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ABSTRACT 

The purpose of this study was to investigate the differences 

between durational characteristics of phonemically accurate productions 

of vowel + stop consonant + vowel (V1CV2) sequences in adult speakers 

articulation.with articulatory defects and adult speakers with normal 

were obtained:Durational measurements on the following subsegments 

steady state of the preconsonantal vowel; transition of the preconsonantal 

vowel; consonant; transition of the postconsonantal vowel; steady state 

of the postconsonantal vowel; and total disyllable. 

Ten adults with articulation errors sufficient to place them one 

standard deviation below the mean score for an eight year old child on 

the Templin-Darley Tests of Articulation comprised the experimental 

ofTen adults with no articulation errors and no historygroup. 

articulation errors comprised the control group. All subjects met the 

following criteria: no significant deviation in the structure or 

function of the oral mechanism; normal hearing; normal voice and fluency; 

normal intelligence; and negative history of neurologic damage or 

vowelsymptoms. The stimuli used in this investigation were eighteen 

+ stop consonant + vowel sequences embedded in the phrase, "Say the 

word V1CV2 please. The subjects read each of the stimuli five times. 

on the VoiceThese responses were tape recorded and later analyzed 

Identification Unit. All durational measurements made from the broadband 

durationspectrograms were obtained at the second formant. The 
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measurements were used to infer timing of articulatory movements during 

the subsegments of the V1CV2 sequence. 

The major findings of this study were: 

vowel1. The duration of the steady state of the preconsonantal 

defective speakers(SSVi) was significantly longer in the articulatory 

than in the normal speakers. 

vowel2. The duration of the transition of the preconsonantal 

of normal speakers and(TVi) was not significantly different in the group 

the group of articulatory defective speakers. 

3. The duration of the intervocalic consonant (CD) was significantly 

than in the grouplonger in the group of articulatory defective speakers 

of normal speakers. 

vowel4. The duration of the transition of the postconsonantal 

defective(TV2) was significantly longer in the group of articulatory 

speakers than in the group of normal speakers. 

vowel5. The duration of the steady state of the postconsonantal 

defective(SSV2) was significantly longer in the group of articulatory 

speakers than in the group of normal speakers. 

6. The total disyllable duration (TDD) was significantly longer 

in the group of articulatory defective speakers than in the group of 

normal speakers. 

exhibited7. Two speakers in the articulatory defective group 

durational values similar to those exhibited by speakers in the group 

of normal speakers. One speaker in the group of normal speakers 

exhibited durational values similar to those obtained by the articulatory 

defective speakers. 
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In general, the group of articulatory defective speakers had 

measured in thesignificantly longer mean durations of all subsegments 

the preconsonantalV1CV2 sequence with the exception of transition of 

vowel (TVi) for which there was no significant difference between groups 

These results indicate an involvement in the planningof speakers, 

and/or integration of articulatory movements in the group of articulatory 

defective speakers. 

Further research is needed to: (1) investigate the consistency 

theof these results in other phonemic sequences; (2) investigate 

and articulatoryconsistency of these results in groups of normal speaking 

of these resultsdefective children; and (3) investigate the consistency 

under imposed rate conditions. 
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CHAPTER I 

INTRODUCTION, REVIEW OF THE LITERATURE, 

AND STATEMENT OF THE PROBLEM 

I. INTRODUCTION 

Articulatory gestures have been studied physiologically using x-ray 

motion pictures (Koshevnikov and Chistovich, 1965; Moll and Daniloff, 

1971; Carney and Moll, 1971; Kuehn and Tomblin, 1974) and by identifying 

aerodynamic correlates of articulatory movement patterns (Barry and 

Kuenzel, 1975; Agnello, 1975). Also, inferences concerning the dynamic 

made fromas well as static temporal aspects of speech have been 

perceptual (Cooper et al., 1952; Tiffany, 1953; Delattre et al., 1955; 

Liberman, 1959; Bastian et al., 1959; Stevens, 1959; Gay, 1967; Bennet, 

1968; Koenigsknecht, 1968; Powell and Tosi, 1970; Zlatin and Koenigsknecht, 

1976) and acoustic studies (Lehiste, 1962; Ohman, 1966; Stevens, House 

and Paul, 1966; Schwartz, 1969; DiSimoni, 1974; Dalston, 1974; Tingley 

and Allen, 1975). 

Most investigators have studied the timing of articulatory gestures 

of normal adult speakers. However acoustic analyses of temporal factors 

in several groups of deviant speakers including apraxics (Hamre, 1977), 

hearing impaired (Angelocci, Kopp and Holbrook, 1964; Raphael, 1972; 

Monsen, 1974, 1976), and stutterers (Stromsta, 1965; Agnello, 1975) have 

been performed. Velocity of transitions, voice onset time, and duration 

in theseof different subsegments have been frequently investigated 
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acoustic studies. In each of these groups, significant deviations from 

normal temporal patterns have been reported. 

haveIn addition to the above studies, some recent investigators 

defectiveexamined the timing of movement patterns in articulatory 

Kuehn andchildren (Faircloth and Faircloth, 1970; Dalston, 1974; 

Tomblin, 1974; Chaney and Menyuk, 1975). These investigators reported 

differences in the timing of articulatory gestures in articulatory 

defective children from that reported on normal speaking adults (Ohman, 

Dalston, 1974).1966; Daniloff and Moll, 1968; Carney and Moll, 1971; 

When results obtained on children are compared to results reported for 

effects of durationaladults, there is the possibility of confounding the 

differences due to groups (articulatory defective and normal speakers) 

with the effects of durational differences due to age (adults and 

children). 

normal adultsInvestigations of temporal factors in the speech of 

in theexhibiting articulation disorders have not been reported 

ofliterature. Such studies may eliminate confounding of the effects 

age with those of group. Significant differences between groups would 

Sincebe attributable to the effect of the articulatory disorder. 

be inferred fromphysiological movement patterns of articulators can 

acoustic analyses and since these acoustic studies have provided an 

understanding of normal articulation in adults, it seems logical to 

assume that acoustic data may be used to describe the speech of 

articulatory defective adults. The present study is designed to 

investigate specific durational characteristics of phonemically 
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defects andaccurate productions of adult speakers with articulatory 

adult speakers with normal articulation. 

II. REVIEW OF THE LITERATURE 

Temporal Characteristics of Normal Speaking 
Adults and Children 

The durational aspects of articulatory production patterns have 

Systematicbeen investigated in controlled phonetic environments. 

within an utteranceanalyses of temporal characteristics of subsegments 

properties ofhave provided information on both static and dynamic 

speech production, These properties are important because they may 

for speechreflect patterns of organization of neuromotor control 

articulation (Lindblom, 1963; Kozhevnikov and Chistovich, 1965; Liberman 

et al., 1967; Ohman, 1967). The temporal patterning relations between 

which impliesnonadjacent sounds seems to require present timing 

of timing.predominantly central rather than peripheral control 

the basis of aConceivably the various motor commands are issued on 

rhythmic pattern which underlies the temporal structure of speech 

(Martin, 1972). 

In anEffect of vowel environment on consonant duration. 

the duration ofinvestigation of the effects of vowel environment on 

consonants, Schwartz (1969) reported that in adult speech, fricatives 

in the environment of /a--i/ and /i-i/ were significantly longer than 

those in the environment of l<L-al and /i-<*/. Schwartz suggested that 

earlier release ofthe shorter durations before /<*>/ may represent an 
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the consonant constriction, He posited that the earlier release may be 

which must be 
an anticipatory response to the greater spatial distance 

to /<*-/ thancovered by articulators when proceeding from a fricative 

In terms of neurologicalwhen proceeding from a fricative to /i/. 

that duringcommands to the speech musculature, Schwartz hypothesized 

looks ahead andthe production of /s/ or ijl, a scanning mechanism 
considers the relative magnitudes of articulatory adjustments required 

and uses thisfor the transition from the fricative to the vowel 

which initiateinformation to time the arrival of the neural commands 

Di Simoni (1974a) studiedthe movement away from the constriction, 

in controlled voweldevelopmental changes in the duration of consonants 

environments. The children produced vowel + consonant + vowel (VCV) 

None of the differences wassequences ending in /eu/ and in /i/. 

adults, differencessignificant whereas in the Schwartz (1969) study on 

were significant. Di Simoni also reported that the individual subject 

increase in age.variability of consonant duration decreased with an 

Di SimoniIn reference to the forward scan described by Schwartz, 

it is not yetreported that if such a mechanism is active in children, 

functioning in the manner assumed for adults. He postulated two 

explanations for his results: (1) by age nine, the system has not yet 

for adults; anddeveloped to the level of operating efficiency assumed 

and thus smaller(2) since children have smaller orofacial structures 

spatial differences between vowels than adults, the expected differences 

between vowels would not be as great. 
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MalmbergEffect of length of utterance on consonant duration. 

(1969) reported that(1944), Jones (1944), Lindblom (1968), and Schwartz 

decrease as overallin adult speakers, both consonant and vowel durations 

Schwartz interpreted this aslength of an utterance is increased, 

the lengthevidence indicating that a speaker scans ahead to appraise 

the amount ofof an utterance and uses this information to determine 

sounds. Di Simonitime he may devote to the articulation of individual 

of increasing(1974b) studied consonant closure durations in utterances 

The durations of thelength in three, six, and nine year old children, 

the followingconsonants were examined in the initial syllable of 

saw /ipi/ withutterances: (1) /ipi/', (2) /ipi/ saw /ipi/; (3) /ipi/ 

decreased
/ipi/. Although the average durations of the consonant /p/ 

an increase inwith age as did variation in the subjects' productions, 

in duration onlyutterance length resulted in a significant decrease 

in the six and nine year old groups and not in the three year old group. 

vowels inDi Simoni (1974c) also investigated the durations of 

both voiced and voiceless plosive environments in children ages three. 

six and nine years. The greatest change in durations of vowels in 

observed between theboth voiced and voiceless plosive environments was 

three and six year levels, With respect to voiced versus voiceless 

with those of Houseenvironments, Di Simoni's results were in agreement 

Zlatin andand Fairbanks (1953), Peterson and Lehiste (1960) and 

speakers,Koenigsknecht (1976), who reported that in adult English 

in durationvowels in voiceless consonant environments are shorter 

than those in voiced environments. 
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durationAllen (1970) and Lehiste (1971) reported that the overall 

the subsegmentsof a speech segment remains relatively constant while 

of the durationvary in a compensatory manner to maintain the constancy 

of the total segment during repeated productions of the segment, This 

behavior is called temporal compensation and can be identified by a 

relative variancelower relative variance in a segment relative to the 

of its parts (Allen, 1970). Allen posited that every individual has a 

This mechanism has an inherent level ofspeech "timing mechanism, 

betweenaccuracy which may be expressed as a constant of proportionality 

durational variability of the subsegments and mean segment duration. 

constant ofAlthough he suggested that the determination of this 

groupings ofproportionality would make it possible to define temporal 

methodologyspeech production units, he did not discuss the specific 

Di Simoni (1974d) investigatedfor determining the temporal groupings. 

and nine yearsthe temporal compensation in children ages three, six 

Although allof age in order to identify a developmental pattern, mean 

durations and standard deviations tended to decrease with age, the 

in any of thephenomenon of temporal compensation was not demonstrated 

age groups. The children in this study had larger relative variances 

(Allen, 1970;at all age levels than adult subjects in similar studies 

Lehiste, 1971). thatDi Simoni concurred with Allen's (1970) contention 

has less 
an individual with large relative variance measures probably 

"inherent accuracy" in timing and may be unable to execute neurologic 

commands with adequate precision. 

thereIt is apparent from studies reviewed thus far, that seems to 

be a developmental pattern in which control of duration improves rapidly 
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a
during childhood. The motor timing for speech seems to develop along 

continuum which spans approximately the first twelve years of life 

(Eguchi and Hirsh, 1969; Di Simoni, 1974). 

Effect of duration on sound discrimination. Liberman et al. (1954) 

to the differentiinvestigated temporal acoustic characteristics as cues 

that although cuesation among classes of speech sounds. They reported 

are formant transitions,added by the temporal characteristics of the third 

the second formant transition is nearly sufficient to identify stops and 

rate ofnasals. They experimentally separated the characteristics of 

and duration oftransition in cycles per second per millisecond (cps/ms) 

the transition in milliseconds (ms) and concluded that duration rather 

than rate of change is the controlling cue in distinguishing stop 

consonant from semivowel from vowel of changing color. They posited 

discrimination andthat duration is the most important dimension for the 

identification of individual speech sounds. That adults use timing 

information to distinguish among sounds within a given class was reported 

Powel andby Tiffany (1953), Stevens (1959), Bennet (1968), and Tosi 

acoustic cues are(1970). Dalston (1974) hypothesized that if temporal 

differencesused to distinguish perceptually among phonemes, significant 

durations ofshould exist in spectrographic measurements of subsegment 

individual phonemes within a class, He further hypothesized that 

do not result inmeasures of specific temporal characteristics which 

within the samea significant difference in duration among phonemes 

Theclass are not used to perceptually distinguish among phonemes. 

purpose of his investigation was to determine by acoustic analysis. 
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durationalwhich subsegments of an utterance showed significant 

differences among phonemes, The utterances were composed of correct 

and childrenproductions of the sonorants /w/, /r/, and /!/ by adults 

and /u/.in word initial position in the contexts of /i/, /ou/, He 

threemeasured: (1) duration of the steady state of each of the first 

each of the firstsonorant formants; (2) duration of the transition of 

of each of thethree sonorant formants; and (3) rate of the transition 

first three sonorant formants. Steady state duration (of both first and 

children andsecond formants) was significantly different for both 

Formant oneadults between the /!/ and the other two sonorants. 

a shorter transitiontransition duration and rate were characterized by 

rate than wereduration for /!/ production and a more rapid transition 

Second formant transition duration was/w/ and /r/ productions, 

the adults but notsignificantly shorter than those of /w/ and /r/ in 

in the children. The variable of second formant transition rate was 

significantly slower for the /r/ than for the /w/ and /!/ productions 

The third formantof child subjects but was not different for adults, 

transition duration and transition rate consistently differentiated /r/ 

Dalston concludedfrom /w/ and /!/ in the productions of all subjects, 

the basis of thethat the sounds investigated are distinguishable on 

specific temporal acoustic characteristics measured. 

transitionsOhman (1966) studied vowel steady states and formant 

spectrographically in vowel + stop consonant + vowel (VCV) sequences 

produced by Swedish, Russian, and American adults, The VCV sequences 

analyzed were various combinations of voiced stop consonants /b/, /d/. 
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/o/. In all sequences/g/, with the vowels /!/, /u/, /0/, /a/, /y/, /£/, 

he observed two simultaneous articulatory gestures: (1) a vowel-to-vowel 

diphthongal movement; and (2) an independent consonant gesture super 

determine theimposed upon the diphthongal movement. In order to 

influence of the intervocalic consonant upon the pre- and postconsonantal 

vowel, he examined both the steady state and the transitional portion of 

on thevowels. Ohman observed only a slight influence of the consonant 

This influencesteady state portions of vowel formant frequencies. was 

When theobvious in both the initial and final vowels in the sequence. 

final vowel weretransitional portions were analyzed, traces of the 

observable in the transition from the initial vowel to the consonant. 

starts simultaneously 

of the 

Thus, he posited that motion toward the final vowel 

with the onset of the stop consonant gesture. The production 

consonant involves concomitant articulatory adjustments partially 

anticipating the configuration of the succeeding vowel. He hypothesized 

that neural commands for the consonant and following vowel must be 

of the final vowelactive simultaneously. However, certain components 

vowel. Ohmaninstruction are probably inhibited during the initial 

vowel are activesuggested that some components of the postconsonantal 

at the onset of the consonant closure in certain VCV sequences, but 

there is no conclusive evidence as to whether or not further neural 

offset of theinstructions are added for the vowel during or at the 

consonant gesture, He stated that judging from x-ray motion pictures 

articulatedof the VCV sequence /ydu/, the /d/ could not be properly 

if the posterior portion of the tongue assumed the /u/ position too 



10 

to reach theearly because the tongue tip would apparently be unable 

alveolar ridge. Thus, the completion of the motion in the direction of 

the consonant.the final vowel must be delayed until the offset of 

frequencyOhman emphasized the absence of a uniqueness of transitional 

from theof the vowel second formant transitions into and away 

That is, the frequencies over 

ranges 

respective stop consonant productions, 

which the different second formant transitions (posited by Delattre 

et al. (1955) to be the most important cue for the perception of stop 

the intervocalicconsonants) occurred were similar regardless of whether 

consonant was /b/, /d/, or /g/. Ohman hypothesized that second formant 

vowel transition frequency is less important for the perception of stops 

Hethan the duration of the transition into and out of the stop. 

concluded that the perception of an intervocalic stop must be based upon 

well as thean auditory analysis of the temporal characteristics as 

frequency characteristics of the entire VCV pattern. 

From the above review of literature, it is evident that information 

about the nature of timing of movements for various articulatory 

acoustic signal,gestures has been obtained through an analysis of the 

cues forand that durational characteristics are important perceptual 

distinctions among phonemes, The temporal characteristics most often 

and perceptionreported to be important to distinctions in the production 

of the steady stateof phonemes are duration of transition and duration 

of vowels. In addition to the investigations reviewed, other researchers 

that timing(Lashley, 1951; Martin, 1972; Michon, 1974) have suggested 

includingmay be the most critical factor in skilled motor performance, 

movement patterns required for speech articulation. 
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Temporal Characteristics of Articulation Cases 

Timing of nonspeech behaviors. Several investigators (Karlin, 

Youtz and Kennedy, 1940; Major, 1940; Bilto, 1941; Mase, 1946; Fairbanks 

have attemptedand Spriestersbach, 1950; Maxwell, 1953; Dickson, 1962) 

to determine if differences exist for measures of timing proficiency 

withbetween the motor behavior of normal speakers and speakers 

articulation disorders. Previous investigators have studied motor 

behaviors other than speech, such as speed of tapping (Major, 1940; 

Maxwell, 1953) and speed of placing a pellet in a bottle (Maxwell, 1953). 

The results of these types of investigations have been contradictory. 

Some investigators have reported significant differences between good 

no differencesand poor articulation groups while others have reported 

between the two groups of speakers. Discrepancies in results may be 

accounted for in part by differences in methods of test administration. 

differences in the methods of subject selection, differences in ages of 

subjects, lack of control of related variables, and inappropriate 

statistical tests. It seems logical to assume that if differences in 

and articulatiming of motor behaviors do exist between normal speakers 

tory defectives, that these differences would be observable in the 

movement patterns during speech. Only a few such investigations of 

differences have been reported in the literature. 

Temporal characteristics of speech, Faircloth and Faircloth (1970) 

studied acoustic characteristics of connected speech and isolated words 

produced by a child with an articulatory disorder. The purpose of the 
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providedinvestigation was to determine if spectrographic information 

of certainby single word productions differed in durational values 

in connectedtemporal characteristics from the same words produced 

speech. The subsegments measured were vowel duration, and consonant 

implosive and release phase durations, The subject was an eleven year 

old male with a severe articulation disorder who had noreceived formal 

speech training. A tape recording was made of the subject's spontaneous 

conversation. Twenty-five misarticulated words were randomly selected 

from his utterance. These twenty-five words were then produced in 

isolation and tape recorded. The connected speech and single word 

Several differencesproductions were analyzed acoustically and compared. 

were observed. Vowel and consonant durations were significantly reduced 

in the connected speech samples, Difficulty in differentiating between 

in the connectedthe implosive and release phases of stop consonants 

speech samples was reported, however, there was no difficulty in 

differentiating between the two phases in isolated word productions. 

and releaseBecause they could not distinguish between the implosive 

durationalphases of the consonants in the connected speech condition, 

values for these characteristics could not be compared between conditions. 

Kuehn and Tomblin (1974) studied movement patterns of specific 

correct"flesh points" of the tongue and lips during perceptually 

disorders.productions of children with moderate to severe articulation 

who had beenThree males, ranging in age from eight to eleven years 

diagnosed as having impaired articulation, served as subjects, The 

thesubjects were filmed using cineradiography while producing 
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consonants /z/, /b/, /g/, and /!/ in symmetric and asymmetric vowel + 

consonant + vowel (VCV) sequences with the vowels /i/, /^, and /u/. 

The structures monitored were the surface of the tongue dorsum, the 

Measures of articulatorytongue blade, the tongue tip, and the lower lip. 

movements.velocity and distance moved were determined for transitional 

accurate, ThreeAll productions analyzed were judged as phonemically 

during each asymmetric VCV production: (1) thetime points were sampled 

frame of lipsteady state of the preconsonantal vowel; (2) the first 

vowel.closure for /b/; and (3) the steady state of the postconsonantal 

and at the momentTongue position assumed for the preconsonantal vowel 

was interpretedof bilabial stop closure were virtually identical which 

toward the 
as an indication that the tongue had not yet begun movement 

vowel the of closure. These results are notfinal at time consonant 

consistent with the articulatory dynamics of normal adult speakers as 

datainferred from acoustic data of Ohman (1966) and cinefluorographi c 

These investiof Daniloff and Moll (1968) and Carney and Moll (1971). 

the second vowel, ingators reported that articulatory movements toward 

utterances similar to those used in the Kuehn and Tomblin investigation, 

closure, In thecoincide in time with movements toward the consonantal 

children studied by Kuehn and Tomblin, anticipatory gestures of the 

final vowel occurred later in time relative to consonant production than 

behavior, Thiswould have been predicted on the basis of normal adult 

seems to imply an extended duration of the steady state portion of the 

first vowel. The postconsonantal tongue position did appear to be 

influenced by the preconsonantal vowel as would be predicted by 
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measurementsOhman's (1966) data. Articulatory velocity and displacement 

were also obtained on the same subjects. For a given distance moved, 

the associated velocity of movement was not disproportionately slow 

Since there were no similar datacompared to normal adult behavior, 

characteristicsfor normal speaking children on any of the temporal 

observed in this study, it is uncertain whether they are unique to the 

child with an articulation disorder. 

thatIt is evident from the above review of the literature 

of articudifferences in duration of various temporal characteristics 

defective childrenlatory movement patterns do exist between articulatory 

and normal speaking adults, One possible reason for these findings is 

that manycomparisons have been made across age groups, If, as investi-

1975) havegators (Eguchi and Hirsh, 1969; Di Simoni, 1974; Dalston, 

control, thenposited, there is a developmental hierarchy of durational 

defectivecomparisons between normal adult speakers and articulatory 

children may not be appropriate. There are no reports in the literature 

accurateof investigations of temporal characteristics in phonemically 

so thatproductions in the speech of adult articulatory defectives 

without thecomparisons can be made with normal speaking adults 

with theconfounding of effects of age and developmental differences 

effects of the articulatory disorder. An investigation of this type 

patterns inmay provide useful information about articulatory movement 

the speaker with a mature (though possibly aberrant) speech production 

system. This information should prove useful for both research and 

clinical purposes. 



15 

characterAccording to Shoup and Pfeifer (1976), temporal acoustic 

transition, andistics such as VOX, vowel formant steady state and 

among place ofconsonant duration are useful cues in distinguishing 

These time varyingproduction of stop consonants in VCV context, 

to be 
patterns of articulatory positioning and movement are assumed 

articulation.lawful in the productions of adult speakers with normal 

Since many of adult articulatory cases are perceived as errorserrors 

investigation toof place of production, it is the goal of the present 

the same lawfuldetermine if during phonemically accurate productions, 

defectivestemporal patterns exist in the speech of adult articulatory 

as in adults with normal speech. 

III. PURPOSE OF THE STUDY 

The purpose of this study was to investigate the differences 

between durational characteristics of phonemically accurate productions 

in adult speakersof vowel + stop consonant + vowel (V1CV2) sequences 

articulation.with articulatory defects and adult speakers with normal 

Specifically the following questions were asked: 

1. Does the duration of the steady state of the preconsonantal 

between groups ofvowel (SSVi) in a V1CV2 sequence differ significantly 

speakers?normal adult speakers and articulatory defective adult 

of the2. Does the duration of the second formant transition 

significantlypreconsonantal vowel (TVi) in a V1CV2 sequence differ 

defectivebetween groups of normal adult speakers and articulatory 

adult speakers? 
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3. Does the duration of the stop consonant (CD) in a V1CV2 sequence 

differ significantly between groups of normal adult speakers and 

articulatory defective adult speakers? 

4. Does the duration of the second formant transition of the 

postconsonantal vowel (TV2) in a V1CV2 sequence differ significantly 

defective adultbetween groups of normal adult speakers and articulatory 

speakers? 

5. Does the duration of the steady state of the postconsonantal 

vowel (SSV2) in a V1CV2 sequence differ significantly between groups of 

normal adult speakers and articulatory defective adult speakers? 

6. Does the total disyllable duration (TDD) of a V1CV2 sequence 

differ significantly between groups of normal adult speakers and 

articulatory defective adult speakers? 



CHAPTER II 

METHODS AND PROCEDURES 

I. METHODS 

Subjects 

normalTen articulatory defective adults and ten adults with 

articulation matched for age, race, and sex participated as subjects for 

was defined asthis study. For the purposes of this research, "adult" 

sixteen years of age or older (although none of the actual participants 

was less than 18 years of age). The group of normal articulating adults 

defectivewas matched for age within three years of the articulatory 

defectiveadults. The mean ages of the normal speakers and articulatory 

speakers were 31-9 years and 31-5 years respectively. No subject with 

an obvious dialectal difference was included. Subjects were selected 

on the basis of the following criteria; 

of the1. No significant deviation in the structure or function 

oral mechanism as determined by an oral peripheral examination; 

2. No voice or fluency disorder as judged by the investigator; 

3. Hearing within normal limits as evidenced by passing a pure 

octave intervalstone air conduction screening test at 25 dB (ANSI) at 

between 500 Hz and 8000 Hz; 

A. No history of neurologic damage or symptoms of neurologic damage 

automatic andas evidenced by normal diadochokinetic rates (both 

17 
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Volitional Oralvoluntary) and a score of at least 97 on the Isolated 

1974);Movements (IVOM) test (adapted from Yoss and Barley, 

or completion5. Appropriate grade placement for chronologic age 

of high school; 

defective6. Sufficient errors produced by each articulatory 

below the meanspeaker to place him at least one standard deviation 

Tests ofscore for an eight year old child on the Templin-Darley 

Articulation; no articulatory errors produced by the normal speakers at 

disorders. (Seethe time of the study and a negative history of speech 

Table A-1 of Appendix A for individual subjects' data.) 

Stimuli 

with theThe voiceless stop consonants /p/ and /k/ were combined 

consonant + vowelvowels /ay, /i/, and /u/ to form eighteen vowel + stop 

The V1CV2(V1CV2) sequences (six symmetric and twelve asymmetric). 

sequences were embedded in the phrase, Say the word V1CV2 please. 

(The list of stimuli are contained in Appendix B.) 

ofThe two stop consonants were chosen because their manner 

production provides more definitive identification of phone boundaries 

than any other category of consonants. The production of a stop 

consonant can be subdivided into two phases: (1) closure/pressure 

build-up, represented spectrographically as a gap of spectral energy; 

as a burst ofand (2) release phase represented spectrographically 

respectively,spectral energy (Klatt, 1975). These two phases represent 

The voicelessthe initiation and termination of a stop consonant. 

consonants were selected to eliminate instances of prevoicing which 
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voiced sound, Usecan occur when a voiced stop is preceded by another 

of the voiceless stops has been reported to increase the accuracy with 

which acoustic measurements are made (Klatt, 1975; Metz, Conture, and 

Carouso, 1978). The bilabial place feature was selected because it 

vowel-to-vowelrepresents the least amount of interference with the 

diphthongal movement (Ohman, 1966). That is, the tongue is not used as 

plosives,a primary articulator for the production of bilabial The 

a contrasting amountvelar place feature was chosen because it provides 

of interference with the vowel-to-vowel diphthongal movement upon which 

a consonant is superimposed. 

of theThe specific vowels were selected as representative 

articulatory extremes of the vowel diagram. Their spectral properties 

are 1977).reportedly the most stable of all of the vowels (Liberman, 

The sequence of V1CV2 was chosen because when a stop is adjacent 

to a vowel, the movement to/from the closure results in "rapid" changes 

in the formant frequencies. These changes in vowel formant frequency 

are called transitions and the duration of these transitions comprises 

one of the measures of interest in this investigation. The V1CV2 sequence 

provides two transitions per sequence. 

Recording System 

#2603) wasThe Bruel and Kjaer (B&K) microphone amplifier (Model 

calibrated to 124 dB SPL (re: 0.0002 dy/cm^) using a B&K pistonphone 

(Model #4220) attached to a B&K condensor microphone (Model #4133). 

theThe Electro Voice microphone (Model #RE 20) was connected to Shure 

the condensormicrophone mixer (Model #M 67) and placed parallel to 
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microphone. The microphones were situated six inches from a Grason 

Stadler loudspeaker (Model //162-4). A Grason Stadler noise generator 

(Model //433C) was used to generate broadband white noise through the 

loudspeaker and attenuated to 75 dB on the microphone amplifier. After 

the noise was adjusted to 75 dB, the VU meters of the microphone mixer 

and the Ampex tape recorder (Model AG #440B), to which it was connected, 

were adjusted to -5 dB. Thirty seconds of noise was recorded for 

subsequent adjustment to -5 VU during playback. Instrumentation for 

calibration is shown in Figure 1. 

II. PROCEDURES 

Recording of Subjects 

Each subject was seated in an Industrial Acoustics Company (lAC) 

sound treated booth (Model #1403-ACT). A constant mouth-to-microphone 

distance of six inches was maintained. The subjects were given a set 

of instructions which were read by the experimenter (see Appendix A). 

The subjects were not informed about the specific purpose of the 

investigation prior to the experimental session. They were instructed 

to read the written stimuli five times each in a conversational manner. 

The stimuli were presented to them one sentence at a time on individual 

index cards. Appropriate intensity levels were established by 

instructing the subjects to say the phrase "Today is month, date, 1979 
tl 

as many times as necessary to establish appropriate intensity levels 

for recording. A training procedure consisted of the subjects' reading 

of the list of V1CV2 sequences to be embedded into the experimental 
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sentences (see Appendix B). The list was practiced until the subject 

was able to complete the list twice with no errors. The third production 

used theof each group of five productions of each sentence was for 

analysis. Instantaneous judgments of appropriateness of loudness. 

conversational manner and phonemic accuracy were made as the stimuli 

were read. The subjects were asked to produce five more repetitions of 

the same stimulus if any judgment of inacceptability was made. Instrumen 

tation for recording of subjects' responses is shown in Figure 2. 

Judgment of Phonemic Accuracy 

The third production by each subject was dubbed from the original 

A four second silenttapes using a Sony tape recorder (Model //TC-65) . 

interval was inserted between each sample. A panel of three certified 

speech-language pathologists phonetically transcribed each V1CV2 sequence 

from the dubbed tape. There was 100% listener agreement in transcription 

and all transcriptions represented the appropriate V1CV2 sequence. 

Spectrographic Analysis 

A total of 360 broadband spectrograms (18 V1CV2 sequences x 20 

subjects) were analyzed on the Voice Identification Unit (700 series) 

using a high frequency shaping circuit and linear expand setmode at 

0 - 4 K Hz. The unit was calibrated according to the manufacturer's 

specifications before and after each subject's responses were analyzed. 

The following durational measures were obtained from the 

spectrograms: 
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of the vowel1. Steady state portion of Vi defined as that portion 

formant is at aduring which the rate of frequency change of the second 

minimum (see interval A of Figure 3); 

2. Preconsonantal transition defined as that portion of Vi after 

the steady state portion during which the greatest frequency shift occurs 

(see interval B of Figure 3); 

3. Consonant duration measured from the last vertical striation of 

of thethe preconsonantal vowel to the first vertical striation 

postconsonantal vowel (see interval C of Figure 3); 

4. Postconsonantal transition defined as that portion of V2, prior 

shift occursto its steady state, during which the greatest frequency 

(see interval D of Figure 3); 

of the vowel5. Steady state portion of V2 defined as that portion 

after the postconsonantal transition during which the rate of frequency 

change of the second formant is at a minimum (see interval E of Figure 3); 

striation6. Disyllable duration measured from the first vertical 

vertical striationof the preconsonantal vowel steady state to the last 

of the postconsonantal vowel steady state (see interval F of Figure 3). 

All measurements were made at or in the area of the second 

formant. 
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CHAPTER III 

RESULTS 

Two groups (normal and articulatory defective) of adult speakers 

consisting of ten subjects each, produced 18 vowel + stop consonant + 

vowel (V1CV2) sequences, The V1CV2 sequences consisted of the voiceless 

stop plosives /p/ and /k/ combined with the vowels /o./, /i/, and /u/ to 

form 6 symmetric and 12 asymmetric V1CV2 sequences. The V1CV2 sequences 

were embedded in the phrase, Say the word V1CV2 please. Durational 

analyses of the following subsegments were performed: 

1. Steady state of the preconsonantal vowel (SSVi); 

2. Transition of the preconsonantal vowel (TVi); 

3. Consonant duration (CD) ; 

4. Transition of the postconsonantal vowel (TV2); 

5. Steady state of the postconsonantal vowel (SSV2); 

6. Total disyllable duration (TDD). 

The criterion measure was the duration in milliseconds (ms) of each of 

these subsegments of the V1CV2 sequence. 

I. RELIABILITY 

Two subjects from each group performed the experimental task a 

second time within two weeks. A standard error for each durational 

measure from the analysis of spectrograms obtained during the first and 

second experimental sessions was computed using the formula 

4i:(xi - X2)^ 
s. E. 

2N . The following were the standard errors 

26 
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duration:in milliseconds (ms) for each of the six measures of 

1. SSVi = 4.92 ms; 

2. TVi = 2.46 ms; 

3. CD = 1.01 ms; 

4. TV2 = 0.38 ms 

5. SSV2 = 2.13 ms; 

6. TDD = 3.37 ms. 

These values are comparable to those reported in similar experiments 

(Gay, 1978). 

II. DURATION MEASURES 

Duration of Steady State of Preconsonantal 

Vowel (SSVi) 

For the measure of SSVi, the 360 obtained observations ranged from 

of 61.33 ms. For15.80 ms to 158.00 ms in the normal group with a mean 

from 39.50 ms tothe articulatory defective speakers, the range was 

418.00 ms with a mean of 99.28 ms. The individual subjects' data are 

presented in Table C-1 of Appendix C. 

For this measure and the five subsequent measures, three factor 

analyses of variance with repeated measures on two factors (Winer, 1971) 

were used to evaluate durational differences between the two groups of 

the two consonants.speakers, among the nine vowel contexts and between 

there was noIn the analysis of variance for SSVi (see Table 1), 

significant interaction among groups, vowel contexts, and consonants, 

between groups and vowel contexts, between groups and consonants, or 

between vowel contexts and consonants. The absence of significant 
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Table 1. Summary of analysis of variance for evaluating differences 
between groups, among vowel contexts, and between consonants, 
for mean duration of the steady state of the preconsonantal 
vowel. 

Source df MS F* £** 

Between Speakers 19 

Groups (G) 1 129563.20 11.14 .003 

Error (b) 18 11632.09 

Within Speakers 340 

Vowel Contexts (V) 8 13944.32 12.54 .0009 

Consonants (C) 1 4138.173 3.72 NS 

GV 8 3671.70 2.71 NS 

GC 1 1267.31 0.93 NS 

VC 8 1111.87 0.82 NS 

GVC 8 1357.03 1.00 NS 

Error (w) 306 1355.55 

Total 359 

*F ratios: MSG/MSE|j; MSV/MSVC; MSC/MSVC; MSGV/MSGVC; MSGC/MSGVC; 
MSVC/MSE^; MSGVC/MSE^. 

**Point in the F-distribution. 

https://13944.32
https://11632.09
https://129563.20
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interaction indicates that the trends over vowel contexts and the trends 

over consonants followed the same patterns in both groups of speakers. 

Figures 4 and 5 display these trends for each group separately. Figure 4 

vowel contexts forrepresents the mean durations for each of the nine 

The trends forthe two groups of speakers for both consonants combined. 

all three symmetric vowel contexts (Vi = V2) and five of the six asymmetric 

Invowel contexts (Vi ^ V2) were the same for both groups of speakers. 

Figure 5, which demonstrates the mean durations of SSVi for each group 

for each consonant summed across vowel contexts, the magnitude of the 

difference in mean duration of SSVi between the two consonants may be 

seen to be slightly larger in the articulatory defective speakers than 

in the normal speakers. The difference, however, was not statistically 

significant. 

The difference in mean duration of SSVi between the two groups of 

speakers was significant at the 0.003 level. The duration of SSVi was 

significantly longer in the group of articulatory defective speakers 

than in the group of normal speakers. These differences are presented 

in Figures 4 and 5. The longer mean duration of SSVi for the articu 

latory defective group was observed for every V1CV2 sequence in this 

study. 

The difference among vowel contexts was significant at the 0.0009 

level. differentThis was expected since the three vowels used have 

durations. Lehiste and Peterson (1960) reported that the intrinsic 

increasedurations of the particular vowels used in this investigation 

in duration from /i/ to /u/ to /Cl/. As seen in Figure 6, the mean 
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durations of SSVi for all vowel contexts beginning with /i/ were shorter 

than those beginning with /u/ which were shorter than those beginning 

with /a,/ for both groups of speakers. The Newman-Keuls multiple 

comparison test statistic was used to determine which ordered pairs 

were significantly different. The pairwise comparisons among the nine 

vowel contexts summed for both groups and the two consonants are arranged 

in Table 2 in order of the increasing magnitude of SSVi duration. Though 

vowel contextsnot significantly different from one another, the three 

beginning with the vowel /a./ had significantly longer SSVi durations than 

None of the vowel contextsvowel contexts beginning with /i/ or /u/. 

beginning with /i/ or /u/ had a significantly different SSVi duration 

from any of the other vowel contexts beginning with /i/ or /u/. 

The difference between the two consonants /p/ and /k/ was not 

significant. This indicates that the two stop plosives, selected for 

on the durationthis study did not appear to have a differential effect 

of SSVi for either group. 

Duration of Transition of Preconsonantal 

Vowel (TVi) 

fromThe 360 obtained observations of duration of TVi ranged 

mean of 55.94 ms.0.00 ms to 1A6.15 ms in the normal speakers with a 

was from 0.00 ms toFor the articulatory defective speakers, the range 

237.00 ms with a mean of 62.34 ms. Individual subject measurements are 

The occurrence of 0.00 ms valuespresented in Table C-2 of Appendix C. 

no obviousfor TVi in some subjects in each group indicates that 

frequency shift occurred after the steady state portion of Vi during 
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In these stimuli, it can bethe production of some of the stimuli, 

assumed that the total transition occurred across the intervocalic 

oftenconsonant. The 0.00 ms TVi was observed approximately twice as 

in the articulatory defective speakers as in the normal speakers (27 and 

13 times respectively). In the normal speakers, it occurred 7 times 

when the following consonant was /p/ and 6 times when the following 

consonant was /k/. In the articulatory defective speakers, it was 

observed 18 times when the following consonant was /p/ and 9 times when 

the following consonant was /k/. During production of the bilabial 

for theconsonant /p/, the tongue is free to move into position 

intervocalic consonant,postconsonantal vowel during the production of the 

therefore, the transition often occurs during consonant production. 

Since the tongue position of /k/ is greatly influenced by the forwardness 

or backwardness of the tongue position of the surrounding vowels (Klatt, 

consonant. The 0.001975), the total transition often occurs across the 

vowel contexts.ms TVi occurs in both the symmetric and asymmetric 

An analysis of variance was used to evaluate differences in TVi 

the nine vowelduration between the two groups of speakers, among 

There was nocontexts, and between the two consonants (see Table 3). 

significant interaction among groups, vowel contexts, and consonants, 

between groups and vowel contexts, between groups and consonants, or 

between vowel contexts and consonants. The trends in the duration of 

were similar forTVi over vowel contexts and the trends over consonants 

both groups. There was no significant difference in duration of TVi 

thus itbetween groups, among vowel contexts, or between consonants, 
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Table 3. Summary of analysis of variance for evaluating differences 
between groups, among vowel contexts and between consonants, 
for mean durational differences of transition of the 

preconsonantal vowel. 

Source df MS F* 

Between Speakers 19 

1 3695.37 0.50 NSGroups (G) 

Error (b) 18 7367.45 

Within Speakers 340 

Vowel Contexts (V) 8 864.03 0.93 NS 

Consonants (C) 1 50.10 .05 NS 

GV 8 1606.58 1.08 NS 

GC 1 117.19 0.08 NS 

VC 8 930.47 0.70 NS 

GVC 8 1488.65 1.13 NS 

Error (w) 306 1321.60 

Total 359 

*£ ratios: MSG/MSE^; MSV/MSVC; MSC/MSVC; MSGV/MSGVC; MSGC/MSGVC; 
MSVC/MSE^; MSGVC/MSE^. 

**Point in the F-distribution. 
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on the basiscan be assumed that the two groups cannot be differentiated 

of duration of TVi. 

Consonant Duration (CD) 

For the measurement of consonant duration (CD), the 360 obtained 

measurements ranged from 94.80 ms to 197.00 ms for the normal speakers 

with a mean of 145.27 ms. The range for the articulatory defective 

195.92 ms. Thegroup was from 110.60 ms to 339.70 ms with a mean of 

individual subject observations are presented in Table C-3 of Appendix C. 

in CD betweenAnalysis of variance was used to evaluate differences 

and betweenthe two groups of speakers, among the nine vowel contexts 

consonants (see Table 4). There was no significant interaction among 

groups, vowel contexts, and consonants, between groups and vowel 

vowel contexts andcontexts, between groups and consonants, or between 

over vowel contextsconsonants, therefore, it may be assumed that trends 

Thisand consonants were the same for both groups of speakers. 

similarity in trends for both groups is graphically presented in 

Figures 7 and 8. Figure 7 presents the mean durations of the consonants 

for each group for each of the nine vowel contexts averaged for the two 

consonants. Inspection of this graph reveals that consonant durations 

varied similarly in both groups in all symmetric vowel contexts and in 

five of the six asymmetric vowel contexts. Figure 8 reveals that the 

articulatory defective speakers showed a greater magnitude of difference 

between the two consonants than did the normal speakers, but trends for 

both groups were similar. 
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VC 

Table 4. Summary of analysis of variance for evaluating differences 
between groups, among vowel contexts and between consonants 
with reference to mean consonant duration. 

MS F*Source df £** 

19 

1 230867.77 18.20 .0005 

Between Speakers 

Groups (G) 

18 12683.33Error (b) 

340 

8 3016.36 22.69 .0001 

Within Speakers 

Vowel Contexts (V) 

Consonants (C) 1 8314.57 62.56 .0001 

GV 8 1451.04 2.34 NS 

GC 1 1631.15 2.63 NS 

8 132.91 0.16 NS 

GVC 8 620.80 0.73 NS 

Error (w) 306 846.59 

Total 359 

MSGC/MSGVC;*F ratios: MSG/MSE^^; MSV/MSVC; MSC/MSVC; MSGV/MSGVC; 
MSVC/MSE^; MSGVC/MSE^. 

**Point in the F-distribution. 

https://12683.33
https://230867.77
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The mean CD in the normal speakers was 145.27 ms and in the 

articulatory defective speakers was 195.92 ms. This group difference 

of 50.65 ms was significant at the 0.0005 level. 

The differences in CD among the vowel contexts was significant at 

the 0.0001 level. Multiple comparisons using the Tukey test statistic 

were performed to assess differences among the vowel contexts. The 

pairwise comparisons among the nine vowel contexts averaged for both 

groups and the two consonants are arranged in order of increasing CD 

duration from left to right and top to bottom in Table 5. For all pairs 

of conditions marked by an asterisk, the difference between the two 

consonant durations was significant (a = 0.05). The results indicate 

that the longest consonant duration in the vowel context /u-i/ was 

significantly longer than the two shortest consonant durations in the 

vowel contexts /A-<l/ and 11-.01. The second longest consonant duration 

in the vowel context /u-u/ was significantly different from the shortest 

consonant duration which occurred in the lO-Ol vowel context. The two 

longest consonant durations in the vowel contexts /u-i/ and /u-u/ were 

not significantly different from one another. 

The mean difference in duration between the two consonants was 

significant at the 0.0001 level. Specifically the duration of /k/ is 

significantly longer than the /p/ for both groups, regardless of vowel 

context. The magnitude of difference between the two consonants was 

9.91 ms. This result agrees with the data reported by Klatt (1975) 

who stated that /k/ was significantly longer than /p/ in all contexts 

studied and the research findings of Barry and Kuenzel (1975) who 
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reported that the closure phase of /k/ was significantly longer than the 

closure phase of /p/. 

Duration of Transition of Postconsonantal 

Vowel (TV2) 

The 360 obtained measures of TV2 duration ranged from 0.00 ms to 

150.00 ms in the normal speakers with a mean of 58.99 ms. The articula 

tory defective group ranged from 0.00 ms to 197.50 ms with a mean of 

93.68 ms. The measures for individual subjects are contained in 

Table C-4 of Appendix C. 

Analysis of variance was used to evaluate durational differences 

in TV2 between the two groups of speakers, among the nine vowel contexts 

and between the two consonants. The results of the analysis are 

presented in Table 6. The interactions among groups, vowel contexts. 

and consonants, between groups and vowel contexts, and between groups 

and consonants were not significant at the 0.05 level. There was a 

significant interaction between vowel contexts and consonants. This 

interaction for each group separately is displayed in Figure 9. Although 

the interaction between groups and vowel contexts was not significant 

at the 0.05 level, graphical representation reveals obvious reversal 

in the trends over vowel contexts for the two groups of speakers. The 

F-value for the interaction between groups and vowel contexts approached 

significance. Because of the significant vowel context by consonant 

interaction and the nearly significant group by vowel context interaction. 

tests among vowel contexts and between consonants were not appropriate. 

Since the differences between groups were significant, the Newman-Keuls 
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Table 6. Summary of analysis of variance for evaluating differences 
between groups, among vowel contexts, and between consonants 
with reference to mean duration of transition of the 

postconsonantal vowel. 

Source df MS F* £** 

Between Speakers 19 

Groups (G) 1 108331.66 36.12 .0001 

Error (b) 18 2999.36 

Within Speakers 340 

Vowel Contexts (V) 8 2217.12 0.46 NS 

Consonants (C) 1 7.32 0.01 NS 

GV 8 4599.42 3.15 NS (0.06) 

GC 1 2774.17 1.90 NS 

VC 8 4857.95 3.13 .002 

GVC 8 1460.05 0.94 NS 

Error 306 1551.31 

Total 359 

ratios: MSG/MSE|j; MSV/MSVC; MSC/MSVC; MSGV/MSGVC; MSGC/MSGVC; 
MSVC/MSE^; MSGVC/MSE^. 

**Polnt in the F-distribution. 

https://108331.66
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multiple comparison test statistic was used, for each group separately, 

to determine which vowel contexts were significantly different (a = 0.05) 

the intervocalicwhen each of the two consonants separately were in 

position (see Tables 7-10). The results of the multiple comparisons 

indicated that in the normal speakers, there were no significant 

differences in TV2 duration between vowel contexts when the /p/ was the 

intervocalic consonant nor when the /k/ was the intervocalic consonant. 

In the articulatory defective speakers, the three longest TV2 durations 

the vowel contextswhen /p/ was the intervocalic consonant occurred in 

/upi/, /a-pi/, and /ipi/. The TV2 durations in these three contexts 

all three werewere not significantly different from one another but 

other six vowelsignificantly different from the TV2 durations in the 

.contexts (/upo./, /ipu/, /opo/, /apu/, /ipa/, and /upu/) In the 

articulatory defective group, when /k/ was the intervocalic consonant, 

there were no significant differences in TV2 duration among vowel contexts. 

Considering the results for the articulatory defective speakers, the 

six shortest TV2 durations were associated with syllables in which the 

bilabial intervocalic consonant /p/ was followed by a back vowel (/u/ 

or /o-/). The three longest TV2 durations were associated with syllables 

in which the bilabial intervocalic consonant /p/ was followed by a 

front vowel (/i/). The /i/ had a relatively short duration compared 

shorter durationwith /u/ and /«// and the consonant /p/ had a slightly 

consonant duration.than /k/ as evidenced by measurement of intervocalic 

Thus it appears that in the articulatory defective speakers, the longer 

TV2 durations occur with the shorter consonant in the intervocalic 
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position and the shortest vowel in the postconsonantal position. The 

duration of a transition depends to some extent on how far the tongue 

must move in order to achieve the position for the following sound. 

The /k/ phoneme is known to assume a more forward or backward tongue 

placement as a result of surrounding sounds (Klatt, 1975). It can 

therefore be assumed that the lack of significant differences in both 

groups for TVa durations when /k/ was in the intervocalic position can 

be attributed to smaller differences in distance of tongue movement 

between the /k/ and the following vowel. 

As previously mentioned, the mean duration of TVa was significantly 

longer (0.0001 level) in the articulatory defective group than in the 

group of normal speakers. The mean TVa duration in the normal speakers 

was 58.98 ms and in the articulatory defective speakers, it was 93.68. 

Duration of Steady State of Postconsonantal 
Vowel (SSV2) 

For the measure of SSV2, the 360 obtained observations ranged from 

11.85 ms to 177.75 ms with a mean of 64.25 ms in the normal speakers. 

In the group of articulatory defective speakers, the range was from 

15.80 ms to 339.70 ms with a mean of 87.38 ms. 

differencesAnalysis of variance was used to evaluate durational 

vowel contexts andbetween the two groups of speakers, among the nine 

between the two consonants (see Table 11). There were no significant 

interactions except the group by consonant interaction. The trends for 

the nine vowel contexts for both groups are displayed in Figure 10. 

One trend reversal in the duration of SSV2 existed in the vowel context 
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Table 11. Summary of analysis of variance for evaluating differences 
between groups, among vowel contexts, and between consonants 
with reference to the steady state of the postconsonantal 
vowel. 

Source df MS F* £** 

Between Speakers 19 

Groups (G) 1 48147.41 5.35 .03 

Error (b) 18 9003.37 

Within Speakers 340 

Vowel Contexts (V) 8 18219.51 10.38 .001 

Consonant (C) 1 12638.03 7.20 .02 

GV 1 1485.30 1.87 NS 

GC 1 8698.57 10.97 .01 

VC 8 1755.57 1.08 NS 

GVC 8 792.68 0.49 NS 

Error 306 1621.75 

Total 359 

*F ratios: MSG/MSE, ; MSV/MSVC; MSC/MSVC; MSGV/MSGVC; MSGC/MSGVC; 

MSVC/MSE^; MSGVC/MSE^. 

**Point in the F-distribution. 

https://12638.03
https://18219.51
https://48147.41
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/u-i/ indicating the presence of some interaction between group and 

vowel context, however, the difference was not statistically significant. 

The nonparallel lines of Figure 11 illustrate the group by consonant 

interaction. The Tukey test statistic was used to determine which pairs 

of consonants were significantly different. The significant pairwise 

Table 12. Thecomparisons for the two consonants are presented in 

associated withconsonant /p/ in the articulatory defective group was 

a significantly longer SSV2 than the /k/ in that same group and also it 

was significantly longer than both the /p/ and /k/ in the normal speakers. 

differentThe /p/ and /k/ in the normal speakers were not significantly 

between the twofrom one another. Despite the difference in trends 

consonantsgroups, the mean difference in duration of SSV2 between was 

significant at the 0.02 level, The mean duration of SSV2 when preceded 

the mean durationby /p/ was 81.74 ms and was significantly longer than 

when preceded by /k/ (69.89 ms). 

The difference between the two groups of speakers was significant 

at the 0.03 level. The mean duration of SSV2 was significantly longer 

in the articulatory defective group than in the group of normal speakers. 

The SSV2 durations in every context were longer in the articulatory 

defective speakers than in the normal speakers. The mean SSV2 duration 

defectivein the normal speakers was 64.25 ms and in the articulatory 

group, it was 87.38 ms. 

at the 0.001The differences among vowel contexts was significant 

intrinsiclevel. This was expected since the three vowels have different 

durations (Lehiste and Peterson, 1960). The SSV2 durations for all 
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of theTable 12. Comparisons among the ordered pairs of mean durations 
andsteady state of the postconsonantal vowel for normal 

articulatory defective speakers for each consonant separately 
summed across vowel contexts. 

Ordered Consonants** 

N N AD ADGroup 

Ordered /k/ /p/ /k/ /p/ 
Consonants 63.24 ms 65.26 ms 76.54 ms 98.22 ms 

(N) /k/ 0.00 2.02 13.30 34.98* 

(N) /p/ 0.00 11.28 32.96* 

(AD) /k/ 0.00 21.68* 

(>AD) /p/ 0.00 

*Indicates significance. 

**Consonants arranged according to the increasing order of the mean 

SSV2 durations. 
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vowel contexts ending with /!/ were averaged, those ending in /u/ were 

averaged and those ending in Jou! were averaged, summed across consonants, 

and are presented in Figure 12. The Newman-Keuls multiple comparison 

test statistic was used to determine which ordered pairs were signifi-

cantly different, The pairwise comparisons among the nine vowel contexts 

in Table 13summed for both groups and the two consonants are arranged 

in order of the Increasing magnitude of SSVa duration. Though not 

vowel contextssignificantly different from one another, the three 

beginning with the vowel /a./ had significantly longer SSVa durations 

None of the vowelthan vowel contexts beginning with /i/ or /u/. 

contexts beginning with /i/ or /u/ had a significantly different SSVa 

duration from any of the other vowel contexts beginning with /i/ or /u/. 

Total Dlsyllable Duration (TDD) 

For the measure of TDD, the 360 obtained observations ranged from 

with a mean of264.65 ms to 493.75 ms in the group of normal speakers 

from385.52 ms. The range for the articulatory defective speakers was 

347.60 ms to 1082.30 ms with a mean of 537.57 ms. The individual 

C.subject measures are presented in Table C-6 of Appendix 

An analysis of variance was used to evaluate the durational 

the nine voweldifferences between the two groups of speakers, among 

contexts and between the two consonants (see Table 14). There was no 

significant interaction among groups, vowel contexts and consonants, 

between groups and vowel contexts, between groups and consonants, or 

between vowel contexts and consonants. The absence of significant 

interaction indicated that the trends over vowel contexts and the 
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Table 14. Summary of analysis of variance for evaluating differences 
between groups, among vowel contexts, and between consonants 
with reference to mean disyllable duration. 

Source df MS F* 2** 

Between Speakers 19 

1 2080811.85 28.07 .0001Group (G) 

Error (b) 18 74140.94 

Within Speakers 

Vowel Contexts (V) 8 19316.91 29.23 .0001 

Consonants (C) 1 9452.04 14.30 .005 

GV 8 2830.53 0.80 NS 

GC 1 1327.30 0.40 NS 

VC 8 660.81 0.19 NS 

GVC 8 3277.61 0.93 NS 

Error (w) 306 3526.42 

Total 359 

MSGC/MSGVC;*F ratios: MSG/MSE^,; MSV/MSVC; MSC/MSVC; MSGV/MSGVC; 
MSVC/MSE„; MSGVC/MSE„. 

**Point in the F-distribution. 

https://19316.91
https://74140.94
https://2080811.85
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similar. Intrends over consonants for the two groups of speakers were 

Figures 13 and 14, these trends are presented for each group separately. 

summed acrossFigure 13 presents mean TDD in the nine vowel contexts 

thanconsonants. The articulatory defective speakers had longer TDDs 

the normal speakers. In Figure 14, the mean TDD is presented for each 

group for each consonant summed across vowel contexts and again it can 

defectivebe seen that the TDDs were longer in the group of articulatory 

speakers. 

The mean difference in TDD between the two groups of speakers was 

The TDD mean of 537.57 ms in thesignificant at the 0.0001 level. 

than the meanarticulatory defective speakers was significantly longer 

of 385.52 ms in the normal speakers. 

The differences in duration of TDD among the nine vowel contexts 

was significant at the 0.0001 level. This significance was expected 

since the three vowels used in the investigation have different intrinsic 

durations (Lehiste and Peterson, 1960). Figure 13 which contains the 

mean TDD for each group separately and for the two groups combined 

TDD.presents the effect of each of the vowel contexts on Inspection 

contexts followedof this figure reveals that the three symmetric vowel 

the order of increasing duration from /i/ to /u/ to lO'l reported by 

Lehiste and Peterson (1960) in the group of normal speakers but the 

order in the group of articulatory defective speakers was from /u/ to 

/i/ to Km. These differences were not significant and may be due to 

individual subject variation. 
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The mean differences in TDD between the two consonants was 

The mean TDD of 466.67 ms when thesignificant at the 0.005 level, 

/p/ was in the intervocalic position was significantly longer than the 

mean TDD of 456.42 ms when the /k/ was in the intervocalic position. 

III. INDIVIDUAL SUBJECT VARIATION 

The meansAll of the analyses performed were comparisons of means. 

for the articulatory defective speakers were significantly longer than 

the transition ofthose of the normal speakers on all measures except 

vowel one (TVi). There were, however, considerable individual subject 

variations. Subjects #2, #10, and #12 (normal speakers) had longer 

defectiveSSVi durations than those of subjects #6 and #17 (articulatory 

betweenspeakers). This durational measure was significantly different 

groups. Subjects #14, #16, #18, and #19 (normal speakers) had longer 

defectiveTVi durations than subjects #6, #8, #9, and #11 (articulatory 

speakers). This measure was not significantly different between groups 

#5 and #16of speakers. The mean consonant durations (CD) of subjects 

(normal speakers) were slightly longer than those of subjects #9 and 

#15 (articulatory defective speakers). This measure was significantly 

different between groups. For the measure of TVa, all normal speakers 

had durations which were shorter than all TVa durations in the articu-

latory defective speakers. There was a significant difference between 

groups on this duration measure. For the measure of SSVa, subjects #2, 

#4, and #18 (normal speakers) had durations as long or longer than 

subjects #3, #9, and #15 (articulatory defective speakers). This 
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duration measure was significantly different between groups. For the 

all TDDmeasure of TDD, all normal speakers had durations shorter than 

These individualdurations in the articulatory defective speakers. 

differences can be seen in Tables C-1 - C-7 of Appendix C. No subject 

shorter allin the articulatory defective group was consistently on six 

durational measures than any subject in the normal speakers group. 

Two of the ten articulatory defective speakers (#9 and #15) had 

the means exhibitedmean subsegment durations which were very close to 

by the normal speakers. Both of these subjects scored 130 on the 

Templin-Darley Tests of Articulation. This score is the highest achieved 

by any of the subjects in the group of articulatory defective speakers. 

the theBoth, however, achieved scores at the lower end of continuum on 

Isolated Volitional Oral Movements test (100 and 102 respectively). 

Subject #9 scored the highest on the measure of diadochokinetic rate 

in the middleof any subject in either group and subject #15 scored 

These tworange of values when both groups were considered together. 

those of the normalsubjects exhibted durational values more similar to 

Oral Movementssubjects and with the exception of the Isolated Volitional 

score, they achieved test results similar to the normal articulating 

subjects. In the normal group, subject #2 exhibited test scores 

durational valuescommensurate with all of the normal subjects, but his 

were more similar to those of the articulatory defective subjects. 

exhibitedIn general, two of the articulatory defective subjects 

consistently short durational values relative to the other subjects in 

that group and performed similarly to the normal speakers. Both subjects 
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scored exactly one standard deviation below the norm for an eight year 

while seven ofold child on the Templin-Darley Tests of Articulation 

the other eight articulatory defective subjects scored considerably 

on thelower. It may be that these two subjects had spurious results 

articulation test and did not, in fact, satisfy the criteria for 

inclusion in the study. All of the test results for subject #2 (normal) 

values were morewere well within the normal range, however, durational 

similar to the articulatory defective than the normal speakers in this 

investigation. 

IV. SUMMARY OF RESULTS 

The major results of this study are graphically summarized in 

Figure 15 and are as follows: 

vowel1. The duration of the steady state of the preconsonantal 

(SSVi) was significantly longer in the articulatory defective speakers 

than in the normal speakers; 

2. The duration of the second formant transition of the 

preconsonantal vowel (TVi) was not significantly different in the group 

of normal speakers and the group of articulatory defective speakers; 

3. The duration of the intervocalic consonant (CD) was significantly 

longer in the group of articulatory defective speakers than in the group 

of normal speakers; 

4. The duration of the second formant transition of the postconso-

nantal vowel (TVa) was significantly longer in the articulatory defective 

speakers than in the normal speakers; 
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vowel5. The duration of the steady state of the postconsonantal 

defective(SSV2) was significantly longer in the group of articulatory 

speakers than in the group of normal speakers; 

6. The total disyllable duration (TDD) was significantly longer 

in the group of articulatory defective speakers than in the group of 

normal speakers; 

exhibited7. Two subjects in the articulatory defective group 

durational values similar to those exhibited by speakers in the group 

of normal speakers, One subject in the group of normal speakers 

exhibited durational values similar to those obtained by the articulatory 

defective speakers. 

hadIn general, the group of articulatory defective speakers 

significantly longer durations of all subsegments measured in the V1CV2 

vowelsequence with the exception of transition of the preconsonantal 

(TVi) for which there was no significant difference between groups of 

speakers. 



CHAPTER IV 

DISCUSSION 

Differences between Groups in Mean Duration of 
Steady State of the Preconsonantal Vowel (SSVi) 
and Transition of the Preconsonantal Vowel (TVi) 

The total mean duration for the two subsegments, SSVi and TVi 

ms and in thecombined in the group of normal speakers was 117.27 

The mean durationarticulatory defective speakers, it was 161.62 ms. 

of SSVi for the normal speakers was 61.33 ms, therefore, when only these 

vowel) weretwo subsegments (SSVi + TVi = duration of preconsonantal 

52%. The meanconsidered, the proportion of time spent in SSVi was 

duration of SSVi for the articulatory defective speakers was 99.28 ms, 

therefore, the proportion of time spent in the steady state portion of 

the first vowel was 62%. The mean duration of TVi for the group of 

of time spentnormal speakers was 55.94 ms, therefore, the proportion 

in TVi was 48%. The mean duration of TVi in the group of articulatory 

total duration ofdefective speakers was 62.34 ms which was 38% of the 

the preconsonantal vowel. 

The mean duration of SSVi was significantly longer in the group of 

articulatory defective speakers than in the normal speakers, however, 

mean duration of TVi was not. This finding is consistent for every 

V1CV2 sequence used in this study, By comparing these results with 

findings reported by Ohman (1966) and Kuehn and Tomblin (1974), it 

in a mannerappears that the normal speakers in this study behaved 

Ohman and thatsimilar to the normal adult speakers in the study by 

66 
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similar to thethe articulatory defective adults behaved in a manner 

and Tomblin.articulatory defective children in the study by Kuehn 

movementsOhman reported that in normal speaking adults, articulatory 

toward the second vowel in a V1CV2 utterance coincide in time with 

movements toward the consonantal closure. The 0.00 ms TVi duration 

values (indicating no movement of the tongue toward the postconsonantal 

vowel prior to consonant closure) occurred twice as frequently in the 

articulatory defective speakers as in the normal speakers in this study 

(27 and 13 times respectively). The larger number of 0.00 ms TVi 

durations in thedurations and the presence of more very short TV 1 

into thearticulatory defective speakers indicates that transitions 

postconsonantal vowel began later in time during the production of the 

V1CV2 sequences. Consequently there was a significant delay in onset 

of movement toward the final vowel in the articulatory defective 

speakers. 

The observed behavior in the group of articulatory defective 

speakers was contrary to articulatory dynamics of normal adult speakers 

as inferred from the acoustic data of Ohman (1966). Ohman suggested 

that during closure for a bilabial stop consonant, in an asymmetric 

vowel context, the tongue position should be Intermediate between that 

Kuehn and Tomblin's datafor the pre- and postconsonantal vowel. 

revealed that in the articulatory defective children in their study. 

until later in time.the tongue did not assume the intermediate position 

until afterTheir subjects delayed movement toward the final vowel 

consonant closure. Kuehn and Tomblin interpreted this result as a delay 
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These researchers also measured velocityin anticipatory coarticulation, 

displacement andof tongue movement as a function of the corresponding 

children to bereported the measures for the articulatory defective 

Although no measurementequivalent to patterns in normal adult speakers, 

it can be inferredof displacement can be made from the present data, 

that velocity (as reflected by TVi durations) was not significantly 

different in the articulatory defective speakers and the normal speakers. 

Ohman's (1966) data provide evidence that the stop-consonant 

substrate whichgestures are superimposed on a context-dependent vowel 

A V1CV2 utteranceis present during all of the consonantal gesture, 

cannot be regarded as a linear sequence of three successive gestures 

since traces of the final vowel are observable already in the transition 

from the initial vowel to the consonant. Ohman hypothesized that the 

in three overlappingproduction of vowels and consonants involves activity 

sets or channels of muscles which have separate neural representations 

in the motor network of the brain. Articulatory impulses may be 

transmitted over all three channels independently and simultaneously. 

to each ofThe response of the tongue is then a summation of response 

the components of the articulatory command, If the timing of the 

and dorsal channelsinstructions (articulatory commands) over the apical 

with the(responsible for stop consonant production) are asynchronous 

the muscleschannel responding to vowel instructions, then perhaps 

responding to vowel information are not free to anticipate a following 

vowel. activeAccording to Ohman, some components of the vowel are at 

the onset of the consonant closure in certain V1CV2 sequences, but 

1 
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vowelthere is no conclusive evidence of whether or not further 

offset of theinstruction components are added on during or at the 

consonant gesture. Judging from cineradiography, he hypothesized that 

there are some contextual situations (back vowel + lingua-alveolar stop 

consonant + back vowel) in which the motion in the direction of the final 

vowel must await the offset of the consonant before it can be completed. 

That is, the consonant gesture overrides the vowel gesture if the latter 

is antagonistic to the former. If the timing of instructions along the 

apical and dorsal channels for articulatory defective speakers is 

the consonantasynchronous with timing for the vowel gestures, perhaps 

errors duecannot override the vowel gesture, resulting in articulatory 

to malposition of the tongue during consonant production. In the present 

indicates that itstudy, correct productions were analyzed but evidence 

override the vowelmay have taken longer for the consonant gesture to 

gesture causing a delay in onset of the consonant production. Perhaps 

the channels are not synchronized, therefore, summation of signals from 

the independent generators takes longer, thus resulting in delay in 

achieving steady state of the subsequent vowel (as evidenced by 

significantly longer TV2 duration). 

Kent, Carney, and Severeid (1974) suggested that the strategy of 

is translatedmotor control assumes that a string of phonetic segments 

are coincident.into a pattern of transition instructions some of which 

If the coincident nature of these instructions is interrupted by a delay 

in summation of signals along one channel (as proposed by Ohman), the 

relative timing of events will be affected. The cause of such a delay 
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that it may beis at present unknown, however there has been speculation 

the result of impairment of sensory processing and in particular of 

proprioceptive input with an ensuing failure to program, organize and 

implement coordinated movements (Lost, 1972). Most motor activity, in 

feedbackrelation to speech, becomes automatic, however, proprioceptive 

may exercise a monitoring function, A prolonged interruption of 

proprioceptive feedback or lack of development of normal proprioceptive 

feedback may lead to difficulty in motor speech programming, mayIt 

could resulttake longer for proprioceptive signals to summate which 

movements.in delay in initiation of subsequent or coincident 

Differences between Groups in Mean Duration 

of the Consonant (CD) 

The mean consonant duration (CD) for articulatory defective 

speakers was significantly longer than that for the normal speakers. 

The mean CD in the normal speakers was 145.27 ms and in the articulatory 

defective speakers was 195.92 ms. 

vowelMonsen (1972) reported that duration of the preconsonantal 

but to thetransition provided clues not only to its own identity, 

He stated that if these cues areidentity of the following consonant, 

of acontravened by an opposing gesture (such as the superimposition 

the consonantconsonant upon a vowel gesture), the listener may perceive 

of the consonantincorrectly even though the normal spectral properties 

are present. If in the case of the articulatory defective speakers in 

the present study, redundant cues were missing because of the short TVi 

time which woulddurations, the cues may be added at a point later in 
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result in the increased duration of the consonant, causing perception of 

a correct consonant. An alternative explanation may be that increased 

at a later pointduration per se rather than the addition of the cues 

in time increased the perception of a correct consonant. 

Martin (1972) stated that speech sounds may have a "temporal locus 

rather than a "static locus" with each succeeding sound dependent upon 

In the data from the presentthe "temporal locus" of those preceding, 

group wasstudy, the mean TVi duration in the articulatory defective 

short relative to the SSVi duration. The second element in the sequence 

the same(TVi) was not related to the first (SSVi) element with 

proportional magnitude as that exhibited by the normal speakers. The 

third element (CD) in the sequence was longer in the articulatory 

two elements withdefective speakers and again not related to the first 

the same proportional magnitude as that exhibited by the normal speakers. 

However, the extended duration of the consonant may have been compen 

of the correctsatory in nature to allow additional cues for perception 

consonant. 

If as Ohman (1966) suggested, the vowel-to-vowel articulatory 

gesture is the basic unit of speech production, and if there is a delay 

in the movement toward V2 in articulatory defective subjects (evidenced 

is normal (evidencedby extended SSVi duration) but the rate of movement 

by no significant extension of TVi duration), then spatial or temporal 

targets of the succeeding vowel will take relatively longer to achieve 

consonant and(as evidenced by extended duration of the intervocalic 

TV2 duration). Cues omitted during TVi must be added during consonant 
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listener with allduration and duration of TV2 in order to provide the 

necessary cues for perception of the correct consonant, Conceivably, 

of the intervocalicwhen the cues are not added by extending the duration 

error in consonantconsonant and transition into the succeeding vowel, an 

durationalproduction is perceived. There may be a threshold of 

which ifacceptability for perception of correct consonant element, 

error evenpatterned aberrantly results in perception of consonant 

though the source of the aberrant timing initiated with the preconsonantal 

vowel. 

Differences between Groups in Mean Duration 
of Transition of the Postconsonantal Vowel (TV2) 

vowel wasThe mean duration of transition of the postconsonantal 

significantly longer in the articulatory defective speakers than in the 

between vowelnormal speakers. There was significant interaction 

contexts and consonants and there was interaction between groups and 

vowel contexts which approaches significance. Results of post hoc 

testing indicate that none of the differences in TV2 durations among 

consonantvowel contexts was significant regardless of the intervocalic 

(/p/ or /k/) in the normal speakers. For the articulatory defective 

speakers, none of the differences in TV2 durations among vowel contexts 

consonant, but there werewas significant when /k/ was the intervocalic 

consonant, Thesignificant differences when /p/ was the intervocalic 

from thethree significantly longer TV2 durations all were transitions 

prevocalic consonants M, /u/, and /i/ into the front fowel /i/. The 

consonant /p/ had a shorter duration than /k/ and the vowel /i/ had a 
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short duration relative to the other two vowels used in this study (/«./ 

with theand In/), thus the longest TV2 durations were associated 

relatively shortest consonant and vowel, In two cases, yfet-pi/ and /upi/, 

with nomovement occurred from a back to a front vowel position 

intervening intervocalic tongue movement, If there was any tongue 

movement in the case of /ipi/, it was in the front of the oral cavity. 

coordi-There are two conflicting views on which types of articulatory 

Some researchersnations are more difficult in terms of motor planning. 

from one sound tohave suggested that articulatory motor coordinations 

another involving movement in the same area of the oral cavity are more 

distant area becausedifficult than those requiring movement from a more 

they require more precision of movement, If true, lack of appropriate 

account forproprioceptive feedback as posited by Lost (1972) could 

this difficulty in precision of movement and be reflected in longer TV2 

Other researchersdurations shown by articulatory defective speakers. 

one area a morehave suggested that articulatory movements from to 

distant area are the most difficult because of the spatial distance 

which must be covered in a finite amount of time. The articulatory 

defective subjects in this study exhibited extended TV2 durations in the 

case of back-to-front movement as well as front-to-front movement. This 

reflects more time taken in moving from SSVi to SSV2 despite the fact 

that with /p/ as the intervocalic consonant, there is no antagonistic 

movement whichconsonant gesture superimposed upon the vowel-to-vowel 

of the finalmay cause a delay in the addition of certain components 

There should be no further neuralvowel (as posited by Ohman, 1966). 
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since theinstructions added at the offset of the consonant gesture 

This result indicates that theconsonant gesture was not antagonistic, 

TVi, which is thetiming irregularity seen in delay in initiation of 

vowel and thebeginning of the movement into the postconsonantal 

defective speakersrelatively short TVi durations of these articulatory 

after consonantmay be viewed as displacement of the movement until 

asproduction. This may reflect temporal asynchrony between channels 

of the movementsuggested by Ohman, and also of maintenance of integrity 

pattern itself, That is, no portion of the movement patterns are 

sacrificed to obtain temporal regularity; rather, normal temporal 

of the movementpatterning is sacrificed to obtain normal integrity 

pattern. 

Differences between Groups in Mean Steady State 
of the Postconsonantal Vowel (SSV2) 

The mean steady state of the postconsonantal vowel (SSV2) for the 

than that forarticulatory defective speakers was significantly longer 

the normal speakers. This finding is consistent for every V1CV2 sequence 

used in this study, The probability level associated with this result 

with the meanwas 0.03 compared with a probability of 0.003 associated 

difference between groups for SSVi. These two subsegments are not 

the consonant blendanalogous since the SSV2 in this sequence preceded 

/!/ in the wordcomposed of the stop consonant /p/ and the sonorant 

please. Please" was the last word in the stimulus sentence "Say 

the word V1CV2 please. Influence of a phonetic segment upon preceding 

(Moll andsegments has been shown to exist across word boundaries 
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1966), thus itDaniloff, 1971) as well as phoneme boundaries (Ohman, 

(as 
may be assumed that the magnitude of the delay in anticipation 

vowelevidenced by extended duration of SSV2) of the postconsonantal 

that of SSVi. Thein the articulatory defective subjects is similar to 

effect of extended duration of SSV2 was present in the articulatory 

between groups indefective speakers, but the magnitude of difference 

SSVi. It isduration of steady state was not as great for SSV2 as for 

(the nonsensepossible that the use of an unfamiliar semantic component 

of thesyllable V1CV2) caused a more extreme delay in anticipation 

V1CV2 sequencepostconsonantal vowel than would have existed if the 

If such an effect didunder analysis had comprised a familiar word, 

unless 
occur. it should have been present in both groups of speakers 

the articulatory defective speakers were more susceptible to a disruption 

in timing of automatic articulatory movements in the presence of an 

The influenceunfamiliar semantic event than were the normal speakers. 

of the unfamiliar semantic component could be determined by a replication 

of the nonsenseof the investigation using a familiar word in place 

V1CV2 sequence. 

Differences between Groups in Total 

Disyllable Duration (TDD) 

The mean total disyllable duration (TDD) was significantly longer 

than in the normal(0.0001 level) in the articulatory defective speakers 

in thisspeakers. This finding was consistent for every sequence used 

investigation. The proportion of time spent in each of the subsegments 

for each of the groups is displayed in Table 15. Inspection of this 

* 
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Table 15. Proportion of time 
duration (TDD), on 
speakers. 

spent, relative 
each subsegment 

to total 
for each 

disyllable 
group of 

Subsegment Group Proportion relative to TDD 

SSVi Normal 

Articulatory Defective 

61.33 

99.28 

ms/385.52 

ms/537.57 

ms 

ms 

= 

= 

0.16 

0.18 

TVi Normal 

Articulatory Defectivee 

55.95 

62.34 

ms/385.52 

ms/537.57 

ms 

ms 

= 

= 

0.15 

0.12 

CD Normal 

Articulatory Defective 

145.27 

195.92 

ms/385.52 

ms/537.57 

ms 

ms 

= 

= 

0.30 

0.36 

TV 2 Normal 

Articulatory Defective 

58.99 

93.68 

ms/385.52 

ms/537.57 

ms 

ms 

= 

= 

0.15 

0.17 

SSV2 Normal 

Articulatory Defective 

64.25 

87.38 

ms/385.52 

ms/537.57 

ms 

ms 

= 

= 

0.17 

0.16 
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table reveals that when each subsegment is considered individually, the 

of timearticulatory defective speakers spent a greater proportion 

and TV2 than did therelative to total disyllable duration in SSVi, CD, 

If the
normal speakers. The differences are, however, quite small. 

mean TVi duration had been significantly longer in the articulatory 

finding could havedefective speakers than in the normal speakers, this 

of articulatorybeen interpreted as a generalized reduction in speed 

movements for that group. The lack of significant differences between 

of articu-for the measure of TVi duration indicates that speedgroups 

The adult articulatorylatory movement is similar in both groups, 

aberrant timingdefective speakers in this investigation exhibited 

(1974) forpatterns similar to those reported by Kuehn and Tomblin 

children with defective articulation. The subjects in the study by 

TheKuehn and Tomblin ranged in age from eight to eleven years. 

to developdevelopment of adult patterns of duration control seems 

during the first twelve years of life. Since there was no control group 

of children with normal articulation for comparison of their results. 

occurred becauseit was not possible to determine whether the results 

or because ofthe development of timing control was not yet complete 

the articulation disorder. Consequently, Kuehn and Tomblin proposed 

the following two explanations for their findings: 

1. Perhaps these children were restricted in their capacity 

orto scan ahead or plan for upcoming positioning required; 

2. Perhaps these children may not have had sufficient production 

adults.trials to achieve the response integration found in 
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that anticipatoryThe latter hypothesis is based upon the assumption 

in which unitscoarticulation is a result of an overlearning process 

integrated wholesof speech containing smaller elements of speech become 

defective speakersthrough repeated productions. The adult articulatory 

responsein the present study did not exhibit the same temporal 

could be assumedintegration exhibited by the normal speakers, yet it 

The data onthat they had experienced sufficient production trials, 

both studies indicate,transition velocity of the preconsonantal vowel in 

their articulatorsthat the articulatory defective subjects do not move 

The subjectsdisproportionately slower than normal adult speakers, 

of approprite speedseemed to be able to produce articulatory movements 

movements, This mayand range, but appeared to delay the initiation of 

of articu-indicate an involvement in the planning and/or integration 

latory movements, However, at the present time it is unknown whether 

move the articulatorsspeakers with articulatory difficulty are unable to 

slowly to ensurewith sufficient speed or whether they move them more 

accuracy of production. 

Individual Subject Variation 

valuesTwo articulatory defective subjects exhibited durational 

One normalwhich were similar to those obtained by the normal speakers. 

to those obtainedspeaker exhibited durational values which were similar 

With these exceptions, analysisby the articulatory defective subjects, 

defective speakersof group differences revealed that the articulatory 

measured in thehad significantly longer durations of all subsegments 
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vowel forViCVa with the exception of transition of the preconsonantal 

of speakers.which there was no significant difference between groups 

furtherFrom the results of this study it was determined that 

durationalresearch is needed to more thoroughly investigate the 

characteristics of speech. Specifically, the following areas warrant 

study: 

1. Durational characteristics in other phonemic sequences produced 
% 

should be identified.by normal and articulatory defective adult speakers 

such as sequencesSeveral types of phonemic sequences should be studied, 

classes ofof different length, and sequences composed of different 

vowels and consonants. 

2. Durational characteristics during the speech development period 

children should bein both normal speaking and articulatory defective 

If there are consistent differences between the twofurther explored, 

those in this 
groups of children, perhaps durational measures similar to 

who will and willresearch may be used to differentiate among children 

not require clinical Intervention. 

3. Additional data are needed to identify the effect of imposed 

rate of production on the durational characteristics during speech 

adults and children.production of both normal and articulatory defective 



CHAPTER V 

SUMMARY AND CONCLUSIONS 

The purpose of this study was to investigate the differences 

between durational characteristics of phonemically accurate productions 

in adult speakersof vowel + stop consonant + vowel (V1CV2) sequences 

articulation.with articulatory defects and adult speakers with normal 

were obtained:Durational measurements on the following subsegments 

of the preconso-steady state of the preconsonantal vowel; transition 

vowel; steadynantal vowel; consonant; transition of the postconsonantal 

state of the postconsonantal vowel; and total disyllable. 

them oneTen adults with articulation errors sufficient to place 

standard deviation below the mean score for an eight year old child on 

the experimentalthe Templin-Darley Tests of Articulation comprised 

ofTen adults with no articulation errors and no historygroup. 

articulation errors comprised the control group. All subjects met the 

following criteria: no significant deviation in the structure or 

function of the oral mechanism; normal hearing; normal voice and fluency; 

normal intelligence; and negative history of neurologic damage or 

vowel +The stimuli used in this investigation were eighteensymptoms. 

"Say the wordstop consonant + vowel sequences embedded in the phrase, 

V1CV2 please. The subjects read each of the stimuli five times. 

on the VoiceThese responses were tape recorded and later analyzed 

Identification Unit. All durational measurements made from the 

formant.broadband spectrograms were obtained at the second The 

80 
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duration measurements were used to infer timing of articulatory movements 

during the subsegments of the V1CV2 sequence. 

The major findings of the investigation were as follows: 

vowel1. The duration of the steady state of the preconsonantal 

defective speakers(SSVi) was significantly longer in the articulatory 

than in the normal speakers. 

vowel2. The duration of the transition of the preconsonantal 

of normal speakers(TVi) was not significantly different in the group 

and the group of articulatory defective speakers. 

3. The duration of the intervocalic consonant (CD) was significantly 

than in the grouplonger in the group of articulatory defective speakers 

of normal speakers. 

vowel4. The duration of the transition of the postconsonantal 

(TV2) was significantly longer in the articulatory defective speakers 

than in the normal speakers. 

vowel5. The duration of the steady state of the postconsonantal 

defective(SSV2) was significantly longer in the group of articulatory 

speakers than in the group of normal speakers. 

6. The total disyllable duration (TDD) was significantly longer 

in the group of articulatory defective speakers than in the group of 

normal speakers. 

exhibited7. Two subjects in the articulatory defective group 

durational values similar to those exhibited by speakers in the group 

of normal speakers. One subject in the group of normal speakers 

exhibited durational values similar to those obtained by the articulatory 

defective speakers. 
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8. Future research is needed to; (a) investigate the consistency 

of these results in other phonemic sequences; (b) investigate the 

and articulatoryconsistency of these results in groups of normal speaking 

of these resultsdefective children; and (c) Investigate the consistency 

under Imposed rate conditions. 

I 



BIBLIOGRAPHY 

f 



BIBLIOGRAPHY 

• y Voice onset and voice termination features of stutters.Agnello, J. G . 
of theIn Vocal Tract Dynamics and Dysfluencies: The Proceeding^s 

first annual Hays Martin Conference on Vocal Tract Dynamics. New 

York, N.Y.: Speech and Hearing Institute (1974). 

J. acoust. Soc. Am.j 47,Allen, G., Structure and timing of speech. 
58(A) (1970). 

• yAngelocci, A Kopp, G. and Holbrook, A., The vowel formants of deaf and 

normal-hearing eleven- to fourteen-year-old boys. J. Speech 
Hearing Dis.^ 29, 156-169 (1964). 

Barry, W. and Kuenzel, H., Coarticulatory airflow characteristic s of 

(1975).intervocalic voiceless plosives. J. Phonetics^ 3, 263-282 

betweenBastian et al.. Silent interval as a cue for the distinction 
Soc. Am.j 31,stops and semivowels in medial position. J. acoust. 

1568(A) (1959). 

Bennet, D. C., Spectral form and duration as cues in the recognition of 

English and German vowels. Lang. Speech^ 11, 65-85 (1968). 

abilities ofBilto, W. E., A comparative study of certain physical 
children with speech defects and children with normal speech. 

J. Speech Hearing Dis.^ 6, 187-203 (1941). 

Carney, P. J. and Moll, K. L., A cinefluorographic investigation of 
fricative consonant-vowel articulations. Phonetica^ 23, 193-202 
(1971). 

Chaney, C. F. and Menyuk, P., Production and identification of /w,r,l,j/ 
in normal and articulation impaired children. Paper presented to 

D.C. (1975).the American Speech and Hearing Association, Washington, 

Cooper et al., Some experiments on the perception of synthetic speech 
sounds. J. acoust. Soc. Am., 24, 597-606 (1952). 

Dalston, R. M., Acoustic characteristics of English /w,r,l/ spoken by 
462-469young children and adults. J. acoustic. Soc. Am.^ 51y 

(1974). 

Daniloff, R. and Moll, K. L., Coarticulation of lip rounding. J. Speech 
Hearing Res. 3 11, 707-721 (1968). 

J.Daniloff, R. and Hammarberg, R. E., On defining coarticulation. 
Phonetics^ 1, 239-248 (1973). 

84 



85 

Delattre et al • Acoustic loci and transitional cues for consonants.9 

J. aooust. Soo. Am.i 27, 769-773 (1955). 

duration ofDi Simoni, F. G., Effect of vowel environment on the 
children.consonants in the speech of three-six-and nine-year-old 

J. aooust. Soo. Am.j 55, 360-361 (1974a). 

bilabial closureDi Simoni, F. G., Influence of utterance length upon 
J.duration for /p/ in three-six-and nine-year-old children. 

aooust. Soo. Am.3 55, 1353-1354 (1974b). 

based onDi Simoni, F. G., Evidence for a theory of speech production 
J. aooust. Soo. Am.Jobservations of the speech of children. 

56, 1919-1921 (1974c). 

Di Simoni, F. G., Some preliminary observations on temporal compensation 
697-699 (1974d).in the speech of children. J. aooust. Soo. Am. y 56, 

sounds in children.Eguchi, S. and Hirsh, I. J., Development of speech 
Aota Otolaryng. Suppl.y 257 (1969). 

Fairbanks, G. and Spriestersbach, D. S., A study of minor organic 
deviations in functional" disorders of articulation: 1. Rate of 
movement of oral structures. J. Speeoh Hearing Dis.y 15, 60-69 
(1950). 

of the articulatoryFaircloth, M. A. and Faircloth, S. R., An analysis 
and inbehavior of a speech-defective child in connected speech 

isolated-word responses. J. Speeoh Hearing Dis.y 35, 51-61 (1970). 

Gay, T • > A perceptual study of English diphthongs. Status Rep. Speeoh 
Res.: Haskins Labs. 1-80 (June 1967). 

of stop 
consonants. J. aooust. Soo. Am. y 29, 109-116 (1957). 

Halle, M., Hughes, G. and Radley, P., Acoustic properties 

Harare, C. and Harn, W • » Stuttering and/as apraxia: Effects of masking. 
Association,Paper presented to the American Speech and Hearing 

Chicago, Illinois (1977). 

Henke, W. L., Dynamic articulatory model of speech production using 
Doctoral Dissert. MIT (1962).computer simulation. 

environmentHouse, A. S. and Fairbanks, G., The influence of consonant 
upon the secondary acoustical characteristics of vowels. J. 

aooust. Soo. Am. y 25, 105-113 (1953). 

Jones, D • » Chronemes and tonemes. Aota Linguist (1948). 



86 

Karlin, I • > Youtz, A. and Kennedy, L • > Distorted speech in young 
children. Mer. J. dis. Child., 59, 1203-1218 (1940). 

movement andKent, R. D., Carney, P. J. and Severeid, L. R., Velar 
S'peeah Hearingtiming; Evaluation of a model for binary control. J. 

Res., 17, 470-488 (1974). 

speech
Kent, R. D. and Minifie, F. D., Coarticulation in recent 

production models. J. Phonetics, 5, 115-133 (1977). 

Klatt, D. H • Voice onset time, frication, and aspiration in word-initial9 

(1975).consonant clusters. J. Speech Hearing Res., 18, 686-706 

of certainKoenigsknecht, R. A., An investigation of the discrimination
in three-spectral and temporal acoustic cues for speech sounds 
Doctoralyear-old children, six-year-old children and adults. 

Dissert. Northwestern U. (1968). 

Kozhevnikov, V. A. and Chistovich, L. A., Speech: Articulation and _ 
Moscow-Leningrad, 1965. English translation in Jo%ntPerception. 

Publications Research Service, 30, 543. Clearinghouse for Federal 
of CommerceScientific and Technical Information, U.S., Department 

(1965). 

B • The use of cineradiographic techniques9Kuehn, D. P. and Tomblin, J. 
Paper presented to thefor the study of articulation disorders. 

Nevada (1974).American Speech and Hearing Association, Las Vegas, 

In L. A.Lashley, K. S., The problem of serial order in behavior. 
New York, N.Y.:Jeffres (Ed.), Cerebral Mechanisms in Behavior. 

Wiley, 112-136 (1951). 

consonants.Lehiste, I., Acoustic characteristics of selected English 
Corrmm. Sci. Lab. Rep., 9, University of Michigan (1962). 

In L. Hammerick,Lehiste, I., Temporal organization of spoken language. 
PhoneticR. Jakobson, and E. Zwirner (Eds.), Form and Substance, 

and Linguistic Papers Presented to Eli Fischer-Jorgensen. 
Copenhagen, Denmark: Akademisk Forberg (1971). 

perception. J.Liberman, A. M., Some results of research on speech 
acoust. Soc. Am., 29, 117-123 (1957). 

J. acoust. Soc.Liberman et al., Minimal rules for synthesizing speech. 
Am., 31, 1490-1499 (1959). 

Liberman et al.. Perception of the speech code. Psych. Rev., 74, 431-
461 (1967). 



87 

J. aaoust. Soa.Lindblom, B., Spectrographic study of vowel reduction. 
Am., 35, 1773-1781 (1963). 

Lindblom, B., Temporal organization of syllable production. Speech 

Transmission Labs., R. Inst. Tech. Q. Prog. Stat. Rep., Stockholm, 

Sweden (1968). 

Lindquist, E. F., Design and Analysis of Experiments in Psychology and 
Education. Boston, Mass.: Houghton-Mifflin Co. (1953). 

Br. J. Dis. Comm., 4,Lost, M. K • Developmental verbal dyspraxia.y 

64-69 (1972). 

of speech. Psych.MacNeilage, P. F., Motor control of serial ordering 
Rev., 77, 182-196 (1970). 

defectives andMajor, C., A comparison of the performance of speech 
Purduenormal speakers on certain motor tests. Master's thesis. 

U. (1940). 

Lunds
Malmberg, B • Die quantitat al phonetisch-phonologischer begriff.y 

Universitets Arsskrift, 41, 104 (1944). 

structure in speechMartin, J. G., Rhythmic (hierarchical) versus serial 
and other behavior. Psych. Rev., 79, 487-509 (1972). 

in childrenMaxwell, K. L., A comparison of certain motor performances 
w articulation.ith normal speech and children with defective consonant 
Doctoral dissertation. U. of Michigan (1953). 

Michon, J. A., Programs and "programs for sequential patterns in motor 
behavior. Brain Res., 71, 413-424 (1974). 

timing of velar 

movements during speech. J. acoust. Soc. Am., 50, 678-684 (1971). 
Moll, K. L. and Daniloff, R. G., Investigation of the 

Monsen, R. B Durational aspects of vowel production in the speech of 
• y 

deaf children. J. Speech Hearing Res., 17, 386-398 (1974). 

consonant-vowelMonsen, R. B., Second formant transitions of selected 
children.combinations in the speech of deaf and normal-hearing 

J. Speech Hearing Res., 19, 279-289 (1976). 

Ohman, S. E. G., Coarticulation in VCV utterances: Spectrographic 
measurements. J. acoust. Soc. Am., 39, 151-168 (1966). 

Peterson, G. E. and Lehiste, I., Duration of syllable nuclei in English. 

J. acoust. Soc. Am., 32, 693-703 (1960). 



88 

as a functionPowell, R. L. and Tosi, 0., Vowel recognition threshold 
13, 715-724 (1970).• Jof temporal segmentations. Speech Hear. Res 

Powers, M., Functional disorders of articulation-symptomatology and 
U--''In L. E. Travis (Ed.), Handbook of Speech Pathology.etiology. 

New York, N.Y.: Appleton-Century Crofts (1970). 

the voicingRaphael, L. J., Preceding vowel duration as a cue to 
characteristics of word-final consonants in American English. 

J. acoust. Soc. Am. i 51, 1296-1303 (1972). 

the duration ofSchwartz, M. F., Influence of vowel environment upon 

/s/ and Ijl. J. acoust. Soc. Am.j 46, 480-481 (1969). 
errors fromShelton et al.. Identification of persons with articulation 

45, 143—observation of non—speech movements. Am. J. phys. Med.^ 
150 (1966). 

of speechShoup, J. E. and Pfeifer, L. L., Acoustic characteristics 
sounds. In N. Lass (Ed.), Contemporary Issues in Experimental 
Phonetics. New York, N.Y.: Academic Press, 171-244 (1976). 

Stevens, K. N • House, A. S. and Paul, A. P., Acoustical description> 

dynamic modelof syllabic nuclei: An interpretation in terms of a 
of articulation. J. acoust. Soc. Am.^ 40, 123-132 (1966). 

J. acoust.Stevens, K., Effect of duration upon vowel identification. 
Soc. Am., 31, 109(A) (1959). 

characteristicsStevens, K. N. and House, A. S., Perturbation of vowel 
by consonantal context: An acoustic study. J. Speech Hearing Res., 
6, 111-128 (1963). 

Stromsta, C A spectrographic study of dysfluencies labeled as stuttering• > 

by parents. De Therapia Vocis et Loquellae, 1, 317-320 (1965). 

Templin, M. C. and Barley, F., Templin-Darley Tests of Articulation. 
Bureau of Education Research and Service, U. of Iowa (1969). 

duration, frequency,Tiffany, W. R., Vowel recognition as a function of 
modulation and phonetic context. J. Speech Hear. Res., 18, 289-301 
(1953). 

control inTingley, B. and Allen, G., Development of speech timing 
children. Child Dev., 46, 186-194 (1975). 

Weiner, B. J • > Statistical Principles in Experimental Design. New York, 

N.Y.: McGraw-Hill Co. (1971). 

Zlatin, M. and Koenigstnect, R., Development of the voicing contrast: A 

comparison of voice onset time in stop perception and production. 

J. Speech Hearing Res., 19, 93-111 (1976). 



APPENDICES 



APPENDIX A 



Table A-1. Age, 

Subject 
No. Group 

1 artic. 

3 artic. 

6 artic. 

8 artic. 

9 artic. 

11 artic. 

13 artic. 

15 artic. 

17 artic. 

20 artic. 

2 normal 

4 normal 

5 normal 

7 normal 

10 normal 

12 normal 

14 normal 

16 normal 

18 normal 

19 normal 

sex, and 

Age 

25-6 

24-4 

22-1 

55-0 

18-0 

25-6 

44-9 

22-4 

43-5 

32-9 

21-0 

22-5 

26-10 

22-8 

55-11 

24-6 

46-4 

21-2 

46-0 

33-5 

test 

Sex 

F 

F 

M 

M 

F 

F 

F 

M 

M 

F 

M 

M 

F 

F 

M 

F 

F 

F 

M 

F 

scores for each individual subject. 

Artie, test IVOM Diado. rate 

score score combined syl. 

127 102 1.46 

91 103 1.53 

108 101 1.53 

130 104 1.73 

130 100 1.86 

129 104 1.60 

129 104 1.20 

130 102 1.46 

90 100 1.06 

109 102 1.06 

141 104 1.73 

141 104 1.66 

141 104 1.80 

141 104 1.80 

141 104 1.80 

141 104 1.73 

141 104 1.73 

141 104 1.80 

141 104 1.73 

141 104 1.80 
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INSTRUCTIONS TO THE SUBJECT 

shortAs a subject in this study, you will be given eighteen 

sentences to read. The sentences are all the same except for one word 

which will differ in each sentence. I would like you to read each 

sentence five times in a normal conversational manner. The sentences 

one at a time. Areare typed on index cards and will be handed to you 

there any questions. Before we begin the actual experiment, I am going 

several times so thatto ask you to say "Today is month the day, 1979 

I can adjust the volume of your voice coming through the microphone. 

I will then give you a list of practice words to read into the microphone. 

When you have practiced enough and are ready, we will begin the 

andexperiment. You are free to quit at any time during the procedure 

are under no obligation to continue. In order to leave the room. 

This session willsimply press down on this handle (demonstrate). 

last approximately thirty minutes. 
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STIMULUS SENTENCES USED IN RECORDING PROCEDURE 

1. Say the word epee please. 

2. Say the word ekee please. 

3. Say the word o'opob please. 

4. Say the word obcoo please. 

5. Say the word ahpah please. 

6. Say the word ahkah please. 

7. Say the word epdb please. 

8. Say the word ecdo please. 

9. Say the word epah please. 

10. Say the word ekah please. 

11. Say the word ahpee please. 

12. Say the word ahkee please. 

13. Say the word dbpee please. 

14. Say the word oTjkee please. 

15. Say the word o'opah please. 

16. Say the word dbkah please. 

17. Say the word ebpoT) please. 

18. Say the word ahcoo please. 
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PRACTICE MATERIAL USED PRIOR TO RECORDING 

e" as in the word "he 
It 

I For example, a baby will coo whenIt IIII 
oo as in the word coo 

he is happy. 
It butah" as in the word "shot It is spelled with an "o 

pronoun-ed as an "ah" 

These are the practice words which appear in the sentences: 

1. epee 

2. ekee 

3. dbpc5b 

4. o'oco'b 

5. ahpah 

6. ahkah 

7. epdb 

8. ecoo 

9. epah 

10. ekah 

11. ahpee 

12. ahkee 

13. oopee 

14. o'bkee 

15. o'bpah 

16. dbkah 

17. akpo"© 

18. ahcdo 
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