VI) found Transyllabic segments (LTS)
to significantly distinguish groups parametrically (p <.05)

across conditions.

In reéard %o the failure of LPAU %o show significance,
we should note that Former Stutterers seen in this study
maintained a cqnsistent pause pattérn ovéﬁ changing condi-
tions, This pattérh differed from that of thé other groups

and affected all measures to which pausing contributed.
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Implications of fhis will bé discuSséd.in $hélfollowing

sectlon, Chapter 1IV..

b, Accurgcy of Timing

Tahle IV summarizes accuracy of timing measures in
terms of wvariances of mean duration&idf éight speech units.
These unitary and combinationgl variancés havé been expressed
in milliseconds for purposés of consistency with values
presented elsewhere. For gll measﬁrés;.Hypothesis I predicts
that Normal Speakers would show less variance than Former
Stutterers with Stutterers being most variant of all, Meas-
ured rankings match predictéd rankings on six of the eight
speech units: Vocalié segménts (VLV), Transyllabic segments
(VLTS), their sum (VLV + VLTS), Syllable Period (VLSP),
Phrase (VLPHR) and Phrase Period (VLPP); however the number
of cases is insufficient for statistical comparison. The
relative invariance of pausing patterns in Pormer Stutterers
has been pointed out previously; this finding gains further
support from the emergence of two discrepant measures, pause
variance (VLPAU) and the sum of phrasé and pausé variances
(VLPHR + VLPAU). On both these indices Former Stutterers

rank higher than Normal Speakers,

In Table III we may observe particular constancy
of Syllable Peridd.duration (LSP) across conditlons in the
case of thé_group of Normal Spéakéfs."Groﬁp means for

Condition 1 and Condition 2 vary by only a singlé msec



65

in this populatlion. Variance for thé‘SyllabIéiPériod
(VLSP) is less than half that of its.cbmponént parts in the
Normal Group (Séé Table‘IV); An examination of chahges in
LV (Table V) and.corresponding changéS‘in LTS (Table VI)
‘shows that they always change in opposlte directions for
all Normal subjects. _Thése negativély corrélatéd changes
appear to operate in a manner which i1s éffective in main-
tainlng a degree of regularity in the Syllable Pericd unit.
Former Stutterers maintain isochronous Syllable Perilods
across conditions but they are 1engthiér than those of the
Normalsvand temporal interactions do not occur on a signifi-

cant basis.

Chi? analysis was significant betwéén eonditidns for
frequency of Vocalic syllables (Table 1). We find that
there is indeed a highly significant (p «.001) increase in
productivity across groups as wé move from Condition 1 to

Condition 2, And when we break ocur population down into

thé sevéral categoriés, we find that the between conditions -

difference remains significant for Normals (p<.0l) and for
stutterers (p< .001), ~But while there is a tendency for
Formér Stutterers.tozproducé more Syllablés in Conditlon 2

than Condition 1,:thé différencé 1s not significant.

Former Stuttereprs examinéd in this sftudy show néithér

the incrémént in syllablé'fréquéncy nor the decrement in
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pause length that distinguilshes Condition 1 from Condition

2 in the other groups. Former Stutterérs démonstrate rather
consistent patterning of individual parameters across chang—
ing condilfions, although general productivity increases.,

_ Suppert for this statement is provided by the 1ncrease of
Articulation Rate in Condition 2 (both ART and ARW) together
with the previously reported relative invariance of pause
patterns and syllable frequencies for the Former Stutterers

(See Tables I, II, IV, XI).

Recall that Hypothesls II refers to the productivity
of all three groups and predicts that productivity of Normal
Speakers, Former Stutterers and Stutterers will inecrease
significantly in the Listener Monologue Condition, Condition
2. This i1lncrease 1n productivity is operationally defined,
as it was in Hypothesis I, in terms of the following dependent
measures: Vocalic segment (fV, LV) Transyllabic segment (LTS),
syllable Period (SP), Phrase (N, LPHR), Pause (LPAU), Phrase
Periocd (PP) Fluency Strata (FLS) and Articulation Rates

(ARW, ART).

A 3 x 2 (groups by conditions) analysis of variance
with repeated measures (BMD 08V) was performed on eight main
variables: LV, LTS, LSP, N, LPHR, LPAU, ARW, and ART. {One
of these measures, LTS, significantly distinguished the groups

across conditions as was reported above.)




TABLE VIII-Parametric Analysis continued

MEAN DURATIONS OF PAUSES (LPAU) BY SUBJECT GROUP AND CONDITION
. {(Values ‘in-mgec) : .

: Normal Speakers - . . Former Stutterers Stutterers -

Subject  Condition 1 Condltion 2 Condition 1 Condition 2 Condition 1 Condition 2
1 988 890 602 675 49l 410
2 695 515 931 786 867 569
3 482 388 570 640 711 630
by - 1.052 661 _ 780 843 918 838
5 801 173 719 576 1.036 839
6 615 639 974 704 1.336 1.075

Group Means 772 644 | 7_63 o | TOLI | 89 1{ 72.7. |

| ANALYSI.S OF _VABIA.NCE OE PVAU.SES (LPA_U)

Source af MS F P

Conditions(I) 1 .12484 14,2034 <.01

Groups (J) 2 .03390 417_ | ns

Interaction(IJ) 2 .00200 1.0242 ns
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TABLE IX-Paranetric Analysis continued

MEAN DURATIONS OF PHRASES (LPHR) BY SUBJECT GROUP AND CONDITION
‘ (Values-in msec?} - .

: Normal Speaker . .. ...Former Stutferers Stutterers
SubJect =~ Conditlon 1 Condit%on 2 'Condition 1 Condition 2 '~ Condition 1 Condition 2
1 655 694 789 701 885 776
2 905 1.016 859 809 771 802
3 945 819 1.138 1.190 563 587
b 992 1.048 3850 869 1.270 994
5 1.169 1.153 929 | 716 696 916
6 992 1.004 574 553 566 594
Group Means 943 956 - 873 806 o792 | 778
A ANALYSIS oF VARIANCE OF-PHRASES (LPHR)_
Source af MS F P
Conditions(I) 1 .00458 <1 ns
Groups (J) 2 .08902 1,1733 ns

Interaction(IJ) 2 00491 <1 ns
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TABLE X-Complexity

o : Normal. Speakers . . . ... . Former Stutterers ' Stutterers
SubJject ~ Condition 1 Condltion 2 Condition 1 Conditlon 2 Condition 1 Co'pd’iti‘on 2

1 2.038 2.107 2.026 2.081 2.695 2.408

2 2.392 2,713 2,678 2.548 2.038 2.010

3 2.832 2.416 3.199 3.&45 1.602 1.923

4 2.832 2.983 2.367 2.154 3.230 2.477

5 3.294 3.273 2.837 2.126 1.694 2.225

6 2.728 2.826 1.797 1.753 : 1.331 1.427
Group Means 2.686 $2.720 E.HSM | 2.059 2.099 2.078

N ANALYSIS OF VARIANCE OF NUMBER OF SYLLABLES PER PHRASE (N)_

Source ar MS F P
Conditions (I} 1 .01420 < 1 ns
Groups (J) .2 1.1344 2.3180 ns

Interaction(IJ) 2 ,02166 £1 ns
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TABLE XI-Total Productivity Per Second

ARTICULATION RATE~-TOTAL (ART) BY SUBJECT, GROUP AND CONDITION
_ (Values in syllables per s&c.)

- : e Normal Speakers - . . .. .. Former Stutterers Stutterers
Subject Condition 1 Condition 2 Condition 1 Condition 2 Condition 1 Conditidn 2
1 1.237 1.243 1.573 1.720 2.093 2.183
2 1.547 1.827 1.580 ' 1.673 1.413 1.702
3 2.077 2.110 2.037 1.987 1.260 1.590
4 1.463 1.800 1,507 1.350 1.593 1.420
5 1.757 1.800 1.920 1.807 1.090 1.253
6 1.837 1.837 1.2190 1.477 .697 .913
Group Means 1.653 1.770 1,638 o ‘1.667 1.358 - 1.510
ANALZSIS OF VARIANCE OF ARTICULATION RATE,‘ TOTAL (ABT)
Source ar MS F P
Conditions (L) 1 .08918 6.5536 .05
Groups (J) 2 .25589 1.1292 ns

Interaction(IJ) 2 .01202 <1 ns

0L




TABLE XII -Toﬁal Productivity Per Second Withln Phrases

ARTICULATION RATE - WITHIN PHRASE (ARW) BY SUBJECT, GROUP AND CONDITION
(Values in syllables per sec. )‘,_

Normal Speakers . - - -Former Stutterers Stutterers

Subject Condltion 1 Condition 2 " Condition 1  Condition 2 Condition 1  Condition 2
1 3.112 3.035 2.568 1.720 3.046 2.183
2 2.642 2.670 3.119 1.673 2.643 1.702
3 2.996 2.949 2.811 1.987 2.844 1.590
i 12.855 2.848 2.491 1.350 2.542 1.420
5 2,817 2.839 3.055 1.807 2.436 1.253
6 2.750 2.814 3.132 1.477 2.351 .913 o
Group Means  2.862 2.859 2.863  2.939  2.644 2,701
ANALYSIS OF VARIANCE OF ARTICULATION RATE - HITHIN PHRASE (ARW)
Source df MS F P
Conditions(I) 1 .01703 1.4579 ns
Groups (J) 2 .17828 1.4518 ns

Interaction{(IJ) 2 _ .00516 <7 ns




TABLE XIII

- STRATA COMPUTED--AT -200 MSEC INTERVALS

FLUENCY RATIOS (RATIOS OF RELATIVE FREQUENCIES, SHORT/LONG PAUSES) IN

Condition 1

Condition 2

Strata Normal Former : Strata Normal Former
Cut Points Speakers stutterers Stutterers . Cut Polnts  Speakers Stutterers  Stutterers
1. 200 msec 623 .604 .536 200 msec .698 622 571
2, 400 1.108 1.038 .962 Joo 1.400 1.147 1.196
3. 600 1.704 1.829 1.414 600 2.349 1.756 2.082
L, 800 2.408 2.678 2.100 800 3.634 2.821 3.068
5. 1.0 sec. 3.270 3.797 2.466 1.0 sec 5.761 4,059 4. 360
6. 1.2 4,621 4,911 3.039 1.2 8.513 6.338 5.772
7. 1.4 6.158 6.638 3.794 1.4 11.216 9.453 7.767
8. 1.6 7.578 8.280 4,516 1.6 15.538 12.190 10.310
9, 1.8 9.585 11.110 5.535 1.8 20.939 16.312 13.138
10. 2.0 12.630 13.391 6.381 2.0 25.220 20.308 16.672
11, 2.2 15.864 17.055 7.550. 2.2 28.054 26.024 20.340
12. 2.4 18.510 20.587 10.152 2.4 32.594 30.657 25.302
13. 2.6 23.875 28,206 10.793 2.6 37.393 ‘43,320 32.267
14, 2.8 31.097 34,464 12.500 2.8 37.393 51.762 39.393
15. 3.0 40.458 38.720 15.031 3.0 40.346 68.250 40.889

cl
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Three measurés proved significant for condition
differences: LV, LPAU and ART. Tables V through XII sum-
marize thése results. Condition 2 was found to be signif-
icantly (p=<.05) more productive than Condition I for all
_groups in terms of briefer vocalic segments (LV) as seen in
Tablé V. The decrease of pause length (LPAU) was another
predicted detérminer of productivity which was significantly
confirmed (p< .01l) as seen in Table VIII. As would have
been expected from these results and others to be subse-
quently reported, overall Articulation Rate (ART) increased

significantly (p<«£.05) in Condition 2, as seen in Table XI.

There were no significant interactions, and results
for the other five dependent measures were nonsignificant
for condition differences, as tested by the analysis of

variance.

Fluency Strata are displayed in Table XIII. Fifteen
cut points were selected at intervals 200 msec apart. For
each Fluency Stratum the frequency ratio of short/long pauses
was obtained in terms of that cut point. Increases in pro-
ductivity, as measured by increases in Flueney Ratios,
occurred in Condition 2 for all groups at nearly all Fluency
Strata. Results were highly significant (binomial test,
p<.01l). Recalling that only the first Stratum (#1) dis-

tinguishéd groups, 1t appears that this measure is more
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sensitivé to sitﬁational differénceslin-flﬁéncy than” to

¢linically defined differences in fluency.

- ADDTTIONAL RESULTS

SSRQ
The Subhject's Self-Report Quéstionnaire, Appendix II,
was designed to elicit subjects' impréssions of the relative
psychologlcal stress placed upon them in the two condltions:
Condition 1 in whleh they spocke about life-styles and were
alone, and Conditlion 2 in which they spoke about entertain-
ménb they had watched with a 1isténér présent. Questions
1-FE and 2-E posed these quéstions. Qﬁéstions 1-F and 2-F
inquired into the subject's éstimation of how important it
-was to speak correctly in that situation, while questilons
1-G and 2-G asked about the subject's opinion of the fluency
of his speéch in each situation. Subjécts résponded to these
silx questions along a 5 - point scale. In addition they
answWered an open - ended sectlon of thé guestionnaire in
which they weré asked to werite descriptiVé statements on

aspeets of the situatlons.

Subjéctsl'regponses to thé qgjéctive quéstions (1-E
2~E; 1~F;‘2ﬁF; 1-G 2-G,) were anglyzed and those that had
been scaled above item number 3 on the negative end of the
b~point scale wéféiconsidered to bé.négativély evaluated.

Thesé'Wéfé collécted*&nd ékpfeﬂséd as a percentage for each
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question, condition, and population group. (Seé Table XIV).
For example, the item scaled as number U4 in quéstion I-E
reads "I felt soméwhat tense.” Numbér 5, the hicher nega-

tlve value in that question, reads "I felt pressured."

Table XIV tells us that no Normal Speakérs respond-
ed to question 1-E with eithér of thése negative statements,
nor were there any such negative responses to questions 1-F
and 1-G among the Normal group. In Condition 2, however,
50% of the Normal Speakers réspondéd negatlvely to question
2-E, ‘and 16% responded negatively to questions 2-F and 2-G
respectlvely. The direction of this pattern of responding,
8 pattern which points to Condition 2 as the more pressured
condition, was only found in the Normal group. This trend
was not upheld in the other two groups. Results of the
questionnaire did not, therefore, signifilcantly distinguish
condiftions, nor were there sufficient cases to establish

reliable group distinctlons.

In response to thé open-ended séction of the questlon-

ngire, 50% of the subjects made'déscriptivé comments pertain-

ing to incréaséd fengion in Condition 2, pointing out thé

presencé'of the'ékpérimenter as thé causé. It is of interést

to. nete that such .comments were éqﬁally distributéd among the

three subject populations.

K -




TABLE XIV

PERCENTAGE OF NEGATIVELY EVALUATED RESPONSES ON
. SUBJECT'S SELF-REPORT. QUESTIONNAIRE

- Condition - - Question Normal. Speaker. - Former Stutterers.  Stutt¢rérs

1. Solo Monologue 1-E . 0% 33% 67%
"Tension"
1-F 0% 16% 33%
"Importance"
1-G 0% 16% 33%
"Fluency" .

2, Listener Monologue 2-E 50% 67% 33%
"Tension"
2-F 16% 33% 50%
"Importance"
2-G 16% 0% 67%

"Fluency"

9l
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Results of this investigation confirm predictilons
that 1) Speech of normal speakers 1s significantly more
efficlent, i.e., occurs at a higher raté wilth more accurate
timing, than 1s speech of former stutterers. Speech of
stutterers is found to be 1éast efficient of all on both
eriterla of rate and timing accuracy. 2) Speaking in the
presence of a llstener facilitatés speéch rate in all groups,
tending to improve rather than 1nhiblt productive performance
in the two nonnormal groups contrary to results reported in
the literature. This overall increasé in articulation rate
is accomplished primarily by compression of syllables and

pauses, with expansion of phrases occurring also in normals.

Variances of mean durations. across subjects and con-
ditions were cqmpared. An isochrenous interstréss intérval
was ldentified fQI' the nonstutterj,_né;_ groups. The timing of
the 1nterstré55 interval in éach,qf thé Ngrmal'Speakers was
so accurate that its variance was much less than that of 1ts
suhsegments, Lack‘of‘significant tempqral compensation in
the other groups, in assoclation with significantly incre-
mented transyllabic léngth, points toAthé éxistencé qf two

control modes différipg in éfficiéncy.
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The dlscusslon section will cansider the followlng
topics apising from these findings in turn: the nature of
temporal patterﬁs-which distingulsh groups and conditions;
the assignmentof individuals to nosolqgicaljgroups on the
basis of speech measures; primary unité for rhythmic speech;
the fit of these data to appropriate models of spéech pro-
duction; the question of speech-regulating biological clocks;
some conslderation of neurophysiological differénées between
stutterers and nonstutterérs; and finally, implications for

future research.

The Nature of Temporal Patterns Which
Distinguish Groups and Conditlions

We can conclude from the results thatthéré is
support both for Hypotﬁesis I- - charactérizing differénces
between groups of subjects varying in fluéncy, and for
Hypothesis II - -~ which attempts to account for differences
between Solo and Listener Conditions. Groups and conditions
are bqth distinguished by all measures of spééch productiv-
| 1ty except those that concern pausing with reference to
 groups, As prgdictéd;_grqups were distinguishéd by measures
of timing accuracy - - the Variancés. Again; exbeptiqns are

limitéd to. Variancés,of megsures of which pausing 1s a part.

Accﬂracy-oﬂ timing control was used to index rhythmiec-
ity as wéll as éfficiéncy of spééch'éxhibitéd by the groups.

Rhythmie pattérning was=foﬁnd to be strikingly réprésentéd
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in a particular group, the Normal Speakers and by a par-
ticular microstrﬁctﬁral spééch ﬁnit,.bhé'SyllabIe Period.

Not only are théfgroﬁps in our study distinguishéd by measures
of timing accuracy, as indicatéd by wariances of means be-
tweén‘conditionspuf Normals universally show two indices of
syllabic isochrony or équality of interstress interval.
Normal Speakers not only show the lowest variation in mean
length of Syllahle Period, varylng as 1t does by only a
single msec, but in?éach individual normal subJect the period
variance 1s less than the sum of its sﬁbcomponent variances,
VLY and VLTs. This sﬁggésts thé operation of some form of
temporal compensation across oné or more syllables in a
phrase tﬁat tends to minimize the variance of the rhythmic
period below the value (VLV + VLTS) which would be predictéd
by chance. A preplanning open loop model of speech produc-
tion such as that described by Kozhevnikov and Chistovich

(1965) fits the facts of these data.

Not only did Normal Speakers produce more of the
sallent speech units than the other groups, and with the lower
Yariances, hut mean duratiqns of such units were shorter,
therehy cqntributing tq more efficient speéch; phréses,
Syllablés and théir”cOmponénts gignificantly stratified the
_groups in thé'prédictéd hiérarchical.mannér; although pauses

did nat.

Thus it can be concluded that the measures distin-
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guishing.grqups belong,to.thé.dqmain.Bf ongoing~articulatory
movéménts aloneguwhilé'conditions aré”diétinéﬁishéd bhoth by
the microstructural méasures of articﬁlation_and the pausing -
phenomenon as well. Since Jaffé'éﬁ#él.; (1970) have found
pausé length to be a social interactlon variable in dyadic
conversation, it is not surprising that pause distributlons
changed in this experiment with the présénce or absence of

a listener,

The absence of any significant intéractions between
groups and conditions in the analysils of variance leads to
the conclusion thataiz threé_groﬁps réspondéd to a perceived
social partner in the same manner. Thﬁs; contrary to viéws
(See, for example, Bloodstein, 1969, Chapter 5) which hold
that stutterers are more vulnérable to an aﬁdiépce than nor-
mals, the present results suggést that basic timing phénoména
are not involved in any such special vulnerability. While
psychopathology could sometimes accompany speech disorders,
no support for this view was apparent from either the scréenﬁ
ing inferviews which préceded this experiment, or from the
self-rating questicnnaire which fqllowed it., Thé question-
naire, in fach, failéd to elicit’any indicatiqn that the
_groups différéd from each other in psychological stress re-

actions to either .condition.

Fluency Ratic Méasures establishéd the Listener

Conditlon as oné'of.gréatér fluéncy for all three groups
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‘hased on greaber proportions of short to long pauses, indi-

catlive of less hesitant transitions. ."Thils détermination

bggls. The usﬁfulnéss of obtaining-fﬁrtner classificatory

informatlon on an individual basils, taking all speech unlts

Into accoﬁnt, was évidént.

In Ordér to pﬁrsue sevéral lines of inquiry, among
them thé question of whéthér thé présencé of a listener
is more or less diagnostic of a particular individual's
clinically categorized flﬁéncy lévél than speaking with no
one present, a Stepwisé Discriminant Analysis (BMD 07M)
was performed on the 18 subjects in éach of thé experimental
conditions. This procedure alsc provides informatilicn on
the differential importance of each spéech unit used in the
study and welghts its relative contribution to the measured

variation among the individuals in the three groups.

Analyses of both conditions classified subjects into
§h£ three‘grgups gulte well ~ - results fof éach,condition
belng slgnificantly greater than chance éssignmént at the
1% level or better, For each condition discrimination of
the 1ndividuals-intq the thrée_grodps was accounted for to
a largé'degréé bﬁ thé'same tw0'variahlés: ,thé'speech'units

of Syllable Period (LSP) and Phrase (LPHR) length.



83

: ﬁhéfcomplete<results of théseianalyseS‘are presented
in-Appéndix IV,,but-ﬁhéir significancé'may bé.asséssed from
an lnspection of FigﬁreAE. This figﬁré preséﬁts a series
of 3 x 3 matrices;‘whéréin each row describes the threé_groups
of 6 subjécts and each column describes thelr assignment
following the discriminant analysis. Perfect discrimination
would be expressed hy thrée entries of 6 along the main
diagonal, whéreas no discrimination would be observed if
there wére equal numbers of subjects in every cell, In
Figure 2, the succeeding matricés display thé assignment of
subjects after éach'succeeding varlable is introduced into
the discriminant function, the run concluaing when no sig-

nificant improvément is achiéved.

Although seven variables wére introducéd, namely
the six variables specified in Table IITI plus the first
variable in Table II, in both runs the computer program ran
only six steps. 1In both runs it 1s observed that the prin-
¢ipal discrimination is achlieved by Syllable Period length,
such that thereafter no Normal Speakér is misclassified as
a stutterer, Thé next improvemént in discriﬁination is
achieved hy adding a knowledge qff?hrasé léngth; after which-

11 subjeets are now correetly classified.

By the end of the runs, 12 subjécts:havé beén corréct—
Ly classifiéd under Condition 1 (SolonMonolpgué) and 13 sub-

jects have been correctly classified under Condition 2




Flg., 2: Stepwlse Discriminant. Analysis of
Three Groups. Rows define actual
~group membership, columns define
computer assignments. N, F, S, re-
fer respectively to Normal Speakers,
Former Stutterers and Stutterers.
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(Listener Monologue). Employing either that criterion or
thé criterion of miéclassification pflStﬁttérérS'as Normals
(4 in Condition l;'O.in Condition 2); it may be said that
Stutterers are discriminated from Normals at least as well
undér dyadic conditions as when spéaking aloné, In fact
optimal discrimination is accomplished on the basis of

five varlables 1n Condition 1 while only four are required

in Condition 2.

Primary Units for Rhythmic Speech

We have seen that almost all the varlance among the
three groups 1s accounted for by durations of two primary
speech units - - Phrases and Syllable Periods - - while
temporal compensation between subsegments of Syllable Périods
underlies rhythmic patterning as we undérstand it. Dimensions
emerging as lmportant for distinguishing between groups in
the present study, although independently derived, prove
comparablé to those Classe (1939) uses to assess rhythmicity
geross the gamut of styles of written speech and hetween

indiyidual Spéakers of varying abllity.

Classe's detailed studies of stress groups (analogous
to metric feey and to the Syllable Period of this study.)
and distribution of stress groups (analpéoﬁs.to stress_groﬁps
pér phrase or N;,tﬁe'méasure of cqmpléxity in this study)

léad to trénchant'gﬁidélinés for rhythmic analysis:
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(a) A low standard deviation will not necessarily
.cohcidé with a strong‘continuoﬁS'rhythm if

. the groups are distributed in short series.

(b) But.évérything else being about equal, a low-
er standard devaiation will coreespond to a
strongér rhythm ;;..
[with] the
corollary (ec) that a more regular distribution may compen-
sate for a decrease Iin the size of the larger
rhythmlic unit.

(Classe, 1939, p. 98, 99)

Classe goés on to dilscuss 1sochrony and compensatlion in the

servicé of rhythm.

(a) A certain irregularity of syllabilc distribu-
tion will disturb 'obJective' isochronism,

but not necessarily 'subJective' isochronism.

(b) ?he phonetic and. logical composition of the
 groups may help 1o compgnsate for such l1r-
régularities. |
(Classe, 1939, p. 99).

The agreement of cur findings on Spantanéous natural speéch

withithosé of Classe on rhythmicallngnadéd material read
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aloud extends and generalizes the scope of Classe's con-

clusions,

Although the three_groups followéd similar courses
in résponse to a listéner, a closé comparison of pérformance
under the varying conditions causes subtle distinctions
between the Normals and the other groups to emergé. The
differences 1ie in the area of complexlty of rhythmic struc-
ture. This is expressed in the clustéring of stress groups,
a finding of longer phrases with moré'accented syllables per
phrase and therefore a more pronouncéd béét among the Normal
Speakers. Rhythm is moré continuous, paced by regular accents
of highly stréssed vowéls contrasting with subtle patterns
of lightly stressed and unstresséd eléménts, thé whole sug-
gestive of a contrapuntal.moae. ~Phrases of Stutterers and
FTormer Stutterers show an opposite efféct, a décrease in
clustéring of the accented elements, as well as in the ab-
solute length of the phrase. It seems that thesé two groups
are able fo achleve greater production - - and with a listener
present ~ ~ but at a pricé, the price being shortér, simpler,

less rhythmic phrases,

Timinngominanpe'and Articulatibn—Dominanpé

The tempqrally.compensativé unit and the gontrapuntal
type of processipg.wé have describéd}for Qﬁf Normal Speakers

could be accounted for in a most:compréhensivé manner by a
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combined model of spéébh'prodﬁctionrsdch‘as that.déscribed

by Lindblom and Rapp (1973; Rapp, 197l); ' Due %o our method
of measuring which begins with the onset of the stressed
vowel, 1t is thé.more powerful anticlpatory .compensation

that would account for thé phonological intéfactions we find
between stressed vowel segments and unstressed other segments
in our data. The Lindblom and Rapp modél has components of
both speech preplanning and speech chaining, as discussed

In our introductory chapter. The Normal Speakers of this
study give amplé evidence of speech preplanning in the micro-
structural analysis of their Syllablé Periods and sufficilent
experimental evidence of feedback opération exlsts (e.g.,
Haggard,1973, a, b; Kent and Moll, 1975) so that its in-
fluence must be acknowledged even in éssentially preprogrammed

models of production.

Stutterers and Former Stutterers, on thé other hand,
do not maintéin the temporally interactive unit which wouid
indicate preplanned speech production. Stﬁtterers, in particular,
present a pic;ure In which speech chaining appears to pre-
dominate, This Implies much greater actlvity of feedback
loops than is eyidenced in the case qf the NOrmalé. Some
support for this hypofthesis iS‘indicaﬁéd in data of the pres-
enf study which show incremented dﬁrations for spééch units

of the pathologilcal and postpathological groups as compared
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to. the Normals. Discrepancies'are‘particﬁlarlyfstriking

in théfcase'of ségments;containing.posbvoealiCWCOnsonants.

‘Ohala (1970) proposed a dichotomy between "Timing-
Dominant" and ?Articulation-Dominant" systéms which closely
resembles the two modés of functioning wé find in this study.
Although Chala did not intend that this distinction serve

to 1dentify normal and abnormal spéech processes, the present
findings sfrongly indlcate that Timing-Domlinance is a normal
phenomenon. Among earlier investigators, evidence of Timing-
Dominance was taken as support for an opén loop or "“comb™
model of speech timing, and-évidénce for Articulation-Dom-
inance as support for a closed loop or "chain" timing model.
Following thls inference, thé,opén loop model, which does

not depend upon feédback, bétter fits Normal Speéch as observed
in this study. Speech of Stutterers and Former Stutterers,
on the other hand, 1s perhaps best understood as .a closed
loop Articulation-Dominant system of timing, wherein preset

central rhythm plays a subordlnate role.

Can we draw any more speecific conclusions from our
résults.about open vs, clqsed loqp‘production in the normal
as compared to the pathqlpgical_groups? ‘Récall that the
criteria proposed bj Ohala (1970) for Timing-Dominance are
mét hy. each of thhinbrmals as indi#iduals in this study

(Sée Tahles IV-VI) but not by either of thé'cthén two groups.
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If we assume that stutterers have a dégree of motoric
control for SpeeCh'more'characferistic of that séen in young
children (See discussion in Jaffe, Anderson and Rieber, 1973),
and then go on to accépt Chase's hypothésis (in House, 1967)
that young children havé not completed the shift to open loop
speech production, then wé should sée stutterérs as individu-
als somehow arrested at an unsophisticatéd stage of motoric
speech, We should not thén be surpriséd to learn that closed
loop mechanisms predominate in their speéch. What is un-
expected, however, is the finding that Former Stutterers may
sound liké Normals, mailntain a lengthy but isochronous Syl-
lable Period unit, but sharé many of thé stutterers' other

limitations.

Assuming that the timing péttern sharéd by Stutterers
and Former Stutterers is endogenous rather than the result
of therapeutic intervention, it is suggestéd that the rolé
therapy plays in the improvement of the Former Stutterer is
not to normalize his timing mode, bﬁt rathér to bring about
a successful gececommodation of his speaking pattern -- as
manifested hy the consistency with which.hé regulatés pausing
for example -- superimposed upon thé timing limitations of

the stutterer which he continues to retain.

‘Sbeechrﬁegulatinngiological Clocks

7 theré were a single clockﬁresponsiblé.for timing
of all types of ségménts thén a change in arﬁiculation rate

would produce a proportional shortening or 1éngthening of
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each typé of segment.. The figurésVin-TablésiV-IX indicate
that there is no case among any of thé thféé_groups of pro-
portional ch&ngéS'in méan duratlons of thé various types of
speech units. Thus thé condltions for a strong hypothesis

of a single neural clock are not met.

However a minimal criteria for whether it is reason-
able to hypotheslze that speech rate changes are under the
control of a single continucus clock 1s thé finding of seg-
ment changes 1n the same direction for all types of units.
Stutterers show general continuous rétardation and acceler-
ation of speech. This typé of unifiéd psychomotor expression,
when observéd; has often beén assumed to bé undér the control
of a singlé process such as metabolic activity. There is
inadequate evidence to argue that spéaking in any of the
groups is under the control of such a unitary timing process,
but Stutterers do meet the weakrcondition that we have sug-

gested might indicate it.

Only speculative conclusiqns cgn he drawn, but one
can assume that the timiné complexity availablé to normal
speakers invqlvés thé alternating influéncé qf différent
timing parameters from ségment type to.ségment typé where
timing of each component of Syllablé and Phrasé Périod is

handled rélativély‘independently, perhaps through elastic
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coupling of oscillators (See discussion in Pavlidis, 1973).
In contrast an explanation for thé'simplér moré'tightly
coupled timing rate'pattérn of Stuttérérs; a pattérn in
which rates mutually synchronizé across all types of seg-
ments, is more difficﬁlt to éxplain; It seems to represent'
a strategy of simplification of thé temporal_repértoire for
this disfluent group. We should note howévér that therapy
given to stutterers.frequently includes practice in Just
such a meftronomic fashion. Since, unlike the Normals, both
the Stutterérs and the Former Stutterers have all had con-
siderable speech therapy, there is a possibility that timing

inflexibility observéd in thése two groups is latrogenic.

Another possiblé éxplanation could lie in the fact
that the wealth of feedback information récéived and beilng
acted upon by the pathological groups might bring about
asynchrony of the master osqillators which control speech-
timing mechanisms and thus disrupt the accuracy of the clock.
A simplification in the complexlty and coordlnation of out-
" going motor co_mmands might be qné résult. A_nothér might be
prolongéd duration of speech unifs; évidence of such pro-
longatlon 1s in fact recoverable from fthe data and can be
descrlbed as a strong effect, particularly in the case of
transyllabiec sggments‘in which the difficulty of sequencing

consenant clusters could be a factor.
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To summarize hriefly then, subjects in this study
appeared to be stimulated rathér than strésSed by the prés—
énce of a listener; as Jjudged by théifact that more speech
and briefer hesitations chéracterizéd encounters with a
listener for all threee groups. This study therefore fails
to provide support for a psychogenic view of differences in
speé¢h production betweén normal and sﬁuttering speakers
when in simllar situations., Hypothesized differences that
recelved confirmation weré those involving consistency of
temporal patterning; a charactéristic of all individuals
in the Normal Group, but one which falled to be maintained

uniformly in the other groups.

Lack of precision and control with resﬁltant mis-
timlng of speech: measures could be considered as nothing
more than the unfortunate effect of stuttering episodes.
In this view mistiming is the consequence rather than the
cause of interprupted articulatqry_gestures. This explanation,
hqwever; fails to accoun§ fqr the timing limitations qf
Former Stutterers. whose spéech is free of disruptions but

deviant in temporal patterning.

Another view to consider is one which holds that

tneré'aré differencés?in neurophysiological organization
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between normal and stuttering speakers, differences important

enough to preclﬁde'Timing—Dominancé.as a vlable option and
to lmpose Articulation-Dominancé as thé'spéeCh'production
mode of fhese individﬁals. Anomaliés”in the stutterers’
perceptual processing have beén hypothésizéd to coexist with
deviant production. It seems likely for such modal differ-
ences to be associatéd due to closé“coupling between systems
of perception and pro@uction (Seé; pr éxample, discussions

throughout Arbib, 1972).

Early and influential statéménts made by Orton (1927)
and Travis (1931) suggesting the posslbility of a lack of cere-
bral dominance in individuals who stutter have received
renewed atténtion lately. A number of experiments have been
conducted over some forty years invéstigating dominance and
lateralization in the stutterér as compared to the normal
speakep: The writer was unable to locaté a central reference
for these investigatlons and therefore assembled a summary
chart for purposes of informal evaluation. The chart(Table XV)
presenﬁs entries of studies which_lqok at neurophysiological
organization in nq?mals and stutterers through various means.
Positive ang n?gat.iVe findings are reported on the chart , as
well. as the nature of fhe study. StﬁdieS‘charted were those
ayalilable from gccessible resourcés. Assumlng that these
are répreséntativéfof résalts in thé’aréé in géneral; that

is positivé'findinga:oﬁtwéigh négativé'a ;‘studiés unfortunatély,




TABLE XV
STUDIES OF DIFFERENCES IN THE NEUROPHYSIOLOGICAL ORGANIZATION

OF NORMAL SPEAKERS AND STUTTERERS -

" Year

Perception Findings - - - Production - ‘Findings
1935 E Travis & Knott Mixed
1936 E Travis & Knott Mixed .
1939 E Hamstra Negatlve
1940 E Lindsley Positive
1943 E Douglas Positive
1943 E  Knott & Tjossem Posltive
1943 E  Scarborough Negative
1946 M  EKopp Positive
1957 A Stromsta Positive :
1966 S  Jones Positive
1969, D Curry & Gregory Positive
1969 D  Perrin Positive
1972 D Quinn ) Negative
1973 D Slorach & Noehr Negative S  Cooper & Allen Positive
1974 E  Zimmerman and Knott Positive
1975 D Brady & Berson Positive
1975 D Dorman and Porter Negative
1975 P  Sommers, et al. Positive .
1975 D ASussman MacNeilage Negative SP - Sussman & MacNeilage  Positive

Key:

A - Auditory Monitoring Task
D - Dichotie Listening Task
E ~ Encephalographlc Speech-Related Task
M -~ Motor Task
3 - JSpeech Production Task
SP - Pursuit Audltory Tracking Task

96
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are too disParata.tq allow for moréidétailéd.COmparisqns - =
thén.there does seem ta be'évidence'for difféﬁences in pér—
ceptual and productivé modes of stutterers when compared
with normal speakérs. ThéSe differéncés typlcally manifest
thémselwés as réVefsals in usﬁal patterns of lateralization,
lLack of slgnificant latéralization, or deficiénciés in motor

activities which rely on timing.

Brown and Jaffe (1975) present a provocative hypothe-
sis which holds that dominance is no% complétely establlished
in childhood but is a lifelong process. These authors de-
velop their thésis in terms of aphasia, a language disorder,
but a bhéory of délayéd ongoing lateralization has exciting
implications for stuttering, a speéch disorder, as wgll.
Perhaps the child who stutters is a delayed lateralizer, and
there is a cértain-levél of lateralization of language func-
tion required (but not yet achievé@) in order for him to
maintain effective control over the timing of the short fluent
speech sounds that are considered appropriate for him by the
time hé réachés four or five. Such a child might speak
rhythmically -~ E'but gslowly. With the necesslity tq speed up
hé hécOmés inﬁernally desynchronizéd and a sputtering spéech'
response résultsq' Témporal ordering of shqrt‘séquential
sounds is difficult for a child, particularly one who is late
in latéralizihg;lor'ﬁhdsé pattern of hémisphéfic dominance
isg beSt.déScribed.as-bilatéral in héburé;‘pérhap& an .adaptation

for something other than speech.
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According tao Robinson and Sqlomon:(l97ﬂ) spéech
stimuli and nonspeech stimuli which ‘are rhythrilc are both
procésséd in thé'Samé'léft hémisphéré.. Thus, individuals
with divergent or inadéquate hémisphéﬁic specialization
could bé disadvantégéd for spéech timing and rhythmicity.
Theilr phrase strﬁcture; therefore, might réflect a lack of
the organizing principle rhythm affords (Néisser,.1967, p-
262 - 263).

Most children do; however, grow out of their stﬁtter—
ing problem; at least by the time they reach high school.
In fact & study of 8;000 school childrénlshows that practically
all aré réported to hévé récovered from stuttering by the
age of eight (Milisén and Johnson, 1936, cited in Bloodstein,
1969, p. 78). Recovered stutterers taking part 1n the present
study had all stutteréd until at least early adolescence and
had received therapy for their stuttering problem. Their
timing patterns remained deviant, although less so than those
of stutterers, We could make the following speculation:
1f the Brown - Jaffe hypothesis is‘corréct, and 1f timing
behaviqr and étrepgth,qf lateralization are assqciated, a
retatlon that has béén’éstablished for rat (Glick; gz.gl.,
1375) but not for man;-thén stutterers who make spontanéous
recovérieS'shquldlshQW comménsuraté.development in laterali-

zation of langﬁagéjfﬁnction and accuracy of timing control.
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Stuttérérs in thé‘dissértatidn study showed higher
articulation rates in\thé'présénce'of a responsive listener
than when alone. A preliminary pilot study shows that this
higher articulation rate 1s evidenced even under adyérse
conditions, when the listéner is programméd not to listen
attentively but to appear bored and distractéd, showing no
behavioral responsiveness. An incréasé in reduplications
could not account for this effect, since Stutterers produced
fhe smallest number of unstressed syllablés of any of three
groups in this condition and reduplicativé syllables fall into
the unstressed category. Formér Stutterers and Normal Speakérs,
on the other hand, did éhow a décréaSe in articulation rate
in the unresponsive interview situation. A full scale follow-
up study to explore facets of the effect of the interviewer

on time patterns of speech in various populations is planned.

Further work should concentrate more heavily on
linguistic studies of phrase structure and relations among
phrases, a logical secqnd levyel Qf analysis necéssary in
order to study the phrase patterns which obtain in natural
speech. Comparisons should be made To stock paradigms in-
Ve_s.t;':gatéd by Abercombie, (1973), Jones (_195.6-), and Lehiste
(1973). This includeé analysis of patterns of metric féet,
a métric foot béipg a unit comparabléfto the sfress group

of this study; and identification and durational measures of



100 .

the wvarlous foof typéa.n - disyllable, trisyllabic, etc. - -

according to position in phrasé andmsénténce.

It is 1likely that there are similarities between
the motif of music and the phrasé'of human sﬁeech; Individ-
uals may be prone to use certain phrasé'structures for
habitual reasons or a gréat variéty of pattérns for stylistic
reasons, From the results of thé présent study we can ex-
pect a simplification of phrasé structure, a skeletonizing
of the motifs of stutterérs and formér stutterers when
confronted with an audiencé whéreas normal speakers tend to
elaborate théir phrase structuré undér similar circumstances.
In faet, normals may tend toc show générally more complex

phrase structure than the other groﬁps in all conditions.

In a similar manner, it would not bé surprising to
find schizophrenics and apathetic depréssivés using restrie-
ted and stereotyped phrase structurés; while those of manics
and agltated depressives might show expanded.and interative
anfiguratiqns. It is pqsaible that thé samé individual
might reveal very different phrasal pattérning in the manic
than in thé dgprgssivg stage of a bipqlar psychgsis; his
speech In fact might signal transitional states. Along
the same lines;'énalySis of aphasic\spééCh in this manner - -
in casés Whéréjcolléctign Qf adequaté,SPQEch'samplés'is

.féasiblé - - could'havé'diagnostic and-prpgnostic value.
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In ordér.tq.éxplore‘oﬁr speculations on the possi-
hillty of delayed lateralization in.stuttéréné,a study of
recoveréd stuttérérs qf two typés could bé undertakén.
Timing patterns of recovéred stuttérers who had undergone
thérapy should bé cbmparéd with thdsé who have made a
spontanéous recovéry: The prediction woﬁld be that stutter-
ers who have had spontanéous remission without therapy should
show more temporal Interaction and timlng patferns more like
those of normal speakers. than those who recovered with the
ald of speech therapy. The argument for such a prediction
would assert that 1atéralization for spééch has matured in
the stutterer who recovers spontanéously and with 1t his

timing control, accuracy and propensity for rhythmlc speech.

A longitudinal study could bé designed %o exploré
the ongoilng development of lateralization and speech be-
havior. Does the child who stutters become ﬁore latéralized
with passing time? Does his stuttering symptomatology im-
prove as lafteralization progrésses? Studies in the liferature
report that from 42 to 81 per.cent of stutterers recover
Spontaneouslﬁ (Bloodstein, 1969; p. 78 - 81}, usually by high
schpql age; so'thgxé is 8 fqreseéablé timé span which such
a study could encompass. We know from the Tingley and Allen
(1975) study of timing as a dévélqpméntal prqcéss that motor
timing for speéch*and'tapping do improve With”agé and in a

congruént fashion in'$he.norma1'child. " Does this pattérn

e e e e T e e et e




102

hold for the child who stutters? If his pattern. is deviant
then the nature of the deviances will have special interest

for us,

Invariant tempqs délivered hy a metronome have long
heen used as g therapeutlc tool to assist the stutterer in
establishing a more lsochronous intérstress interval. Such
pacemaker devices are, of course, oné of the earliest forms
of rhythmie therapy, but thé beat of the metronome 1s not

the béat of the individual.

The eriteria for normality of spéech timing estab-
lished in this study are clearly not simply metronomiec,
and were derived as purely déseriptivé megsures. However
thelr mathematical properties could guidé the béhavior of
a device which delivers rhythmic cués to a stutterér, dis-
playing both the structure of regularity and the variéty of’
expressiveness that are mlssing from his spéech on most
occasions. If he were to be suppliéd with feedback of Just
those portions of his speech which approach normal timing
patterns, the prébability of producing such patterns might
increaaé,possibly ta fhe point at which rhyfhmic patterns

are produced wifhout further reliancé on feedhack.
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Participation Quést lonnaire
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Participation Questionnaire

Telephone MNumber

Major or Area of interest

ls English your native language? Yes No
Have you ever had a reading problem? Yes ___ No
Have you ever had an oral reading problem? Yes __ No
Have you ever had any speech problems? Yes ____ No
What kind of problem? Voice __. Problem Sounds
S+u++ering Other (describe) |

Have you ever received special fraining

in speech? '(e.g. acting school, speech

therapy, radio announcing, voice or

other speech lessons) Yes ____ No
Do you have anv speech problems at the

present time? Yes ____ No
What kind of problem? Voice ___ Problem 5Sounds
Stuttering ____ Other (describe)

Is your birthplace in the USA? Yes __ No

DO NOT TURN PAGE UNTIL INSTRUCTED

R PR T Ly
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Directions: Read the following paragraph and answer the
guestlions based on this paragraph.

Only twice in literary history has there been a great period
of tragedy, in the Athens of Pericles and in Elizabethan
England. What these two periods had in common, two thousand
years and more apart in time, that they expressed themselves
In the same fashion, may glve us some hint of the nature of
tragedy, for far from being periods of darkness and defeat,
each was a time when 1ife was seen exhalted, a time of thrill-
ing and unfathomable possibilities. They held thelr heads
high, those men who conquered at Marathon and Salamis and
those who fought Spain and saw the Great Armada sink. The
world was a place of wonder; mankind was beauteous; l1life was
lived on the crest of the wave. More than all, the poignant
joy of heroism had stirred men's hearts. Not stuff for
tragedy,. would you say? But on the crest of the wave one must
feel either tragically or joyously; one cannot feel tamely.
The temper of mind that sees tragedy in life has not for its
opposite the temper that sees joy. The opposite pole to the
tragic view of life is the sordid view. When humanity is
seen as deveoild of dignity and significance, trivial, mean
and sunk 1In dreary hopelessness, then the spirit of tragedy
departs, :

1l. The title that best expresses the ideas of this paragraph 1s:

Two thousand years of tragedy
Periclean Athens -
The tragedy of war

M The psychology of happiness

5. Mainsprings of traglc drama

L.\JI\JI'—‘

2. The mental attitude that finds.tragedy is characterized by

1. sordidness Y, triviality
2. indifference 5. hopelessness
3. exaltation

3. The two periods in which great tragedies were written
were periods of

1. gloom 4, confusion
2. serenity 5. valor
3. defeat
4. In an age of glory one
1. is not indifferent 4, is apathetic

2. usuwally feels tragilc 5. feels mean and hopeless
3. feels happy

Directions: Each of the questions below consists of an
underlined word, followed by five words numbered 1 to 5.
Choose the numbered word which is most nearly opposite in
meaning to the underlined word.
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5. ribald 1. refined 2. scurrilous 3. insignificant
4., impolite 5. impolitic

6. diatribe 1. monclogue 2. hypoecrisy 3. praise
4, elan 5. autocracy

7. pithy 1. epigrammatic 2. anecdotal 3. verbose
y, fancy 5. plain

8. furtive 1. nearer 2. stealthy 3. apathetic
4, open 5. affable

Directions: Select the word or words which best complete
the sentence. :

9. Disturbed by the nature of the plays being
presented, the Furitans elosed the theaters in 1642,

1. medioecre 2. fantastic 3. moribund
4, salacious 5. witty

10. The columnist was very gentle when he mentioned hils
friends, but he was bitter and even when he
discussed people who irritated him.

1, laconle 2. splenetic 3. remorseful
L, militant 5. stolcal

11. with the waters of melting snow, the rivers
threatened to overflow thelr banks.

1. Ineffable 2. Chilled 3. Turgid
4, Filled 5. Berserk

12. To be is to be .

1. pugnacious-supercllious - 2., obsequious-servile
3. contradictory-hostile 4. puerile-strong 5. effete~violent

Directlons: Seleect the best relatlonship

13. chauvinism:country :: 1. frugality:money 2. patriotism:
country 3. gluttony:food 4. Jingoism:loyalty
5. critiesm:book

14, frugal:parsimonious :: 1, Joy:ecstasy 2. cautlon:wlsdom
3. honor:loyalty .4. poor:miserly 5. eager:anxlous

15. convention:mores :: 1. antics:caprice 2. corruption:
maggots 3. popularity:ephemeral 4. books:lidbrary
5. honesty:falsity

16, automobile:gasoline :: 1. fire:fuel 2. man:energy
3. airplane:propeller 4. man:food 5. disease:germs

DO NOT TURN PAGE UNTIL INSTRUCTED
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This booklet has contained the first part of research for a
-docforal dissertation on individual and general patterns of
speech behavior. We need various kinds of people on different
le&els of fluency to participate in the second part of the
experiment. This experimental session will take place In a
few weeks. It will be an individual session and will last about
an hour, Perhaps you would be able to help us in our research,

have a new experience, and earn some money at the same time.

If you are selected for the project, you will be notified
by telephone and an appoin?mén*-will be set up at your convenience.
Please fill out *he Information below if you wish to participate.

Add any comments about yourself which might be useful to us in our
selection procedures.

Please circle free hours

M T W Th F s
9 9 9 9 9 9
10 10 10 10 10 10
1 1 1 11 o 11
12 12 12 12 12 12
1 1 } i 1 1
2 2 2 2 2 2
3 3 3 3 3 3
4 4 4 4 4 4
5 5 5 5 5 5
Name

Phone Number

Comments:

Thank you for your cooperation,

Frances Podwall




APPENDIX: II

Subject's Sélf—Report Quéstionnaire

109

e ra ey




110

SUBJECT'S ‘SELF-REPORT QUESTTONNATRE

For your final task, I would like you to look back
on the conditions of the experiment in order to judge one
against the other in terms of thelr effect on you. Please
circle the number that best applies to you in that particu-
lar situation.

1-E How did you feel when you were talking about life-
styles that were possible with various annual incomes?

1. Overall I felf relaxed.
2. I was fairly relaxed.
3. I was not tense.

4y, I felt somewhat tense.
5. I felt pressured.

1-F Di1d you think 1t was important to speak correctly in
that situation?

1. It did not concern me at all.

2. It was not very important.

3. I thought it was fairly important.
4, I thought it was important. '
5. I thought it was very important.

2-5 How did you feel when you were talking about either
the program or the movie you watched?

1. Overall I felt relaxed.
2. I was fairly relaxed.
3. I was not tense.

4, I felt somewhat tense.
5. I felt pressured.

2-F Did you think it was important to speak correctly in
that situation? '

1. It did not concern me at all.

2, It was not very important,

3. I thought it was fairly important.
I thought it was lmportant.

5. I thought it was very lmportant.

In any situatlon where people are speaking disfluen-
cles such as pauses, repetitions, or extra little sounds like
"ah™ or "um" can occur. I would like you to rate your speech
in terms of its fluency, as you remember it, for each situation.
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When I was talking about the various life-styles

1. I spoke smoothly.

2. I spoke smoothly most of the time,.

3. My speech was sometimes smooth and some-
times choppy.

4. I spoke hesitantly much of the. time.

5. My speech was generally very hesitant and

choppy .

When I was talking about the program or movlie

1. I spoke smoothly.

2. I spoke smoothly most of the time.

3. My speech was sometimes smooth and some-~
times choppy.

I, I spoke hesitantly much of the time.

5. My speech was generally very hesitant and

choppy .

Do you think your level of fluency varied somewhat
throughout this experimental session, that 1s, do
you think that you were more fluent in one situation
than the other?

Yes No
Please 1list and/or describe any factors in the situ-

ations, or in you yourself, which might account for
differences from one situation to the other.

e T e m o o
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APPENDIX IITa

THE DEFINITION, DETECTION AND TIMING OF
VOCALIC SYLLABLES IN
SPEECH SIGNALS

Scientiflec Report #12

1972

Samuel W. Anderson and Joseph Jaffe

Department of Communication Sciences
New York State Psychiatric Instltute

New York Cilty
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It has long been known in acoustic phonetics, that
amplitude (and hence energy) level across the entire speech
spectbrum flucuates in a quité discréte fasﬁion between two
states or phases. One phase is characterized by a high level
of energy that 1s not only intense but widély dispersed
across the high-boosted human speech spectrum. This we
refer to as the "High Energy Dispersion" (HED) phase, within
which the position of spectral formants is always visible.

The other phase we shall term the "Low Energy Dispersion"
(LED)} phase possessing either too little energy or too little
dispersion for identifiable formants to appear in the spectro-
gram. Not only have we observed the HED phase always occurr-
ing once in monosyllabic spectrograms and twice in disyllabic
cnes in a manner that perfectly matched the number of sylla-
bles Jjudged by.subjects, but also that the HED phase always
lasted longer during stressed syllables than during unstressed
ones. Therefore,we adopted the HED phase as an acoustic

tag for the occurrence and duration of syllables. A HED phase
recognltion program was written for a Digltal Equlpment Corp-
oration PDP-12 computer that would monitor the speech signal
for occurrences of the HED phasé and time the discrete dura-

........

We shall report the acoustic speclifications and results of

T P T T g
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testing this program below. But in devéloping it we fouﬁd

it necessary to evolve a more éxplicit notion of segmént.

It is known that the HED phasé 1s a clear correlate
of the oral sonorant sounds——vowels; liquids and glides-—-
e.g., Lae] [r] [y]l, respectively. ﬁégé; sonorants [m] [n]
[n] belong to the LED phase, for although their energy level
1s relatively high, it 1s not widely disperséd due to the
fact that these sounds strongly resonate only through the
single nasal resonant cavity. Non-sonorants, (all the re-
maining sounds) are not subject to spontaneocus volcing by
the Bernouilli effect, and possess too little eneréy for
the generation of visual formants. The role of two reson-
ating oral cavities in producing the spectral spread observed
during the HED phase is also well known, and supplies a
corroborating articulatory basis for the conclusion that the

HED phase only occurs during vowels.

Although graphically "obvious," finding an explicit
acoustic detection routine for the onset and offset of HED

segments is not simple.

Rise and decay phenomena are more easily visualilzed
in oscillograms than in spectrograms, so we loocked to see
if visual detection and timing of HED segments was possible

here too.
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Wé formulatéd a Simplé vocalic ssgmént_geométry in
térma of which thé'dompﬁter was to be instructed to monitor

the'amplitudé envelopé, segmént it, and timé the segments.

The speech signal was low pass flltered at 2000 Hertz
prior to analog to digital conversion (évéry 400 nijicrosec)
effectively high pass filtéréd at 50 Hértz aftérward by the

following segment boundary detéction routine.

Vocalic segment onset is defined as the occurrence
of a rise of thé speech signal abové background noise by
an amount of 6 dB, provided that it is maintained at this
1evé1 or higher for 60 msec without méeting the offset
criterion. Vocallc segment offset is définéd as a drop in
the speech signal of 6 dB or more that is maintained for

at least 20 msec. See Table I for detalls.
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TABLE T

RECOGNITION CRITERIA FOR VOCALIC SEGMENTS

(I) ENVELOPE CONTINUITY. The amplitude envelope is
determined by the absolute values of the maximum
signal amplitudes 6 dB or higher above background noise
within each time epoch of 20 msec or "window"
following onset. Thus, the envelope is set to 2zero
(or to some value, X) if and only if the signal
remains at zero (or at X) for as long as 20 msec.

- The envelope remains nonzZero throughout any signal
containing a nonzero component at least 6 dB above
background at any frequency higher than 50 Hz. The
window timer 1s set to zero at £, = time of onset.

(II) AN INTERVOCALIC SEGMENT (IVS) is defined as any
nonvocalic period fellowing the offset or preceding
the onset of a vocalic segment, or both.

(II1) MINIMUM VOCALIC THRESHOLD (MVT) is fixed at 6 dB
above background. Background includes system noise
plus all nonvoiced components below 2000 Hz.

(IV) VOCALIC TRANSITION (VT) CUES.

A. ONSET: Envelope amplitude above MVT,
persisting for at least three win-
dows (60 msec) after the end of
an intervocalic segment.

B. OFFSET:
1) Decay of envelcpe at a rate equal to
or greater than 6 dB per win-
dow (half-life of 20 msec)
persisting for at least one
op: window.

2) A drop of the énvelope below
MVT, persisting for at least
one window.
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APPENDIX IIIb

A BRIEF DESCRIPTION OF THE ACOUSTIC SPECIFICATIONS

OF THE CONVERSATIONAL SPEECH DETECTOR COMPLETED AT

THE NEW YORK STATE PSYCHIATRIC INSTITUTE
ELECTRONICS LABORATORY IN MARCH 1971
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1/26/73 |
M. Tobin i

A BRIEF DESCRIPTION OF THE ACOUSTIC SPECTFICATIONS
OF THE CONVERSATIONAL SPEECH DETECTOR COMPLETED AT

THE NEW YORK STATE PSYCHIATRIC INSTITUTE
ELECTRONICS LABORATORY IN MARCH 1971

The CONVERSATIONAL SPEECH DETECTOR is a two channel
speech detector interfaced to a PDP 8/1 computer. Each a
channel contains an amplifier whose "éfféctive Dynamic
Range"¥® is greater than 30 dB, and’whose galn for "avérage
speech"*¥ is5 flat to + 4 db from 100 Hz to 4000 Hz. At high-
er frequencies the gain falls 10 db pér octave. The equalized
speech 1s rectified, then fed into an integrator whose time
constant is 10 ms, and is detected by means of a dual level
comparator. The delay between onset of speech and detection
is a maximum of 10 ms for the full dynamic range. The delay
between the termination of speech and continued detection %
varies between 10 ms for threshold speech levels to 50 ms
for sustained speech above saturation. In addition a con-

stant 180 ms delay is added to the end of detected speech.

¥The CSD amplifiers saturate at input levels of 10
volts peak to peak. The gain of the external preamplifiers
must be set so that "normal speech'" yields 3.5 volts peak to
peak at the inputs to the CSD. 1000 Hz .50 millisecond bursts
20 db below and 10 db above this level will be detected by the
CSD. Wider tone bursts yield dynamic ranges greater than 30
db. A 10 ms tone hurst is the narrowest signal that the CSD
recognizes.

¥¥The "average speech" spectra as measured by Dunn and
White (1940) and Rudmose et.al., (1944 and plotted on page
1042: Handbook of Experimental Psychology - edited by S.S.
Stevens - John Wiley and Sons, 1951.
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Stepwlse Discriminant Analysés of the three groups for both
Condition I (Solo Monoclogue) and Condition II (Listener Mono-
logue) as provided by Program BMD O7M. In these printouts

the entering variahles aré codéd as follows:

1;- v ~  Frequency of Vocalic Segments

2. Lv - Mean Duration of Vocalic Segments
. LTS - Mean Duratlon of Transyllabic Sggments
. LSP - Mean Duration of Syllable Periods

3
Y
5. LPHR -~ Mean Duration of Phrases
6. LPAU - Mean Duration of Pauses
7

. LPP -~ Mean Duration of Phrase Periods
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