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ABSTRACT 

Perceptual Centers (P-centers) refer to that phenomenon in a word 

that must be regularly spaced in time with respect to other P-centers in a 

sequence of words in order for the sequence to sound isochronous (Morton, 

Marcus, and Prankish, 1976). The P-centers of monosyllables have been 

found to be affected by the phonetic makeup of the syllable itself (Marcus, 

1981; Fowler and Tassinary, 1981; Cooper, Whalen, and Fowler, 1986). In. 

general, the longer a particular segment within a syllable (initial consonant, 

vowel, or final consonant), the later the syllable's P-center. This P-center is 

equidistant from the surrounding P-centers of other words. For example, if 

words are set in time to a metronome, their P-centers would align with the 

metronome beat since the beats are equidistant from each other. 

This thesis examines what determines the P-center locations within 

disyllabic English words (American dialect). Consonant lengths and stress 

patterns (foot type) are evaluated for their effects on the words' P-centers in 

a series of six production experiments. The results indicate that, like 

monosyllables, consonant length has a major effect on the location of 

disyllabic words' P-centers. And, initial consonants have a greater effect on 

their words' P-centers than either medial or final consorwnts. This finding 

supports Morishima's (1994) Onset-Tail model that was developed for 

Japanese disyllables. 

In addition to demonstrating the consonant length P-center effect in 

English disyllables, this thesis will also show that the disyllable's foot t3rpe 

affects its P-center. The interword intervals preceding trochees will be 
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shown to be longer than those preceding iambs (a P-center effect). 

Therefore, the overall results of this thesis suggest that the P-centers of 

disyllables are affected by both ttieir prosodic structure and their individual 

consonant lengths. The implications of this joint effect on words' P-centers 

will then be considered in light of the isochrony, timing, and slot 

literatures. 
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CHAPTER 1: Thesis Intiodactioii 

1.0 INTRODUCTION 

Perceptual Centers CP-centers) refer to that phenomenon in a word 

that must be regularly spaced in time with respect to other P-centers in a 

sequence of words in order for the sequence to sound isochronous (Morton, 

Marcus, and Prankish, 1976). The P-centers of monosyllables have been 

found to be affected by the phonetic makeup of the syllable itself (Marcus, 

1981; Fowler and Tassinary, 1981; Cooper, Whalen, and Fowler, 1986). In 

general, the longer a particular segment within a syllable (initial consonant, 

vowel, or final consonant), the later the syllable's P-center. This P-center is 

equidistant from the surrounding P-centers of other words. For example, if 

words are set in time to a metronome, their P-centers would align with the 

metronome beat since the beats are equidistant from each other. 

This thesis examines what determines the P-center locations within 

disyllabic English words (American dialect). Consonant lengths and stress 

patterns (foot type)i are evaluated for their effects on the words' P-centers in 

a series of six production experiments. The results indicate that, like 

monosyllables, consonant length has a major effect on the location of 

disyllabic words' P-centers. And, initial consonants have a greater effect on 

their words' P-centers than either medial or final consonants. This finding 

^ A trochaic stress pattern (or foot) is two syllables with stress on the first syllable. An 
iambic pattern (or foot) is two syllables with the stress on the second syllable. 
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supports Morishima's (1994) Onset-Tail model that was developed for 

Japanese disyllables. 

In addition to demonstrating the consonant length F-center effect in 

English disyllables, this ttiesis will also show that the disyllable's foot type 

affects its P-center. The interword intervals preceding trochees will be 

shown to be longer than those preceding iambs (a P-center effect). 

Therefore, the overall results of this thesis suggest that the P-centers of 

disyUables are affected by both their prosodic structure and their individual 

consonant lengths. The implications of this joint effect on words' P-centers 

wiU then be considered in light of the isochrony, timing, and slot 

literatures. 

The rest of this chapter will present a basic background on relevant P-

center studies (both production and perception research) and will describe 

how the thesis as a whole contributes to P-center research. Chapter 2 

describes a series of five preliminary monosyllabic production experiments 

used to evaluate the experimental procedures for the following disyllabic 

experiments. Chapter 3 presents the six disyllabic production experiments 

and their corresponding consonant length analyses. The foot type analyses 

are given in Chapter 4 using the data from the experiments in Chapter 3. 

Chapter 5, the conclusion, summarizes the findings of the thesis and 

evaluates their implications. 
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1.1 PERCEPTUAL CENTER BACKGROUND 

This section begins by describing how P-centeis were discovered. 

From there  ̂key concepts  ̂experimental mettiodologies r̂ and terminology 

will be defined and explained. The second major section presents previous 

research into the phenomenon in detail. How the experiments of this 

thesis compare to those of previous research will also be presented. 

Spedfically,̂  die material in dus chapter will be referred to in Qiapter 

2 when the English monosyllabic sentence frame (production) experiments 

are presented. The results of the monosyllabic experiments will be shown 

to support previous studies (section 1.2.1 -1.23) and the Marcus Onset-

Rhyme distinction in section 1.2.4. The disyllabic analyses from the 

production experiments in Chapter 3 will show that Morishima's (1994) 

Onset-Tail distinction (section 1.2.5) holds for consonant length effects in 

English disyllables. And finally, that the English disyllabic foot type effect 

(Chapter 4) is not directiy comparable to Morishima's findings with 

Japanese disyllables (section 1.2.5) (because of what counts for stress in the 

two languages) will be explained. 

1.1.1 Morton, Marcus, and Prankish (1976): The P-center Discovery and 
Basic Concepts 

The term Terceptual Center" was coined  ̂ by Morton, Marcus, and 

^ It may have actually been coined by Marcus (1975), but Morton et al. (1976) say that they 
"wish to introduce a new term into the language of... speech perception." (ibid., p. 405) 



17 

Prankish (1976) in a theoretical note regarding an unexp)ected side-«Hiect of 

computer regulated speech items in the memory experiments they were 

running. They found that if the computer presented a list of items at 

regulcir intervals (firom acoustic onset  ̂ to acoustic onset);, the list was not 

perceived as being rhythmic For example  ̂if pairs of the numbers "one" 

through "ten" were digitally spliced together in a string such that the onsets 

of each word were equidistant from each other (an isochronous list), 

listeners would not perceive them as sounding rhythmic. This is shown in 

(1) with the pairing of the words "seven" and "eight". Each word's onset 

occurs every 500 msec but this regularity does not sound isochronous. 

(1) Onset Isochrony in a Perceptually Anisochronous List 
0 1000 2000 

seven pght seven pght seven 

500 500 500 500 500 
msec msec msec msec msec 

Subjects only found lists rhythmic when the words' onsets were not 

isochronous, i.e. only anisochronous lists are perceived as being rhythmic.̂  

Morton et al. (1976) used an interval adjustment (perception) task to 

test this phenomenon. Pairs of digits (the words "one" through "rune") 

were presented to subjects with one of the words occurring at fixed 

intervals (measured from onset to onset). The other paired word occurred 

^ Here, the word "onset" refers to the acoustic onset of a word - its beginning from silence. 
Only where noted will the term refier to the phonological unit "onset", meaning all that 
precedes a vowel within a syllable. 
^ Lists where acoustic offset intervals are kept cortstant should also be perceived as 
arhythmic. Although this has not been tested specifically (to my icnowledge), since it is the 
reverse of regulating onsets, the words' P-centers would still not occur at regular intervals. 
See below. 
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between these fixed words at an interval determined by the experimenter. 

Subjects then moved the second word relative to the first imtil the entire 

list sounded rhythmic. 

They found that for a "seven eight" pairing (in the list "seven eight 

seven eight..."), the relative onset asynchrony between the two words was 

80 msec. So, if the orisets of "seven's" occur at regular 1 second intervals, 

the onsets of the "eight's" follow 580 msec later. And, in the converse, the 

onset-to-onset time between "eight" and "seven" would be 420 msec. Figxire 

(2) displays this pictorially. 

(2) Onset Anisochrony in a Perceptually Isochronous List 
1000 2000 

seven (Sight seven (eight seven .... 
580 420 580 420 580 
msec msec msec msec onsec 

From this experiment, it was not obvious to Morton et al. (1976) 

what parts of the words were being kept equidistant from each other in the 

perceptually isochronous lists. So, they defined a word's Perceptual-center 

as such: the point in words that is kept equidistant from other such points 

in a perceptually isochronous list. These points could also be referred to as 

the words' perceived centers of rhythm. Morton et al. (1976) then set out to 

discover what P-centers were and what they are affected by. 

By lining up the waveforms of the ten digits according to their 

relative aligrunents (as determined by the interval adjustment 

experiments), they found that the P-centers of the words did not correspond 

"to word onset, stressed vowel onset, nor to position of peak vowel 

intensity" (ibid., p. 406). Since none of the waveforms' parts (onsets. 
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vowels' onsets, etc) lined up with anothers', the P-centers could not be 

detected by simply looking at their waveforms. Even though these words 

had perceived centers of rhythm, they were not distinctly visible parts of 

the signal. Acoustic onset anisochronies led Morton et al. (1976) to the P-

center concept but the P-centers themselves could not found in any part of 

the speech signal. 

Further research has confirmed that P-centers definitely do not refer 

to any simple discontinuity of the speech signal (such as vowel or 

consonant onsets). The P-centers of words  ̂ar  ̂conditioned by their acoustic 

makeup, however. That is, the durations, amplitudes, and frequencies of 

the segments within a word (their initial and final consonants, and vowels) 

affect the location of the word's P-center. The duration of initial consonants 

seems to affect P-centers the most (vowels and final consonants to a lesser 

degree), as will be shown shortly in sections 1.2.2 and 1.2.3. The longer these 

consonants, the later the P-center location within a word. For instance, the 

P-center of 'spat' is in a later place in the word relative to that of 'pat' even 

though they are structurally very similar. The extra duration added by the 

initial /s/ causes the P-center of 'spat' to shift (relative to the P-center of 

'pat) toward the end of the word. This would result in acoustic onset 

anisochrony if these two words were said in a rhythmic, alternating list (pat 

spat pat spat pat spat...). This can be seen in (3). 

5 Until the discussion of Morishima (1994), "word" will refer to otionosyllabic words only. 
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Their P-centers would occur at regular intervals (top line), but their onsets 

would not (bottom line). And, the acoustic onsets of particular segments 

could be seen in a waveform or spectrogram, but their P-centers would not. 

In sum, P-centers are the points in words that are kept equidistant 

from other such points in surrounding words. While a list of words' P-

centers are isochronous (occurring at regular intervals), their onsets, vowel 

onsets, etc. are not. This is because the acoustic composition of a word 

determines where its P-center will be. Words made up of different 

segments have different P-center locations (relative to one another). So, 

rhythmically spoken, heterogeneous lists of words exhibit onset-to-onset 

anisochrony but their P-centers would be isochronous. 

Now that the basic P-center phenomenon has been explained, actual 

research (production and perception experiments, etc) into their nature 

will be presented. This is necessary so that the experiments done for this 

thesis can be seen in the context of earlier studies. 

^ The nunnbers in this diagrcun are hypothetical tind are used for demonstration purposes 
only. 



21 

IJ. PREVIOUS P-CENTER RESEARCH 

This section provides an overview of the previous Perceptual-Center 

research that is relevant to the issues raised in this thesis. The experimental 

procedures and results of these selected studies provide theoretical 

background for the experiments done here. Namely, investigations into 

segmental duration effects and (possible) stress effects on P-center location 

will be reviewed. How these earlier studies bear on the present thesis will 

be examined in section 1.3. 

Since the previous P-center research mainly dealt with the P-centers 

of monosyllables, this section will be have three subsections (sections 1.2.1 -

1.2.3) dealing with the specific parts of monosyllabic words: initial 

consonants, vowels, and final consonants. These sections will include 

descriptions of experiments as well as their findings, bi some cases, 

experiments from one paper will be separated into different sections 

depending on their methodological content. Section 1.2.4 will summarize 

the monosyllabic findings and introduce Marcus' (1981) model for P-center 

prediction- The final subsection (1.2.5) will summarize the findings of 

Morishima's (1994) work on Japanese disyllables. 

1.2.1 Lrutial Consonant Experiments 

Of all the parts of a monosyllabic word, the initial consonants have 

been found to have the greatest effect on the location of a word's P-center. 



As the length of a word's initial consonant or duster increases  ̂ the distance 

between the word and die word before it decreases. Or, since a longer iititial 

coiisonant or cluster of a word results in that word's P-center being located 

further from its beginning, the later a word's P-center, the closer that word 

is to its predecessor (as shown above in figure (3)). This phenomenon can 

be observed in botti production experiments (sections 1.2.1.1,1.2.1.2) and in 

perception ones (section 1.2.1.3). 

1.2.1.1 Fowler (1979) - Production 

While Morton, Marcus, and Prankish (1976) discovered P-centers 

with a perception experiment (as mentioned in section 1.1.1), Fowler (1979) 

conducted three production experiments to determine whether the 

deviations from acoustic isochrony (onset-to-onset regulation) that 

listeners need to perceive a sequence of words as rh5rthmic are actually 

produced by speakers. Her experiments focused on the effects of initial 

cor^onants on onset-to-onset anisochronies of American English 

monosyllables and provide the methodological background for the 

experiments done in this thesis. There were two nonmetronome tasks and 

one sentence frame task. These particular experimental methodologies will 

be explained before presenting the results. Other researchers' 

experimentation on the effects of initial consonants on P-centers will 

follow in section 1.2.1.2. 
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1.2.1.1.1 Metronome/Nonmetronome Tasks: Methodology 

One of the types of production experiments used in P-center studies 

is the metronome/nonmetronome task7 This involves having the subject 

recite lists of words first alone without the aid of a metronome and second, 

in time with a metronome. The lists are either "homogeneous" where all 

the words are the same .̂ or "heterogeneous" alternations of two words like 

the 'pat spat...' example above. For the noiunetronome trials ,̂ subjects are 

instructed to read the lists of words in as rhythmic a manner as possible. By 

reciting the lists without a metronome's aid, the subjects' responses are not 

biased by a metronome's influeiKe. 

Speakers are then asked to recite the same lists of words in time to a 

metronome ,̂ with the metronome beat providing an external locus of 

rhythm for the speaker. Each word's deviation from absolute onset 

isochrony can be seen in a waveform as how far away the acoustic onset of 

the word is from the metronome beat^° 

In these experiments, the metronome pulses are thought to coincide 

with the P-centers of monosyllabic words. However, there is no empirical 

evidence that supports this claim. The actual P-centers of the words may be 

offset before or after the metronome's beat. It has also been noted by Marcus 

(1981; p. 255) that metronome tasks may employ processing that is different 

Fowler and Tassinary (1981) coined the names for these types of experiments. 
® Fowler's (1979) results from this kind of experiment follows in section 1.2.1.1.2. 
^ Fowler and Tassinar/s (1981) results from this tjrpe of experiment will be given in section 
1.2.1.2.2. 

This technique WIB developed by Elapp (1971) who used it as a device to assess syllable 
timing in Swedish. 
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than what is really used in natural speech production because they require 

speaking in time to an outside source. But, norunetronome tasks exhibit 

the same kinds of onset anisochronies that metronome tasks do (as will be 

seen in the results from Fowler and Tassinary (1981), section 1.2.1.2). That 

is, the effects of different words' P-centers is the same across the two types of 

experiments. Therefore, there is no reason to prefer one methodology over 

the other on the basis of their results alone. The Fowler and Tassinary 

(1981) results below will show this in greater detail. 

The measurements taken for norunetronome experiments are as 

follows: the distances between onset-to-onset and the lengths of words' 

individual segments (initial consonants, vowels, and/or final consonants). 

Also, intervowel distances can be measured depending on the focus of the 

experiment.̂  ̂For the metronome experiments, the extra measures of 

initial consonant-to-beat, vowel-to-beat, and final consonant-to-beat are 

usually added. 

Comparisons between onset-to-onset meastires reflect any 

anisochronies that are present. In homogeneous utterances, differences 

between two or more of these measures are not significant since all of the 

words are the same. In heterogeneous utterances, however, there are 

significant positive deviations from isochrony from one syllable to the 

next. Examples of both of these kinds of results will be shown for stimuli 

where initial consonants vary and where vowels vary (Fowler, 1979; Fowler 

That is, if the relationship between P-centers and vowels is needed for cinalysis, 
intervowel durations are measured. Similarly, the distances between final consonants can 
also be measured. 
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and Tassinary, 1981; Fox and Lehiste, 1987).i2 

With the measurements available &om metronome/ 

nonmetronome experiments  ̂researchers are only able to analyze the P-

center effect, not P-centers themselves. This effect describes the onset-to-

onset anisochronies that are present between heterogeneous lists of words. 

Words with longer initial consonants (or vowels or final consonants) are 

closer to the words that precede them than are words with shorter initial 

consonants (or vowels or final consonants). The words' oiisets shift relative 

to each other in order to maintain P-center isochrony. This results in onset-

to-onset anisochrony. Also, the P-centers of longer initial consonant words 

are thought to occur later in their syllables than in shorter initial consonant 

words. But where the P-centers are located exactly is impossible to 

determine in this tyipe of experiment. 

The reason for this is the nature of production data coupled with the 

fact that P-centers are not visible in a word's waveform or spectrograph. 

Production data is not as precise as die computer-generated data used in 

perception experiments.̂  ̂For instance, in Fowler's first nonmetronome 

experiment, the homogeneous lists of words were not produced exactly 

isochronously even though they were expected to. Their mean deviations 

from isochrony ranged between 19.7 and 27.5 msec. So, even though the 

lists' homogeneity should make them have perfect onset-to-ot\set 

isochrony, this was not exactly so.̂  ̂These sorts of differences result in 

Metronome/nonmetionome experiments with alternating final consonants have not been 
performed to my knowledge. 

These were briefly described in section 1.1.1; further details in section 1^13.1. 
However, since the mean deviations were not significantly different from each other, the 

lists cire considered to exhibit onset-to-onset isochrony. See section 1.2.1.1.2 for more details 



26 

measurements that are too variable to be used in solving for unknown 

(mathematical) variables such as the F-centers of words. There are not 

enough constraints on the data to make these measurements viable for use 

in a P-center solving algorithm. And, since the P-centers of words are not 

directly visible in the speech stream, they cannot be calculated by simply 

looking at the words' waveforms. In a perception experiment such as the 

interval adjustment task (section 1.2.1.3.1), however, researchers can solve 

for words' P-centers since its data is completely controlled by computer. 

With precise before-and-after placements of words in a computerized list, P-

centers can be solved for. 

Now that the metronome/noiunetronome methodology for 

Fowler's (1979) first two experiments has been explained, the actual results 

will be presented. After this. Fowler's third experiment utilising the 

sentence firame methodology will be described. 

1.2.1.1.2 Fowler (1979) - Noiunetronome Tasks: Results 

In Fowler's first nonmetronome experiment, the stimuli corisisted of 

'ad, bad, mad, nad, tad, sad'. The test lists/"sentences" had two forms: 

homogeneous and heterogeneous. A homogeneous example would be 

'mad mad mad mad mad mad', a heterogeneous example would be 'mad 

sad mad sad mad sad'. 

The second noiunetronome experiment had the syllables "bad, dad. 

on this experiment 
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gad' and their prevoiced counterparts as stimuli. Fowler (1979; p. 384) 

describes prevoiced consonants as die following: 

Acoustically, prevoiced consonants differ from their voiced counterparts in having a 
substantial duration of acoustic energy due to voicing preceding the stop-consonant 
release. In the voiced stops, the release is preceded by silence.... In the prevoiced 
consonant, closure is accompanied by voicing; in the voiced consonant, it is not 

Basically^, prevoiced consonants are longer,, due to extra voicing, than 

normal voiced consonants. Two phoneticians participated as subjects since 

laymen could not be trusted to produce prevoiced stops accurately. 

For the homogeneous sentences, a one-way ANOVA verified that 

the interval lengths did not differ significantly firom each other across all 

initial consonant types in both experiments. So, even though their mean 

deviations from isochrony ranged between 19.7 and 27.5 msec, these 

differences were not significant enough to consider them anisochronous. 

That is, all the intervals were of roughly equal length indicating that the 

homogeneous sentences' words had the same relative P-center locations. 

However, the heterogeneous sentences did have significant 

differences between their intervals in both experiments. For the first 

experiment, a significant positive correlation was found between the 

average deviation from isochrony (onset-to-onset measures) and the 

average difference in duration of the initial consonants: [r = .92, p < .001] .^5 

Longer initial consonants, whether normal ([m, n, s]) from the first 

experiment or prevoiced from the second experiment, produced greater 

Here, r is the correlation coefficient from the regression and p is its significance value. 
Correlation coefficients were not given for the prevoiced consonants' experiment A 

repeated measures ANOVA, however, showed that for the heterogeneous utterances, the 
third interstress interval was longer than either the second or fou^ [F(2,4) = 135.5, p = 
.008]. So, where the alternating word occurred, there was a significant devismce from onset 
isochrony. 
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deviations £roin absolute onset isochrony. Those words were produced 

closer in time to the words before them than the words with shorter ixutial 

consoxuu:its. These onset anisochronies show that the words with longer 

initial consonants have later P-centers. 

Fowler's third experiment using sentence firames also produced 

similar results. The following section will explain this methodology and 

1.2.1.1.4 will present her results. 

1.2.1.1.3 Sentence Frame Tasks: Methodology 

The sentence frame task is another type of P-center production 

experiment which uses real sentences, instead of lists of words, to elicit 

rhythmic data. Sentence frames offer a more "natural" (Fowler, 1979; p. 377) 

way to test rhythm in speech while nonmetronome tasks do not • because 

the latter are comprised of lists of words, not actual sentences. Another 

drawback to using a list-of-words method to elidt P-center data is that 

speakers of some non-Indo-European languages cannot simply list words in 

succession. For example, while English speakers can easily spout off lists of 

words in a rhythmic manner (such as days, numbers, and months), Tohono 

'O'odham (Uto-Aztecan) speakers cannot due to the structure of their 

language (Ofelia Zepeda, p.c.). This will be important to consider when P-

center experimenters begin to evaluate other languages' rhythmic 

properties. Since every language has sentences, sentence frame tasks should 

be applicable to every language. 
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Sentence firames are also the closest an experimenter can get to 

natural speech without looking at actual discourse. True discourse, 

however, would contain many variables that could not be controlled or 

manipulated by the experimenter. Intonation, speaking rate, and most 

importantly, word composition (segments, stress, etc) would all be at the 

subjects' whim. Because of these variations, experimenters are tr3dng to 

define the timing behavior of words in controlled environments before 

attempting to do so in unregulated ones. 

The sentence frame task itself is as follows. Subjects are asked to 

recite a series of sentences where one word changes foom sentence to 

sentence. For example. Fowler (1979) used the sentence frame 'Jack likes 

black taken from Lehiste (1973a).i7 Fowler's test words were: "acts, 

bats, mats, gnats, tacks, sacks." 

The measurements taken £rom the recorded data are basically the 

same as those in a metronome/norunetronome task. The interword 

intervals between "like" and the test words are measured,^® as well as 

various segmental durations within the test word. This way, the segments' 

influences on ttie test word's P-center can be seen in the duration of the 

interword interval. If the test word's initial consoiiant is long, for example, 

this interword interval will be relatively short compared to words with 

The Lehiste (1973a) collection of sentences which this frame was taken from were used to 
determine the effects of sentence position on foot type. There were 17 sentences total made up 
of words with varjdng numbers of syllables group^ into four Abercrombian (1964,1965) feet. 
This sentence's original form was 'Jack likes black dogs." Fowler does not, however, give any 
reason for choosing this particular sentence out of the Lehiste (1973a) series. 

This is an offeet-to-onset measure since it is cin interword interval Anisochronies can also 
be measured in this way since the word preceding the test words is alwa)^ the same; words 
made up of different segments will have different interword interval durations relative to 
each other. 
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shorter mitial consonants. But, for the same reasons discussed for 

metronome/norunetronome tasks in section 1.2.1.1.1, sentence £rame data 

cannot be used to locate the precise positions of F-centers. This t3^e of 

production data is too variable to be used in solving for unknown 

(mathematical) variables such words' P-centers. Therefore, sentence frame 

data can only be used to examine the P-center effect (section 1.2.1.1.1). 

So, the results ffom sentence frame experiments are comparable to 

those obtained by metronome/nonmetronome tasks. This is because onset-

to-onset, or, in this case, offset-to-or\set anisochrorues are used in both tasks 

to discover what effect different words' segmental makeups have on their 

sixrrounding interval lengths. Both tasks measure interword intervals and 

segmental lengths and this data is used to analyze the P<enter effect. But, 

the sentence frame task uses a more natural way of eliciting data - in 

sentences, rather than lists of words. For this reason, it may prove to be the 

most useful P-center task when examining speech rhythm in non-Indo-

European languages.!^ 

1.2.1.1.4 Fowler (1979) - Sentence Frame Task: Results 

Fowler's third experiment on initial consonants was a sentence 

frame task. As given in the preceding section, the sentence frame used was: 

'Jack likes black ." The last word of the sentence was replaced by one 

However, experimenters need to control for sjmtactic junctures within their sentence frames 
lest they contribute to interword intervcil lengths. See Cooper, Lapointe, and Paccia (1977) 
and Rakerd, Sennett, and Fowler (1987) (sunong others) for more information. 
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of six words: 'acts, bats, mats, gnats, tacks, sacks'. 

The results were similar to her nonmetronome experiments (section 

1.2.1.1.2) in that the ixutial consonants of the test words determined the 

distance from 'black' to themselves, i.e. the longer the initial consonant 

(and later P-center), the shorter ttie interword interval (the P-center effect). 

This can be seen in the significant negative correlation coefficients for her 

two subjects: (a) [r = -.96, p < .001], (b) [r = -.75, p = .02]. 

The results from this experiment and the noiunetronome ones 

above show that speakers produce onset-to-onset anisochronies in lists and 

sentences. These anisochronies reflect the isochrony of the words' P-

centers. Furthermore, these produced anisochronies are exactly those that 

listeners need in order to perceive speech as being rhythmic. The 

experiments done for this thesis produce results similar to these using only 

sentence frame tasks. The stimuli, however, are more complicated than 

Fowler's; for the initial consonant experiments, they are similar to those 

used in Fowler and Tassinary (1981) as described in the following section. 

Fowler and Tassinary's (1981) production experiments produce 

parallel results to the ones found by Fowler (1979) and Morton, Marcus, and 

Frankish (1976) except that the stimuli consisted of complex initial clusters. 

Words with longer initial clusters are produced closer to their predecessors 

thcin words with single initial cor\sonants. 
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1.2.1.2 Fowler and Tassinary (1981) - Production - Metronome/ 
Nonmetronome Tasks: Results 

Fowler and Tassinary (1981) continued work on initial consonants by 

rurtning both a metronome and nonmetronome experiment on stimuli 

that included consoimntal clusters of English. They created a total of 33 lists 

of seven syllables each. The lists were composed of monosyllabic words; 

some were nonsense words, some were not. Nine homogeneous sentences 

and 16 heterogeneous lists were created &om the syllables /bad, dad, fad, 

mad, rwd, pad, sad, tad/.^° For the heterogeneous lists, each syllable was 

paired with /ad/. The heterogeneous lists also included the following 

combinations: /strad stad strad.../, /strad sad strad.../, /stad sad stad.../, 

/trad tad trad.../ and their mirror reversals (as in /stad strad stad.../ for the 

first listed sequence). The three American English speaking subjects had a 

total of 42 lists analyzed (21 metronome, 21 noiunetronome) out of 84 

produced due to a complex randomization procedure. 

The homogeneous results for both the metronome and 

norimetronome experiments were much the same as in Fowler's (1979) 

nonmetronome experiments: there were no significant deviations from 

onset isochrony. The heterogeneous lists produced the same kinds of 

aiusochrorues found in other P-center experiments: longer initial 

consonants or clusters brought words closer to the ones directly before 

them. There was a positive correlation between the average onset-to-onset 

differences and the average initial consonants' differences 

20 The vowel here is [a] as in 'job'. 



33 

(nonmetronome: [r = .88, p < .001]; metronome: [r = .91, p < .001]). The 

onseMo-onset length difference between the 'strad-sad' alternations and 

the stad-sad' alternations was caused by the initial consonant length 

differences between 'strad' and 'stad'. So, because /str/ was longer than /st/, 

the distance between the onsets of a 'sad strad' pair is shorter than ttmt for a 

'sad stad' pair. And, the converse is also true: the distance between the 

onsets of a 'strad sad' pair is longer than that for a 'stad sad' pair. 

Fowler and Tassinary's (1981) metronome results concerning the P-

center effect were similar to those produced by their norunetronome 

experiments. They foimd that, like other P-center experiments, the longer 

the initial consonant(s), the closer that word is to the one before it. But, they 

also found ttiat in the words with the longer initial consonants, the 

metronome pulse occurred later with respect to the beginning of the 

word.2i So, the pulse fell later in /strad/ than in /dad/ and /strad/ always 

occiirred closer to its predecessors than /dad/ did. Both the metronome and 

norunetronome results indicate that initial consonant length, whether of a 

solitary consonant or a cluster of consonants, affects P-center location. The 

experiments done in this thesis produce parallel results to these in that 

complex initial dusters' length determines its distance from its predecessor. 

21 Therefore, if the metronome's beat does, in fact, coincide with the words' P-centers, this 
experiment shows that P-centers occur at different relative locations within different words. 



34 

1.2.1.3 Marcus (1981) - Perception 

Marcus (1981) conducted two perception experiments on initial 

consonants' effect on P-center locatioru These were part of a series of 

experiments that also evaluated other parts of words (sections 1.2.2.2 and 

1.2.3.1). He created a model for P<enter prediction (section 1.2.4.1) based on 

the findings &om all of the experiments. The results from his initial 

consonant perception experiments are similar to those found in production 

(previous sections) in that words with longer initial consonants have later 

P-centers. The findings here are important because they show that there is 

an initial consonant length effect when the consonants are real or 

computer generated. 

Marcus' (1981) experimental methodology will be presented first. The 

results of the initial consonant experiments will be described in section 

1.2.1.3.2. After that, a summary of the initial consonant experiments' 

findings will be given. 

1.2.1.3.1 Interval Adjustment Tasks: Methodology 

Another kind of P-center experiment is a perception task called an 

interval adjustment task.^ Subjects listen to artificially created lists of 

words where one word is presented at regular intervals (measured from 

acoustic onset to onset) and another word appears between these 

22 This is sometimes referred to as a dynamic rhythm setting task (Scott, 1993). 
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"regularized" words. The listener is then, instructed to adjust a knob to 

move the second word forward or backward in time relative to the 

surrounding "regularized" words. 

The stimuli heard in this tjrpe of experiment are created as follows. 

For a sequence like "madi bad mad2 bad mads...";. 'mad's are artificially 

(digitally) "regularized" so that the distance between the onsets of madi and 

mad2 are the same as the distance between mad2 and mads^ and so on. The 

"bad's, then, are placed between the 'mad's at no regular interval; the 

subject must then create a rhythmic list out of the arhythmic list that is 

presented to him/her by moving the "bad's relative to their surrounding 

"mad's. This is done by turning a potentiometer knob that moves the "bad's 

aroimd while leaving the 'mad's in place. Figure (4) shows this pictorially. 

(4) Interval Adjustment Task Methodology 
subject adjusts t 

mad mad mad bad mad bad 

TIME ^ 
Figure (4). Stimulus 'mad' occurs at fixed temporal intervals. The relative timing of "bad' is 
controlled by the subjects. 

So, the subject's job is to adjust the second word ("bad") so that the whole 

sequence of words ('mad bad mad bad...') sounds like a rhythmic list.^ 

The experimenter then measures the newly created distances 

between each 'mad' and 'bad' from (a) acoustic onset to onset and from (b) 

Subjects «ire given the example of "soldiers receiving marching orders ("left-right-left 
...")" (Marcus, 1981, p. 247) as an example of a rhj^thmic list. Whalen, Cooper, and Fowler 
(1989) found that if subjects are given instructions to align the onsets, vowels, or offsets of the 
words instead of creating rhythmic lists, they can only align the words' P-centers, thereby 
creating rhythmic lists. 



the end of voicing in each /d/ to the acoustic onset of the next word. This is 

shown below in (5). 

(5) Interval Adjustment Task Measurements 

From these meastirements, the relative location of each word's P-

center is determined using an algoritiim, or computer program, developed 

by Marcus (1981).^^ Basically, any deviation of the second word (in this case, 

"bad") from exactly halfway between its surrounding 'mad's indicates a 

difference between their P-centers (Scott, 1993; p. 52). This method does not 

give an absolute measure of the two words' P-centers, it only provides 

information on their locations relative to each other. But, many trials are 

usually run with lots of different words as stimuli; "since every stimulus is 

aligned to a rhythm against every other stimulus, this method provides 

information about how all the stimuli are set in different contexts, (ibid.)" 

Comparing words' P-center locations across experiments is difficult, 

however, because of their relative nature. So, in contrast to both 

metronome/norunetronome tasks and sentence frame tasks, the data from 

interval adjustment tasks can be used to calculate words' P-centers. But, 

these relative P-center locations are only valid within each interval 

adjustment task experiment. 

In sum, interval adjustment tasks enable the researcher to calculate 

words' relative P-centers. An arhythmic list is presented to subjects; their 

24 See Marcus (1981) for more information on this algorithm. Note that this algorithm is net 
the same as Marcus' (1981) Onset-Rhyme model which will be discussed in section 1.2.4.1. 

mad ... 

a b 
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task is to make it rhythmic. By comparing the list's interword intervals 

before and after the experiment, the researcher can determine where each 

word's P-center is relative to its paired word. 

The results from Marcus' (1981) study on initial consonant effects on 

P-center location using this methodology will be presented in the following 

sectioru Other research using this technique evaluating the roles of vowels 

and final consonants will be presented in sections 1.2.2 and 1.2.3. 

1.2.1.3.2 Marcus (1981) - Interval Adjustment Tasks: Results 

Marcus (1981), using two interval adjustment tasks, continued the 

work of Morton, Marcus, and Prankish (1976), but focused on the 

development of a model that would predict where P<enters occxir in words 

based on their segmental content.25 In his first experiment (on British 

English speakers), he used the same stimuli as in Morton et al. (1976) by 

grouping each numerical digit ('one' through 'nine') with another. One 

digit pair example would be: [two five two five two...] where the 'five's 

would be adjusted by the subjects relative to the 'two's to make the 

sequence sound rhythmic. Relative P-center locations were then solved for 

by a computer program.26 He found a significant positive correlation (r = 

.87) between the words' initial onsets and their P-center locations, with all 

25 This Onset-Rhyme model will be described in section 1.2.4.1. 
Again, please see the original paper for the complete algorithm behind this program. 

Marcus' P-center location progmm utilizes (among other things) a series of simultaneous 
differential equations. The mathematical equations used in the algorithm are not needed to 
understand the phenomenon at hand; adding them here is unnecessary. 
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of the subjects behaving in die same manner. So, the longer the initial 

consonant, the later the P-center. This means that in the task itself, the 

subjects consistently placed words with longer initial consonants closer to 

their predecessors than those with short initial consonants. Subjects, 

therefore, were lining up the words' P-centers in the experiment and not 

some other part of die words. Marcus' second experiment in this paper had 

similar results even though the stimuli were slightly different. 

The second experiment examined the effects of artificially different 

lengths of [s] in the word 'seven' on P-center location.27 The stimuli 

consisted of six versions of 'seven' ranging firom [sevn] to [tsevn] to [tevnj.^s 

These artificial initial [sj's behaved much like natural consonants of 

different lengths in that they produced the same P-center pattern as the 

original digit sequences in his first experiment. All of the subjects had a 

positive correlation between their initial consonant durations and P-center 

locations (the exact r value is not given). The shorter the initial [s] in 

'seven' was, the earlier the word's P-center, and the longer the interword 

interval. This shows that the words' P-centers were affected by the 

durations of the initial consonants even though these lengths were 

artificially created. 

The results of these two initial consonant interval adjustment tasks 

27 Although the results from this experiment are comparable to other P-center experiments 
(words with longer onsets have later P-centers), there is a problem with the methodology. 
While other P<enter studies up to 1981 had restricted their stimuli to monosyllables because 
the behavior of disyllables was ur\known, Marcus, here, examines one without even 
discussing the issue. Nevertheless, section 3.2 will show that different initial consonant 
lengths affect a word's P-center no matter if the word is a monosyllable or disyllable. 

Note that this last stimulus, [tev^], would sound like Devon' to a native English speaker 
since the [t] is unaspirated. 
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show that the length of a word's initial consonants (real or artificial) aHects 

the location of its P-center. The first experiment found this with normal 

initial consonants (from the digits 'one' through 'rune'); the second with 

synthesized /s/'s heading the word 'seven.' Marcus found that the longer 

the initial consonant, the later the word's P-center. The earlier a word's P-

center occurs in the word, the closer that word is to its predecessor, and vice 

versa. The followmg section summarizes the findings of Marcus (1981) and 

the other initial consonant experiments presented earlier. 

1.2.1.4 Initial Consonant Experiments: Summary 

While Morton, Marcus, and Prankish (1976) determined that onset 

anisochronies are needed for a list to sound rhyttimic, other researchers 

found that these anisochronies are caused (at least in part) by the length of a 

word's initial consonant. Fowler (1979) foimd that consonants with longer 

inherent lengths had shorter previous intervals. She used both 

nonmetronome and sentence &ame tasks with varying solitary initial 

consonant stimuli (both normal consonants and prevoiced ones) to find 

this. Fowler and Tassinary (1981) supplemented this result by showing that 

larger initial consonant quantities (clusters) also affect words' P-centers in 

the same manner. Metronome and nonmetronome tasks were performed 

to achieve tiiis result. Overall, longer clusters had shorter preceding 

intervals and therefore later P-centers, by definition. Both metronome/ 

nonmetronome and sentence frame tasks (production experiments). 
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however, do not allow the researcher to find each word's exact P-center. 

Marcus (1981) also found the same sorts of initial consonant duration 

effects on words' P-centers. He used interval adjustment tasks (perception 

experiments) to produce these results. These allow the researcher to find 

paired words' relative P-centers, not absolute ones. Marcus' use of artificial 

initial consonants as stimuli shows that it is not the nature of the 

consonant that determines P-center location, it is its duration. 

So, the results from these production and perception experiments 

show that the P-center effect is parallel for speakers and hearers. When 

speakers create a rhytfunic list of words (as in a nonmetronome task), the 

intervals before long initial consonants are shorter than those before short 

initial consonants. When listeners correct an arhythmic list of words (as in 

an interval adjustment task), the interveds they create are also shorter 

before long initial consonants and short before long initial consonants. 

Both of these facts indicate that speakers and hearers are manipulating 

words around their respective P-centers and that those P-centers' locations 

are affected by the initial consonant durations of the words. It is important 

to understand that this initial consonant P-center effect can be found with 

both production and perception experiments. The following section shows 

the P-center effect also occurs when vowel lengths are varied within words. 

Both production and perception experiments are dted. 
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1.2.2 Vowel Experiments 

Production and perception evidence concerning the contribution of 

the vowel to the disposition of the P-center will be described in this section. 

The vowel length effect is the same as it is for initial consonants: the longer 

the vowel, the later the P-center. Words with longer vowels are closer to 

their predecessors. 

While vowel duration does affect ttie location of a word's P-center, it 

is not as strong an effect as was seen with the initial consonants. This 

difference will be discussed in more detail in section 1,2.4.1 when Marcus 

(1981) is discussed. For now, only raw results without interpretation will be 

given so that all factors can be taken into account during the description of 

Marcus' model. 

1,2.2.1 Fox and Lehiste (1987a) - Production 

In the only P-center work that dealt solely with vowels. Fox and 

Lehiste (1987a) rail a metronome/nonmetroiu>me experiment that 

examined 15 possible vowels in American English. The subjects read lists 

composed of pairs of seven monosyllabic words that had the structure; 

/sVt/. The V (vowel) was one of the following: /i, I, el, e, ae, a, A, O, OU, U, U, 

al, ol, au, For the heterogeneous lists, each word was paired with /salt/ 

29 The original representation for these vowels has been maintained. Example words with 
these vowels are as follows; beat, bit, bait, bet, bat, pot, putt, bought, boat, boot, bite, void, 
bout, Bert. 
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'sight'; the mirrors of these were also recited (ex. [sight set sight set...] and 

[set sight set sight...]). The vowel experiment in ttus thesis (section 2.2) 

borrows from diese stimuli; these test words are used within a sentence 

frame task, however. 

In the metronome tasks^ die beat was a lOOOHz square wave 100ms in 

duration occurring once every second. They assumed that shifts in vowel 

onsets relative to the metronome pulses or to adjacent vowel orisets (in the 

nonmetronome conditions) would be indicative of P-center shifts. 

The results of the metronome experiment show that the onsets of 

longer vowels occurred earlier than onsets of shorter vowels, but not with 

the diphthongs or /z-/. The intervals between the metronome pulses and 

the vowel onsets for the nonrhotic monophthongs were significantly 

predicted by mean vowel duration [r (11) = -.66, p < .03]. Since longer vowels 

must be started earlier than shorter vowels, this indicates that their P-

centers occur later (relatively) in words witti longer vowels than in those 

with shorter vowels. 

The nonmetronome task produced similar results. They found that 

as vowels got close to the length of their alternator ('sight'), the vowel 

onset-to- vowel onset interval differeiKes disappeared. That is, the longer 

the vowel, the more isochronous the list became. Shorter vowels created 

more onset anisochronies than longer vowels. They interpreted this as the 

usual result of P-center experiments: "as vowel duration lengthens, the P-

center shifts toward the end of the token" (ibicL, p. 8). The following section 

presents similar results from two different perception experiments using 

interval adjustment tasks. 
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1.2^.2 Marcus (1981) and Cooper^. Whalen^ and Fowler (1988) - Perception 

Marcus' (1981) third experiment on monosyllables involved an 

interval adjustment task that, again, used computer-altered data as stimuli. 

Here, one subject was asked to correct arhytiunic lists which had pairs of the 

following syllables as words: [bae, dae, gae, pae, tae, kae, bae+, dae+, gae+]. The 

final three syllables were created by "pitch-synchronously duplicating 

consecutive pitch periods in ttie stored waveform" (Marcus, 1981, p. 251).30 

The vowels of the original [bae, dae, gae] were extended in this way by 59,58, 

and 61 msec respectively. 

The P<enters calculated for three runs of the experiment were found 

to shift toward the end of the words the longer their vowels were. 

Comparing the normal vowels to the extended ones, the shifts were of 21, 

17, and 21 msec respectively.̂ ! This shows that vowel length, as well as 

initial consonant length, also plays a part in determining where a word's P-

center will occur. 

Cooper, Whalen, and Fowler (1988) ran a similar interval 

adjustment task where, from the syllable /a/, they excised seven-step 

continua of pitch pulses out of the vowel. They then added an unaltered, 

fixed duration /s/ to each of the seven /a/ syllables in the continuum. This 

resulted in two sets of continua: one /a/ based, the other /sa/ based. The 

neutral syllable /ba/ was the alternator for each of the words in both 

continua. 

This means he simply copied parts of the vowel sound and added it onto the original form 
to create a longer form. 

No statistics concerning the significance of these numbers are given in the original paper. 
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The evaluation of these two continua showed that for two of the 

three subjects, as the length of the vowel decreased, die P-center occurred 

earlier in the word. This effect was highly significant for these two subjects; 

MRS: [F(l, 154) = 30.84, p < .001]; CAF: [F(l, 154) = 44.5, p < .001]. This is 

consistent with other P-center findings presented so far. There was no 

relative difference between the two continua: the vowel duration changes 

affected their P-centers whether or not an initial /s/ was present 

Only two of the three subjects showed tiiis trend for both continua, 

however. Cooper et al. (1988) note that other experimenters have gotten 

such results when variables other than the initial consonant of a 

monosyllable are tested (cf. Fox and Lehiste, 1987a; Marcus, 1981; Cooper et 

al., 1986); when initial consonants <ire examined, there is no variability 

across speakers/subjects. 

Both of these perception experiments show an effect of vowel length 

on the interword intervals (and h3rpothesized P-center locations). Marcus 

(1981) foimd that when extra, artificial length is added to a word's vowel, 

the P-center of that word occurs later (relatively) than it does in the 

original, non-altered word. Cooper, Whalen, «md Fowler (1988) foimd that 

when length is artificially deleted from a word's vowel, the P-center of that 

word occurs earlier (relatively) than it does in the original, unaltered word. 

Taken together, these perception experiments show that vowel length does 

affect a word's P-center. 
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1.2.2.3 Vowel Experiments: Stunmaiy 

The results from Fox and Lehiste (1987a) (production task) agree with 

the findings of Marcus (1981) and Cooper, Whalen, and Fowler (1988) 

(perception tasks). Using a metronome/norunetronome task. Fox and 

Lehiste (1987a) found that longer vowels' P-centers occur later in their 

words than in shorter vowels' words. The two perception experiments 

involving vowel duration also showed this. When length is either added 

to (Marcus, 1981) or subtracted from (Cooper, Whalen, and Fowler, 1988) a 

vowel, there is a P-center shift in the subjects' interval adjusted lists. 

This section combined with the evidence presented in section 1.2.1 

shows that both vowels and initial consonants play a part in determining 

where a word's P-center will occur and that a word's P-center determines 

where the word will appear relative to its predecessor. The effects of last 

part of a monosyllable, the final consonant(s), on a word's P-center will be 

examined in the following section. 

1.2.3 Final Consonant Experiments 

This section describes three final consonant P-center perception 

experiments. The P-center literature doesn't contain any production 

experiments focusing on the contribution of final consonants on P-center 

location. However, the three experiments in this section provide evidence 

that final consonants affect their words' P-centers in much the same way as 
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vowels and initial consonants do: the longer the final consonant, the later 

the P-center, and therefore, ttie shorter the previous interword interval. 

The three experiments described in this section are divided into (1) 

experiments that test solely for final consoruints' contribution to their P-

centers, and (2) experiments that test whether a monosyllable's rhyme acts 

as a unit or not Section 1.2.3.1 stimmarizes Marcus' (1981) findings with 

regard to final consonants' effect on ttieir P-centers. Section 1.2.3.2 describes 

Cooper, Whalen, and Fowler (1988), who found that a syllable's rhyme acts 

as a unit in determining its P-center, i.e. the vowel and final consonant 

contributions are added to create one overall effect. Pompino-Marschall 

(1989) is also discussed in this subsection because he found the opposite 

result: vowels' and final consonants' effects on their P-centers are 

independent of one another. 

1.2.3.1 Marcus (1981) - Perception 

Marcus' last experiment of his 1981 paper dealt with altered final 

consonants in monosyllables and their effect on P-center locations. He took 

the word 'eight' and manipulated its duration for use in an interval 

adjustment task. He both lengthened and shortened the final /t/ by 30 msec 

resulting in three length versions of 'eight': 8+, 8, 8-. 

He found that the changes in length of the final /t/ produced similar 

P-center variation to his vowel experiment (section 1.2.2.2). 8+ and 8-

shifted their P-centers +13 and -9 msec respectively (relative to the normal 
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8). That is, 8+, the longest version of 'eight', had its P-center 13 msec later 

than the normal 8 and 8- had its 9 msec earlier than the normal 8. The 

length variations in the fiiuil consonants accotmted for 43% and 30% of the 

P-center shifts.^^ So, Marcus (1981) concluded that final consonants behave 

similarly to vowels and initial consonants with respect to P-center 

placement when their length is altered (longer consonants have later P-

centers). 

1.2.3.2 Cooper, Whalen, and Fowler (1988) and Pompino-Marschall (1989) -
Perception 

The final interval adjustment task of Cooper, Whalen, and Fowler's 

(1988) paper did not specifically test to see what effect changes in final 

consonant duration had on P-center placement. Lnstead, they tested 

whether a syllable's rhyme^^ as a whole had an effect on P-center location 

using another interval adjustment task. They altered the syllable /at/ by 

adding "a compensatory amount of silence... between the vowel and the 

release burst" (Cooper et al., 1988, p. 237) to make the final /t/ lengthen as 

the /a/ shortened (see section 1.2.2.2 for details on how this was carried 

out). This resulted in a continuum of seven members where the entire 

length of the syllable was held constant but the vowels and final 

consonants shortened and lengthened proportionately. They predicted that 

Again, Marcus (1981) did not provide any other statistics related to this experiment. 
The syllable rhyme is a linguistic unit referring to the nucleus and coda of a syllable. The 

nucleus is usually a syllable's vowel and the coda is made up of any Bnal consonants within 
the syllable. See section 1.2.4.1 for a pictorial representation of a syllable's rh)ane. 
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since the rhyme's length was held constant, there should be no change in P-

center location across the seven members of the continuum. 

Cooper, Whalen, and Fowler (1988) found that for two of their three 

subjects, there were no P-center shifts along the constant-length 

continuum. This can be seen in the non-sigruficant results for these two 

subjects: MBS: [F(l, 154) = 1.53, ns]; AMC: [F(l, 154) < 1, ns]. Because the P-

centers did not shift while the vowels and final consonants were 

lengthened/shortened respectively, they concluded that a syllable's rh3rme 

acts as a unit in determining P-center locations within monosyllabic words. 

While this experiment does not specifically address the question 

whether final consonant durations alone afiFect a word's P-center, it does 

show that final consonants affect something. If the changes in final 

consonant length did not produce any effects, the speakers would have 

exhibited the normal onset-to-onset anisochronies (caused by the vowel 

duration changes) found in all the previous P-center experiments. But since 

this did not happen, final consonants were assumed to have an effect on 

the location of a word's P-center. 

Pompino-Marschall (1989) conducted an experiment similar to that 

run by Cooper, Whalen, arul Fowler (1988). His aim was the same: to 

determine whether or not the overall duration of a syllable's rhyme affects 

the P-center of ftie syllable. He altered the vowel and final consonant 

durations of the syllable /am/ so that their durations varied independently 

of one another, ti contrast to Cooper et al. (1988), the total word length was 

not held constant. So, the vowel and final consonant durations did not 

compensate for each other. Vowel duration was increased in 5 steps of 40 
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msec £com 100 to 260 msec; final consonant duration was also increased in 5 

steps of 40 msec from 80 to 240 msec. This resulted in a set of 25 stimuli. 

Pompino-Marschall reports that for his two subjects, both the vowel 

and final consonant effects resulted in a significant shift of their P-centers; 

vowel: [F(l, 4) = 839.47, p< .001], final consonant: [F(l, 4) = 346.88, p< .OOlJ. 

This indicates that the vowels and final consonants caused their P-centers 

to shift, as has been found in other experiments. However, there was a 

significant interaction of the vowel and final consonant effects for both 

subjects: [F(l, 16) = 5.55, p< .001]. This means that the vowel and final 

consonant contributions to P-center location are significantly independent 

one another - they are not additive, as was found in Cooper, Whalen, and 

Fowler (1988). In sum, Pompino-Marschall (1989) provides evidence that 

the rhyme of a syllable does not act as a unit in determining its P-center. 

1.2.3.3 Final Cor\sonant Experiments: Summary 

The previous three perception experiments showed that final 

consonants affect the locations of their words' P-centers in a manner 

similar to that of initial consonants and vowels. Marcus (1981) found that 

final consonants' duration determine where a word's P-center is located. 

Longer final consonants resulted in later P-centers. 

Cooper, Whalen, and Fowler (1988) found that a syllable's rhyme 

affects its P-center as a unit since proportional duration changes in vowels 

and final consonants resulted in no P-center shifts overedl. The 
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proportional changes caused the vowel and final consonant lengths to 

compensate for each other. Because of this compensation^ final consonants 

were thought to affect their words' P-centers. 

Pompino-Marschall (1989) also found that final consonants affect 

their words' P-centers. However, the results of his experiment do not 

support the view that the syllable's rhyme acts as a unit in determining its 

P-center. When vowel and final consoriant durations are varied 

independently of one another, there in an interaction of their effects. This 

indicates that there was no additivity of effect as was found in Cooper, 

Whalen, and Fowler (1988). 

That final consonants affect their words' P-centers is well-

documented in the literature. However, final consonants' relationship to 

the other segments within a monosyllable carmot be fully determined from 

previous research. As will be seen in the following section, Marcus (1981) 

claims that final consonants and vowels should act as a unit in 

determining their words' P-center. The monosyllabic experiments in this 

thesis (Chapter 2) will investigate the validity of this model by comparing 

the strength of both vowel and final consonant effects. Whether Marcus' 

(1981) model is supported by the experiments here will be determined in 

section 2.3.3. 

1.2.3.4 Monosyllabic Experiments' Summary 

Morton, Marcus, and Frartkish (1976) coined the term "Perceptual 
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Center" when they found that listeners did not perceive onset isochronous 

lists as being rhythmic (section 1.1.1). They hypothesized that the P-centers 

of words are what are kept equidistant in a rhythmic list while their onsets 

are anisochronous. Production and perception experiments have since 

shown this to be true. And, for monosyllables, the duraticm. of a word's 

initial consonant(s), vowel, and final consonant(s) affects the location of 

that word's P-center. 

Fowler's (1979) nonmetronome and sentence frame experiments 

(section 1.2.1.1) showed that single initial consonants with longer inherent 

lengths had shorter previous intervals and later P-centers, by definition. 

Fowler and Tassinary (1981), using metronome/nonmetronome tasks 

described in section 1.2.1.2, found that initial consonant clusters have a 

similar effect on words' P-centers. Perception data firom Marcus' (1981) 

interval adjustment tasks show that even artificially created initial 

cor\sonants affect their words' P-centers in the same way as natural 

consonants (section 1.2.1.3). These studies demonstrate that the P-center 

effect is parallel for speakers and hearers. The same onset-to-onset 

anisochronies needed for a list to sound rhythmic are the same 

anisochronies spoken in rhythmic lists. 

The effects of vowel duration on P-center location are similar to 

those of initial consonants. Fox emd Lehiste (1987a) found that longer 

vowels' P-centers occur later in their words than in shorter vowels' words 

using a metronome/nonmetronome task (section 1.2.2.1). In two interval 

adjustment experiments described in section 1.2.2.2, Marcus (1981) and 

Cooper, Whalen, and Fowler (1988) showed that when length is either 
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artificially added to or subtracted firom a vowels the P-center of the word 

shifts. 

A final consonant's duration also affects the location of a word's P-

center. Only perception experiments (interval adjustment tasks) have 

shown this conclusively. Marcus (1981) foimd that artificial longer final 

consonants result in later P-centers (1.2.3.1). Cooper, Whalen, and Fowler 

(1988) showed that proportional changes in vowel and final consonant 

length compensate for each other. Since words' relative P-centers do not 

shift under these circumstances, final consonant duration is thought to 

affect P-center location (section 1.2.3.2). Pompino-Marschall's (1989) results 

(also in section 1.2.3.2) contradict those of Cooper et al. (1988). He found that 

vowels and final consonants contribute to their P-center's location 

independentiy of one another. 

Overall, the longer the particular segment under investigation, the 

later the word's P<enter and tiie closer that word is to its predecessor. The 

strengths of these relationships, however, are not equivalent, biitial 

consonants have been shown to have a greater effect on their words' P-

centers than either vowels or final consonants. Marcus (1981) used this 

disparity to create his P-center model. The following section describes this 

model in detail. 

1.2.4 Marcus' (1981) P-center Model 

Section 1.2.4.1 presents Marcus' Onset-Rhjone model for P-centers. 
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How this model is different ficom other models will be discussed, in section 

1.2.4.2. This section will also describe why the experiments in this thesis 

will investigate Marcus' claims. 

1.2.4.1 Marcus' (1981) Onset-Rhyme P-center Model 

In his 1981 paper, Marcus develops a model to explain the location of 

P-centers dependent on the lengths of both onsets and rhymes within a 

word. This division can be seen in figure (6). 

(6) The Syllable 

Here, 'onset' refers to the phonological beginning, or first consonant(s) of a 

syllable. 'Nucleus' refers to the vowel and 'coda' refers to the final 

consonant(s) of a syUable. The 'rhyme' encompasses both the vowels and 

final consonants. 

Marcus found that the duratioi>s of initial consonants have the 

greatest influence on the location of a word's P-center and therefore, its 

location in time relative to the words around it. The durations of vowels 

and final consonants (of monosyllables only) also have an effect, but it is 

sigruficantly less so than that of the initial coixsoiuuits' duratiot\s. This can 

be seen if the results from his three experiments in his 1981 paper are 

compared to each other. 

nucleus coda 
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In Marcus' initial consonant experiment (section 1.2.1.3.2), he found 

that they accounted for 76% of their P-center shifts, while vowels (section 

1.2.2.2) accounted for 33% and final consonants (section 1.2.3.1) accounted 

for 37% of their respective P-center shifts.^^ Cooper, Whalen, and Fowler 

(1986) also found such a pattern. For each millisecond change in a word's 

initial consonant, its P-center shifted by one millisecond also; a one-to-one 

relationship or almost 100% accountability (ibid., p. 190). In their 1988 paper, 

however, duration changes in words' vowels (section 1.2,2.2) only 

accounted for about 54% of the P-centers' locations (an average firom their 

two experiments). To reflect this difference in effect, Mcircus chose the 

onset-rh)ane distinction as a basis for his model. 

Marcus refers to his model as a Two-Parameter Model because these 

two parts of a monosyllabic word are used. Because P-centers shift from 

changes in vowel duration by about of third of what they do from changes 

in onset duration, onsets are given greater "responsibility" in the model's 

equation (see figures (7) and (8)). And, the vowel is paired with any 

following consonant to create a combined effect of a syllable's rhyme on P-

center location. 

(7) Marcus' P<enter Model - Equation^® 

P-center = .65x + .25y + k 

The initial consonant value is the value from that experiment The vowel and final 
consonant values are means of the percentages Marcus gives in the Results sections of those 
experiments. 

This equation is simply the Marcus model. It is not related to the algorithm he uses to 
calculate words' P-centers from his interval-adjustment tasks. 
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(8) Marcus' P-center Model - Pictorial Representation 
P-center 

X y 

In (7), P is the duration between die word onset to its P-center location, x is 

the duration of the initial consonant(s) (the or\set), and y is the duration of 

the vowel and any firuil consonants (the rhyme), is an arbitrary constant 

reflecting the relative nature of this equation. That is, this equation can 

only predict the locations of words* P-centers relative to one another. It 

cannot predict a word's absolute P-center location. 

The numbers .65 and .25 in figure (7) reflect the predictive values of 

the onset and rhyme respectively. These particular values were computed 

using the results from the experiments in the Marcus' 1981 paper. These 

values "can be seen to account for almost as much of the variance as the 

specific solutions for each set of stimuli" (Marcus, 1981, p. 253). 

Since this model refers to the phonological units of onset and rhyme, 

it can be referred to as a phonological model of P-center location. It does 

not, however, go one step further into breaking the syllable up by referring 

to the nucleus (vowel) and coda (final consoi\ant(s)) of the rhyme. Also, it 

predicts that tiie rhyme acts as a unit in determining P-center location. 

Breaking the syllable up into its components (nucleus and coda) has no 

overall effect on P-center determination, i.e. the vowel and final 
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consonants do not act separately. This was shown to be true in Cooper, 

Whalen, and Fowler (1988) where when the rhyme's duration is held 

constant, P-centers do not shift (section 1.2.3.2). Pompino-Marschall (1989), 

however, foimd evidence that the syllable's rhyme does not act as a unit in 

determining P-center location. More research is needed to determine the 

exact nature of the syllable rhyme and its influence on F-center location. 

In sum, Marcus' model for relative P-center location predicts that 

both onset and rhyme duration affect a word's P-center. But, onset duration 

has a greater magnitude of effect on the P-center than rh3ane duration does. 

Therefore, it is given more "responsibility" in the equation than the 

syllable rhyme. 

1.2.4.2 Other P-center Models 

This dissertation will fociis on Marcus' model, which I term the 

Marcus Onset-Rhyme P-center model. Marcus' model only deals with 

segmental durations and their effects on P-center locatioiu Other P-center 

models, namely those of Howell (1984,1988) and Pompino-Marschall 

(1989), utilize the total amoimt of energy, or amplitude envelope found in 

the signal to predict the location of P-centers; segmental duration is part of 

this envelope so all three models use duration in their equations. These 

other models are not in direct opposition to Marcus' duration model - they 

simply augment its predictability. 

Also, Howell's (1984) Center of Gravity model and Pompino-
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Marschall's (1989) Psychoacoustic model were designed to evaluate P-

center-like phenomena in non-speech sounds. Therefore, there is no need 

for them to refer to segmental duration alone. The entire signal must be 

taken into account Since the experiments in tiiis thesis were designed to 

test the P-center phenomena in speech, using the Marcus Onset-Rhjone 

model is sufficient. I leave P-center investigations into the other parts of 

the speech signal to further research. 

In sum, the experiments in this thesis will only investigate the role 

of segmental duration on P-center location. Therefore, Marcus' model is 

adequate for examination here. That is because it is the only fully testable 

one using my data. I leave further analysis of the rest of the speech 

envelope from this data for future research. 

This model will be tested using the monosyllabic experiments in 

Chapter 2. Three production experiments investigating the roles of initial 

consonants, vowels, and final consonants were conducted. The results from 

these experiments will be compared to one another to evaluate the relative 

strengths of the segmental contributions to dieir P-centers. More 

information regarding these experiments follows in section 1.3.2. So, 

Marcus' claims regarding the roles of the onset and rhyme durations will be 

evaluated using the data in Chapter 2. 

The next section presents Morishima's (1994) study into the P-centers 

of Japanese disyllables as well as his model for describing his findings. This 

model is based on Marcus' (1981) Onset-Rhjrme model. The work presented 

here in this thesis (on English) directly supports his segmental duration 

model for disyllables (Chapter 3). 



58 

1.2.5 Morishima (1994) - Perception: Japanese Disyllables 

In a series of four interval adjustment experiments, Morishima 

(1994) evaluated the effects of (1) consonant and vowel durations and of (2) 

pitch accent patterns on the P-centers of Japanese disyUables. For these 

disyllables, Morishima coins the term "tail" to mean everything after the 

initial consonant of the word. This results in having a disyllabic analogue 

to the monosyllable's onset and rhyme distinction of Marcus (1981) (see 

section 1.2.4.1): the onset and tail. 

This section begins with a description of a theoretical terminological 

difference between Morishima's (1994) use of P-center displacement and 

that used in this thesis. A brief description of Japanese follows in subsection 

1.2.5.2. Morishima's Onset-Tail P-center model for Japanese disyllables will 

then be presented in subsection 1.2.5.3. The final subsection will describe 

Morishima's experiments and his results. 

1.2.5.1 P-center Displacement vs. Timing 

Before presenting Morishima's experiments, it is necessary to return 

to an important point regarding P-centers and what affects tiiem. Earlier, 

(Footnote 5) it was mentioned that for monosyllabic experiments, finding 

the P-centers of words was equal to finding the P-centers of monosyllables, 

since for those experiments, they are one and the same. Now (with 

Morishima (1994) and the present thesis), however, the words under 



investigation have two syllables. 

It is unclear whether ttie P-center phenomenon is local to individual 

syllables or to entire words. There have been no investigations into this 

possibility. Figure (9) depicts the two possibilities for P-center locations 

within the word 'marmot'. The top P would be the P-center of the entire 

word; the bottom p's would be ttie P-centers of the individual syllables. 

(9) P-center of Word vs. P-centers of Syllables 

Because of this uncertainty (and due to the nature of the production 

experiments done here, cf. section 1.2.1.1.1), the analyses in this dissertation 

will focus on finding P-center-like effects. These effects are the results of 

words having different P-center locations relative to each other. For 

example, the fact that 'spat' is produced closer to its predecessor than 'pat' is 

in the list 'pat spat pat spat pat...' (cf. figure (3)) is a P-center effect. Similar 

effects can be seen with disyllables also without having to determine where 

the P-center of die word/ syllables is. 

And, siiKe there is no basis on which to claim that P-centers are part 

of an entire word,36 they will not be referred to in discussions of the 

phenomenon. Instead of saying that a word/syllable's P-center is affected by 

various segmental durations, I will say that the word's timing is affected. 

Fox and Lehiste (1987b), however, claim this is so. 

P 

P-centers of Syllables: 

P-center of Word: 

it 

pi p2 
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This allows reference to P-center-like effects without claiming which 

syllable the P-center itself belongs to. Nonetheless, the effect diat will be 

examined is still the same: that the intervals surrounding a word are 

affected by the segmental durations (and stress pattern) of the word. Hence, 

the timing of a word is affected by its internal composition and stress 

pattern. Morishima (1994) makes no distinction between relative P-center 

displacement and timing, however, as will be seen shortly. 

1.2.5.2 Overview of Japanese 

Japanese has been argued to be a "mora-timed" language (Han, 1962; 

Smith, 1975; Ladefoged, 1975; Dalby and Port, 1981). This is because there is a 

tendency for the moras^^ within words to occur at even spaced intervals. 

The word [kakemono] 'scroll' has four moras; ka ke mo no. The word 

[nippog] 'Japan' also has four moras even though it only has two vowels: ni 

p po q (examples ffom Ladefoged, 1975). In contrast, English is termed a 

"stress-timed" language (Class^, 1939; Bolinger, 1965; Abercrombie, 1967; 

Corder, 1973; Cafford, 1977) because at the phrasal or sentence level, its 

stresses occur at roughly equal intervals (Pike, 1945, p. 34).38 

Japanese also has a pitch-accent system. Each syllable carries either a 

Moras are units of time; each mora takes aibout the same length of time to say (Ladefoged, 
1975, p. 226). A short vowel is considered to be made up of one mora, a long vowel, two. 

The other timing possibility for languages is "syllable-timing" where syllables occur at 
even intervals. Some syllable-timed languages include French (Abercrombie, 1967; Corder, 
1973; Catfbrd, 1977), Spanish (Olsen, 1972; O'Connor, 1973; Macpherson, 1975) and 
Indonesian (Browne, 1977). However, see Wenk and Wioleind (1982) and Pointon (1980) for 
evidence that French and Spanish are neither stress- nor syllable-timed. 
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high (H) or low (L) pitch. This can be seen in the following examples (from 

Morishima, 1994). 

(10) Japanese Pitch Accent Examples 

Wgrd Gloss Pitch Pattern 
/hajimeru/ 'begin' LHHH 
/zarazara/ 'rough' HLLL 
/tatemono/ 'building' LHHL 

In contrast English does not have a pitch-accent system. Syllables are 

differentiated from each ottier by means of stress. For example, similar 

noims and verbs can be distinguished by their stress pattern: /record/ -

[record] (noun) and [rec6rd] (verb), A stressed syllable in English is realized 

by longer duration, louder amplitude, and higher frequency than its 

surrounding non-stressed syllables. 

1.2.5.3 Morishima's (1994) Onset-Tail P-center Model 

Morishima (1994) expanded on Marcus' (1981) Onset-Khyme P-center 

Model by extending it to the size of a disyllable. There were three 

possibilities for how the P-center effect would martifest itself within 

disyllables; the Onset-Tail distinction ((lib) below) was the hypothesis 

borne out of his segmental duration experiments (Experiments 2 and 3 

below). The three possibilities are quoted as follows; 



62 

(11) Possible I[iterpretations of Marcus' (1981) Onset-Rhyme Model on 
Disyllables (Morishima, 1994, p. 38-39)^^ 

a) There would be an efiiect of the initial onset of the item and effect of the rhyme of 
the first syllable (see figure below). This interpretation predicts that there 
would be no effects of the second syllable. 

_ P-center 

V2 CI VI C2 V2 V2 

b) There would be an effect of the initial onset of the item and an effect of the entire 
tjiil (see figure below). This interpretation predicts that there would be an effect 
of the tail as a whole: the contribution of each of the components in the tail would 
be uniform and the tail effect for disyllables would be compcircible with the 
rhyme effect for monosyllables. 

^ P-center 
• 

VI V2 CI VI C2 V2 VI V2 

^ I 

c)... The different components of the tail (would) contribute to the overall tail effect 
with different magnitudes. For example, among numerous possibilities, duration 
of the rhyme of the first syllable might have more (or less) e^ct than the 
duration of the tail consonant. 

In (11a), the disyllable's P<enter would be detennined by the initial 

consonant and vowel of the first syllable only. Only the first part of the 

word would contribute to the P-center's location. In (lib), the P-center 

would be dependent on the initial consonant and everything after it. So, 

39 Refer to section 1.2.4.1, figures (7) and (8) for explanations of the variables in (a) emd (b). 
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the entire word would contribute to P-center location. In (11c), the word 

would be broken up into smaller divisions,^ each with a different amount of 

responsibility in determining the P-center's location. Many divisions are 

possible. 

Morishima's four experiments show that (lib) is the correct 

interpretation of the Japanese disyllable results (see next section). So, 

Marcus' Onset-Rhjone distinction becomes an Onset-Tail distinction where 

the "tail" is everything after the initial consonant. This is shown in (12). 

(12) Morishima's Onset-Tail Model 

onset tail 

Morishima's e)cperimental evidence that supports this distinction will be 

presented in the following section. 

1.2.5.4 Morishima (1994) - Interval Adjustment Tasks: Results 

Morishima's first interval adjustment experiment examined the 

onset length effect in disyllables. It also tested to see whether the differing 

pitch accent patterns had an effect on P-center locatiotu^o His stimuli 

consisted of two sets of Japanese CVCV words; one set had five words with 

^ Morishima predicted that the intervals between HL - LH words would be shorter than 
those between LH - HL words because of the "grouping effect." This effect is based on 
research by Woodrow (1951) and Hzmdel (1989) where subjects grouped series' of tones 
together into two-tone sets based on their durations, amplitudes, and/or frequencies. See also 
Rice (1992) for more experiments of this kind. 

C V C V  
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a High-Low (H-L) pitch accent pattern^ the other set had five words with a 

Low-(figh (L-H) pitch accent pattern. Here, the words' tail lengths and 

overall amplitude envelopes (cf. section 1.2.4.2) were held constant, only 

the initial consonant durations differed across the five words in each set. 

The results indicated that there was a significant effect of initial consonant 

duration for both the H-L and L-H sets of data [F(l, 3) = 84.79, MSe = 4525, p 

= .0027]; as onset duration increased, the P-center occurred later in the word. 

However, there was no effect of pitch accent pattern on the P-centers [F(l, 3) 

< 1]. These results indicate that syllable prominence plays no role in 

determining the location of a word's P-center but onset lengtii does.^^ 

His second experiment examines the tail effect (section 1.2.5.3) on the 

words' P-centers to see if it is comparable to that of monosyllables' rhymes 

(cf. section 1.2.4.1), The stimuli for this experiment were two artificially 

altered H-L words ('sdke' and 't6sa'). A five-step continuum was created for 

both words by modifying the length of the tail by -30%, -15%, 0%, +15%, and 

+30%. For both continua, there was a significant effect of tail duration [F(l, 

3) = 12.65, MSe = 16084, p < .04]. As the tails got longer, their P-centers 

shifted toward the end of the word. This effect was smaller in magnitude 

than what was found for the onsets in his first experiment: onsets' average 

slope = .69, tails' average slope = .42, where the positive slope values 

indicate a positive correlation between P-center shifts and onset/tail 

durations. So, the disyllables' tails affected their P-centers and the effect was 

smaller than that found for the disyllabic onsets from his Experiment 1.^^ 

Experiments 6 and 7 of this thesis also show that there is an onset duration effect in 
English disyllables whether or not their stress pattern is trochaic or iambic. 
^ But, Morishima did not test to see whether these two effects were significantly different 
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This shows that there was a tail effect; Morishima's next experiment 

investigated which of the forms in figure (11) was the correct Onset-Tail 

distinction. 

The third experiment tested to see whether the components of the 

tail affected their P-centers to different extents. Since the tail has a second 

onset (of the second syllable), it seemed possible diat this second onset 

could have a separate effect on each word's P-center. The stimuli for this 

task were created in a maimer similar to that of Cooper, Whalen, and 

Fowler's (1988) final consonant experiment (section 1.2.2.2). Two words' 

('tdda' and 't6sa') first vowel and medial consonants were proportionally 

altered so that as one increased in duration, the other decreased. Their total 

durations were held constant. Morishima foimd no effect of either 

component; the proportional alterations of the vowels and medial 

consonants canceled each other out [F(4,12) < 1]. Therefore, there were no 

P-center shifts found in this experiment So, these two components of a 

Japanese disyllable's tail showed no significant difference between each 

other in their effects on P-center location. Whether this can be extended to 

the rest of the tail is uncertain. Further tests need to be nm to determine 

whether the different parts of a disyllable's tail contribute to the overall P-

center effect with significantly different magnitudes.^ Nevertheless, 

Morishima used this Experiment's results as evidence for Onset-Tail 

representation (lib). 

from each other. The disyllabic experiments in this thesis, however, will test for this. See 
Chapter 3 for details. 
^ Comparisons between the results of Experiments 8 and 10, and 9 and 11 in sections 3.4.1.2 
and 3.4.2.2 show that the medial and final consonants of English have equal qucintities of 
effect on their words' timing. 
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Morishima's final experiment re-examined the pitch accent effect 

using words with tail duration differences instead of onset duration 

differences as in his first experiment Since it is the tail portion of the word 

that contains the pitch accent difference^ it is possible that the effect would 

show up there when both duratim and accent vary. All of the words' 

onsets within each set were of a constant duration; but across the two sets, 

they were different: the L-H words had longer onset durations. As a result, 

the total durations of the words were not constant across pairs in the two 

sets. Also, overall amplitude was not controlled for as long as it was not 

perceived to be too loud or too soft. The results of this experiment showed 

that there was a significant effect of tail duration on P-center location ([F(l, 

3) = 102.8, MSe = 1289, p = .002]) (as in Experiment 2 above) and there was a 

significant effect of pitch accent ([F(l, 3) = 23.24, MSe = 3924, p < .02]). 

However, since certain variables were not controlled for, this result is 

suspicious. It could have simply been caused by the longer durations of the 

L-H set of words. So, Morishima regards these results as non-evidence for a 

pitch accent effect on disyllables when the tails' lengths are manipulated.^ 

Morishima's Japanese disyllable results using a series of interval 

adjustment tasks conclude that (1) the onsets and tails of Japanese 

disyllables behave in a manner similar to English monosyllables' onsets 

and rhymes, and (2) there is no pitch accent effect on the P-centers of 

Japanese disyllables. His first experiment showed that onsets of disyllables 

affect their P-centers. His second found that tails do too, but their effect is 

^ In contrast to Morishima's results from his Experiments 1 and 4, Chapter 4 here will show 
that there ]£ a stress pattem effect on the timing of English disyllables. See also Fox and 
Lehiste (1987b) for complimentary evidence of this effect. 
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smaller in magnitude compared to the oi^ts' effect The third experiment 

demonstrated that elements witiiin ttie tail act as a unit in determining the 

location of their P-centers (although further tests of the second vowel are 

needed for confirmation). These three facts sum up how the disyUables' 

onsets and tails are similar to the monosyllables' onsets and rhymes with 

regard to segmental durations (see section 1.2.4.1). The first and fourth 

experiments toge^r showed that diere is no pitch accent effect on Japanese 

disyUables when either the onset or the tail is manipulated. 

The next section explains what experiments were performed in this 

thesis to examine the P-center effects caused by different segment locations 

within English disyUables. Analyses that determine whether there is a 

stress pattern effect on disyUables' timing wiU also be described. 

1.3 THE P-CENTER EFFECT IN ENGUSH DISYLLABLES 

The remainder of this chapter wiU outline the rest of this thesis. 

First the goals of the thesis as a whole wiU be explained in section 1.3.1. 

Next, an overview of the stimuH and methodology of the monosyUabic and 

disyUabic experiments wiU be presented. A brief sketch of the analyses 

needed to achieve the aforementioned goals is given in section 1.3.3. The 

chapter wiU then conclude with its simunary. 



1.3.1 The Goals 

Although there are monosyllabic production experiments in this 

thesis, their results are similar to the findings presented earlier in section 

1.2. The disyllabic English (American dialect) experiments here represent 

novel research in the P-center literature. Therefore, this outline of the 

thesis' goals will focus on ttie disyllabic experiments. Basically, I will be 

looking for a P-center effect conditioned by segmental durations within the 

disyllables. This effect will be shown to support Morishima's Onset-Tail 

model. And, the analyses will test for an effect caused by the stress pattern 

of the words; this effect is expected to reflect the stress-timing of English. 

Figure (13) outlines these major points of the disyllabic portion of this 

thesis. A more detailed explcination follows. 

(13) Goals of the Thesis (Disyllabic) 
A. To demonstrate that disyllables' consonants affect their previous 

intervals by showing that 
1. The longer the consonant is, 2. The effect is greater for the onsets 

the shorter the interval is than for the tails 

B. To demonstrate that disyllables' stress patterns affect their previous 
intervals by showing that: 

1. Trochees are further away from 
their predecessors than iambs 

(13) A. 1. is the general P-center effect (section 1.2.5.1). A words' 

timing should determine its location relative to the preceding word in the 

sentence frame. (13) A. 2. represents Morishima's Onset-Tail distinctioru It 

will be shown that it is applicable to English disyllables as well as to 

Japanese ones. The consonant duration-previous interval relationships 

found in the disyllabic data will also be compcired to previous research to 
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determine whether the general P-center effects occur. These two points will 

be examined in Giapter 3 where the disyllabic segmental durations are the 

focus of analysis. 

(13) B. 1. is the foot pattern effect on the timing of English disyllables. 

Although Morishima (1994) did not find a similar pitch-accent effect in his 

Japanese data^. that is not the case with the English disyllabic data in this 

thesis. Chapter 4 will present an analysis of the data £rom Qiapter 3 and 

show that the stress pattern of an English disyllabic word does affect its 

timing relative to the words around it.45 

English is defined as a stress-timed language (cf. 1.2.5.2). This implies 

that ttiere is a tendency for stresses in English to occur at equidistant 

intervals. Usually^ an unstressed syllable occurs between stressed syllables, 

creating an alternating pattern. However, if two main stresses occur next to 

each other due to syntax or word choice (as in: 'Pit r '̂), there would not 

be an unstressed syllable between them. The stress-timing of English would 

then attempt to separate the words acoustically. A comparison of the 

trochaic and iambic interword intervals in Chapter 4 will show that this 

separation of stressed syllables actually occurs. Trochees will be shown to 

have greater interword intervals preceding them than iambs. So, in the case 

where two stresses are adjacent within a phrase (as in the trochaic versions 

of the sentence frames here: ex. They like tippit mats.), die interword 

intervals preceding trochees are larger relative to those foimd in the iambic 

Fox and Lehiste (1987b) found a sixnilar result using a series of homogeneous metronome 
tasks with prefixed and suffixed words as stimuli. While they found that the unstressed 
afftxes affected the P-centers of the words, they only compared the unaffixed monosyllables 
to the affixed poljrsyllables. The present study directly compares trochees to iambs (both 
disyllables) to evaluate the stress pattern effect. 
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sentence frames.^ This effect is smaller than the segmental duration effect 

shown in Chapter 3 but it is nonetheless significant. 

The next sections describe the experiments used to investigate the 

foot (and segmental) effect. The experimental method is presented first 

then the analyses. 

1.3.2 The Experiments 

The experiments in this thesis use two types of sentence frames. 

First, in Experiments 1 and 2, Fowler's original (1979) method is used: 'Jack 

likes black For the rest of the experiments, the test word is shifted 

from ultimate to penultimate position within the sentence: "They like 

mats." This is because of the possible side-effects of utterance final 

lengthening. The following subsection explains this problem and the need 

to change Fowler's original sentence frame. After this, the actual 

experiments conducted for this thesis will be presented. 

1.3.2.1 Utterance-Final Lengthening 

That the durations of words are longer at the end of sentences has 

been known for many years (Gaitenby, 1965; Lindblom, 1968; Lindblom and 

^ More information regarding this phenomenon will be given in Chapter 4 where the stress 
einalysis is performed. 
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Rapp, 1973; Oiler, 1973; Klatt, 1975; Cooper and Pacda-Cooper, 1980; Cooper 

and Danly, 1981).^ Typically, when a word appears in utterance-final 

position, the last consonants of a word are lengthened ttie most compared 

to the segments preceding them. An experiment conducted by Cooper and 

Danly (1981) shows that the lengthening of word-final fricatives was 

significantly greater than that for word-medial fricatives ([df = 8, t = 4.65, p < 

.005]). The average length difference between the two types was 60 msec. Ln 

contrast, there was no significant difference between tiie lengdiening of 

word-initial fricatives and word-medial ones: [df = 8, f = 1.02, p > .20]. These 

results suggest that utterance-final lengthening is not distributed equally 

across a sentence-final word. The lengthening of initial and medial 

consonants is relatively small and equal compared to that of final 

consonants. Final consonants are lengthened the most when a word occurs 

in utterance-final position. 

This thesis contains some sentence frame experiments that 

investigate the role of final consonant duration on P-center location. For 

this reason, it was deemed necessary to alter Fowler's (1979) original 

sentence frame from 'Jack likes black ." to "They like mats." In 

Fowler's original, the test word occurred sentence-finally thereby being 

subject to utterance-final lengtiiening. To examine the contribution of final 

consonants to their P-centers while they are lengthened by this process 

would be imprudent. The extra duration added by this lengthening process 

This should not be confused with phrase-final (or domain-final) lengthening which occurs 
within sentences, but at clausal, or syntactic boundaries (Martin, 1970; Klatt, 1972; Lindblom 
and Rapp, 1973; Klatt, 1975; Cooper, Lapointe, and Pacda, 1977; Beckman and Edwards, 
1986; Rakerd, Sennett, and Fowler, 1987). 
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could possibly skew the results of the expeiiments. Therefore, to control for 

this potentiality, die test word in all of the original experiments done for 

this thesis will occur in the penultimate position of the sentence instead of 

the ultimate. The following subsection describes these experiments in 

detail. 

1.3.2.2 Experiment Summary 

Two sets of experiments were done for this thesis. The first set 

(Experiments 1-5) was a series of monosyllabic sentence frame tasks based 

on Fowler's (1979) original (section 1.2.1.1.4). The second (Experiments 6 -

11) was a set of disyllabic experiments. Experiments 1 and 2 were 

replications of Fowler (1979) and used her original sentence £rame. 

Experiments 3 through 5 used stimuli whose test words varied initial 

consonants, vowels, and final consonants respectively but their sentence 

frame had the test word in penultimate position. These experiments were 

performed in order to create a complete paradigm of production data that 

evaluated every possible segment position within a monosyllabic word for 

its P-center effect. The results of these experiments were evaluated to see 

whether Marcus' (1981) Onset-Rhyme distiiKtion was supported. 

The second set of Experiments (5 -11) were the six disyllabic sentence 

frame tasks (Chapters 3 and 4). The frame was "They like mats/meats." 

For three of the experiments, the nonsense test word had a trochaic stress 

pattern, for the other three, an iambic pattern. Two of the experiments had 
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varying initial consonants; two had var3dng medial consonants; and, two 

had varying final consonants. This resulted in trochaic-iambic pairs of 

initial consonant experiments, medial consonant experiments, and final 

consonant experiments. Figure (14) gives a sample of each experiment type. 

(14) Disyllabic Sentence Frame Examples 
Trpirfiaic Iambic 

Initial: They like /sta^plt/ mats. They like /st3pi:t/ meats. 
Medial: They like /tagsyt/ mats. They like /tsgkfct/ meats. 
Final: They like /ta§plfe/ mats. They like /tspv^ meats. 

The initial consonant position has 10 varying consonants and clusters, and 

the medial and final positions have 12. 

The data fiom each experiment was digitized and measured. The 

following durational measurements comprised the data for each subject's 

reading: (1) the interval preceding the test word, (2) the initial consonant(s), 

(3) the first vowel, (4) the medial consonant(s), (5) the second vowel, and (6) 

the final consonant(s).48 The next section describes the various analyses that 

were performed on the measurements gathered fiom these experiments. 

1.3.3 The Analyses 

The first goal of the thesis (whether disyllabic consoruuits affect their 

previous intervals, (13) A. 1.) will be dealt with in Chapter 3. For these 

analyses, a series of regressions are performed with consonant length as the 

^ The monosyllabic experiments only had the following measurements: (1) the interval 
preceding the test word, (2) the initi^ consonant(s), (3) the vowel, and (4) the final 
consonant(s). 
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independent variable and interval length as the dependent variable. 

Consonant length was found to have a significant effect on interval length 

in all six experiments^, and consonant length and interval length were 

negatively correlated. This satisfies (13) A.1: die longer the consonant is^^ the 

shorter its previous interword interval. 

Comparing the initial consonant effects (regression analyses) with 

both the medial and final consonants' effects resulted in a significant 

difference between the two pairings. Since the consonant effects were 

different for the two pairs of consonant positions, the two groups had 

significantly different magnitudes of effects. This shows that onsets have a 

greater effect on their preceding intervals than tails do. No difference in 

consonantal effect was found between the medial and final consonants; 

they both had the same magnitude of effect on their previous intervals. 

This shows that ttie components of a tail have similar effects on their 

preceding intervals. These two facts together indicate that the oi\sets and 

tails of disyllables in English behave similarly to the onsets and rhymes of a 

monosyllables (and supports (13) A. 2.). 

Chapter 4 examines whether there is a foot effect on the intervals 

preceding disyllables. Here, each subjects' data from all six disyllabic 

experiments in Chapter 3 was pooled. This data was then analyzed 

(ANOVA) for foot t)^e effects. The subjects' results from this analysis were 

significeuit. This indicates that there is a foot type effect on the timing of 

English disyllables. The mean durations of the trochaic interword intervals 

were larger than those for the iambs. So, trochees are farther away in time 

from the preceding word of the frame, 'like', than iambs. This result is 
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different than what Morishima (1994) found for Japanese disyllables. 

Morishima's (1994) experiments investigated the role of pitch-accent 

on P-center locatioru In this thesis, the effects of stress in English disyllables 

is examined. These two studies are different from each other because stress 

in English is also the basis for its timing pattern (since English is supposedly 

stress-timed). Pitch-accent in Japanese does not serve this function, moras 

do. Since rhythmic lists by definition have equidistant P-centers and 

stresses in English are supposedly produced at equal intervals, the present 

study directly investigates English's unit of timing on P-center location. 

Morishima's (1994) work, on the other hand, studies the effect of different 

syllables' frequencies, or pitches, on P-center location - an aspect of Japanese 

that has no bearing on its unit of timing, the mora. This is not to say that 

Morishima's work is flawed; it is not. Lci fact, by examining this 

phenomenon with a language that separates its unit of timing from its 

accentual system, it is possible to study the effects of frequency only on P-

center determination (instead of just segmental duration). This is what 

Morishima did in his four perception experiments on Japanese disyllables 

(section 1.2.5.4). 

So, while Morishima (1994) did not find a pitch-accent P-center effect 

for Japanese disyllables, it could be due to the fact that he did not investigate 

Japanese's tmit of timing, the mora. In this thesis, however, stress effects on 

words' P-centers ar£ found. Stress-timing in English separates adjacent 

stresses acoustically by lengthening their interword intervals. Trochees are 

found to have significandy greater preceding intervals than iambs. 
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1.4 CHAPTER SUMMARY 

This chapter began widi a description of some common F-center 

experiments. Some of the basic concepts (Perceptual Centers^ anisochronies, 

interword intervals^ etc.) relevant to F-center studies were also presented 

during those sections. The two main points regarding F-centers are that (1) 

they are kept equidistant from each other in a perceptually isochronous list, 

and (2) they are affected by the segmental makeup of the words themselves 

but cannot be seen in the speech signal. 

The results from previous F-center studies (production and 

perception) were then given. Initial consonant experiments showed that 

the longer the initial consonant, the later the word's F-center. The later a 

word's F-center, the closer that word is to its predecessor. Similar effects 

were found for both vowels and final cor\sonants. As vowels or final 

corisonants or clusters increased in duration, their F-centers shifted further 

toward the end of the word. 

Morishima (1994) found that for segmental durations within 

Japanese disyllables, the Onset-Tail distinction is comparable to 

monosyllables' Onset-Rhyme distinction (Marcus, 1981). Onset durations 

affect their words' timing to a greater degree than any part of the tail. The 

Marcus (1981) Onset-Rhyme F-center model will be investigated with the 

monosyllabic segmental results in Chapter 2. Morishima's (1994) Onset-Tail 

model will help explain the disyllabic segmental results in Chapter 3. 

The last section of this chapter outlined the goals, experiments, and 

analyses of English disyllabic words for this thesis. Chapters 2,3, and 4 will 
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expand on all of the previous P-center results discussed in sectiorts 1.1 

through 1.2 using production experiments on English monosyllables and 

disyllables. In stmi, all the P-center effects described in this chapter can be 

found in the two sets of experiments (mono- and disyllabic sentence 

frames) done for this thesis. Furthermore, the joint results of (1) consonant 

length effects in English disyllables, cind (2) stress pattern (foot type) effects 

in English disyllables will also be presented. Chapter 5 will examine these 

results in light of the general timing (stress- and syllable-) literature as well 

as with other psychological and linguistic literature. 
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CHAPTER 2: Monosyllabic Consonant Length Analyses 

2.0 INTRODUCTION 

Chapter 1 presented an overview of previous P-center experiments 

and their results. The experiments in this chapter will be directly compared 

to the results feom previous work. Like the majority of ttie research 

presented in Chapter 1, this chapter will examine the P-centers of 

monosyllables. Initial consonants, vowels, and final consonants will be 

evaluated for their respective P-center effects in a series of sentence frame 

tasks. 

Five monosyllabic sentence frame experiments will be presented 

here. Their goals are as follows. Experiment 1 will replicate Fowler's (1979) 

original sentence frame experiment (section 1.2.1.1.4). Experiment 2 will 

replicate Fowler's original experiment with a different set of stimuli. 

Experiments 3 through 5 will utilize a different sentence frame 

methodology than Fowler (1979); their overall goal is to show that this new 

methodology achieves results that are similar to those found in previous 

research. Experiments 1 through 3 evaluate initial consonants' effect on the 

duration of their preceding interval. Experiment 4 examines vowels' effects 

and Experiment 5, fir\al consonants' effects, on their preceding intervals' 

durations. The results from all five experiments will also be analyzed to 

determine whether they support Marcus' (1981) Onset-Rhyme model 

(section 1.2.4.1). 
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The two main issues raised in this chapter are (1) whether the 

modification to Fowler's (1979) methodology is valid and (2) whether the 

results from these experiments support Marcus' model. The 

methodological change involves switching the test word from ultimate 

position to penultimate position within a four-word sentence. This is done 

in order to control for utterance-final lengthening (section 1.3.2.1). Since 

Fowler's test word was the final word of the senterure frame, the extra 

length imposed on that word due to utterance-final lengthening could 

have had an effect on the word's P-center. More importantly. Cooper and 

Danly (1981) foimd that final consonants lengthen the most in utterance-

final lengthening. The final consonant experiment here (Experiment 5) and 

those in the following chapter deem it necessary to remove this possible 

confound in the data. This is so that utterance-final lengthening doesn't 

interfere with the final consonants' normal effects on their intervals. So, 

the test words in Experiments 3 through 5 will be the penultimate, instead 

of the ultimate, words in the sentetu:e frame tasks. If Experiments 3 

through 5 produce results similar to those found in the P-center literature, 

the modified methodology will be validated. This procedure is necessary in 

order to mcike sure the results from the disyllabic experiments in Chapter 3, 

which use the same type of sentence frame, will not be suspect on the basis 

of stimuli position within the frame. 

The second main issue of ttiis chapter, whettier these experiments 

support Marcus' (1981) Onset-Rhyme model, will be examined using the 

following types of statistics. The first are the results of regressions that will 

simply indicate whether consonant/vowel length differences affect the 
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lengths of their preceding intervals' durations. Segmental length 

differences in all three positions of the monosyllabic test word (initial^, 

vowels Hnal) are expected to affect their previotis intervals significantly 

with negative correlations (between segment and interval duration). The 

second set of statistics, t - tests comparing the slopes of die subjects' iteration 

trials!, will be used to evaluate the relative strengths of the segmental 

positions' P-center effects. This will demonstrate that the three positions 

affect their P<enters in the manner predicted by Marcus' (1981) Onset-

Rhyme model (section 1.2.4.1). Vowels and final consonants will be shown 

to have less of an effect on their P-centers than initial consonants. 

The next section begins the monosyllabic sentence frame analyses 

with a replication of Fowler's original experiment. It will conclude with the 

first modified sentence £rame experiment. 

2.1 INITIAL CONSONANT EXPERIMENTS 

Three initial consonant experiments are presented in this section. 

The first (Experiment 1) is a replication of Fowler's (1979) third experiment 

(section 1.2.1.1.4) to determine whether her results can be achieved using 

different measuring techniques. The second experiment (section 2.1.2) is an 

extension of the original Fowler stimuli to evaluate other types of 

consonants in the same environment.̂  Experiment 3 (section 2.1.3) 

! This will be explained in section 2.13.3. 
^ These consonants and the clusters used in Experiments 3 and 5 (as well as those in Qiapter 3) 
are all used to test the hypothesis that all tj^es of consonants (and clusters) have similar 
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incorporates the methodological change to the original Fowler method: 

switching the test word from fourth to third position of a four-word 

sentence to eliminate any utterance-final lengthening that may be afiecting 

the length of the last word. It is also done to show that the general P-center 

effects occur between other positions within a sentence or phrase. Lti all 

three of these experiments, the predicted P-center effect is as was stated in 

Qiapter 1: the longer the initial consonant, the shorter the previous 

interval. 

2.1.1 EXPERIMENT L: Fowler (1979) Replication 

Fowler's (1979) third experiment was a sentence frame task with 

'Jack likes black ." as the frame and "bats, mats, gnats, sacks," or "tacks" 

as the monosyllabic initial consonant test word. Each sentence frame was 

presented three times in random order. The two subjects' responses were 

tape recorded and spectrograms were made of each sentence. Measurements 

of the items needed for analysis^ were made off of these specfrograms. 

Fowler found significant correlations between the initial consonant lengths 

and the previous intervals' lengths for both subjects. Long initial 

consonants had short previous intervals and vice versa. 

The purpose of Experiment 1 is to replicate the results Fowler's (1979) 

third experiment using (1) a slightly different method of measuring the 

effects on their surrounding intervals. 
^ A description of the necessary measurements is given in section 2.1.1.2. 



82 

data, (2) a greater number of test subjects and (3) normalized data. Here, the 

audio tokens were digitized into a computer and measurements were made 

using commercial sound analysis software. While Fowler measured 

consonantal and other lengths by hand off her spectrogram printouts with a 

ruler, I measured mine by hand/mouse off the waveform representations 

of the sentences. Secondly, where Fowler had two subjects, I had three. 

Lastly, Fowler (1979) used the raw data from her measurem^ts in her 

analyses. I use normalized data that controls for speech rate effects.^ These 

differences should not affect the outcome of the experiment, i.e. the results 

of Experiment 1 should be similar to those in Fowler (1979). 

The experimental stimuli and presentation for Experiment 1 were 

the same as in Fowler's original sentence frame experiment (sections 

1.2.1.1.3 and 1.2.1.1.4). The explicit details will be repeated in section 2.1.1.1 

for convenience. 

2.1.1.1 EXPERIMENT 1: Subjects, Stimuli, and Procedure 

Three female graduate students^ from the University of Arizona 

voluntarily participated in the experiment. None were paid for their 

participation. The subjects were informed of ttie purpose of the experiment 

after they had completed it. 

The sentence frame was 'Jack likes black The test words were 

^ This procedure will be explaiiied in detail in section 2.1.13. 
5 BAM: female, 27, raised in NE Ohio; DLM: female, 32, raised in E Washington; MKN: 
female, 29, raised in W Massachusetts. 
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"bats, mats, gnats, tacks," and "sacks". These words' initial consonants' 

manner and place of articulation are given in (1). 

(1) Experiment 1: Fowler's (1979) Initial Consonants 
Labial Alveolar 

Stop b t 
Fricative s 
Nasal m n 

The test sentences were printed on 3 x 11" slips of paper and were 

presented to the subjects in random order. Test trials were nm before each 

experiment to familiarize the subjects with stimuli. Subjects were 

instructed to read the sentences aloud in a natural manner. Each sentence 

was presented three times but never twice consecutively. If a sentence was 

misread, the subject was instructed to repeat the entire sentence again until 

it was read without any hesitations or mispronunciations. Experiments 

were held in a quiet, well-ventilated room and readings were tape recorded. 

The average time to complete this experiment was five minutes. 

Another volunteer, also naive to the goals of the experiment, 

provided naturalness judgments for each recording. Her job was to 

eliminate certain items from the subjects' data that were inconsistent in 

terms of intonation, stress, or clarity of pronunciation. While intonation 

and stress over the whole test sentence did not vary much across (or 

within) speakers for this experiment or Experiment 2, they did in 

Experiments 3 through 11.^ For the first two experiments, this volunteer 

was mainly concerned with whether or not the speakers stumbled over the 

words or made errors in their pronunciations. Usually, these cases were 

^ See section 2.13.1 for more information on stress and intonation di^rences. 
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caught during the experiment itself mth the experimenter correcting the 

misreading and the subject repeating the entire sentence. Those mishaps 

that were not caught in this manner were left to this volunteer to discover 

and eliminate. So, for each of the experiments in tiiis diesis there will be a 

list of how many items were deleted firom each subject's data. 

The experiments presented here and in the following chapter 

followed this same basic procedure; (1) run experiment^ (2) have volimteer 

perform naturalness judgments on recordings, (3) digitalize remaining 

data, (4) measure data, and (5) analyze data. A description of the general 

measurement process used throughout the ttiesis follows. 

2.1.1.2 EXPERIMENT 1: Measurements 

Recordings of each subject were made on a Realistic Minisette-20 and 

digitized using an 8-bit MacRecorder into a Macintosh SE. Waveforms were 

measured using SoundEdit 2.0 software. 

Recall that the goal of this experiment was to replicate the results of 

Fowler (1979). The critical factors were the durations of the preceding 

interval and the various segments of the test word. Hence, the following 

intervals were measured: (1) the length between the offset of voicing in 

"black" to the acoustic onset of the test word (interword interval, IWJ); (2) 

the length of the initial consoriant (fC); (3) the length of the test word vowel 

iy)t (4) the length of the filial consonant(s) (FC). Figure (2) shows the 

relevant intervals measured on a waveform of one of the subjects' test 
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items. 

(2) Experiment 1; Intervals Measured^ "black tacks". Subject DLM^ 

l-/k/ 2-/t/ 3-/aB/ 4-/ks/ 

Like Fowler (1979), measurements are made from the end of the vowel in 

"black' (beginning of measurement (1)) instead of from the end of the /k/ 

because the end of a vowel is easier to detect than a sometimes glottalized 

or unreleased /k/. Since these measurements are made from a constant 

point in the word preceding tfie test word, "there is no reason to suppose 

that this choice of interval should affect the results in any way" (Fowler, 

1979, p. 380). 

Initial consonants were measured from their onsets of acoustic 

energy to the or\set of vocal fold vibration (beginning of (2) to the end of 

(2)). None of the closures preceding the stops' initial release were included 

since they caimot be seen on the waveforms. Nevertheless, since none were 

included across the board, the individual measurements are consistent 

with each other. Vowels were measured from their first appreciable spike of 

^ The interval indicators underneath the waveforms may not be as exact as the actual 
measurements are due to word processing limitations. These are only rough estimates of the 
true endpoints. 
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voic±ig energy to their last - these spikes corresponding to individual 

glottal pulses (beginning of (3) to end of (3)). Final clusters (always either 

/ts/ or /ks/) were measured £rom the end of the preceding vowel to the 

cessation of energy in the /s/ (measurement (4)). 

In contrast to the vowels and voiceless consonants, initial voiced 

consonants were the hardest to measure. Because their voicing led into that 

of the vowels, their acoustic endpoints were not easily visible in the 

waveforms. Auditory verification of the lengths of these consonants was 

therefore necessary. This, however, could have introduced experimental 

error into these measurements. So, these difficulties in measuring voiced 

consonants led to their exclusion from test words in Experiments 3 through 

11.^ Nasals, however, were the easiest of the voiced consonants to measure 

because they looked very much like vowels, but with much lower energy 

spikes. The first large energy spike (relative to those before it) was 

considered the beginning of the vowel. An example of this is shown in (3). 

(3) Experiment 1: Intervals Measured, "black gnats". Subject BAM 

/n/ /ae/ /is/ 

® See also Footnote 28. 
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Two other volunteers, unfamiliar with the purposes of the 

experiments, checked the reliability of my measurements. They measured 

samples firom an alternative data set that had the same qualities as those in 

all of the experiments. That is, the sentences they measured were of similar 

structure and contained the same sorts of consonants and vowels as in the 

experiments here and in the following chapter. I measured these sentences 

as well; 77% of the reliability checkers' boundaries were within 11 msec of 

my boundaries.^ This procedure was only performed once since it contained 

data similar to that in the rest of the thesis, i.e. these results hold for every 

experiment performed here. 

2.1.1.3 EXPERIMENT 1: Results 

The volunteer making naturalness judgments deleted one item 

firom MKN's data set; the other two subjects had none deleted. 

Each of the three individuals' data was examined separately. The raw 

data was converted so that each individual measurement is represented as 

a percentage of the whole, i.e. they are normalized durations (Wightman, 

Shattuck-Hufnagel, Ostendorf, and Price, 1992). The "whole" in this case 

was the length of the interval preceding the test word plus the total length 

of the test word.^^ This was doive to elimii\ate any rate of speech differences 

^ This reliability percentage is better than that attained by the SRI Decipher speech 
recognition sj^tem CWeintraub, Murveit, Cohen, Price, Bernstein, Beildwin, zmd Bell, 1989) 
used in Price, Ostendorf, Shattuck-Hufnagel, and Fong (1991) and Wightman, Shattuck-
Huftiagel, Ostendorf, and Price (1992). 

For exjimple, one of a subject's individual initial /b/ utterances would be represented as: 
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across the items and across speakers.^^ 

Regression analyses (PROC GLM, SAS) were performed on the 

normalized data to determine whether tiie initial consonant of the test 

word affects its preceding interval as was found in Fowler (1979). The total 

number of items in the analyses was (number of consonants multiplied by 

niomber of iterations) minus (number of items deleted in naturalness 

judgment). So, BAM and DLM had 15 items in their analyses ((5 X 3) - 0)) 

and MKN had 14 ((5 X 3) -1). Interval lengtii was the dependent variable 

and initial consonant length was the independent variable. 

For all three subjects, there was a negative correlation between the 

two variables (r = BAM -.88, DLM -.94, MKN -.80) indicating that there is a 

definite relation between the two - as initial consonants get longer, the 

interval before them gets shorter. These r values are all significant: for 

BAM, [r2 = .78, F(l, 13) = 45.03, p = .0001]; for DLM, [r2 = .88, F(l, 13) = 95.46, p 

= .0001]; for MKN, [r2 = .64, F(l, 12) = 20.94, p = .0006]. The data for these 

statistics can be found in Appendix B. 

2.1.1.4 EXPERIMENT 1: Discussion 

The results above suggest that the methods of data collection and 

(IC/(IWI+IC+V+FQ) • 100. The resulting number would be the percentage of the total time 
that that particular /b/ occupied. 

Fowler (1979) does not normalize her data in any way. The raw data for Experiment 1 still 
produces significant results: BAM: [r^ = .73, F(l, 13) = 35.93, p = 0.0001], DLM: [r^ = .78, F(l, 
13) = 45.43, p =0.0001], and MKN: [r^ = 30, F(l, 13) = 11.88, p = 0.0048]. Data normalization 
will be continued throughout the thesis since the results are similar to the raw data's and 
speech rate effects can be controlled for. 
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analysis presented here are valid in diat they do not differ widely from the 

results obtained by Fowler (1979). She only reports the correlation 

coefficients (r) of her two subjects: -.96 (p < .001) and -.75 (p = .02). All three 

of the subjects here have r's ttiat fall between Fowler's two and all are 

significant below the .0005 level. This shows that initial consonants have a 

significant effect on the duration of their preceding intervals. 

The direction of this relationship is also the same as in Fowler's 

experiment as initial consonants get longer, their preceding intervals get 

shorter. Examples of this relation are shown in (4) below. The data points in 

these graphs (and all that follow) are the means of the actual normalized 

data. ̂2 

If all data points were used throughout the experiments, the graphs would get 
increasingly more difficult to interpret. Appendix A gives an example of a graph 
(corresponding to figure (9) - BAM) with all of the consonantal data points included. This 
graph is &om Experiment 3; it shows the average number of consonants that are tested 
throughout this thesis. Notice that individual consonant identity is somewhat obscured 
since there are so many data points. 
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(4) Experiment 1: Initial Consonant by Previous Interval Plots 
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For every 2% increase in initial consonant duration for all the subjects, 

there is a 1.28% (BAM), 2.2% (DLM), and 1-46% (MKN) decrease in the 

duration of the preceding interval. These percentages are arrived at by 

inultipl3ang the percent increment of consonant duration (as given by the x 

axis of the graph) by the slope of the regression line. 

In (4), 'sacks', begiiming with the longest of the consonants, is the 

closest to the previous word for all of the subjects, "bats', for all the subjects, 

is the furthest away because it begins with the shortest consonant. This kind 

of relationship is precisely what Fowler (1979) found in her sentence frame 

experiment (section 1.2.1.1.4). In sum, the results &om this replication are 

significant and show the same general trend of P-center shifts as Fowler's 

(1979) original sentence frame experiment. 

This replication used a slightly different methodology than Fowler's 

original. The method of measurement was done on computer instead of off 

printed spectrograms. The number of subjects was three instead of two. 

And, the data was normalized to control for speech rate effects. The results 

of the experiments, however, were similar to those achieved by Fowler 

(1979). There were negative correlations between initial consonant length 

and previous interval length for all subjects. The next experiment utilizes 

this same methodology as well as the same sentence frame; the only 

difference is that the test words begin with different consonants. This is 

done to irwure that the sentence frame methodology can produce the 

general P-center effect (section 1.2.1.1.1) as found in the literature. 
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2.1.2 EXPERIMENT 2: Fowler (1979) Method with Different Consonants 

Fowler's sentence frame experiment (the only one of its kind in the 

literature) tested only five consonants' (/b, m, n, s, t/) effects on their 

preceding interval. These particular consonants are satisfactory to describe 

the general effect but they are not totally representative of the overall 

English consonant inventory. Nor is this set compcirable to consonant sets 

used in other P-center tasks. Other methodologies have been used to test 

many more (cf. sections 1.2.1.2,1.2.1.3,1.2.2.1). Experiment 2, therefore, 

serves to fill this small gap in experimentation by using the consonants /d, 

d, f, p, J, v/ in a sentence frame task. Its results will be compared to 

Experiment I's in order to determine whether this additiorwl set of 

consonants produces the general P-center effect. If the results are similar, 

we can be sure that sentence frames can be used to analyze P-center effects. 

If the results are different, the sentence frame methodology must be 

discarded as a P-center task because its results are impredictable. 

2.1.2.1 EXPERIMENT 2: Subjects, Stimuli,^ Procedure, and Measurements 

The same three female graduate students ffom Experiment 1 

participated in this task. The sentence frame was 'Jack likes black 

(borrowed from Lehiste 1973a). The test stimuli were altered to the words 

"chaps, DATs, facts, packs, shacks," and "vats." Subjects were told what a 

'DAT' (Digital Audio Tape) was prior to experimentation. 
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Figure (5) provides the manner and place of articulation of the initial 

consonants that will be evaluated in Experiment 2. An explanation follows. 

(5) Experiment 2: Initial Consonantŝ  ̂

Labial Alveolar 
Stop P d 
A^cate ch 
Fricative f,v sh 

This particular set of stimuli was chosen because they included the 

following initial consonants; (1) bilabial fricatives, both voiced and 

voiceless (/v/ and /if respectively), (2) an alveolar fricative /sh/ to 

complement Fowler's Is/, (3) an affricate /ch/, (4) the voiced coimterpart to 

/t/: /d/, and (5) the voiceless counterpart to /b/: /p/. Other initial 

consonants that would completely fill the paradigm, such as /J/ or /z/^^, 

would have been included if there were normal English nouns that had 

/ae/ as their vowel and those consonants as their onsets. Since Fowler had 

all of her stimuli rhyme with the preceding word, continuing this rhyming 

pattern in this experiment was considered prudent^® /k/ and /g/ were not 

included because of the difficulty reading them off the waveform if they are 

geminated with the final consonant of "black'. 

Measurements and statistics run were the same as in Experiment 1. 

The procedure was the same as in Fowler (1979) and Experiment 1. 

d and J will be written as 'ch' and 'sh' respectively hereafter for typographical ease. 
Even though /J/ does begin the word 'jacks', the sequence in "Jack likes black jacks." might 

be interpreted as 'blackjacks' - a compound instead of two separate words; 'zaps' is more 
commo^y used as a verb and may have confused subjects who would be expecting a noun in 
that position of the sentence. 

Fowler never reveals why all of her test words rhyme with 'Jack' eind 'black'. However, in 
metronome tasks (except for Fox and Lehiste's (1987a) vowel study) the test words always 
rhyme with each other. This is possibly done to encourage the rhylhmic production process. 
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2.1.2.2 EXPERIMENT 2: Results 

Again, each of the three individuals' data was examined separately. 

None of the subjects' test items were deleted by the volunteer making 

naturalness judgments. The niunber of items for all three subjects was 

therefore 18 (6 consonants X 3 iterations). Regression analyses (PROC GLM, 

SAS) were performed on the normalized data to determine whether this 

different set of consonants followed the same pattern as had previously 

been found in Fowler (1979) and Experiment 1. titerval length was again 

the dependent variable and initial consonant length was the independent 

variable. The data for these statistics can be foimd in Appendix B. 

Again, all three subjects had a negative correlation between their 

initial consonants and the preceding interval (BAM: r = -.82, DIM: r = -.81, 

MKN: r = -.61). These values were all significant below the .05 level: for 

BAM, [r2 = .67, F(l, 16) = 31.96, p = .0001]; for DLM, [r^ = .66, f(1,16) = 30.76, p 

= .0001], and for MKN, [r^ = .37, F(l, 16) = 9.45, p = .0073]. This is the same 

trend found in all other P-center experiments dealing with initial 

consonants' effect on their preceding intervals. 

2.1.2.3 EXPERIMENT 2: Discussion 

Experiment 2 shows us that other types of consonants do, in fact, 

follow the same pattern established by Fowler (1979), Experiment 1, and 

other P-center experiments. As initial consonant length gets longer, the 



intervals preceding them get shorter. Figure (6) below shows this in the 

separate consonantal distributions of all the subjects. 

(6) Experiment 2: Initial Consonant by Previous Interval Plots 
BAM Experiment 2 DLM Experiment 2 
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(6) Experiment 2: Plots (continued) 
MKN Experiment 2 

"O « 
"5 
E 

4) 
O 

If  
•5^ 16 
M 
3 

> O 

FIG. (6). Each axis represents the 
normalized duration of the 
respective variables. Whole = (% 
of Word + IWI Duration). 
Consonant type is given in the 
legend. Data points are means of 
the normalized data. 
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For BAM and MKN, every 2% increase in initial consonant duration causes 

a 1.76% (BAM) and 1.22% (MKN) decrease in the length of the preceding 

interval. For DLM, a 5% increase in consoiuint duration produces a 4.2% 

decrease in the preceding interval. Again, these percentages are computed 

by multiplying the slope of the regression line by the percent increment 

given on the x axis. 

Comparing these graphs witii those in figure (4), we see that the stop 

consorwnts still group together and the fricative /sh/ behaves like /s/ in 

that it is set apart &om the otiiers in the lower right-hand comer of the 

graph. For BAM and DLM, the firicatives /f/ and /v/, however, cluster with 

the other stops because their inherent length is much shorter than that of 

the fricatives /s/ and /sh/; MKN's /f/ and /v/ were about as long as her 
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/sh/. Even with this individual difference in consonant length (which may 

well be due to measurement error), MKN still exhibits die same pattern. If 

her /f/ and /v/ we located far off of the regression line, we could postulate 

that something about them was skewing the general trend. But, this is not 

the case, /f/ and /v/ cause the same temporal displacement of their words 

as ail of the other consonants do. 

The results from this experiment were significant and followed the 

same trend as found in Fowler (1979), Experiment 1, and other P-center 

experiments. Consonants otiier than the ones in Fowler's original set 

follow a pattern similar to those established in previous P-center 

experiments. This is important because it shows that the sentence frame 

methodology undoubtedly produces the same general P-center effect foimd 

in other methodologies: the length of a word's initial consonant 

determines the length of its previous interval. 

The last initial consonant experiment (Experiment 3) tests even 

more consonants, including clusters of consonants, to see whether they 

produce the general P-center effect Additionally, the test words occur in 

penultimate position, instead of ultimate position, within the sentence 

frame. 

2.1.3 EXPERIMENT 3: Penultimate Position Initial Consonant 

After determining that the replication study did, in fact, replicate, 

changes were made to the original sentence frame methodology and 
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experimental stimuli. The methodological change will be in effect for all 

experiments hereafter; the stimuli change will only be implemented here 

and in the initial consonant experiments in Chapter 3. 

The methodological change was as follows: the test word's position 

within the frame was altered so it would be the thirds instead of fourth^, 

word of the four-word sentence (penultimate position). This change 

removes certain phonetic effects that could affect the timing of the entire 

sentence, especially the final word of a sentence (cf. section 1.3.2.1). As noted 

by Cooper and Danly (1981) and otiiers,^^ the final word of a sentence 

undergoes "utterance-final lengthening." This causes the final word to be 

much longer in comparison to the other words in the sentence, even when 

its phonemic construction is the similar to the other words'. Most notably, 

final consonants lengthen the most in comparison to other segments of the 

word. It is possible that the P-center effects shown in the previous two 

experiments were caused by the circumstantial final consonant lengthening 

in the test words, since they were always the final word in the sentence. Or, 

P-center effects could be diminished on the ultimate word in a sentence 

since overall word length is mostly determined by word-position there, not 

word-composition. This current experiment, the last of the monosyllabic 

initial consonant studies, will show that these possibilities are not the case; 

initial consonant effects on their preceding interval occur within a phrase 

as well as at the end of a phrase (or sentence). 

The sentence frame for this experiment, therefore, became: "They 

Gaitenby (1965), Lindblom (1968), Lindblom and Rapp (1973), Oiler (1973), BQatt (1975), 
and Cooper and Pacda-Cooper (1980) Me a few examples. 
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like mats." The consonant preceding the test word remains the same 

as in the previous experiments ('Jack likes blacA: .") to keep 

measurements as parallel to Fowler's original as possible. With this test 

word shift also comes a slight syntactic change. Fowler's frame had the test 

word be the object of an adjectival phrase 'black X'. The new frame has the 

test word be the actual adjective - 'X mats'. 

It is well-known that initial consonant clusters affect their P-centers 

in the same manner as singleton consonants (Fowler and Tassinary^. 1981 

(section 1.2.1.2) and Cooper, Whalen, and Fowler, 1986). So, a mixture of 

both are used in the present experiment /ch, f, p, t, n, s, sh, sk, sn, st/. The 

rhyming of the third and fourth words in the frame is maintained for 

parallelism to the Fowler frame; all of the test words rhyme with "bat'. This 

is an effort to minimize the number of experimental differences between 

the current studies and the original Fowler experiment. 

In contrast to Fowler, however, the test words themselves are 

nonsense words, i.e. they have been artificially created.^7 But, unlike 

Fowler, their vowels and final consonants are kept exactly the same as one 

another ([aet]), constraining more variables than in the original experiment. 

This was done to eliminate any possible effects of the final consonants on 

the previous interval. Test words such as hers with differing final clusters 

of consonants (tacks vs. bats), introduced an extra variable into the picture, 

Lehiste (1980) found that the durations of noruense words do not differ significantly from 
similar real words when spoken in sentence frames. Both affect the lengths of their entire 
utterance in the same matmer. So, "for the investigation of the durational aspects of speech, 
the use of frame sentences and nonsense words may be considered justified" (ibid., p. 176). The 
use of nonsense words here is also justified in the foct that a majority of P-center experiments 
only examine nonsense words (section 1.2). 
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in addition to the all-important initial consonants. Previous research has 

shown that final consonants alone can shift a word's P-center (section 1.2.3); 

that they help (along with any initial consonant and vowel) determine a 

word's P-center location is not disputed. Here, by restraining the number of 

variables in the composition of each test word to the initial consonants 

only, we can easily evaluate their effect without any of the added effects of 

final consonants. Experiments where both initial cind fined consonants are 

varied and analjrzed are not dealt with in this thesis -1 leave this to further 

research. 

The main purpose of this experiment is to determine whether there 

is any appreciable difference between 4th-of-4 (ultimate) sentence frames 

and 3rd-of-4 (penultimate) frames on the general P-center effect as caused by 

initial consonants. The results of this experiment will be compared to those 

from Experiments 1 and 2 and other previous research to determine 

whether the same general P-center effect can be foimd using this 

methodology. If this different type of sentence frame produces results 

similar to those from Experiments 1 and 2, it will be retained for the rest of 

the experiments in this thesis. If not. Fowler's original methodology will be 

used in the later experiments. 

2.1.3.1 EXPERIMENT 3: Subjects, Stimuli, Procedure, and Measurements 

The same three female graduate students from the past two 

experiments participated in this one. The stimuli included items such as 
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"They like fat mats.'V "They like stat mats.", and "They like snat mats." 

Subjects were told to think of the test words as brand names, or just a 

particular kind of mat. 

The initial consonants of the test words were restricted to only 

voiceless consonants (as are the final consonants in Experiment 5) because 

the boundaries of voiced consonants are harder to determine from a 

waveform representation of the signal. The only exception to this is the 

inclusion of /n/ in 'n' and 'sn'. This is because nasals are the easiest of the 

voiced consonants to measure from a waveform (see 2.1.1.2, figure (3)). The 

consonants and clusters are shown in Figure (7) below. 

(7) Experiment 3: Initial Consonants and Clusters 

Labial Alveolar 

P t 
ch 

f s, sh 
n 

Qw 
Alveolar Velar 

Stop 1 sk 
Nasal 1 sn 

Stop 
Affricate 
Fricative 
Masai 

The first half of (7) shows the solitary consonants used in this initial 

consonant experiment; the second half shows the clusters. The singletoiis 

are a few of the consonants used in Experiments 1 and 2; /n, s, t/ from 

Fowler's original and /ch, f, p, sh/ from Experiment 2. For the clusters, the 

maimer and place descriptions apply to the second consonant in each 

cluster. Their first consonant is always /s/. 

The procedure remained the same as in the previous two 

experiments except for the stimuli changes outlined above. Subjects were 

told to say the sentences in casual form. Responses were motutored so that 

all of the test words ended in a glottalized [f] instead of a released [t*^]. A 
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released [t^^] could indicate that they were introducing an pause before the 

final word of the sentence (O'Malley, Kloker, and Dara-AbramS;^ 1973; 

Lehiste, Olive, and Streeter, 1976).i® This would elongate the intervals 

around the word and therefore interrupt any interval lengtherung caused 

by the iiutial consonant. If the subject released the final /t/, she was asked 

to say the entire sentence again until tiie /t/ was glottalized. If released /t/'s 

were not caught during the experiment itself, those items (the entire 

sentence) would not be used in the analysis. 

Items were also discarded if the subject emphasized the fourth word 

of the sentence; stress was usually on the third (test) word.^^ An outside 

listener (the volunteer who made naturalness judgments, see section 

2.1.1.1) ignorant of the purposes of the experiments judged all of the data to 

determine which sentences should be thrown out on the basis of 

intonation, stress, and clarity of pronunciation. Here and in the rest of the 

experiments in the thesis, irregular focal stress patterns and released /t/'s 

constituted the majority of deleted items. The numbers of items deleted per 

subject are given in section 2.1.3.2. 

The recordings of the subjects were digitized as in the previous two 

experiments. The intervals measured were similar to those in the previous 

two experiments. They were: (1) the length between the offset of voicing in 

"like" to the onset of the test word (first interword interval - IWI); (2) the 

length of the initial consonant(s) (IC); (3) the length of the vowel(V); and (4) 

IS Pauses between words can be used to signal syntactic boundaries. The aspiration of released 
[th]'s takes up more time thjm does the glottalization of a [t']. This extra duration-by-
aspiration in the interword interval could be construed as the insertion of a pause between 
the words, signaling a s)mtactic boundary. 

Given the way these matericils were presented, this is the most natural pronunciation. 
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the final glottal stop (FQ. Figiiie (8) shows the various measurements 

taken for this experiment 

(8) Experiment 3: Intervals Measured^ "They like snat mats.". Subject MKN 

l-/k/ 2-/sn/ 3-/aB/ 4-/t/ 

Here, the nasals within the /sn/ cluster and 'mats' are clearly visible. 

2.1.3.2 EXPERIMENT 3: Results 

Regression analyses were again performed to determine whether 

initial consonants behaved as they did in the previous experiments when 

the test word is the 3rd-of-4 in a phrase. PRCXZ GLM, SAS (regression 

analyses) was used on all of the individuals' data separately. The raw data 

was also converted into percentage form as in the previous two 

experiments; the "whole" included test word and its preceding interval 

only (cf. Footnote 10). The volunteer making naturalness judgments found 

the following numbers of test items unacceptable per subject; BAM; 1, DLM: 

6, and MKN: 1. Therefore, the total nimiber of items used per subject was: 

BAM; 29, DLM; 24, and MKN; 29. The actual data can be found in Appendix 
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B. 

The first interval's lengtia was the dependent variable (measurement 

1) and irutial consonant length (measurement 2) was the independent 

variable. For the interval preceding the test word: subject BAM^ [r2 = .90, F(l, 

27) = 232.18, p = .0001]; DIM, [r^ = .88, f(1,22) = 166.08, p = .0001]; MKN, [r2 = 

.76, F(l, 27) = 83.22, p = .0001]. The direction of correlation was once again 

negative with the r-values being -.95, -.94, and -.87, respectively. These 

results show that all of the subjects' initial consonants affected their 

preceding pause significantly and in the same way as in the previous two 

experiments. A direct comparison between this experiment's results and 

those of Experiment 1 and 2 will be carried out in the following section. 

2.1.3.3 EXPERIMENT 3: Discussion 

The main initial consonant effect established in Fowler (1979) and in 

Experiments 1 and 2 still pertains here, where the test word is the third, 

ir\stead of final word in the sentence. No matter whether the test word is 

third or fourth or four words, if its initial consonant is long in duration, the 

interval before it is short in comparison to the intervals of short-initial-

consonant words, and vice-versa. This can be seen in the following graphs; 

the same pattern from the previous two experiments is seen here clearly. 
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(9) Experiment 3: Lnitial Consonant by Previous Interval Plots 
BAM Exp 3:1 st Interval MKN Exp 3: 1 st Interval 
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FIG. (9). Each axis represents the 
normalized duration of the 
respective variables. Whole = (% 
of Word + IWI Duration). 
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legend. Data points are means of 
the normcilized data. 
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When, for all subjects, there is a 5% increase in initial consonant duration, 

there is a 3.6% (BAM), 4.2% (DLM), and 3.3% (MKN) decrease in the 

preceding interval. So, the pattern where long initial consonants or clusters 

have short intervals preceding them prevails even though the test word is 

not the final word in the sentence. 

To make sure tiiese findings are, in fact, consistent with those from 

the fourth-of-four sentence frame, a comparison between this experiment 

a n d  E x p e r i m e n t s  1  a n d  2  m u s t  b e  p e r f o r m e d .  T h i s  i s  d o n e  b y  r u n n i n g  a t 

test on the slopes of the three iterations of each subject from each 

experiment.20 Each experiment had three subjects and each subject 

produced three iterations of the sentence frames. Pooling all of these 

together results in nine slopes for each experiment which are then 

compared in a t - test. If there is a significant difference between the two 

groups of slopes, then their results are not similar. If there is not a 

significant difference, their results can be cotxsidered parallel. These tests are 

2-tailed since there isn't any reason to believe one experiment's effects are 

greater than the other's. The slope data for each experiment can also be 

found in Appendix B. 

What we find is that there is no significant difference between the 

slopes from Experiments 1 and 3 or from Experiments 2 and 3. For 

Experiments 1 and 3: [t(l, 8) = 1.53, p = .1642]. For Experiments 2 and 3: [f(l, 8) 

= 1.11, p = .2987]. Neither of these p values are significant, therefore there is 

no appreciable difference between the results of Experiment 3 and those of 

Experiments 1 and 2. The initial consonant effects on the preceding 

Thanks to Kerry Green for this suggestion. 
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intervals are similar. In other words, the initial consonants in the third-of-

four sentence frame cause approximately the same displacement as those in 

the fourth-of-four sentence firame. So, any utterance-final lengthening 

found with Fowler's method does not obfuscate the initial consonant P-

center effect. Since there is no major difference between the results of these 

three experiments, this modification of Fowler's original experimental 

method (moving the test word to third position) is validated. This new 

methodology will be kept for the following experiments because of 

Experiment 5 (and Experiments 10 and 11 in Chapter 3), the final consonant 

experiment. While utterance-final lengthening might not affect initial 

consonants' effects, it may with final consonants since they are directly 

affected by it. This extra variable must therefore be controlled for by using a 

sentence frame with the test word in penultimate positioru 

The three preceding experiments have supplemented and supported 

previous research on F-center determination by initial consonants through 

their effects on interword intervals, all of the experiments presented 

here, longer initial consonants or clusters result in shorter preceding 

intervals. This indicates that the P-centers of words with longer initial 

consonants occur later relative to those with shorter initial consonants. 

Most importantly, the P-center effect was shown to be the same between 

words that are phrase-medial (test word = penultimate word) and those that 

are utterance-final (test word = ultimate word). 

The third-of-four sentence ffame method will now be evaduated in a 

vowel and final consonant experiment (sections 2.2 and 2.3 respectively). 

These experiments should present more evidence of the validity of this 
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particular sentence frame method. They will do this by showing: (1) that 

both vowels and final consonants affect their P-centers in a manner similar 

to the initial consonant effect, and (2) that the magnitudes of these effects 

are less than that of the initial consonant effect - in support of Marcus' 

(1981) model. 

2.2 VOWEL EXPERIMENT 

This experiment focuses on tiie effect of vowel length on P-center 

location using the sentence frame methodology described in the previous 

section. Although vowels have been studied previously in the literature 

(section 1,2.2) and have been shown to affect their P-centers like initial 

consonants do (though not with the same strength), they are being 

examined here to provide more evidence of the validity of the modified 

sentence frame methodology. The vowel results here are expected to mimic 

those found in the previous research. The new methodology should not 

adversely affect the vowel effect. 

The test words were those used by Fox and Lehiste (1987a) in their 

metronome/nonmetronome experiments. The vowels were: /\, el, e, ae, a, 

A, 3, oU, u, U, al, ol, au, z-/A The vowel effect in this data is expected to be 

in the same direction as initial consonant effect (the longer the vowel, the 

shorter the preceding interval). This effect should not be as strong as the 

I am adopting Fox and Lehiste's (1987a) transcriptions of these vowels for ease of 
reference. 
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initial consonant effect (as predicted by Marcus 1981). His P-center model 

predicts that the rhyme of a syllable affects it preceding interval to a lesser 

degree than the syllable's onset22 So, the vowel, being part of the syllable's 

rhyme, shouldn't affect the length of its previous interval to the same 

extent as its onset (the initial consonant). To determine whether Marcus' 

model is supported, the initial consonant effect from Experiment 3 will be 

compared to the yowel effect here. 

2.2.1 EXPERIMENT 4: Subjects, Stimuli, Procedure, and Measurements 

One male and two female graduate students^^ at the University of 

Arizona voluntarily participated in this experiment One of the females 

(MKN) participated in the initial consonant experiments outlined in the 

previous section. 

The sentertce frame for this experiment is the same as in Experiment 

3: "They like mats." The test words were /sVt/, as in Fox and Lehiste 

(1987a). The actual test words are as follows (some are nonsense words): 

seat, sit, sate, set, sat, sot, sut, sought, sote, suit, soot, sight, soyt, sowt, and 

sert. In IPA, these words are /si:t, sit, seit, set, saet, sat, SAt, sot, sowt, su:t, sut, 

salt, sort, saut, szr±/ respectively. Again, subjects were told to think of the test 

words as brand names, or just a particular kind of mat. 

The test words' vowels were as follows in figure (10). For the 

22 Refer to section 1.2.4.1 for details on the Marcus (1981) model. 
23 AVF: female, 30, raised in NE Washington; HJG: male, 31, raised in New York Qty; 
MKN: female, 29, raised in W Massachusetts. 
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monophthongs, the chart indicates place of articulation. For the 

diphthongs, starting points are listed vertically; end points are listed 

horizontally, {z-/ is a rhotacized mid-central vowel. 

(10) Experiment 4: Vowels 
JV> 

Front 
PfiQpimiQ 
Central 

Flg& 
Back 

High i u 
I U 

Mid e 
A 3 

Low ae a 

Start/End 
mid<entral 

mid-baclc 

Diphthongs 
high-front 

al 
ol 

high-back 

au 
oU 

Rhotacized; 3^ 

The procedure remained the same as in ttie previous three 

experiments except for the stimuli changes outlined above. Only one 

subject (HJG, male) natively had the /o/ vowel. Even so, his time spent in 

Arizona had obviously affected die vowel so that it sounded strained and 

almost unnatural.2^ The other two subjects made no distinct difference 

between /sot/ and /sat/. The sentences that corresponded to the vowel /o/ 

("They like sought mats.") were dierefore removed fcom the data sets of all 

three speakers. Measurements of the data were the same as those outlined 

in section 2.1.3.1. 

2.2.2 EXPERIMENT 4: Results 

As in the previous experiments, each individual's data was 

converted into "percentage of the whole" form instead of using the raw 

This cissessment was corroborated by another volunteer who listened only to the vowel 
experiment's data. 
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data in milliseconds. The "whole" was once again the test word plus its 

preceding interval (cf. Footnote 10). Regression analyses (PRCXIGLM, SAS) 

were performed on these normalized durations to determine what effect 

different vowel lengths have on their preceding interval. Again, items with 

faulty stress patterns (stress on the fourtii word) were discarded as per a 

neutral listener's judgment. The total number of items discarded per 

subject were: AVF: I, HJG: 0, and MKN: 2. This left the following numbers 

of items per subject AVF: 29, HfG: 30, and MKN: 28. 

The same general trend explained in Chapter 1 and found in the 

previous experiments is expected to be foimd here also - longer vowel 

lengths should shift their P-centers toward the ends of the words thereby 

causing the preceding interval to shorten. For these regressions, interval 

length was the dependent variable and vowel length was the independent 

variable. The data for these statistics can be found in Appendix B. 

Again, all three subjects had a negative correlation between their 

vowel lengths and the preceding interval (AVF r = -.56, JiTG r = -.43, MKN r 

= -.42). For AVF, [r2 = .32, F(l, 39) = 18.08, p = .0001]. For HTG, [r^ = .19, f(l, 40) 

= 9.08, p = .0045]. And for MKN, [r2 = .18, F(l, 38) = 8.14, p = .0070]. These 

results indicate that for these speakers, increasing vowel length shortens 

the previous interval's duration. The following section compares these 

results with those from Experiment 3 to determine whether the effect of the 

vowels is different than that of the initial consonants. 
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2.2.3 EXPERIMENT 4: Discussion 

The results &om this experiment confirm those in the literature 

(section 1.2.2). For all of the subjects, there was a significant effect of vowel 

duration on the previous interword interval. And again, since all the 

regression coefficients (r) were negative, the direction of the correlations 

were negative, i.e. as vowel duration mcreased, interval length decreased. 

Figure (11) shows this relationship for all speakers. 

(11) Experiment 4: Vowel by Previous Interval Plots 
AVF Exp 4: 1 st Interval HJG Exp 4: 1 st Interval 
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(11) Experiment 4: Plots (continued) 
MKN Exp 4: 1st Interval 
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FIG. (11). Each axis represents the 
iiormalized duration of the 
respective variables. Whole = (% 
of Word + IWI Duration). 
Consonant type is given in the 
legend, 'uh' is /A/ and 'er' is /T/. 
Data points are means of the 
normalized data. 
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For all three subjects, a 5% iitcrease in vowel duration produces a 1.5%, 

1.4%, and .85% decrease in previous interval duration for AVF, H[G, and 

MKN respectively. These percentages were found by multiplying the 

percent increment on the x axis by the slope of the regression line. 

All of the vowels (11 nonrhotic monophthongs, 3 true diphthongs 

([al, ol, aU]), and [ar-]) were included in the calculations above for a 

significant correlation between vowel and interval length. However, in 

their metronome task. Fox and Lehiste (1987a) (section 1.2.2.1) found that if 

they included the 3 diphtiiongs and [H in Iheir statistical calculations, the 

vowel-interval relationship was not significant (Fox and Lehiste, 1987a, p. 

5). If these four vowels are removed from the present regression 
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calculations, the results are still significant: AVF, [r^ = .25, F(l, 27) = 9.17, p = 

.0054]; HFG, [r^ = .24, F(l, 28) = 8.61, p = .0066]; MKN, [r^ = .17, F(l, 26) = 5.49, p 

= .0271]. So, the problems with diphthongs found by Fox and Lehiste (1987a) 

were not encountered here; their lengths contribute to the gerteral pattern 

where the longer the vowel, the later the P-center, and the shorter ttie 

interword interval. In fact, for all of the speakers, the diphthongs tend to 

cluster near the bottom right-hand comer of the graphs. This shows that 

they were some of the longest vowels thereby creating the shortest 

interword intervals. 

Even though the relationship between the vowels and their 

preceding intervals is the same as between initial consonants and their 

intervals, there is a difference between the two. The initial consonants 

explained much more of the variance in their intervals' length (section 

2.1.3.2) than the vowels did. This can be seen in the value of the 

coefficient of determination. It gives the proportion of the variance of y (the 

dependent variable - here, the interval length) explained by the fit In the 

previous initial consonant experiment, the three subjects' r '̂s were .90, .88, 

and .76 for BAM, DLM, and MKN respectively. This means that 90%, 88%, 

and 76% of the variance in their preceding interval's length can be 

explained by the varying lengths of their initial coi\sonants. However, the 

vowels only accoimted for 32%, 19%, and 18% of the variance of the 

preceding interval for AVF, HJG, and MKN respectively. These differences 

between initial consonant and vowel effects suggest that initial consonants 

have a greater effect on P-center location within a word than vowels or 
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final consonants do (Maicus, 1981).^ The variance contributed by initial 

consonants is, in fact, significantly different than that contributed by 

vowels, as reported below. 

A t  -  test comparison on the slopes from these two experiments was 

performed to determine whether the preceding interval initial consonant 

effects were significantly different from the vowel effects. The slopes from 

Experiment 3 and 4 were gathered and pooled as in section 2.1.3.3 (these can 

be found in Appendix B). Again, a significant p value would indicate that 

there is a difference in the effect of the initial consonants (Experiment 3) 

and the vowels (Experiment 4); a non-significant value would indicate the 

opposite. The results are as follows: [f(l, 8) = -9.31, p = .0001]. This 

comparison shows us that initial consonant effects on preceding intervals is 

significantly different than that of vowels. And, the r2 values (above) 

indicate the initial consonants' effect is greater than that of vowels'. This 

implies that initial consonants play a greater part in determining P-center 

locations than vowels do - as Marcus (1981) predicted in his Onset-Rhyme 

model (section 1.2.4.1). 

This experiment has shown that the methodology developed earlier 

in section 2.1.3.1 is valid for vowels as well as for initial consonants. The 

same relationships exist in this data as were found in other experimenters' 

studies. Also, these relationships follow the same pattern as is found in the 

literature: that vowels affect their P-centers to a lesser degree than initial 

25 Although Mcucus claims that the rhyme of a syllable contributes 25% of the variance in P-
center location, an exact value for the vowels (or consonants) here cannot be calculated. This 
is because this type of experiment does not compute P<enters directly. It only shows they 
exist by the different interval durations they cause (see section 1.2.1.13). 
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consonants do. The next and final experiment of this chapter examines 

final consonants' effect on their preceding intervals using the same 

sentence frame methodology as in the previous experiments. This 

methodology is hypothesized to produce results similar to those found in 

the vowel experiment. 

2.3 FINAL CONSONANT EXPERIMENT 

This last monosyllabic experiment examines the effect of final 

consonant length on the diuration of the preceding interval. The same 

methodology of the previous two experiments will be used. Any final 

consonant effects found will be compared to the initial consonant effects in 

section 2.1.3.2 (Experiment 3) to make sure the results here are consistent 

with the predictions made by Marcus' (1981) model. The modified 

methodology is not expected to adversely affect the final consonant effect. 

In fact, it is designed to prevent utterance-final lengthening (as would be 

obtained with Fowler's (1979) original method) from affecting the data. 

Since a majority of the experiments done on the final consonant P-

center effect have been perception tasks, a wide variety of consonants and 

clusters have not been tested (section 1.2.3). This is because previous 

researchers manipulated one final consonant (by adding or removing 

length) instead of using final consonants of different lengths. Marcus (1981), 

for example, created a length continuum of the final /t/ in 'eight' where he 

both lengthened and shortened a baseline /t/ by 30 msec (section 1.2.3.1). 
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Cooper, Whalen, and Fowler (1988) created a similar kind of continuum 

with the /t/ in [at] (section 1.2.3.2). So, the use of "real" final consonants 

and clusters here is novel. In fact, real (not artificially created) consonant(s) 

must be used in an experiment such as this simply because subjects have to 

produce the consonants themselves. The final consonants and clusters used 

in this experiment are as follows: /ch, f, k, s, sh, ft, kt, sk, st, ks, ts, kst/. 

This experiment, therefore, will show that "real" consonants and 

clusters can produce P-center effects just as synthesized ones can (see section 

1.2.3.3 for a simimary of previous final consonant experiments). And also, 

as in the previous section, the results of this experiment will be compared 

to those of Experiment 3 to determine whether final consonants have the 

same effect on their preceding intervals as initial consonants do. It is 

expected that they have the same type of effect that initials and vowels do, 

i.e. they are in the same direction: the longer the consonant, the shorter the 

interval. 

However, the magnitude of the final consonant effect should be 

similar to the amount of the vowels' effects but different than the effect of 

the initial consonants. These hypotheses are derived from Marcus' (1981) 

prediction that the rhjone of a syllable has less of an effect on its previous 

interval length than its onset does. So, first, since vowels and firwl 

consonants are part of a syllable's rhyme, and the rh5ane affects its P-center 

as a whole,26 vowels and final consonants should have comparable effects 

on their previous intervals' durations. And second, since the onset and 

rhyme have different effects, initial and final consonants should have 

26 Again, see section 1.2.4.1 for more information on Marcus' (1981) model. 
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significantly different relationships with their previous interval durations. 

Both of these hypotheses will be evaluated in section 2.3.3. 

2.3.1 EXPERIMENT 5: Subjects, Stimuli, Procedure, and Measurements 

Three female graduate students at the University of Arizona 

voluntarily participated in this experiment. Two of the females (BAM, 

MKN) participated in the initial consonant experiments outlined above in 

2.1; the other femcile (AVF) participated in the vowel experiment (2.2). 

The initial consonants and vowels of the test words in this 

experiment were held to a constant /tae/. The sentence frame remained 

"They like mats." As in Experiment 3, the test words in the frame 

were nonsense words. The final consonant(s) were presented much as they 

are in IPA (they will be described shortly).^^ This was because even though 

the clusters are possible in English, they are usually spelled with the /-ed/ 

past tense ending. For example, in "He packed his bags.", 'packed' is 

pronounced [paekt]; in "He fixed clocks.", 'fixed' is pronounced [flkstj. Since 

adding the /-ed/ ending to already unfamiliar words might have confused 

the subject even more than the nonsense words themselves, it was decided 

to present /kt/ and /kst/ as they are and warn the subjects about them 

during the practice trial. Therefore, some examples of the stimuli included: 

"They like tatch mats.", "They like taff mats.", and "They like takst mats." 

^ This was not a problem for the subjects because they were graduate students in linguistics 
and could read IPA easily. 



119 

Like the initial consonants in Experiment 3, the final consonants 

here have been restricted to only voiceless consonants. This is because the 

boundaries of voiced consonants are harder to determine from a waveform 

representation of the signal. Also, voiced consonants have a lengthening 

effect on their preceding vowels.28 Including them might affect the words' 

P-centers in an unpredictable way. The final consonants and clusters are 

given in (12) below. 

(12) Experiment 5: Final Consonants and Clusters 
Clusters 

Labial Alveolar Velar 
Stop k 
Affricate ch 
Fricative f s, sh 

Alveolar Velar 
1 ft, kt, St sk 
1 ks, kst, ts 

The singleton consonants sorted by manner and place are on the left; the 

dusters sorted by the manner and place of the second consonant are on the 

right. Some of these consonant(s) were chosen because they are the same as 

those used in the initial experiments (ch, f, s, sh, sk, st). Others add another 

consonant onto one used previously (ft, ts). The rest (k, kt, ks, kst) form a 

series where the last member /kst/ is a combination of the previous three. 

Although final consonants have never been tested in a sentence &ame task, 

these 12 cor\sonants and clusters should provide enough length variation 

to produce P-center shifts that result in interval length changes. 

The procedure remained the same as in the previous three 

experiments except for the stimuli changes outlined above. Measurements 

of the data were the same as those outlined in section 2.1.3.1. 

Lehman and Heffrier (1943), House and Fairbanks (1953), Denes (1955), Peterson and 
Lehiste (1960), Bush (1960), and House (1961). 
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2.3.2 EXPERIMENT 5: Results 

Once again, the raw data were transformed into percentages of the 

whole for normalized durations. The "whole" here was the total test word 

length plus its preceding interval (cf. Footnote 10). Also, the volunteer who 

made naturalness judgment assessments evaluated each of the subjects' 

sentences for stress variations. The number of items excluded from each 

subject's analysis are as follows: AVF: 1, BAM: 1, and MKN: 2. This resulted 

in the following numbers of items per subject AVF: 35, BAM: 35, and 

MKN: 34. PRCXI GLM, SAS was used to nm regressions on each of the 

subjects' data separately. The main goal was to see whether final 

consonants followed the same pattern of effect on their preceding intervals 

as has been found in previous studies. As usual, the dependent variable 

was the interword interval and the independent variable was the final 

consonant length. The data for each subject can be found in Appendix B. 

All of the directions of correlation were negative (-.73, -.80, -.49 for 

AVF, BAM, and MKN respectively) indicating that interval length rose as 

final consonant length shortened. The critical values for this experiment 

were as follows: AVF, [r^ = .54, F(l, 33) = 38.26, p = .0001]; for BAM, [r^ = .64, 

F(l, 33) = 58.04, p = .0001]; and for MKN, [r^ = .24, F(l, 32) = 10.08, p = .0033]. 

Two comparisons between onset and rhyme effects were nm (in the 

following section): (1) between final consonant effects and initial consonant 

effects on the previous interword interval, and (2) between final consonant 

effects and vowel effects on the previous interword interval. 
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2.3.3 EXPERIMENT 5: Discussion 

The regression results listed in the previous section show that the 

lengths of final consonants have a significant effect on their preceding 

intervals for all subjects^ and the direction of the effect is negative. This 

significant relationship can be seen for all subjects in Figure (13). 

(13) Experiment 5: Final Consonant by Previous Interval Plots 
AVF Exp 5: 1st Interval 
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(13) Experiment 5: Plots (continued) 
MKN Exp 5: 1 st Interval 

TO 
« 

75 

O-K Z Q 

n tw > o 

St 

30 

28 

26 

24. 

22 

• ch 
0 f 
A ft 
O k 
* ks 
X kst 

• kt 
• s 
A sh 
• sk 
O st 
a ts 

FIG. (13). Each axis represents the 
normalized duration of the 
respective variables. Whole = (% 
of Word + IWI Duration). 
Consonant tjrpe is given in the 
legend. IData points are means of 
the normalized data. 

20 25 30 35 40 45 
Rnil Cdnsonant Normalized 

(% of Whole) 

For all three subjects, every 5% increase in final consonant duration 

produces decreases in the preceding interval of 2.15%, 2.15%, and 1.15% for 

AVF, BAM, and MKN respectively. Again, these percentages were found by 

multiplying the percent increment on the x axis by the slope of the 

regression line. 

The relationship between groups of consonant clusters can also be 

seen in Figure (13) for all three subjects. Of the group /k, ks, kt, kst/, [k] is 

the shortest with the longest preceding interval and [kst] is the longest with 

the shortest preceding interval, [kt] is longer than [k] but shorter than [ks] 

showing that the addition of a stop consonant does not create as much of a 

length difference as the addition of a fricative. This shows that production 
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experiments using "real" consonants can generate the same kinds of P-

center effects that perception tasks with synthesized consonants can. 

The Hnal goal of this experiment was to show, as in the vowel task in 

section 2.2, that final consonants have less of an effect on their preceding 

intervals than irutial consonants do. As mentioned in section 2.2.3, the r '̂s 

(coefficients of determination) from Experiment 3 were .90, .88, and .76 for 

BAM, DLM, and MKN respectively. So, 90%, 88%, and 76% of the variance 

in their preceding interval's length can be explained by the varying lengths 

of their initial consonants. For the final consonants, however, the r '̂s are 

lower: .54, .64, and .24 for AVF, BAM, and MKN respectively. Only 54%, 

64%, and 24% of the variance in their preceding interval's length can be 

explained by the final consonants' durations. A comparison of these 

measures would seem to confirm Marcus' (1981) claim (section 1.2.4.1) that 

final consonants affect their preceding interval less than do initial 

consonants. In order to substantiate this claim, significance tests were 

conducted on the results found across experiments. These tests follow. 

That iiutial consonants have a greater effect on their preceding 

intervals is shown by comparing r '̂s; at - test comparing the slopes from all 

the subjects iterations can show us whether this difference is significant. 

The slopes from Experiment 5 were gathered and pooled as in section 2.1.3.3 

(these can be found in Appendix B). These were compared to those from 

Experiment 3 in the t - test. A significant p value would indicate that there 

is a difference in the effect of the initial consoruints (Experiment 3) and the 

final consonants (Experiment 5); a non-significant value would indicate the 

opposite. The results are as follows: [t(l, 8) = -9.57, p = .0001]. The p value 
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tells us that the initial consonant effects are significantly different than the 

final consonant effects. With the r '̂s values (above), we know ttiat the 

initial consonant effect is greater. So, initial consonants play a significantly 

greater part in determining P-center locations than final consonants do, as 

shown in their differing effects on their preceding intervals. 

For the final comparison, we must see whether there is a difference 

between vowels and final consonants in their effects on their preceding 

intervals. According to P-center models such as the one proposed by Marcios 

(1981), there should not be any difference between them because they are 

part of a syllable's rh5ane and the rhyme affects its P-center as a whole. This 

predicts that individual contributions of vowels and final consonants on 

their preceding intervals should be indistinguishable from each other. By 

comparing the vowels' r '̂s values, or their percentage of variance 

accounted for, with the final consonants' we can tell which has a greater 

influence on its preceding intervals. The vowels' from Experiment 4 

accoimted for 32% (AVF), 19% (HJG), and 18% (MKN) of the varieince in 

their preceding interword intervals' durations. As stated above, the final 

consonants contributed 54%, 64%, and 24% (for AVF, BAM, and MKN 

respectively) of the variance in the preceding interval. These values suggest 

that there may be a greater effect for final consonants than for vowels in 

these experiments. Such a finding would disconfirm the h)rpothesis of 

Marcus (1981) that a syllable rhjrme behaves as a single unit in determirung 

its P-center. The variance contributed by final consonants to their preceding 

intervals, is, in fact, significantly different than that contributed by vowels, 

as reported below. 
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A t -  test comparison, was conducted as in 2.1.3.3 arul above to test the 

significance of the difference between the effects of vowels versus final 

consonants on their preceding intervals. Again, if the result is significant, 

final consonants have a substantially greater effect on their preceding 

intervals than vowels. If the p value is not significant, their effects are 

s i m i l a r  t o  e a c h  o t h e r .  T h e  r e s u l t s  o f  t h e  t  -  t e s t  a r e  a s  f o l l o w s :  [ f ( l ,  8 )  =  2 , 5 5 ,  p  

= .0340] (the data for this statistic can also be found in Appendix B), This 

shows that the difference between final consonant effects and vowel effects 

on their preceding intervals is significant. 

As shown in section 1.2.3, previous P-center research on final 

consonants' effects is not conclusive. Marcus' (1981) and Cooper, Whalen, 

and Fowler's (1988) experiments supported Marcus' Onset-Rhyme model. 

But, Pompino-Marschall's (1989) experiment did not. All three of these 

researchers used artificial stimuli in their perception experiments. The 

experiment reported here used real consonants and clusters in a production 

task. Since Pompino-Marschall's (1989) results agree with those foimd here, 

the reason for this disagreement is not due to methodology. Obviously, 

more resecirch into final consonants' effects on their previous interword 

intervals is needed before this apparent conundrtun is solved.̂  ̂

Nevertheless, this section has shown that the modified methodology 

proposed in section 3.1.3 produces the general firuil consonant P-center 

effects found in the literature: longer final consonants produce shorter 

^ Also, the Marcus (1981) Onset-Rhyme model itself may be at fault. The separation of onset 
and rhyme is no longer supported by current phonologic^ theory (Hayes, 1989b). It is 
possible that other representations of the syllable may expljiin this phenomenon mote 
accurately. 
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preceding intervals. The fact that the test word is the penultimate word in 

the sentence frame does not hinder a word's final consonants' ability to 

affect the P-center (and thereby the previous interword interval). Two t -

tests were run to examine Marcus' (1981) model concerrung the magnitude 

of effect of firuil consonants. The resiilts £com the first t - test indicated that 

initial consonants have a greater effect on their previous intervals than 

final consonants do. The second t - test showed that final consoiiants have a 

greater influence on their previous intervals than vowels do. This finding 

contradicts Marcus' (1981) P-center model for monosyllables. But, it also 

supports Pompino-Marschall's (1989) findings. Given this, the true nature 

of final consonants' behavior is unknown at this time. The penultimate 

position sentence frame methodology will be retained for the following 

disyllabic experiments since all but one of Marcus' claims was supported in 

this chapter. The main reason for this is because utterance-final 

lengthening on the test word is controlled for when the it is the third, 

instead of fourth, of four words in a sentence. Whether a disyllable's final 

consonants behave similarly to the way the monosyllables' did here will be 

determined in Chapter 3. 

2.4 CHAPTER SUMMARY 

This chapter examined the P-centers of monosyllables. Initial 

consonants, vowels, and final consonants were evaluated for their 

respective P-center effects in a series of sentence frame tasks. Five 
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monosyllabic sentence frame experiments were presented here. Experiment 

1 replicated Fowler's (1979) original sentence frame experiment (section 

1.2.1.1.4). Experiment 2 replicated Fowler's original experiment with a 

different set of stimuli. Both of these experiments' sentence frames had 

their test word as the last, or ultimate, word in the sentence. Also, they both 

examined the effects of initial consonants on their previous interword 

intervals. Figure (14) gives the results for all subjects for these two 

replication experiments. 

(14) Results: Regressions, Ultimate Position Sentence Frame, Initial 
Consonant Only 

Experiment Subject r F  P  
1 BAM -.88 (1,13) =45.03 .OOOl*"** 

DLM -.94 (1,13) =95.06 .0001*** 
MKN -.80 (1,12) =20.94 .0006*** 

2 BAM -.82 (1,16) =31.96 .0001*** 
DLM -.81 (1,16) =30.76 .0001*** 
MKN -.61 (1,16)= 9.45 .0073** 

Experiments 3-5 demonstrated that the modified penultimate 

sentence frame methodology is valid since their results are comparable to 

those of previous researchers'. In general, P-centers are mostly determined 

by the lengths of their words' components^o no matter which word in a 

sentence they occur in. The longer those components (the consonants or 

vowel), the later the P-centers. This has the effect of shortening the 

interword interval before the word. Figure (15) svmMnarizes the results for 

these three experiments. 

Other qualities of the word also play a part (section 1.2.4.2); since length was the only 
quality measured for this series of experiments, it is the only one referred to here. 
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(15) Results: Regressions, Penultimate Position Sentence Frame, All 
Segmen 

Experiment 
;s 

Subject r  F P  
3, Initial BAM -.95 (1,27) = 232.18 .0001**» 

DLM -.94 (1,22) = 166.08 .0001*** 
MKN -.87 (1,27)= 83.22 .0001*»* 

4, Vowel AVF -56 (1,39) = 18.08 .0001**» 
HfG -.43 (1,40)= 9.08 .0045** 

MKN -.42 (1,38)= 8.14 .0070'̂ * 

5, Final AVF -.73 (1,33) =38.26 .0001*»» 
BAM -.80 (1,33) =58.04 .OOOl*** 
MKN -.68 (1,32) = 10.08 .0033** 

The results from Experiments 3-5 also supported Marcus' (1981) 

claim (section 1.2.4.1) regarding the relationship between onset and rhyme 

was upheld. The initial consonant effects from Experiment 3 were 

significantly different from both the vowel effect (Experiment 4) and the 

final consonant effect (Experiment 5). t - tests comparing the slopes of the 

subjects' three iterations of the data sets showed this. This demonstrates the 

difference in magnitude between onset and rhyme; onsets have a greater 

effect on their intervals (P-centers) than the components of the rhyme. 

Marcus' model was not fully supported by the data from these 

experiments, however. The vowel effect and final consonant effect were 

significantly different from each other when they were predicted to be 

similar. Since other experimenters have reported results similar to those 

found here, these findings are not anomalous. Simply more research is 

needed before the final consonant effect can be explained. Figure (16) 

presents this result along with the other t - test comparisons between 

Experiments 3,4, and 5 conducted in this chapter. 
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(16) Results; t - tests. Chapter 2 
Test df t P 

3 vs 4 (initial/vowel) 8 -9.31 .OOOl*** 
3 vs 5 (initial/final) 8 -9.57 .0001»*» 
4vs5 (vowel/final) 8 2.55 .0340* 

The next chapter will take ttie modified sentence frame methodology 

and apply it to a disyllabic sentence firame. The goal there will be to 

determine whether consonants in disyllables produce the same kinds of F-

center effects as they do in monosyllables. The results from the experiments 

run here (and those from previous research), therefore, will serve as the 

foundation for the disyllabic experiments in the next chapter. Specifically, 

Morishima's (1994) extension of the Marcus (1981) model will be examined. 

The onsets and tails of disyllables (section 1.2.5.3) will be shown to behave 

like Marcus' (1981) model for the onsets and rhymes of monosyllables. 
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CHAPTER 3: Disyllabic Consonant Length Analyses 

3.0 INTRODUCTION 

The previous chapter described in detail how the different parts of 

monosyllabic words affect the duration of the interval preceding them. This 

chapter wiU extend this investigation to disyllables. butial;. medial, and 

final consonants of disyllabic words will be evaluated for their effects on 

their preceding interval durations. Whether these consonants follow the 

pattern predicted by Morishima (1994) will also be evaluated. 

The explicit goals of this chapter are as follows. First, the genercil P-

center effect whereby longer consonants result in shorter previous 

interword intervals will be investigated. If this effect is present, the amount 

of variance of the preceding interval attributed to medial and final 

consoruints will be compared that of initial consonants to determine 

whether Morishima's (1994) Onset-Tail model is supported. Finally, the 

consonantal effects across the two foot types studied here will be examined. 

Since each pair of trochaic-iambic experiments uses the same set of 

consonantal stimuli, there should not be any extra effect of foot type. The 

amoimt of variance caused by trochaic consonants to their preceding 

interval should not be greater or less than that of iambic consonants to 

their intervals. That is, there should not be a significant difference between 

the regression slopes of trochaic medial consortants and iambic medial 

consonants. The same is true for trochaic and iambic initial and final 
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consonants. Foot effects, if any, will be discussed in the following chapter. 

To these ends, the penultimate sentence frame evaluated in Chapter 

2 will be retained, as will the consonants and clusters of Experiments 3 and 

5. These consonant sets will be used in the experiments involving rrutial 

(section 3.2) and final consonants (section 3.4); an additioiul consonant set 

will be introduced for the experiments dealing with medial consonants 

(section 3.3). And, for each of the three consonant positions, there will be 

two experiments: one for each possible stress pattern - trochaic and iambic. 

These patterns together result in six total experiments for this chapter. 

Since this chapter only investigates consonantal duration P-center effects, 

the explicit effects of stress on the previous interval will not be discussed -1 

leave this analysis for Qiapter 4. 

This chapter begins by reviewing some of the theoretical foundations 

from Chapter 1. The distinction between consonant length effects and foot 

type effects will also be discussed. The investigation of the disyllabic data 

then follows in sectioi\s 3.2 through 3.4. 

3.1 THEORETICAL PRELIMINARIES 

The shift from studying monosyllables to disyllables requires a 

review of some of the theoretical issues that will come into play during the 

arialyses. First, section 3.1.1 will summarize the difference between P-center 

displacement and timing (section 1.2.5.1). This section will also review 

Morishima's (1994) P-center model (section 1.2.5.3) since the data from the 
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experiments in this chapter will be used to evaluate it Section 3.1.2 will 

discuss the difference between a foot effect (Chapter 4) and a consonantal 

effect (this chapter) on tiie intervals preceding the test words. The structure 

of the rest of this chapter will then be laid out in section 3.1.3. 

3.1.1 Timing and Morishima's (1994) Onset-Tail Model 

As discussed in section 1.2.5.1, it is uncertain whether or not a P-

center is a characteristic of the syllable or the (polysyllabic) word. Here, the 

general P-center effect (longer segment durations result in shorter previous 

interval durations) will be attributed to changes in a word's Hming instead 

of a shift of its P-center. Instead of saying that the P-centers of words are 

determined by their segmental lengths, we will say that the timing of words 

is determined by their segmental lengths. Timing, therefore, refers to a 

word's location in time relative to its adjacent words. 

This distinction is necessary because the monosyllabic studies 

reviewed in Chapter 1 did not clarify whether P-centers were properties of 

individual syllables or entire words. Also, Morishima (1994) examined P-

center effects in Japanese disyllables and assumed that P-centers are 

properties of entire words. Therefore, the analyses in this chapter (and the 

following one) will also assume this. More information regarding this issue 

can be found in section 1.2.5.1. 

Section 1.2.5.3 describes how Marcus' (1981) Onset-Rhyme model 

provided the foundation for Morishima's (1994) Onset-Tail model. Marcus' 
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Onset and Rhyme, therefore/^ became Morishima's Onset and Tail, with the 

tail encompassing everything after the initial consonant(s). Morishima 

(1994), Experiment 3, found that the tail in Japanese disyllables behaves 

much like the rhyme of monosyllables: its components don't affect the 

timing of the word separately. That is, the members of the disyllable's tail 

act as a unit in determining the word's timing relative to the words arotmd 

it - just as the members (nucleus and coda) of a monosyllable's rhjrme do. 

This effect has not been tested previously in English disyllables, but it will 

be in the following six experiments. How Morishima's (1994) model will be 

examined is described in section 3.1.3. 

3.1.2 Consonantal Duration vs. Foot T)^e Effects 

The main goal of this chapter is to show tiiat disyllabic consonants' 

durations affect their preceding intervals in the same manner as seen in 

previous research (following Morishima's (1994) Onset-Tail model). The 

foot t)rpe of those disyllables should not affect tiie interval length 

differences caused by the differing lengths of their consonants. That is, there 

should be no difference between trochaic and iambic forms in their 

consonantal effects. Since each consonantal position is the same distance 

away from the beginning of the word in both foot types, the consonants in 

those positions should have the same amount of effect on their preceding 

intervals across the foot t)rpes. Also, since the consonant sets for each 

trochaic-iambic pair are the same, they should account for similar amounts 
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of variance in their preceding intervals. The t - tests that are used here to 

compare the two foot types' consoruint-interval relationships do not test for 

foot effects directly.^ bistead, they compare the strengtiis of the two 

consonant-interval relationships (the strengths of their P-center effects) to 

see whether ttiey are different or not. These comparisons between each of 

the three trochee-iamb pairs should show that there is no difference in 

consonant effect across the two foot types.2 

Morishima (1994) found this in Japanese disyllables with differing 

pitch accent patterns (section 1.2.5.4, Experiment 1). Although he only 

examined initial consonants, he found this non-effect: initial consonants in 

a word with a high-low accent pattern affected their P-center locations to 

the same extent as those with a low-high pattern. In this chapter, all three 

consonantal positions within disyllabic English words (initial, medial, and 

final) will be evaluated. The consonant duration effects (P-center effects) are 

not expected to be different across trochaic and iambic forms within the 

same consonantal position. The analyses that examine this hypothesis are 

described in the following subsection. 

3.1.3 Outline of Chapter 

The goals of this chapter, (1) to demonstrate that disyllabic 

consonants affect their words' timing, (2) to show that ttie consonants' 

^ Chapter 4 will do this by testing whether foot type can predict interval length. Here, we 
are testing whether foot t]^ can predict consonantal effects. 
2 Analyses in Chapter 4 that show that consonant length and foot type are not related. 
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effects exhibit an Onset-Tail dichotomy, and (3) to verify that there is no 

difference in consonant effect across the two foot types, will be undertaken 

as follows. Sections 3.2,3.3, and 3.4 will exzimine the initial, medial, and 

final consonants' effects (respectively) on their preceding intervals. There 

will be three types of comparisons carried out in the Discussion sections of 

the Experiments. The first type (Onset-Tail comparisons) compares the 

amount of variance contributed to ttie preceding interval by initial 

consonants to that of medial or final consonants. The second type will 

compare the components of the tail. The third type of comparisons occur 

between the trochaic and iambic pairs of each consonantal position; these 

tests are only presented in the iambic section of each. These three types of 

tests are indicated in the Experiment Tjrpe column by I, n, or III in figure (1) 

below. 

The abbreviations in figure (1) indicate the following: TI /II = 

trochaic/ iambic initial, TM/IM = trochaic/iambic medial, TF/IF = 

trochaic/iambic final, T = trochaic, I = iambic. 

(1) Summary of All t - test Comparisons Between Experiments 
Consonant Overall Exp Experiment Section Predicted 
Position Description Type Descriptions #'s Number Signif? 

a. Initial Trochee vs Iamb III TI vs n 6vs7 3.2.3.2 No 
b. Medial T Tail vs Onset I TMvsTI 8vs6 3.3.1.2 Yes 
c. I Tail vs Onset I iM vs n 9vs7 33.2.2 Yes 
d. Trochee vs Iamb III TM vs IM 8vs9 33.2.2 No 
e. Final T Tail vs Onset I TFvsTI 10vs6 3.4.1.2 Yes 
f. T Tail vs T Tail II TFvsTM 10vs8 3.4.1.2 No 
g- I Tail vs Onset I IFvsH 11 vs7 3.4.2.2 Yes 
h. I Tail vs I Tail II IFvsIM llvs9 3.4.2.2 No 
i. Trochee vs Iamb III TFvsIF lOvsll 3.4.2.2 No 

These analyses are listed by order of appearance in the text. During the 

discussion of each comparison, the letter name (row letter) of the test will 
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be given. The reader is urged to refer to this chart throughout the chapter as 

it is easy to get lost in the midst of all the comparisons. 

The following section begins the disyllabic initial consonant 

experiments. Since the procedure and subjects are constant throughout the 

entire series of experiments^ they will only be discussed once^ at the 

beginning of this first disyllabic experiment (section 3.2.1). 

3  ̂INITIAL CONSONANT EXPERIMENTS 

The effects of disyllabic initial consonants on the duration of their 

preceding interval are expected to be similar to the effects of monosyllabic 

iiutial consonants. According to Marcus'/Morishima's model, since they 

are onsets of their words, they should have a great effect on the words' 

timing. There should also be no difference between the trochaic and iambic 

initial coi\sonants in their effects on their preceding intervals. 

The initial consonants used in Experiment 3 are the same as those 

used in Experiments 6 and 7. The chart indicating their manners and places 

of articulation is repeated here in (2) for convenience. 

(2) Initial Consoruints and Ousters^ 
Singletons Ousters 

Labial Alveolar Alveolar Velar 
Stop 
Affricate 
Fricative 
Nasal 

P 

f 

t 
ch 

s, sh 
n 

Stop I 
Nasal I 

st 
sn 

sk 

^ As in Chapter 2,6 and f will be referred to as 'ch' and 'sh' respectively. 
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More information regarding this chart and diese consonants can be found 

in section 2.1.3.1. Sections 3.2.2 and 3.2.3 will describe how these consonants 

and clusters are used in the actual stimuli for the experiments. 

The subjects, procedure, and intervals measured are consistent 

throughout all of the experiments; the following section describes them in 

detail though they hold for the entire chapter. Section 3.2.2 begins the actual 

discussion of the initial consonant experiments. 

3.2.1 EXPERIMENTS 6 - ll: Subjects, Procedure, and Measurements 

Two female graduate students and one female post-graduate^ from 

the University of Arizona voluntarily participated in the following six 

experiments. Two others completed the six experiments but were not used 

because of the following reasons: one did not say the sentences at a 

consistent speaking-rate and other had varying stress patterns within 

experiments and inconsistent intonatioiuil patterns across experiments. 

These two subjects' data was discarded by the volunteer making 

naturalness judgments. Ten others participated in one or two experiments 

but stumbled over too many of tiie consonants to make finishing the series 

of experiments worthwhile. As in Qiapter 2, the number of individual 

items discarded from tiie ttiree "good" subjects for each experiment (as 

determined by volunteer making luituralness judgments) will be given. 

^ AVF: 30, raised in NE Washington; JAN: 37, raised in New York Gty; PRL; 51, raised in 
Connecticut. 
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The sentence firame was "They like mats/meats." The trochaic 

experiments had "mats" as their fourth word; iambic experiments had 

"meats". This is so the stressed syllable of the test word rhymed with the 

final word, much like Fowler (1979) had in her original experiments 

(section 1.2.1.1.3), 

The basic structure of all of the test words were CVCVC. The initial 

consonants' experiments' words had varying initials, the medial 

experiments' had varying medial consonants, etc. So, when a particular 

experiment's consonants were being manipulated, there could be more 

than one consonant in that position. The final consonant experiments had 

CVCVC(C) as their test word structure, for example. 

Recall that to determine what kind of effect consonants have on 

their words' P-centers, the consonants and the intervals preceding them 

must be measured. So, for all of the disyllabic experiments, the following 

intervals were measured; (1) the lengths between the offset of voicing in 

"like" to the onset of the test word (the first interword interval, IWI); (2) the 

length of the initial consonant(s) (/C); (3) the length of the first vowel (Vl); 

(4) the length of the medial consonant(s) (MC); (5) the length of the second 

vowel (V2); and (6) the length of the final consonant(s) (FC). For the initial 

consonant experiments, only measures (1) and (2) will be used in the 

analyses. The medial consonant experiments will utilize measures (1) and 

(4); the finals, measures (1) and (6). A measurement sample from 

Experiment 9 (Iambic Medial) with the intervals marked is given in (3). 
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(3) Experiment 9: fatervals Measured^. "... tapteet meats.'V Subject JAN^ 

l-/k/ 2-/t/ 3-/3/ 4-/pt/ 5-/i/ 6-/t/ 

Since the measmements for all of the disyllabic experiments are basically 

the same, this one waveform will serve as a measurement example for the 

entire chapter. As in section 2.1.1.2, there is a consistent 77% reliability in 

the measurements done for these experiments. 

Each of the experiments will begin with a detailed description of the 

stimuli used in the task. That will be followed by two subsections 

containing the results and discussion of that experiment. 

3.2.2 EXPERIMENT 6: Trochaic Initial 

For the trochaic initial experiment, the following consonant set was 

used: /ch, f, p, t, n, s, sh, sk, sn, st/. See section 3.2 above for more details on 

this particular set of consonants. 

The test words for all of the experiments in this chapter are all 

^ As in Q:\apter 2, the interval indicators underneath the waveforms may not be as exact as 
the actual measurements are due to word processing limitations. What are shown here are 
rough estimates of the true endpoints. 
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nonsense words. The Trochaic Liitial words for this experiment had the 

following structure: _apit (/_a§plt/). So, a few example sentences were: 

"They like Shappit mats.", "They like Fappit mats.", and "They like Stappit 

mats."6 For all of the trochaic items, subjects were told that the test words 

rhyme with "traffic" to make sure they read the items correctly. 

As with all of the experiments in this chapter, the aim here is to 

show that initicil consonant duration has a negative effect on the length of 

its previous intervjil. As the initial consonant(s) get longer, the preceding 

interval should shorten. 

3.2.2.1 EXPERIMENT 6: Trochaic Initial Btesults 

A neutral listener judged the three subjects' readings of the test 

sentences to filter out any stress variations within the entire sentence. That 

is, if the subject incorrectly stressed the last of the four words instead of the 

third (test) word, that sentence was discarded from the data set. The total 

number of items in the analyses was (number of consonants multiplied by 

number of iterations) minus (number of items deleted in naturalness 

judgment). So, since subject AVF had 1 item discarded, JAN 3, and PRL 4, 

the numbers of items in their respective analyses were: AVF: ((10 X 3) - 1) = 

29; JAN: ((10 X 3) - 3) = 27; PRL: ((10 X 3) - 4) = 26. 

^ The spellings of the test words were chosen because they enhanced the stress patterns the 
words were supposed to have. For instance, the double 'p' in the trochaic forms signifies that 
the preceding vowel is stressed (in American English pronunciation). The orthographic 
double 'e' in the iambic forms can only be pronounced /i/. 
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As in Chapter 2, the raw data gathered were transformed into 

percentages of the whole. The "whole" here was ttie total test word length 

plus its preceding interval (see section 2.1.1.3)7 Each of the siibjects' 

normalized data was analyzed separately using PRCXIGLM, SAS. 

Regressions were nm in order to determine whether the initicd consonants 

of disyllables affected their previous intervals in a manner similar to the 

monosyllables'. The dependent variable in the regressions was the 

interword interval and the independent variable was the initial coi\sonant 

length. The data for these statistics can be found in Appendix C. 

All of the directions of correlation (r) were negative (-.94, -.75, -.89 for 

AVF, JAN, and PRL respectively) indicating that interval length rose as 

initial consorwnt length shortened. For AVF, [r^ = .88, f (1,27) = 200.14, p = 

-0001]; for JAN, [r2 = 57, F(l, 25) = 32.96, p = .0001]; and PRL, [r2 = .80, F(l, 24) 

= 96.22, p = .0001]. All three subjects' results were significant at tiie .05 level. 

3.2.2.2 EXPERIMENT 6: Trochaic Initial Discussion 

The results above suggest that initial consonants do indeed behave 

the same way in disyllables as they do in monosyllables. That is, initial 

consonants in disyllables cause similar changes to their previous intervals 

as with the monosyllables. This is indicated by the negative correlations 

between initial consonants and preceding intervals as seen in Figure (4). 

^ As in Chapter 2, Footnote 10, the formula for creating the normalized duration of an initial 
consonant is: aC/(IWI+IC+Vl+MC+V2+FQ)* 100. 
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(4) Experiment 6: Liitial Consonant by Previous biterval Plots 
AVF Exp 6: 1st Interval PRL Exp 6: 1st Interval 

SB 20 

10 15 20 25 30 35 
Initiai Consonant NormalizMl 

(% of Whole) 
JAN Exp 6:1st Interval 

5 10 15 20 25 30 35 40 
Inltfal Consonant Nomwlized 

(% of Whole) 

FIG. (4). Each axis represents the 
normalized duration of the 
respective variables. Whole = (% 
of Word + IWI EHiration). 
Consonant type is given in the 
legend. Data points are a\eans of 
the normalized data. 

15 20 25 30 35 40 
Initial Consonant Normalized 

(% of Whole) 
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For each of the subjects, a 5% increase in consonant duration results in a 

3.6%, 2.65%, and 3.75% (for AVF, JAN, and PRL respectively) decrease in 

preceding interval duration. These percentages are found by multiplying 

the percent increment in the x axis by the slope of the regression line. 

By comparing these graphs to those from Experiment 3, section 

2.1.3.3, we can see that the longest initial consonants (the /s/-clusters) have 

the shortest preceding intervals for both monosyllables and disyllables. The 

same general trend that was seen in all of the monosyllabic experiments 

and in previous research seems to be happening here as well. 

Now that trochaic iiutial consonants have been found to produce the 

usual P-center effects on their preceding intervals, it remains to be seen 

whether iambic iiutial consonants do the same. The following section 

explores this questioru Also, it will be determined whether or not the two 

stress patterns have different initial consonant effects. 

3.2.3 EXPERIMENT 7: Iambic Initial 

The consonant set for the test words of this experiment were the 

same as in Experiment 6: /ch, f, p, t, n, s, sh, sk, sn, st/. See section 3.2 above 

for more details on this particular set of consonants. 

The sentence frame was "They like meats." with "meats" 

rhyming with the stressed vowels of the iambs' [i]. The structure of the 

Iambic Initial words were: _apeet (/_3pi:t/). So, some of this experiment's 

sentences were "They like Chapeet meats.", "They like Snapeet meats.", and 
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"They like Tapeet meats." For all of the iambic experiments, the subjects 

were told that the test words rhymed with "defeat." The procedure for this 

experiment is outlined in section 3.2.1. 

The aims of this experiment are as follows: (1) to determine whether 

the normal consonant-interval relationship is found with iambic initials, 

and (2) to determine whether this trend is similar to that found with the 

trochaic initial consonants (Experiment 6). 

3.2.3.1 EXPERIMENT 7: iambic Initial Results 

Again, a neutral listener judged the three subjects' readings of the 

test sentences for any stress variations. Those sentences that had aberrant 

overall stress patterns were discarded. The total of items discarded were: 

AVF 4, JAN 5, and PRL 5. So, the total number of items per subjects was: 

AVF 26, JAN 25, and PRL 25. Regressions were nm on each subject's 

normalized data (section 3.2.2.1) using PROC GLM, SAS. The dependent 

variable was the length of the preceding interval; the independent variable 

was the initial consonant length. The data for the following statistics can be 

found in Appendix C. 

Once again, all of the directions of correlation were negative (-.96, 

-.89, -.85 for AVF, JAN, and PRL respectively). This is the usual pattern of 

interval length increasing as initial consonant length shortens. For AVF, [r^ 

= .91, f (1,24) = 254.99, p = .0001]; for JAN, [r2 = .80, f (1,23) = 91.53, p = .0001]; 

and for PRL, [r^ = .85, f (1,23) = 60.23, p = .0001]. These results are all 
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significant at the .05 level. 

3.2.3.2 EXPERIMENT 7: Iambic Initial Discussion 

Since all of the regression results were significant and their 

directions of correlation were negative, it would appear that iambic initial 

consonants have the same effect on their preceding intervals as other 

initial consonants. This directional commonality can be seen in the 

following series of graphs in (5). 

(5) Experiment 7: Initial Consonant by Previous Interval Plots 
AVF Exp 7: 1st Interval JAN EXD 7: Isi 

32i 

•o « 
N 

O « 

5 "S 
** w e 

28-

26-

24-
• ch 
Of • N 22-

A n 7i 
E 20-

Op o 5 
• s z J 18-
Ksh "3 
• sk 

> o 
SB 

16-

• sn 14-
A St ** 

Ot « 12-

10-

8-

5 10 IS 20 25 30 35 
Initial Consonant Nonnaiized 

(% of Whole) 

5 10 15 20 25 30 35 
Initial Consonant Normalized 

(96 of Whole) 
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(5) Experiment 7: Plots (continued) 
PRL Exp 7: 1 st Interval 

2 e 22-

• ch 
0 f 
A n 
O P 
• s 
K sh 
• sk 
• sn 
A St 
• t 

FIG. (5). Each axis represents the 
normalized duration of the 
respective variables. Whole = (% 
of Word + IWI Duration). 
Consonarit Qrpe is given in the 
legend. Data points are means of 
the normeilized data. 

5 10 15 20 25 30 
Initial Consonant Normalized 

(% of Whole) 

Every 5% increase in initial corisonant duration causes a 3.6% decrease in 

interval duration for AVF, 2.75% decrease for JAN, and 2.3% decrease for 

PRL. These percentages were calculated by multiplying the percent 

increment on the x axis by the slope of the regression line. 

Here again, the /s/-clusters are the longest (and have the shortest 

interval durations) for each of the three subjects. The singleton /t/'s and 

/p/'s are the shortest and have the longest previous interval durations. 

This pattern is similar to that exhibited by the monosyllabic initial 

consonants (section 2.1.3) and the trochaic initial consonants in the 

preceding section. The amoimt of variance (r^ values) contributed to the 

preceding intervals by the iambic initial consonants in this experiment 
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(91%, 80%, 72%) appear comparable to those £rom the trochaic initial 

experiment (88%, 57%, 80%). Whether these results are, in fact, similar 

must be determined by direct comparison. 

A t  -  test was conducted on the slopes of die three iterations of each 

subject bom each experiment. This is the same procedure that was used in 

Chapter 2 to compare the amoimt of variance in the preceding interval 

attributed to initial consonants, vowels, and final consonants (section 

2.1.3.3). This method will be repeated here for convenience. This test 

corresponds to figure (la). 

Each experiment had three subjects; each subject produced three 

iterations of each sentence frame. Pooling the subjects' data by iteration 

results in nine slopes for each experiment These slopes are then compared 

to those from another experiment's slopes in a t - test. A significant 

difference between the two groups of slopes indicates that the two 

experiments' results are not similar. A non-significant difference suggests 

that the two experiments produce similar results. The slope data for each 

experiment is in Appendix C. 

The results of ttiis t  - test indicate that tiiere is no significant 

difference between Experiments 6 and 7: [i(l, 8) = -1.55, p = .1601]. Since this 

p value is not significant, there is no appreciable difference in the amount 

of variance produced by the iambic initial consonants and the trochaic 

initial consonants. So, not only do iambic initial consonants and their 

preceding intervals exhibit the same general trend as found in previous 

experiments (negative correlation), they also seem to mimic the 

relationship fotmd between trochaic initials and their preceding intervals. 
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The two aims of this section have been fulfilled. Iambic initial 

consonants behave in a comparable manner to monosyllabic initial 

consorwnts: the longer they are, the shorter their previous interword 

interval. And, the variance contributed by trochaic and iambic irutial 

consonants to their preceding intervals is similar. 

The disyllabic onsets examined here are probably affecting their 

preceding intervals in a fashion likening Morishima's (1994) predicted 

behavior for onsets. However, since the relationship between onset and tail 

is based on the relative difference between the two, an absolute comparison 

of these disyllabic onsets with their predicted behavior must wait until we 

have compiled data on the disyllabic "tails" themselves. The next section 

will provide some of these data needed to evaluate Morishima's (1994) 

predictions regarding onsets and tails. 

3.3 MEDIAL CONSONANT EXPERIMENTS 

This section will examine the effect of differing medial consonants 

on the duration of the preceding interval. The medial consonant inventory 

will be discussed first, followed by the various predictions in this section 

concerning disyllabic medial consonant behavior. 

The medial consonants have been restricted to only voiceless 

consonants (as were the initial and final consonants) since the boundaries 

of voiced consonants are harder to determine from a waveform 

representation of the signal. They also have a lengthening effect (Peterson 



149 

and Lehiste, I960)® on their previous vowel that could skew the timing 

results of these experiments. No solitary /t/'s occur medially because of 

possible flapping (especially in trochaic forms) as in the word latter'.® And, 

no /r/'s or /n/'s occur medially because of ftf and nasal-coloring of their 

preceding vowels. The consonants and clusters are shown in Figure (6) 

below. 

(6) Medial Consonants and Ousters 
Singletons 

Labial 
Stop 
Affricate 
Fricative 

Alveolar 

ch 
s, sh 

Qv?! W 
Alveolar Velar 

Stop 1 ft,pt,sp sk 
Fricative | ks, ps, pst 

P 

f 

The first half of (6) gives the solitary consonants used in this medial 

consonant experiment; the second half gives the clusters. The singletons 

are the same as those in the initial consonant experiments (sections 2.1.3.1 

and 3.2). For the clusters, tiie manner and place descriptions apply to the 

second consonant in each cluster. These particular clusters were chosen so 

that the singletons (except /ch/) could be compared with a clustered 

counterpart As with the /k/ series (k, kt, ks, kst) in the final consonant 

stimuli (section 2.3,1), there is a /p/ series here (p, pt, ps, pst) where the 

final member (/pst/) can be compared to the other /p/-clusters that contain 

only two members of /pst/. 

The goals of these two experiments are as follows. First, we will show 

that medial consonant duration has a negative effect on the length of its 

® See also Footnote 28 in Chapter 2. 
® This kind of flapping occurs when the tongue tip is drawn back and then allowed to strike 
against the alveolar ridge while returning to its rest position (Ladefoged, 1975). It is the 
medial sound in the words 'Betty, ladder, petal, fodder, and Peter'. 
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previous interval. As the medial consanant(s) get longer, the preceding 

interval should shorten. The results firom these two medial consonant 

experiments will be compared to those firom the disyllabic initial 

experiments. This will determine whether or not the disyllabic medials 

behave according to Morishima's (1994) Onset-Tail model. The amoimt of 

variance contributed by the medial consonants should be significantly 

different from (and less than) that of the initial consonants. 

The next section describes the first of the two medial consonant 

experiments (Trochaic Medial). Again, only the Results and Discussion of 

the experiments will be presented since the subjects and methodology were 

given in section 3.2.1. 

3.3.1 EXPERIMENT 8: Trochaic Medial 

For this experiment, the following consonant set was used: /ch, f, ft, 

ks, p, ps, pst, pt, s, sh, sk, sp/. More information regarding these consonants 

can be found above in section 3.3. The sentence frame was "They like 

mats." with "mats" rhyming witti the stressed vowels of the trochees' [ae]. 

The structure of the Trochaic Medial words was: Ta_it (/ta§_It/). So, some 

of this experiment's sentences were "They like Taspit mats.", "They like 

Taffit mats.", and "They like Tapstit mats." 

As with all of ttiese timing experiments, the aim here will be to show 

that the durations of medial consonants have a negative effect on the 

lengths of the intervals that precede them. The preceding interval effects of 
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trochaic initials and medials will be examined to determine if Morishima's 

(1994) Onset-Tail distinction exists here. 

3.3.1.1 EXPERIMENT 8: Trochaic Medial Results 

The volunteer performing naturalness judgments discarded all of 

the sentences that had aberrant overall stress patterns. The niunber of items 

thrown out were: AVF 3, JAN 3, and PRL 12. This left the following 

numbers of items per subject: AVF 33, JAN 33, and PRL 24. PROC GLM, 

SAS was used to perform the regressions on each subject's normalized data. 

The dependent variable was the length of the preceding interval; the 

independent variable was the medial consonant length. This data can be 

found in Appendix C. 

As predicted, all of the directions of correlation were negative (-.66, 

-.78, -.43 for AVF, JAN, and PRL respectively). Interval length increased as 

media l  consonant  length  shor tened.  For  AVF,  [ r^  =  .44 ,  F( l ,  31)  =  24.19 ,  p = 

.0001]; for JAN, [r2 = .62, f (1,31) = 49.68, p = .0001]; and for PRL, [r^ = .19, F(l, 

22) = 5.03, p = .0354]. Although the r '̂s for this experiment are much lower 

than in the initial consonant experiments (Experiments 6 and 7), they still 

show that trochaic medial consonants exhibit the normal consonant-

interval relationship found in previous experiments because they are 

significant. 
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3.3.1.2 EXPERIMENT 8: Trochaic Medial Discussion 

Since all of the directions of correlation were negative and the 

regression results were significant,, it would seem that trochaic medial 

consonants have the same effect on their preceding intervals as other types 

of consonants. Figure (7) shows the negative direction of correlation for all 

of the subjects. 

(7) Experiment 8: Medial Consonant by Previous Interval Plots 
AVF Exp 8: 1 st Interval 

18 20222426 28303234 3638 
Medial Consonant Nonnalized 

(% of Whole) 

JAN Exp 8:1 st Interval 

05 24-

16 18 20 22 24 26 28 30 32 34 36 
Medial Consonant Nonnalized 

(% of Whole) 
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(7) Experiment 8: Plots (continued) 
PRL Exp 8: 1st Interval 
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FIG. (7). Each axis represents the 
normalized duration of the 
respective variables. Whole = (% 
of Word + IWI Duration). 
Consonant type is given in the 
legend. Data points are mezms of 
the normalized data. 
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Medal Consonant Normalized 

(% of Whole) 

For subject AVF, a 2% increase in medial consonant duration results in a 

.52% decrease in preceding interval length. For JAN, it results in a .72% 

decrease, and for PRL, a .42% decrease. Again, these percentages were found 

by multiplying the percent iiuirement on the x axis by the slope of the 

regression line. 

Even though the consonant distribution is not the same for all three 

subjects, it still exhibits tiie general trend of all of tiie experiments so far. 

However, for all of the subjects, the cluster /pst/ is the longest and 

generates the smallest interval length. 

The first goal of this experiment, therefore, has been attained: 

trochaic medial consonants afiiect their preceding intervals in the same 
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manner as all of the other consonant positions we have examined so far. 

Now, we must ask whether this effect is equal in magnitude to that of the 

trochaic initial consonants'. The two should have different effects since 

they are from ttie two opposite parts of the word: onset and tail. The 

percentage values from the two experiments suggest that this is indeed the 

case: Trochaic Liitial: 88%, 57%, and 80%; Trochaic Medial: 44%, 62%, and 

19% (for AVF, JAN and PRL respectively). A significance test was conducted 

on the resiilts from Experiments 6 and 8 to determine if there is a difference 

between the two. This test corresponds to figure (lb), its slope data can be 

found in Appendix C, and is discussed next. 

At -  test comparison between the individual iteration slopes from 

Experiments 8 and 6 was conducted. The goal here is to determine whether 

trochaic initial consonant effects on preceding intervals is different than 

that of trochaic medial consonants. The data procedure is the same as 

explci ined in sect ion 3.2.3.2.  The resul ts  are as  fol lows:  [ t ( l ,  8)  = -5.8,  p = 

.0004]; this result is significant at the .05 level. This indicates that there is a 

difference between the amount of variance produced by trochaic initial and 

trochaic medial coi\sonants on their preceding intervals. 

The data from this t  -  test suggests that Morishima's (1994) model 

(onsets have a greater on affect their intervals than tails do) for disyllables is 

supported. However, more comparisons are needed to determine whether 

this pattern holds for the rest of the Tail in comparison with the Onset 

Both trochees' and iambs' medial consonants must be evaluated, as well as 

the effects of the disyllabic final consonants. 

In sum, trochaic medial consonants affect their preceding intervals 
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in the same general manner as been shown throughout this thesis: the 

longer the cortsonant, the shorter the interval. They also have a smaller 

effect on these intervals than trochaic initials, lending support to the 

Morishima (1994) model of sepcirate onset and tail effects on the timing of a 

word. The goals of this section will be the same as those for the following 

section, since the iambic medial consonants must be put through the same 

examinations. A comparison between the trochaic and iambic medials will 

also be performed to make sure stress type doesn't affect the consonants' 

relationship to their intervals. 

3.3.2 EXPERIMENT 9: Iambic Medial 

As in the previous experiment, the following coi\soiuint set was 

used: /ch, f, ft, ks, p, ps, pst, pt, s, sh, sk, sp/. A description of these 

consonants can be fotind in section 3.3. 

The sentence frame was "They like meats." where "meats" 

rhymed with the stressed vowels of the iambs' [ij. The structure of the 

Iambic Medial words was: Ta_eet (/ta_f:t/). Some of this experiment's 

sentences were "They like Takseet meats.", "They like Tapteet meats.", and 

"They like Tasheet meats." The rest of the procedure is outlined in section 

3.2.1. 

Again, the aim here will be to show that the durations of iambic 

medial consonants affect their preceding intervals' lengths negatively. A 

comparison between trochaic and iambic medials will tell whether stress 
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has any effect on the general consonantal influence. The preceding interval 

effects of iambic initials and medials will also be examined to see whether 

the Onset-Tail difference exists here. 

3.3.2.1 EXPERIMENT 9: Iambic Medial Results 

PRCX! GLM, SAS was used to run the regressions on each of the 

subjects' normalized data (section 3.2.2.1) separately. Because of inconsistent 

stress patterns and stumbling over the consonants, the following numbers 

of data items were excluded from each subjects' analysis: AVF: 13, JAN: 11, 

and PRL: 9. This resulted in the following numbers of items per subject: 

AVF: 23, JAN: 25, and PRL: 27. For these regressions, the independent 

variable was tiie iambic medial ccmsonant length and the dependent 

variable was the preceding interval length. The normalized data used in 

these regressicnis can be foui\d in Appendix C. 

The results are as follows: AVF, [r2 = .66, F(l, 21) = 41.35, p = .0001]; for 

JAN, [r2 = .49, F(l, 23) = 22.43, p = .0001]; and for PRL, [r2 = .11, F(l, 25) = 3.18, 

p = .0866]. Only two (AVF and JAN) of the three subjects had significant 

results for this experiment. However, again, all of the directions of 

correlation were negative (-.81, -.70, -.34 for AVF, JAN, and PRL 

respectively). 
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3.3.2.2 EXPERIMENT 9: Iambic Medial Discussion 

Even though PRL's results were not significant, they still follow the 

general trend of longer consonants causing shorter preceding intervals. 

This pattern can be seen in the following three charts in (8). 

(8) Experiment 9: Medial Consonant by Previous Interval Plots 
JAN Exp 9: 1st Interval 
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25 

AVF Exp 9: 1 st Interval 
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N 24 

| |23^ 

> "o 

** 21 M '̂ 

20 
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Medial Consonant Nonnallzed 
(% of Whole) 
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(8) Experiment 9: Plots (continued) 
PRL Exp 9: 1 st Interval 

25, 

* 

• ch 

"g 23-

•o o 
N 

FIG. (8). Each axis represents the 
normalized duration of the 
respective variables. Whole = (% 
of Word + IWI Duration). 

• P Consonant tjrpe is given in the 
H ps legend. Data points are means of 
• pst normalized data. 
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2% increases in iambic medial consonant length resulted in the following 

decreases in previous interval length for each subject; AVF .88%, JAN .78%, 

and PRL .28%. The slope of the regression line was multiplied by the 

percent increment along the x axis to determine these percent changes in 

preceding interval duration. 

As with the trochaic medials, the cluster /pst/ was the longest for all 

three speakers. AVF and JAN exhibit the normal pattern where /s/-clusters 

are longer than the singletons; the stop clusters show this pattern also. For 

PRL, the dusters /ft/ and /sh/ are anomalous in that they don't seem to fit 

the general pattern; they lie outside the regression line. However, with the 

exception of PRL, the iambic medial consonants affect their preceding 
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intervals in much the same manner as the other consonants examined so 

far do. Since two out of three of ttie subjects exhibited this trend at a 

significant level, we can say that the first goal of this section has been 

accomplished; iambic medial consonants affect tiieir preceding intervals 

negatively. 

The second goal is to determine whether the Onset-Tail dichotomy 

holds for iambs as it does for trochees (section 3.3.1.2). This will be done by 

comparing these medial consonant effects with those from Experiment 7, 

the iambic initials. For the three subjects, the iambic initial cor^onants 

accounted for 91%, 80%, and 72% of the variance in their preceding 

intervals' durations (from the values of their regressions). The iambic 

medial consonants here only contributed 66%, 49%, and 11% to the 

variance in their preceding intervals. While these values suggest that there 

may be a greater effect for Onsets than for Tails, we must run a statistical 

comparison to substantiate this claim. This test corresponds to figure (Ic) 

and is discussed next The slope data for this test is included in Appendix C. 

At -  test comparison between the individual iteration slopes from 

Experiments 9 and 7 was conducted. The aim here is to determine whether 

iambic initial consonant effects on preceding intervals is different than that 

of iambic medial consonants. The data procedure is the same as explained 

in section 3.2.3.2. The results are as follows: [t(l, 8) = -3.93, p = .0044]; this 

result is significant at the .05 level. This indicates that there is a difference 

between the amount of variance produced by iambic initial and iambic 

medial consonants on their previous intervals. This lends more support to 

the Morishima Onset-Tail model since, for the iambs (as well as the 
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trochees in section 3.3.1.2) the onsets have a greater effect on the interval 

durations than this one part of the tail: ttie medial consonants. 

The last goal of this section is to determirte whether there is an effect 

of foot type on ttiese consonantal effects. The percentage values suggest 

that both trochaic and iambic medial consonants have approximately the 

same amount of effect on their preceding intervals: Trochaic Medial: 44%, 

62%, 19%; Iambic Medial: 66%, 49%, 11% (for AVF, JAN, and PRL 

respectively). The variance contributed by trochaic medial consonants to 

their preceding intervals is, in fact, similar to that contributed by iambic 

medial consonants, cis reported below. Its slope data can also be foimd in 

Appendix C. 

At -  test comparing the individual iteration slopes from 

Experiments 8 and 9 was conducted. It corresponds to figure (Id). There is 

not expected to be any difference on accoimt of foot type since the two 

consonantal inventories are the same in botti experiments. The results are 

as follows: [f(l, 8) = .12, p = .9054]. These results indicate that there is no 

difference in the effects of medial consonantal duration on previous 

interval length across foot types. That is, as with the initial experiments, 

there is no additioiial effect of foot type on the consoriant-interval 

relationship. 

So, all of the expectations of this section have been fulfilled. Differing 

lengths of iambic medial consonants have the same effect on their 

preceding intervals as otiier consonants do. The predicted dichotomy 

between or\set and tail exists between iambic initial and medial consonants. 

And finally, no difference was found between trochaic and iambic medial 
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consonants showing that stress type has no effect on the general consonant-

interval relationship. 

These same questions will be asked of the disyllabic final consonants 

in the following section. The predictions for final consonant behavior wiU 

be similar to those involving medial consonant behavior. 

3.4 FINAL CONSONANT EXPERIMENTS 

The trochaic and iambic final consonant experiments presented in 

this section use the same consonant inventory that was presented in 

Chapter 2, section 2.3.1. It is repeated here in (9) for convenience. Refer to 

section 2.3.1 for more information concerning this choice of final 

consonants. 

(9) Final Consonants and Ousters 

Labial Alveolar Velar Alveolar Velar 

f 
ch 

s, sh 

k Stop 1 
Fricative | 

ft, kt, St 
ks, kst, ts 

sk Stop 
Afttcate 
Fricative 

The predictions concerning final consonant effects on the interval 

preceding their word are similar to those from the medial consonant 

experiments, short, they are as follows. First, the general consonant-

interval relationship will be tested widi regard to disyllabic final 

consonants. As the final consonant(s) get Icmger, their preceding intervals 

should shorten. We will determine whether or not the disyllabic finals 

behave according to Morishima's (1994) Onset-Tail model. Final 
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consonants should contribute less to ttieir preceding intervals than their 

respective onsets,^ or initial consonants. Finally, the variance contributed by 

final consonants to their previous intervals is predicted to be similar to that 

contributed by medial consonants. This is because, according to Morishima 

(1994), the components of the Tail of a disyllabic act as a unit in 

determining their words' timing. 

The next section describes the first of the two final consonant 

experiments (Trochaic Final). Again, only the Results and Discussion of the 

experiments will be presented siru:e the subjects euid methodology were 

given in section 3.2.1. 

3.4.1 EXPERIMENT 10: Trochaic Final 

The consonant inventory for the trochaic final experiment included 

the following consoiiants: /ch, f, ft, k, ks, kst, kt, s, sh, sk, st, is/. These were 

discussed in the previous section and in section 2.3.1. The rest of the 

procedure is given in section 3.2.1. 

The sentence frame here was "They like mats." "Mats" rhymed 

with the stressed vowels of the trochees' [ae]. The structure of the Trochaic 

Final words was: Tapi_ (/ta6pl_/). Some of this experiment's senteiKes 

were "They like Tapift mats.", "They like Tapikst mats.", and "They like 

Tapish mats." 

The aim here will be to show that the durations of final consonants 

have a negative effect on the lengths of the intervals that precede them. 
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Trochaic initials and finals will be compared to determine whether the 

Onset-Tail difference exists here. 

3.4.1.1 EXPERIMENT 10: Trochaic Final Results 

The volunteer making riaturalness judgments eliminated the 

following numbers of items from the subjects' data for inconsistencies in 

sentential stress pattern, etc.: AVF: 5, JAN: 10, and PBIL: 7. This resulted in 

the following numbers of items per subject AVF: 31, JAN: 26, and PRL: 29. 

Regression aiulyses were carried out on the normalized data using PROC 

GLM, SAS; final consonant duration was the independent variable, 

preceding interval lengtii was the dependent variable. The data for these 

statistics can be foimd in Appendix C 

The results are as follows: AVF, [r2 = .71, F(l, 29) = 69.57, p = .0001]; for 

JAN, [r2 = .26, f (1,24) = 8.41, p = .0079]; and for PRL, [r2 = .23, F(l, 27) = 7.87, p 

= .0092]. AU of the subjects' results were significant at the .05 level and all of 

their directions of correlation were negative (-.84, -.51, -.47 for AVF, JAN, 

and PRL respectively). 

3.4.1.2 EXPERIMENT 10: Trochaic Final Discussion 

Since all of the subjects had significant results and all of the 

correlation directions were negative, we can assume that for trochaic final 



164 

consonants the general timing trend holds. As final consonants get longer, 

their preceding intervals get shorter. Each subject's graphic representation 

of this trend is given in (10). 

(10) Experiment 10: Final Consonant by Previous Interval Plots 
AVF Exp 10: 1 St Interval JAN Exp 10:1 st Interval 
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(10) Experiment 10: Plots (continued) 
PRL Exp 10: 1 St Interval 

O Ji °"5 20 

> o 
19 

FIG. (10). Each axis represents the 
normalized duration of the 
respective variables. Whole = (% 
of Word + IWI Ehiration). 
Consonant t)^ is given in the 
legend. Data points are means of 
the normalized data. 

« 18 

15 20 25 30 35 40 
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(% of Whole) 

For all subjects, a 5% increase in final consonant duration produces a 1.95%, 

1%, and 1% decrease in interval duration for AVF, JAN, and PBU-

respectively. This is calculated by multipl3dng the percent increment of the 

X axis by the slope of the respective regression lines. 

For AVF and PRL, the cluster /kst/ is the longest of the twelve. All 

three subjects' singleton consonants are usually found at the upper-left of 

the chart, indicating that they are the shortest of the group. Even though 

there is no solid agreement amongst the subjects' consonantal 

arrangements, the general trend can be plainly seen in each of the three 

graphs. As was shown in the preceding section, this trend is significant for 

these trochaic final consonants; now it remains to be seen whether or not 
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this effect is different than the trcxihaic initial ef fec t  and similar to the 

trochaic medial effect. 

The r2 percentage values from this experiment (71%, 26%, and 23% 

for AVF, JAN, and PRL respectively) seem to indicate that final trochaic 

consonants have less of an effect on their preceding intervcds than trochaic 

initial consonants (Experiment 6) do (88%, 57%, and 80%). This would 

imply that Morishima's (1994) Onset-Tail model is supported. However, 

another statistical examination of these experiments must be run in order 

to be sure. This test corresponds to figure (le). The slope data for this 

experiment is in Appendix C. 

Morishima's (1994) model predicts that there should be a difference 

between the effects of onsets and tail on their respective interval lengths. A 

t - test comparison was conducted on the individual iteration slopes from 

Experiments 10 and 6 as was described in section 3.2.3.2. The results of this 

comparison are as follows: [f(l, 8) = -7.73, p = .0001]; this result is significant 

at the .05 level. This result coupled with the lower r2 values above provide 

further support that the tails of disyllables (trochaic final consonants) have 

less of an effect on tiieir preceding intervals than the onsets of disyllables 

(trochaic initial consonants). 

Now that the onset-tail dichotomy has been substantiated by the 

initial-final comparison, we must show that the two consonantal positions 

of the disyllabic tail have the same magnitude of effect as each other. 

According to Morishima (1994), the components of the tail are supposed to 

act as a unit in determining the duration of ttie preceding interval. There 

should not be any difference of effect between the medial consonants and 



167 

the final ones. The percent of variance accounted for by the consonants (the 

r2 percentage values) feom Experiments 8 and 10 suggest that this is so: 

Trochaic Medial: 44%, 62%, and 19%; Trochaic Final: 71%, 26%, and 23% 

(for AVF, JAN, and PRL respectively). A more comprehensive comparison, 

however, is needed. 

At •• test was conducted between the individual iteration slopes from 

Experiments 8 and 10 (figure 1^; this procedure is outlined in section 3.2.32. 

This comparison's results are as follows: [t{l, 8) = -.53, p = .6086] (data for 

this comparison is in Appendix Q. This result is not significant and shows 

(along with the percentage values above) that trochaic final consonants 

and trochaic medial consonants accoimt for similar amovints of the 

variance in their preceding intervals. This supports the idea that the parts 

of the tail have a similar amount of effect on their preceding intervals. 

The trochaic final consonants examined in this section were shown 

to have smaller effects on their intervals than trochaic initial consonants. 

They also contribute a similar amount of variance to their preceding 

intervals as trochaic medial consonants. Their behavior, therefore, matches 

that as is predicted by the Morishima (1994) model. The onsets and tails of 

disyllabic words are distinctly different &om each other. 

The last experiment of this chapter examines iambic final 

consonants. All of the comparisons above will be done on this set of data to 

show that iambs do not differ from trochees in their final consonants' 

effects. The trochaic final consonants will also be directly compared to the 

iambic final consonants to emphasize this point. 
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3.4.2 EXPERIMENT LL: Iambic Final 

The consonant inventory for this experiment was the following: /ch, 

f, ft, k, ks, kst, kt, s, sh, sk, st, ts/. More information concerning these 

consonants is given in sections 3.4 and 2.3.1. 

The sentence frame for the iambic finals was "They like meats." 

with "meats" rhyming with the stressed vowels of the iambs' [i]. The 

structure of the Iambic Final words was: Tapee_ (/tapi:./). Some of this 

experiment's sentences were "They like Tapeeft meats.", "They like 

Tapeekst meats.", and "They Uke Tapeesh meats." The rest of the 

experimental procedure is described in section 3.2.1. 

The primary goal here will be to show that the durations of iambic 

final consonants have a negative effect on the lengths of the intervals that 

precede them. To see whether the predicted Onset-Tail difference exists 

here, the effects of iambic initials and finals will be compared to each other. 

And finally, the results gathered here will be compared to those of the 

previous experiment to show that trochaic and iambic final consonants 

affect their preceding intervals in much the same manner. 

3.4.2.1 EXPERIMENT 11: Iambic Firrnl Results 

Section 3.2.1 discusses the procedure for this experiment. The 

following numbers of items from the subjects' data were removed by the 

volunteer making naturalness judgments for inconsistencies in sentential 
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stress pattern, etc.: AVF: 9, JAN: 4, and PRL: 4. This resulted in the 

following numbers of items per subject: AVF: 27, JAN: 32, and PRL: 32. 

Final consonant duration was the independent variable and preceding 

interval length was the dependent variable in the regression analyses 

(PROC GLM, SAS). The normalized data used in these regressions can be 

found in Appendix C. 

The results are as follows: AVF, [r^ = .20, F(l, 25) = 6.27, p = .0192]; for 

JAN, [r2 = .55, F(l, 30) = 35.97, p = .0001]; and for PRL, [r2 = .25, F(l, 30) = 10.08, 

p = .0035]. For AVF, JAN, and PRL respectively, all of die directions of 

correlation were negative: -.45, -.74, -.50. These results are sigruficant at the 

.05 level. 

3.4.2.2 EXPERIMENT 11: Iambic Final Discussion 

The results from these regressions show that the iambic final 

consonants follow the same general pattern as all of the consonants 

examined in this thesis. As final consonants get longer, the intervals 

preceding them get shorter. This trend can once again be seen in the 

following graphs of each subject's data. 
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(11) Experiment 11: Final Consonant by Previous titerval Plots 
AVF Exp 11: 1 St Interval PRL Exp 11: 1 st Interval 
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FIG. (11). Each axis represents the 
normalized duration of the 
respective variables. Whole = (% 
of Word + IWI Duration). 
Consonant type is given in the 
legend. Data points are means of 
the normalized data. 
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For AVF, JAN, and PRL, consonantal length increases of 5% cause their 

previous intervals to decrease by 1.05%, 1%, and 1.1% respectively. Again, 

these percentages are computed by inultipl3ring the percent increment of 

the X axis by the slope of the regression line. 

The normal consonant-interval relationship can be seen clearly in 

the graphs again. Again, the subjects don't agree completely in their 

consonantal dispersior\s, but each speaker's individual long consonants 

have short intervals associated with them and vice versa. The cluster /kst/ 

is again the longest for all three speakers and the /s/-clusters are usually 

longer than the stop-clusters. 

The variance contributed by the iambic final consonants to their 

preceding intervals (the percentage values) for AVF, JAN, and PRL 

respectively was 20%, 55%, and 25%. Compared to those from Experiment 7 

(the iambic initial consonant experiment), 91%, 80%, and 72%, it would 

appear that the iambic fiiuds have less of an effect on their preceding 

intervals than icimbic initials. This would confirm Morishima's (1994) 

hypothesis that the onsets of a disyllabic word account for more variance of 

their previous intervals than their tails. The following comparison 

determines whether this is, in fact, the case. The following test corresponds 

to Hgure (Ig); the slope data for this analysis is in Appendix C. 

Morishima's (1994) Onset-Tail model predicts that there should be a 

difference between the effects of initial consonants and final consonants on 

their respective interval lengths. At - test comparison was conducted on 

the individual iteration slopes &om Experiments 11 and 7 as was described 

in section 3.2.3.2. The results of this analysis follow: [f(l, 8) = -7.8, p = .0001]; 
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this result is significant at the .05 level. This, with the values above 

suggest that iambic initial consonants have a significantly greater effect on 

their preceding intervals than iambic final consonants, as predicted by 

Morishima (1994). 

Next, a comparison of the two parts of the iambic tail must be 

conducted to determine whether Morishima's model continues to be 

supported by this set of data. Iambic medial consonants (Experiment 9) 

contributed 66%, 49%, and 11% of the variance in their preceding intervals 

for AVF, JAN, and PRL respectively. Here, the iambic final consonants 

accoimted for 20%, 55%, and 25%. Whether these two sets of values are 

actually different from each other must be determined by a significance test. 

A t  -  test was conducted between the individual iteration slopes from 

Experiments 9 and 11 (figure Ih); this procedure is outlined in section 

3.2.3.2. This comparison's results are as follows; [^(1,8) = -1.67, p = .1335] 

(data for this comparison is in Appendix C). This result is not significant 

and shows (along with the percentage values above) that iambic final 

consonants and iambic medial consonants account for similar amounts of 

the variance in their preceding intervals. This shows that the two 

consonantal positions of the disyllabic tail have the same magnitude of 

effect as each other. This was also found for the trochaic components of the 

tail in section 3.4.1.2. 

The last analysis of this chapter involves a comparison between the 

trochaic and iambic final consonants and their effects on their preceding 

intervals. Since both experiments (Experiments 10 and 11) utilized the same 

consonant set, there should not be any difference in the amoimt of variance 
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accounted for in their preceding intervals. Their percentage values 

suggest this: Trochaic Firwl: 71%, 26%, and 23%; Iambic Final: 20%, 55%, 

and 25% (for AVF, JAN, and PRL respectively). A more comprehensive 

comparison, however, is needed. 

This test corresponds to figure (11) and its input data can be found in 

Appendix C. The individual iteration slopes from Experiments 10 and 11 

were compared in a f - test; this procedure is outlined in section 3.2.3.2. The 

results were as follows: [t(l, 8) = -1.57, p ~ .1541]; this result is not significant. 

With the percentage values above, this result suggests that there is no 

effect of foot type on the cortsonantal effect generated by trochaic and iambic 

final consonants. This was also fotind for the initial and medial pairs of 

experiments above in sections 3.2.3.2 and 3.3J2.2. 

The results of this section agree with those foimd for the initial and 

medial consonants in sections 3.2 and 3.3 and with the trochaic finals 

consonants of section 3.4.1. Iambic final consonants affect their preceding 

intervals in the same manner as other consonants in other positions do. 

The quality of their relationship with their intervals was found to be less 

than that of the iambic initials and the same as the iambic medials. This is 

exactly what the Morishima (1994) model predicts. Trochaic and iambic 

final consonants were also found to have about the same degree of 

relationship with their respective intervals. This indicates that the foot type 

of a disyllabic word does not affect the consonantal effect on fhe preceding 

interval. 
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3.5 CHAPTER SUMMARY 

The basic goals of this chapter have been accomplished. All six of the 

disyllabic consonant experiments showed that the duration of the interval 

preceding the test word is affected by the lengths of the consonants within 

the word. This relationship occurs no matter whether the consonant is in 

irutial, medial, or final position within the disyllabic word. The foot type of 

the word also doesn't affect this relationship. A summary of the basic 

regression results from all the experiments is given in (12). The 

abbreviations in the first column indicate ttie following: TI - Trochaic 

Initial; n - Iambic Initial; TM - Trochaic Medial; IM - Iambic Medial; TF -

Trochaic Final; IF - Iambic Final. 

(12) Results: Regressions, Chapter 3 
Experiment Subject r F  P  

6,TI AVF -.94 (1,27) =200.14 .OOOl-^** 
JAN -.75 (1,25)= 32.96 .OOOl'*** 
PRL -.89 (1,24)= 96.22 .0001*** 

7,n AVF -.96 (1,24) =254.99 .0001*** 
JAN -.89 (1,23)= 91.53 .0001*** 
PRL -.85 (1,23)= 60.23 .0001*** 

8,TM AVF -.66 (1,31) =24.19 .OOOl*** 
JAN -.78 (1,31) =49.68 .0001*** 
PRL -.43 (1,22)= 5.03 .0354* 

9,IM AVF -.81 (1,21) =41.35 .0001^»» 
JAN -.70 (1,23) =22.43 .OOOl*** 
PRL -.34 (1,25)= 3.18 .0866 

10, TF AVF -.84 (1,29) =69.57 .0001*** 
JAN -.51 (1,24)= 8.41 .0079** 
PRL -.47 (1,27)= 7.87 .0092** 
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(12) Results; R( 
Experiment 

agressions, G 
Subject 

lapter 3 (com 
r 

inued) 
F  P  

11, IF AVF 
JAN 
FRL 

1 
1 

1 

(1,25)= 6.27 
(1,30) =35.97 
(1,30) = 10.08 

.0192* 

.0001*»* 

.0035*'̂  

However, the comparative strength of this consonant-interval 

relationship ig determined by consonantal position. According to Marcus' 

model for monosyllabic P-centers, the onset of a word affects its interval to 

a greater degree than the rhyme of a word. Extending this model to 

disyllables, as in Morishima (1994), the two components become onset cmd 

tail. Through a series of t - test comparisons between the effects of initial, 

medial, and final consonants, the Morishima (1994) model was 

substantiated. Comparisons between iiutial consonants (onsets) and those 

of the tail (medial or final consonants) indicated that there was a significant 

difference between the two positions. A summary of these comparisons is 

given in (13). These correspond to the tests listed in figure (1 b, c, e, and g). 

The abbreviations here are the same as in (12) above. 

(13) Results: t - tests. Onset vs. Tail Comparisons 
Comp-Name Comp-Niiinbet Hg. (1) Number t P 
TI vs TM 6 vs8 b -5.80 .0004*** 
n vs IM 7vs9 c -3.93 .oou** 
TI vs TF 6 vs 10 e -7.73 .0001»»» 
U vs IF 7 vs 11 g -7.80 .OOOl*** 

Conversely, comparisons between the two parts of the tail (medials 

vs finals) fovind that there was not a significant difference in consonant-

interval effect for these two positions. This also supports the Morishima 

(1994) model. This summary is given in (14). These tests correspond to 
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figure (1 f and h). 

(14) Results: t  -  tests. Tail vs. Tail Comparisons 
Comp-Nome Comp-Number Bg. (1) Number t P 
TM vs TF 8 vslO f -0.53 .6086 
IM vs IF 9 vs 11 h -1.67 .1335 

And finally, that the general consonantTinterval effect is not 

influenced by the foot type of the word was shown through comparisons 

between the trochaic and iambic experiments for each consonantal position. 

This is because each consonants' distance from the beginning of the word is 

the same across the foot types. The consonant stimuli was also the same 

across each positional experimental set. Foot type does not add any extra 

distance to the consonants thereby affecting their effect on their preceding 

intervals. The results from these three comparisons are given in (15). 

(15) Results: t  -  tests. Foot T5rpe Comparisons 
Comp-Name Comp-Number Fig. (1) Number t P 

Tlvsn 6vs7 a -1.55 .1601 
TM vs IM 8 vs 9 d 0.12 .9054 
TF vs IF 10 vs 11 i -1.57 .1541 

So, the main goal of this chapter was to show that different lengths of 

consonants within disyllabic words have the same effects on their 

preceding intervals as consOTUints/vowels in monosyllabic words do. The 

longer the consonant, ttie shorter its preceding interval. The onsets of 

disyllables were also shown to have a greater effect on their intervals than 

the other two consonantal positions' do. This supports the Morishima 

(1994) model. That no significant difference was found between medial and 

final consonants' effects is also similar to Morishima's (1994), Experiment 3 
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results. And finally, the foot type of the disyllable did not have any bearing 

on the general consoruntal effect (section 3.1.2). This was also found in 

Morishima (1994) for Japanese disyllables (section 1.2.5, Experiment 1). All 

of these results are given in figure (16) with the chart format from figure (1) 

for reference. 

(16) Results: t - tests. Chapter 3 
Cons. 

Position 
Overall 

Description 
Exp 

Type 
Experiment 
Desmps. 

Exp. 
#'s 

t P Signif. 
Result 

a .  Initial Trochee vs Iamb III Tlvsn 6vs7 -1.55 .1601 No- V  
b. Medial T Tail vs Onset I TM vsTl 8vs6 -5.80 .0004*»* Yes- V  

c .  I Tail vs Onset I EM vs II 9vs7 -3.93 .0044*» Yes-V  

d. Trochee vs Iamb III TM vs IM 8vs9 0.12 .9054 No- V  

e .  Final T Tail vs Oi\set I TFvsTI 10vs6 -7.73 .0001*** YesW 
f .  T Tail vs T Tail II TF vs TM 10vs8 -0.53 .6086 No- V  

g - I Tail vs Onset I IF vs n 11 vs7 -7.80 .0001»** Yes- V  

h - I Tail vs I Tail II IFvsIM llvs9 -1.67 .1335 No- V  

i .  Trochee vs Iamb III TF vs IF lOvsll -1.57 .1541 No- V  

Where this chapter examined and foimd definite consortant length 

effects on the timing of English disyllables, the following chapter will do 

the same with stress pattern, or foot type effects. There, the consonantal 

effects fovmd in this chapter will be compared to any foot effects found. 

Although the consonant effect will be shown to be much greater than the 

foot effect, the foot effect is still apparent 



CHAPTER 4 - Disyllabic Foot Analyses 

4.0 INTRODUCTION 

The previoiis chapter investigated the first major goal of the thesis^^ 

the consonant duration effect on the preceding intervals of disyllables. 

Consonants in all three positions within a disyllabic word (initial,^ medial, 

and final) were found to affect their words' timing such that words with 

longer consonants had shorter previoxis intervals. This chapter will 

examine the second major goal of the thesis and determine whether there 

is a foot effect on the preceding intervals of disyllables as well. The intervals 

preceding trochees and iambs will be compared to each other to see whether 

they are different. 

Before presenting the stress analysis, previous research concerning 

non-consonant-duration effects in disyllables will be reviewed (Morishima, 

1994). How Morishima's (1994) study is different than the analysis 

presented here will be described in section 4.1.2. The general predictions of 

this analysis will also be laid out there. Section 4.2 will present the foot 

analysis, its results, and a discussion of the results. The final section will 

summarize this chapter's findings. 
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4.1 THEOREnCAL PRELIMINARIES 

As reported in section 1.3.1, the goal of this chapter is to show that 

the stress pattern of an &iglish disyllable affects its timing. Before this 

analysis is presented, however, relevant points from Qiapter 1 will be 

reviewed. Morishima's (1994) Japanese pitch-accent results are described in 

section 4.1.1. Section 4.1.2 examines how the stress analysis here differs 

from Morishima's pitch-accent analysis. 

4.1.1 Review of Morishima (1994) 

Morishima (1994) conducted two experiments that investigated the 

effect of pitch-accent on the timing of disyllabic Japanese words. His 

Experiment 1 examined both the onset length effect and the pitch-accent 

effect. The stimuli for this intervcil-adjiistment task had two sets of CVCV 

words: one set had five words with a ffigh-Low (H-L) pitch accent pattern, 

the other five had the opposite pattern, Low-High (L-H). Within each set, 

the initial consonants' durations were varied while other factors of the 

words remained constant. His results indicated that there was a significant 

effect of consonant duration across the two sets of data. However, there was 

no effect of pitch-accent. More information concerning these results can be 

found in section 1.2.5.4. 

Morishima's (1994) Experiment 4 also examined the pitch-accent 

effect for Japanese disyllables. The stimuli for this experiment, however. 
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varied the durations of the tails of the disyllables instead of the onsets (as in 

his Experiment 1). But, in contrast to his other experiments, the overall 

onset durations were not controlled for. Specifically, the L-H set of words 

had longer onset durations than the H-L set of words. Tail duration was 

found to affect the timing of the words significantly but the pitch-accent 

pattern did not. However, this result could have been due to the lack of 

control for certain variables. Again, more information can be found in 

section 1.2.5.4. 

In sum, Morishima (1994) was not able to find an effect of pitch-

accent on the timing of Japanese disyllables. This, however, could, be 

because he was investigating an aspect of Japanese that does not contribute 

to the overall rhythm of the language. This possibility will be reviewed in 

the following section. 

4.1.2 Pitch-accent, Mora-timing, and Stress-timing 

As discussed in section 1.3.3, Morishima's (1994) study did not 

investigate the role of moras on the timing of Japanese disyllables. Since 

Morishima (1994) examined Japanese pitch-accent and did not examine 

words with ditferent numbers of moras, he did not study the P-center 

effects contributed by Japanese's unit of timing.^ bistead, he examined the 

P-center effects contributed by Japanese's accentual system. 

This chapter, however, examines the role of stress on the timing of 

^ See Hcin (1962), Smith (1975), Ladefoged (1975), and Dalby and Port (1981). 
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English disyllabic words. English is considered to be a stress-timed language 

(Class^, 1939; Pike, 1945; Bolinger, 1965; Abercrombie, 1967; Corder, 1973; 

Catford, 1977). This means its stresses tend to occur at regular intervals; the 

duration of time between stresses is predicted to be constant Unlike 

Japanese, English does not have a prosodic system that is separate from its 

unit of timing. That is, while Japanese's prosody is different than its timing 

unit (pitch-accent and mora), English's prosody and timing unit are the 

same (stress). 

So, the analysis of the disyllabic data that follows in section 4.2 is 

different than that of Morishima (1994). English's unit of timing (stress) 

will be examined to determine whether it creates any P-center effects in the 

intervals preceding English disyllables. In contrast to Morishima's (1994) 

findings, the results of this analysis are expected to show a stress pattern 

effect. The fact that Morishima (1994) did not find a pitch-accent effect could 

have been because he did not study Japanese's tmit of timing, the mora. 

Since the experiments here were designed to examine English's unit of 

timing, there is expected to be a P-center effect caused by the stress pattern of 

the word. 

The P-center effect caused by the foot t)rpe of the disyllabic word is 

also expected to reflect the stress-timing of English in the preceding 

intervals' durations. According to the definition of stress-timing (Pike, 

1945), stresses tend to occur at equal intervals usually with unstressed 

syllables separating them, bi sentence frame experiments such as those 

conducted for this diesis, the effects of stress-timing would be apparent in 

the trochaic frames. Trochees are predicted to be further away from their 
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preceding word than iambs.^ 

In the iambic frames^ there is an unstressed syllable between the 

word 'like' and the stressed vowel of the iamb; ex. They like [taptiit] meats. 

The unstressed vowel [a] separates the two adjacent stresses 'like' and [tf:t]. 

However, in the trochaic forms, there is no unstressed syllable to separate 

the stressed syllables 'like' and the first syllable of the trochee: ex. They like 

[taeptit] mats. So, since there is no unstressed syllable between these two 

stresses to separate them, the two words are separated acoustically. The 

intervals preceding trochees, therefore, are predicted to be longer than those 

preceding iambs. Whether the stress-timing of English is, in fact, 

instantiated in this marmer will be exzunined in the following section. 

4.2 FOOT EFFECT ANALYSES 

The goals of this chapter are to determine whether there is a foot 

pattern effect on the timing of English disyllables. If there is an effect, the 

intervals preceding trochees are predicted to be longer than those preceding 

iambs. The data £rom Chapter 3 will be used to investigate these 

predictions; no further disyllabic experiments were performed. 

Each subject's normalized data &om all six experiments in Chapter 3 

was pooled together. The number of items deleted in each subjects' data set 

by the volimteer making naturalness judgments was the same as indicated 

^ Fox and Lehiste (1987b) found a similar result using a different experimented method. The 
reader is directed to their paper for more information. 
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in each experiment section of Chapter 3. Three ANOVAs were nm (PRCXZ 

GLM, SAS): one for each subject.^ Foot T5rpe was the independent variable 

with two levels (trochaic, iambic); the interval preceding the test word was 

the dependent variable. If the results from this analysis are significant, they 

would indicate that there is an overall difference between the intervals 

preceding trochaic and iambic test words. 

For all three subjects, the main effects of Foot Tyipe were significant at 

the .05 level. For AVF: [F(l, 167) = 4.73, p = .0311]. For JAN: [F(l, 166) = 12.2, p 

= .0006]. And for PRL: [F(l, 161) = 4.3, p = .0398]. The means of the previous 

intervals' diorations can be found in (1); graphs of the foot effect for each 

subject are in (2). 

(1) Means: Foot Types' Previous Interval, % of Whole-Normalized 
Duration 

Subject IiQ£tiai£ Iambic 
AVF 25.63% 24.09% 
JAN 21.11% 19.09% 
PRL 22.38% 20.97% 

^ Themks to LouAnn Gerken for this suggestion. 
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(2) Foot Analyses: Foot Type by Previous Interval Plots 

28 T 

• Trochaic 
• Iambic 

AVF JAN PRL 

Subject 

FIG. (2). The y eixis represents the normalized duration of the interval preceding the test 
word. Whole = (% of Word + IWI Duration). 

The significant results here indicate an overall effect for Foot Type 

for all of the subjects. As can be seen in (2), the direction of the effect is also 

as predicted: the intervals preceding trochees are longer than those 

preceding iambs. 

That this result is significant while Morishima's (1994) analysis of 

Japanese pitch-accent was not provides support for the study of languages' 

units of timing for P-center effects. This examination of English stress 

shows definite foot effects in contrast to Morishima's non-significant 

results for pitch-accent P-center effects. This could be because he did not 

analyze Japanese' unit of timings the mora, for P-center effects. 

Even though these results are significant;, it must be noted that the 
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strength of this foot effect is not as strong as that of the consoiiant length 

effects discovered in the previous chapter. The r '̂s for this analysis, which 

indicate the amount of variance in interval length accounted for by foot 

type, were as follows: AVF: .03, JAN: .07, and PRL: .03. This indicates that 

the foot type of the test word only contributed 3%, 7%, and 3% (respectively) 

of the variance in previous interval length. In contrast, the r^'s from the 

consonant length experiments were much higher. While given in the text 

of Chapter 3, the consonant length r '̂s are repeated in the following figure 

for convenience. 

(3) r '̂s from the 6 Consonan Length Analyses in Chapter 3 
Subject Exp 6 -TI Exp7-n Exp 8 -TM Exp 9 - IM Exp 10-TF Exp 11 - IF 

AVF .88 .91 .44 .66 .71 .20 

JAN .57 .80 .62 .49 .26 .55 
PRL .80 .72 .19 .11 .23 .25 

The large differences between these values and those from the foot 

analysis (.03, .07, and .03) indicate that there may be a greater effect for 

consonant lengths than for foot type on the preceding intervals of the test 

words. This finding does not negate the significant foot effect, it simply 

shows that the consonant length effect is the stronger of the two. 

However, since a foot type effect was found, explanations for its 

existence must be investigated. Total word length effects and vowel effects 

on the previous intervals' durations will be examined in the following 

section. 
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4.3 EXAMINING THE FOOT EFFECT 

There are a few possibilities as to what is causing the differences in 

interval length across the two foot t5rpes. One is that length differences 

between the two types of words affect the interval lengths. This is 

analogous to the consonant length effect examined in Chapter 3 where the 

longer the consonant^ the shorter the interval length. Here, since the item 

in question is foot type, it would be: the longer the foot (or word, since there 

is only one foot per word), the shorter the interval length. From the results 

in section 4.2, since iambs have shorter interval lengths than trochees, they 

should be the longer of the two foot types according to this hypothesis. 

In order to investigate this hypothesis, we must determine whether 

there are, in fact, different word lengths per foot type. A GLM (SAS) with 

foot type as independent variable and total word lengtii as dependent 

variable was run on all of the subjects' normalized, data from Qiapter 3A If 

these results are significant, then foot t)^ could be said to predict total 

word length. 

The results for this analysis are as follows. For AVF, [f (1,163) = 1.07, 

p = .3035]. For JAN, [F(l, 164) = 2.12, p = .1472]. And for PRL, [f(l, 158) = 1.70, 

^ Because Total Word Length will be used in statistics here, the same normalized data from 
Chapter 3 was not able to be used. This is because there, first Interval Length (IWI) + Total 
Word Length (IC+V1+MC+V2+FQ comprised the 'whole' that each of the measurements 
was calculated to be part of (see section 3.2.2.1 for the equation). Here, pairing first Interval 
Length against Total Word Length would result in divisions by zero in the Gli^. For all of 
the anctlyses in this chapter therefore, the normalized data will use the following equation 
instead (ex. for an initial consonant): (IC/(1IWI+IC+V1+MC+V2+FC+2IWI))'* 100. The 
interval following the test word (2IWI) is also added to the ratio so that the variances in 
the previous interval's length and the test word's length will not cancel each other out. If 
the analyses conducted in Chapter 3 used this form of the normalized data, the significance 
values of their results would not change. 
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p = .1948]. The correlation coefficients were: AVF, r = .08; JAN, r = .11; and 

PRL, r = .10. None of these results are significant at the .05 level. 

The non-significance of these analyses suggests that foot type does 

not predict total word length. If there is any variance in the total word 

lengttis overall, it is not caused by the two different stress patterns. 

Therefore, since there is no foot related length difference in the test words, 

there cannot be a foot related length difference in their preceding intervals. 

Another possibility is that the foot effect is caused by the vowel 

lengths of the two foot types. Since the stresses of the words are located in 

the vowels, it is possible that their durations may be what is causing the 

foot effect. Trochees may have longer preceding intervals simply because 

they have longer vowels in the first syllable. Iambs might have shorter 

preceding intervals because their first vowels are short. 

Regressions were run (PROC GLM, SAS) on each subject's 

normalized data from Chapter 3. The data for each subject included the 

measurements from all six experiments as is the previous two analyses. 

First vowel length was the independent variable and previous interval 

length was the dependent variable. If these results are significant, they 

would suggest that first vowel length causes the foot effect found above in 

section 4.2. 

The results for the three subjects are as follows. For AVE, [F(l, 167) = 

3.49, p = .0634]. For JAN, [F(l, 166) = 4.87, p = .0287]. And for PRL, [F(l, 161) = 

4.58, p = .0338]. The correlation coefficients for these regressions were: AVF, 

r = .14; JAN, r = .17; and PRL, r = .17. AVF's results were not significant at 
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the .05 level; the other two subjects' were.® 

These results indicate that there could be a relation between first 

vowel length and foot type since for two out of the three subjects, first 

vowel length seems to affect previous interval length. The following 

graphs in (4) show this relation. Trochees generally have longer first 

vowels and therefore shorter preceding intervals.^ 

® The corresponding analysis of second vowel length produces similar results: AVF, [F(l, 167) 
= 5.81, p = .0170]. For JAN, [F(l, 166) = 4.31, p = .0395]. And for PRL, tF(l, 161) = 352, p = 
.0624]. The r's were: AVF: -.18; JAN: -.16; and PRL: -.15. Here, AVF and JAN produced 
significant results while PRL didn't. 
^ The graphs for the second vowel lengths were the mirror images to those in Figure (4) 
except that the correlations were negative, i.e. the direction of the slopes went from top-left 
to bottom-right. Trochaic items also clustered toweurd the left of the graphs. 
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(4) All Experiments: First Vowel by Previous Diterval Plots 
AVF 1st Vowel Analysis 
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(4) All Experiments: First Vowel by Previous Interval Plots (continued) 
PRL 1 St Vowel Analysis 
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FIG. (4). Each cixis represents the normalized duration of the respective variables. 
Whole = (% of Word + IWI Duration). 

For JAN and PRL, the positive correlation between first vowel length and 

previous interval length shows that trochees, with their longer first 

vowels, have shorter preceding intervals. 

While these results suggest that first (or second) vowel length could 

be responsible for the foot effect found in 4.2, they do not investigate the 

other characteristics of stressed vowels for their effects. The amplitudes and 

frequencies of these vowels could be respoi\sible for the foot effect instead 

of duration alone. However, since these measurements were not included 

in the experimental procedure for this thesis, the study of their effects will 

be left for future research. 

If the foot effect is interpreted as an instantiation of stress-timing 

(section 4.1.2), however, then this provides evidence of a tendency toward 
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isochrony in the production of English words. While perceived isochrony 

in language has generally been considered an effect of over- or under

estimation by the perceiver (Barnwell, 1971; Allen, 1975), produced 

isochrony has generally been suspect. This is because researchers have not 

found absolute isochrony in produced speech (Allen, 1973; Lea, 1974, among 

others), tistead, they have found only a tendency toward isochrony, or 

toward absolute stress-timing (Lehiste, 1977). So, the results of the present 

study could possibly be another instance of this tendency since the trochaic 

forms' adjacent stresses are separated by longer interword intervals - in an 

effort to space the stresses isochronously. 

This instantiation of stress-timing could also reflect the alternating-

element nature of speech. The separation of stressed elements by unstressed 

ones is common in music (fackendoff and Lerdahl, 1983), poetry (Russell, 

1979), and speech (Prince, 1983; Hcimmond, 1984; Halle and Vergnaud, 1987, 

Hayes, 1987). Since the syntax of the sentence frames does not allow an 

unstressed syllable to separate the two stresses in the trochaic forms, the 

separation is created by the increased interword interval durations. The 

interword interval itself could be considered to act as the unstressed 

element in these cases. 

4.4 CHAPTER SUMMARY 

Morishima's (1994) study of pitch-accent in Japanese disyllables was 

one of the first to examine ttie contribution of other aspects of a word 
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(besides segmental duration) on the timing of words. However^, he did not 

find a pitch-accent P-center effect This could have been due to the fact that 

he did not investigate Japanese's unit of timing, the mora. 

Stress, English's unit of timing, was examined in this chapter to see if 

it generated a P-center effect on English disyllables. The results from section 

4.2 indicate that it does. Trochaic words were foimd to have shorter 

previous intervals than iambs. This could possibly be the result of the 

stress-timing of English attempting to separate two adjacent stresses. 

This study, therefore, shows that consonant length is not the only 

aspect of a word that affects its timing. The stress pattern of a word also 

affects the location of a word in time relative to the words around it. So, the 

two main goals of this thesis have been attained: both consonant length 

(Chapter 3) and foot type (Chapter 4) were shown to determine a disyllabic 

English word's timing. 

The finding that the prosodic information contributes to low-level 

timing in addition to consonant duration is an important contribution to 

the P-center literature. However, the idea that the prosody of a word 

accoimts for some of the variance in the durations of the intervals 

surrounding the word is not new. The next chapter reviews some of this 

literature, namely Ferreira (1993) and Meyer (1994), and examines the 

results from the foot analyses here in light of that research. 
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CHAPTER 5 - Thesis Summary 

5.0 INTRODUCTION 

This final chapter of the thesis will review the methodologies, 

results, and implications for the analyses conducted in Chapters 2,3, and 4. 

The first section presents a synopsis of the work done in this thesis. Section 

5.2 discusses the import of this work compared Ferreira (1993) and Meyer 

(1994). Section 5.3 suggests future research proposals that would augment 

the results found here. And finally, section 5.4 summarizes the main 

results of the entire thesis. 

5.1 SUMMARY OF THESIS 

This thesis examined the Perceptual-center (P-center) effect of 

English disyllables. Previous research on P-centers has shown that 

consonantal (and vowel) durations of a monosyllable affect the duration of 

the preceding interword interval. Longer initial consonants, for example, 

have shorter preceding intervals than shorter initial consonants. Earlier 

studies have also shown that initial consonants have a greater magnitude 

of effect on their preceding intervals than eitiier vowels or final consonants 

do. This research was examined in detail in Chapter 1. 
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This thesis investigated the P-center effects caused by consonant 

length and foot type in English disyllables. The following figure (from 

Chapter 1) presents the predictions of how the interword interval preceding 

the English disyllable should be affected by the various parts of the 

disyllable. 

(1) Goals of the Thesis 
A. To demonstrate that disyllables' consonants affect their previous 

intervals by showing that 
1. The longer the consonant is, 2. The effect is greater for the onsets 

the shorter the interval is than for the tails 

B. To demonstrate that disyllables' stress patterns affect their previous 
intervals by showing that 

1. Trochees are further away from 
their predecessors than iambs 

These predictions were supported by the data from a series of experiments 

over the co\irse of chapters 2,3, and 4. 

Chapter 2 presented a series of monosyllabic experiments using a 

modified version of Fowler's (1979) sentence frame task. The modification 

eliminated any effects of utterance-final lengthening on the test words by 

placing them in penultimate, instead of ultimate, position within the 

sentence frame. It was necessary to change Fowler's (1979) original method 

because of the final consonant length analyses in chapters 2 and 3. 

Utterance-final lengthening affects the final consonants of words the most 

(Cooper and Danly, 1981) so having ttie test words appear in the ultimate 

position within a sentence would incur exfra length on their final 

consonants. The experiments in this thesis, therefore, controlled for 

utterance-final lengthening by locating the test words in the penultimate 
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position of the sentence frame. The monosyllabic experiments in Chapter 2 

were conducted to make sure the results from this type of sentence frame 

were comparable to those of previous research. 

The results from these monosyllabic experiments agreed with all 

previous research on ttie P-center effect. All three positions of a 

monosyllable (initial consonant, vowel, and final consonant) were shown 

to affect their preceding intervals negatively. That is, all three segment 

positions exhibited the general P-center effect: the longer the analyzed 

segment, the shorter the previous interval. Also, the initial consonants 

were shown to have a greater effect on their intervals than either the 

vowels or final consonants did. This result supported the Marcus (1981) 

Or^et-Rhyme P-center model (section 1.2.4.1): onsets' P-center effects are 

greater than those of the rhyme (where rhyme = the vowel and coda/final 

consonant(s) of a syllable). 

While the monosyllabic analyses were found to support Marcus 

(1981), the disyllabic consonants length analyses were foimd to corroborate 

Morishima's (1994) model. His Onset-Tail P-center model ((1)A.2 above) 

was based on Marcus' (1981) model for monosyllables. M Morishima's 

(1994) model, components of a disyllable's tail (everything after the ot\set) 

should affect the timing of the disyllable. But, ttiese effects should be of a 

lesser degree than that of the onset's effect. 

Chapter 3 described the six disyllabic experiments used in this 

analysis. Consonant position (initial, medial, final) and foot type (trochaic, 

iambic) were combined so that there were pairs (by foot) of experiments 
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according to the three consonant positions. The sentence frame 

methodology developed in Chapter 2 was retained for these experiments. 

Goal (l)A.l (the P-center effect) was satisfied by showing that each 

experiment's consonants affected their preceding intervals in the predicted 

manner, i.e. longer consonants had shorter preceding interval lengths. 

Other evidence for this consonant-interval relationship was that the 

consonantal effect was not different across foot types. That is, foot type did 

not contribute to nor diminish the consonant length effects fotind for each 

consonantal position. 

Morishima's (1994) Onset-Tail model was supported by a series of 

comparisons between the effects of different parts of the disyllables. First, 

significant differences between onsets and tails were established between 

each consonantal position. So, initial consonants were shown to have 

greater effects on their preceding intervals than medial and/or final 

consonants. The medial and final consonants, on the other hand, were 

shown to have roughly the same magnitude of effect on their previous 

intervals. In sum, the slope comparisons between initial consonants and 

medial/final consonants always resvilted in significance; those between the 

medial and final consonants were not significant Morishima (1994) also 

found similar effects concerning consonantal durations in his Japanese 

disyllabic data. 

Chapter 4 examined the predictions in (1)B, the foot effect. While 

Morishima (1994) found there was no pitch-accent P-center effect in 

Japanese disyllables, this could have been because he did not examine 

Japanese's unit of timing, the mora. The pitch-accent (prosodic) system of 
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Japanese is different than its method of timing. However, since the 

experiments conducted for this thesis were designed to test English's unit of 

timing, stress, the data was expected to exhibit a foot type effect. 

This prediction was supported by data showing that the intervals 

before trochees are significantly longer than those preceding iambs. The 

data from all six experima:\ts was pooled by subject for this comparison. 

While the trochaic-iambic difference in preceding interval duration was 

significant for all three subjects, the amotmt of variance contributed by foot 

type was much smaller than that contributed by the consonant durations 

examined in Chapter 3. 

The directionality of this result (that the intervals preceding trochees 

are longer than those preceding iambs) is thought to be the result of the 

stress-timing of English. According to the definition of stress-timing (Pike, 

1945), stresses tend to occur at equal intervals apart from each other. In the 

sentence frame used in these experiments "They like mats/meats." the 

word preceding the test word, like', is inherently stressed since it is 

monosyllabic. So, in the iambic frames (ex. "They like [taksirt] meats."), the 

unstressed syllable between 'like' and [s£:t] separates the two stresses. 

However, in the trochaic frames (ex. "They like [tagksit] mats."), there is 

nothing to separate the two adjacent stresses 'like' and [taek]. The two 

stresses, therefore, are separated by a slightly longer interval between them. 

This separation results in the significant difference in preceding interval 

durations for trochees and iambs. The following section examines this 

result in light of recent research concerning prosody's role in low-level 

timing such as was foimd here. 
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5 J. SLOTS: FERREIRA (1993) AND MEYER (1994) 

Another area of research that is similar to P-center studies is that of 

slots. While Meyer (1994) coined the term 'slots', Ferreira (1993) was the 

first to investigate them. Ferreira (1993) conducted four experiments to 

study how syntax affects sentence prosody. Her first experiment found that 

contrastive prominence on monosyllabic words makes them significantly 

longer than their normal counterparts. This indicates that a changes in a 

word's prosodic structure (stressed vs. unstressed) affects its duration. The 

second experiment showed that different kinds of prosodic constituent 

boxmdaries following a word do not create greater word lengths or greater 

following interval lengths. For example, she compared the durations of 

words at the ends of prepositional phrases with the same words at the ends 

of relative clauses and found no significant difference between them. 

Ferreira's (1993) third experiment gave rise to the idea of slots. She 

examined intrinsically long and short words in different phrasal structures 

to determine whether the segmental content of the words affected their 

lengthening and following interval duration. What she foimd was that 

when the words were relatively short, the interval following them was 

long, and vice versa. And, when words are lengthened in phrase-final 

position, their following intervals are shortened by a proportioital amount. 

The total duration of word plus following interval, therefore, stays 

relatively constant, hence the idea of it being a slot. Ferreira's (1993) fourth 

experiment supported this finding by comparing the lengths of 

monosyllabic words with normal and contrastive stress and their following 
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intervals. She found that following intervals were longer after words with 

contrastive stress than words with normal stress. But, these intervals were 

shorter following words with intrinsically long duration than following 

words with long intrinsic duration. Based on the information from her 

four experiments, Ferreira concluded that at the phonological level, the 

syllables of utterances are assigned timing units depending on their 

location in the prosodic structure. These imits determine ttie length of time 

between one word's onset and the following word's onset. 

Meyer (1994) tried to replicate Ferreira's (1993) results in Dutch. The 

overall result of her six experiments was that compensation within a slot 

oriiy occurred when the vowels or final consonants of monosyllables were 

varied. The intervals following long initial coi\sonant words were roughly 

the same duration as words with short initial consonants. However, when 

Meyer (1994) examined the intervals preceding test words, she found the 

general P-center effect (longer segments result in shorter previous 

intervals). Meyer concluded that the intervals between words, therefore, are 

affected by the preceding syllable's rhyme duration and the following 

syllable's onset duration. 

So, while Ferreira (1993) based the timing of words (how far away 

they are from one another) solely on their inherent prosodic structure and 

their location within a sentence, Meyer (1994) claimed that timing is the 

result of the segmental durations within die words. Meyer's account is 

basically the same as most F-center researchers' since no phonological 

information is needed to explain intervals' durations between words. 
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However, the disyllabic results presented in this thesis (Chapters 3 

and 4) indicate that both segmental duration and prosodic information 

contribute to the timing of a word. Since the foot Qrpe of a word affects the 

duration of its preceding interval, the prosodic structure of words plays a 

part in determining their timing. The research of both Ferreira (1993) and 

Meyer (1994), therefore, is supported by the results of this thesis. 

5.3 FUTURE RESEARCH 

Even though the results from the experiments in this thesis show 

that both segmental duration and foot type affect the timing of English 

disyllables, there are still many imanswered questions concerning the 

prosody in general. What role do the other two aspects of the speech signal, 

pitch and amplitude, play in disyllabic timing? Are P-centers syllabic or 

word phenomena? How is the timing of words with more than two 

syllables determined? How else does the prosody of a word affect its timing? 

If English does indeed tend toward stress-timing, how else is this 

manifested in the speech signal? And, concerrung other languages, what 

kinds of data would polysyllables in syllable- and mora-timed languages 

produce in P-center experiments such as those in this thesis? 

The first of these questions could be aitswered with perception 

experiments such as interval-adjustment tasks using disyllabic stimuli. It is 

possible that either (or both) segmental pitches or their amplitudes could 

affect the timing of words more than simply segmental durations. The 
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second question could be answered with a metronome task. If the 

metronome beats consistently fell only in stressed syllables^  ̂this could 

mean that P-centers are word, not syllabic, phenomena. Performing these 

kinds of experiments, as well as more sentence-frame tasks, with larger 

words as stimuli could help answer the next two questions concerning 

polysyllables and the prosodic structures of words. As with disyllables, 

segmental durations and the stress patterns across words will probably affect 

these words' timing. 

Experiments that were originally designed to examine the P-centers 

of monosyllables could also be used to further investigate the low-level 

timing of other languages. So far, only monosyllabic examinations of 

languages other than English have been made (Hing and Marshall, 1980: 

Dutch; Hoequist, 1983: Spanish and Japanese). These results are interesting 

to those who are orUy interested in the behavior of monosyllabic words' P-

centers. But, for cross-linguistic prosodic studies, however, they are of little 

interest since the studies were restricted to monosyllabic words. These 

kinds of experiments can only determine whether segmental duration 

plays a role in a word's timing; polysyllabic investigations need to be run in 

order to determine the role of prosodic structure cross-linguistically. 

Moreover, polysyllabic studies of so-called syllable- and mora-timed 

languages need to be conducted. Research into these areas could help settle 

the debate over whether these timing classifications really exist or are 

simply tendencies within languages. Specifically, if adjacent stressed 

syllables across word boundaries are farther apart than stressed-unstressed 

combinations in syllable-timed languages such as Spanish or French, the 
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definition of syllable-timing would have to be rewritten. Foot effects such 

as those fotind in Chapter 4 should only be foimd in stress-timed languages. 

If they occur in syllable-timed languages, then possibly syllable-timing 

should not be defined as it is now (that all syllables occur at equal intervals). 

For mora-timed languages, ttie etfects of different mora quantities within 

words and individual syllables on the timing of mono- and polysyllabic 

words could be examined. 

Considering the modeling of the timing phenomenon, it is possible 

that the general P-center effect and the slot idea are related. More 

experiments that examine the effects of segmental duration and prosodic 

information on both sides of the test words should be conducted to find a 

unifying principle behind low-level timing. 

From there, the higher-level syntactic effects on individual words, 

such as phrase- and utterance-final lengthening (and pausing), could be 

examined. Models of the overall timing of words within sentences could be 

built, bottom-up, starting from the P-center effect up to the sentential 

intonation pattern, etc. 

5.4 CHAPTER SUMMARY 

This chapter summarized the results of the entire thesis. It then 

speculated on the relation between these results and the slot research of 

Ferreira (1993) and Meyer (1994). Finally, it offered some ideas as to where 
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this could lead in the areas of further P-center research, polysyllabic 

investigations, and cross-linguistic studies. 

Both segmental duration and the foot tjrpe of English disyllabic 

words determine their timing. Therefore, for English at least, low-level 

timing is affected by inherent consonant durations and the prosodic 

structure of words. 
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APPENDIX A: Experiment 3 Plot, All Data Points 

(From Qiapter 2, Footnote 12) 
Experiment 3: Initial Consonant by Previous interval Plots - All 
Consonants 
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Appendix A. Each axis represents the normalized duration of the respective variables. 
Whole = (% of Word + IWI Duration). Consonant tjrpe is given in the legend. Data 
points are means of the normalized data. 
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APPENDIX B: Monosyllabic Data 

Slopes; 

Monosyllabic Expajments 

Subject/ Fowler (79) Init: Ult but: Penult Subject/ Vowel Subjiect/ Final 
Iteration Exp. 1 Exp. 2 Exp. 3 Iteration Exp. 4 Iteration Exp. 5 
BAM-1 -0.49 -1.10 -0.66 AVF-1 -0.29 AVF-1 -0.44 
BAM-2 -0.69 -0.82 -0.80 AVF-2 -0.10 AVF-2 -0.38 
BAM-3 -0.78 -0.78 -0.68 AVF-3 -0.52 AVF-3 -0.47 
DLM-1 -0.93 -0.85 -0.80 HJG-1 -0.18 BAM-1 -0.47 
DLM-2 -1.15 -0.70 -0.88 HrG-2 -0.46 BAM-2 -0.48 
DLM-3 -133 -1.02 -0.83 HJG-3 -0.27 BAM-3 -038 
MKN-1 -057 -0.36 -0.68 MKN-1 -0.15 MKN-1 -0.28 
MKN-2 -0.91 -0.96 -0.64 MKN-2 -0.12 MKN-2 -030 
MKN-3 -0.81 -0.85 -0.69 MKN-3 -0.19 MKN-3 -0.10 

Normalized Data (means): 

Experiment 1: Fowler (1979) Replication 

Subj Gjns. IWI CCl se CC2 Total 
BAM b 23.62 3.88 27.12 45.38 7638 
BAM m 22.12 5.63 26.71 45.54 77.88 
BAM n 20.80 4.52 26.82 47.86 79.20 
BAM s 13.59 17.27 2258 4656 86.41 
BAM t 22.02 9.23 19.94 48.81 77.98 

MEAN 20.43 8.11 24.64 46.83 7957 
StDEV 3.76 5.21 3.67 2.21 3.76 

DIM b 35.12 3.60 21.51 39.77 64.88 
DLM m 28.67 5.88 22-98 42.47 7133 
DLM n 27.45 6J7 23.29 42.69 7255 
DLM s 15.43 19.42 21.00 44.16 8457 
DLM t 29.13 6.87 2038 43.41 70.87 

MEAN 27.16 8.47 21.87 42.50 72.84 
StDEV 6.91 5.89 2.17 2.41 6.91 

MKN b 23.40 351 23.12 49.97 76.60 
MKN m 18.08 6.19 26.26 49.47 81.92 
MKN n 17.85 736 29.28 45.49 82.15 
MKN s 1137 16.07 22.98 4958 88.63 
MKN t 18.18 11.10 23.41 4732 81.82 

MEAN 17.77 8.95 24.71 4857 82.23 
StDEV 4.42 4.81 4.01 432 4.42 
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Experiment 2: Fowler (1979) Metiiod witti Different Consonants 

Subi Cons. IWI CC ae t Total 
BAM ch 22.44 10.84 23.06 43.66 7756 
BAM d 21.66 6.94 2430 47.10 7834 
BAM f 14.08 1238 25.03 4832 85.92 
BAM P 23.22 6.61 2539 44.78 76.78 
BAM sh 13.08 17.17 24.74 45.02 86.92 
BAM V 18.76 10.24 24.32 46.67 81.24 

MEAN 18.87 10.70 24.47 45.96 81.13 
StDEV 4.33 4.00 1.65 2.85 4.33 

Sub{ Cons. IWI CC ae t Total 
DLM ch 24.24 9.94 28.29 37.54 75.76 
DLM d 34.64 5.48 20.64 39.24 6536 
DLM f 26.35 2.02 28.20 43.44 73.65 
DLM P 28.07 652 19.85 45.56 71.93 
DLM sh 12.82 2134 24.87 40.97 87.18 
DLM V 26.84 2.94 3131 38.91 73.16 

MEAN 25.49 8.04 25.53 40.94 7431 
StDEV 6.96 6.76 4.88 4.14 6.96 

Subj Cons. IWI CC SB t Total 
MKN ch 18.18 13.23 26.44 42-15 81.82 
MKN d 20.32 4.02 29.76 45.90 79.68 
MKN f 12.47 14.28 27.45 45.81 8753 
MKN p 21.20 10.95 22.07 45.79 78.80 
MKN sh 1236 1554 2938 42.71 87.64 
MKN V 12.38 12.12 29.22 46.28 87.62 

MEAN 16.15 11.69 2739 44.77 83.85 
StDEV 4.19 4.18 3.92 4.07 4.19 
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APPENDIX B: Monosyllabic Data (continued) 

Experiment 3: (Fennltimate Position) Initial Consonants 

Subf G)ns. IIWI CC ae t Total 
BAM ch 33.68 19.19 33.40 10.95 6632 
BAM f 32.44 1730 35.57 14.69 6756 
BAM n 32.13 17.22 37.92 12.72 67.87 
BAM P 3637 10.29 39.17 14.17 63.63 
BAM s 20.03 30.73 34.22 15.02 79.97 
BAM sh 18.93 32.36 35.55 13.16 81.07 
BAM sk 1932 38.68 2872 13.29 80.68 
BAM sn 17.70 38.60 30.46 13.24 8230 
BAM St 16.69 37.85 33.50 11.96 8331 
BAM t 36.73 13.46 37.88 11.93 63.27 

MEAN 26.05 25.98 3457 13.23 73.95 
StDEV 8.27 10.88 458 330 8.27 

Subj Q)ns. IIWI CC SB t Total 
DLM ch 37.14 18.78 27.21 16.87 62.86 
DLM f 3359 19.92 27.88 18.60 66.41 
DLM n 43.03 11.67 34.21 11.09 56.97 
DLM P 40.24 17.90 26.00 15.86 59.76 
DLM s 29.17 26.09 28.62 16.12 70.83 
DLM sh 26.20 27.69 30.86 15.25 73.80 
DLM sk 26.74 34.45 26.46 1235 73.26 
DLM 91 21.61 42.11 26.71 956 78.39 
DLM St 1534 41.40 31.87 1139 84.66 
DLM t 4233 16.96 25.25 15.46 57.67 

MEAN 3239 25.09 28.13 14.40 67.61 
StDEV 9.01 10.10 3.28 3.16 9.01 

Subj Cons. IIWI CC 3e t Total 
MKN ch 3233 29.76 34.15 3.76 67.67 
MBCN f 33.03 20.35 37.75 8.87 66.97 
MKN n 28.91 19.55 43.76 7.78 71.09 
MKN p 40.23 16.71 36.73 633 59.77 
MKN s 23.64 31.14 3936 5.86 76.36 
MKN sh 17.93 35.38 38.42 8.27 82.07 
MKN sk 18.67 38.70 36.90 5.74 81.33 
MKN sti 18.60 44.44 33.19 3.77 81.40 
MKN St 18.98 40.93 32.36 7.73 81.02 
MKN t 36.49 13.35 43.27 6.89 6351 

MEAN 26.81 29.36 37.38 6.46 73.19 
StDEV 8.48 11.15 4.97 2.63 8.48 
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Experiment 4: Vowels 

Subj Vowel IIWI s V t Total 
AVF aU 21.08 34.26 3759 7.08 78.92 
AVF al 21.85 36.73 35.28 6.14 78.15 
AVF ol 22.65 34J7 35.44 7M 77.35 
AVF er 20.20 38.92 31.48 9.40 79.80 
AVF ae 19.17 36.19 35.02 9.61 80.83 
AVF a 26.09 33.67 31.89 8.35 73.91 
AVF el 24.80 36.71 30.50 7.99 75.20 
AVF oU 21.17 38.18 33.27 7.38 78.83 
AVF u 25.65 41.62 25.48 7.24 7435 
AVF i 24.05 41.45 27.12 738 75.95 
AVF E 24.51 42.05 24.57 8.88 75.49 
AVF uh 25.93 41.96 22.91 9.20 74.07 
AVF U 24.11 45M 21.72 8.83 75.89 
AVF I 25.98 44.15 20.82 9.05 74.02 

MEAN 23.15 38.02 30.81 8.02 76.85 
StDEV 3.06 437 5.80 1.65 3.06 

Subf Vowel IIWI s V t Total 
HJG aU 23.96 29.92 2958 1655 76.04 
HIG al 20.71 3457 31.11 13.61 79.29 
HfC ol 1732 37.08 30.45 14.96 82.48 
HJG er 21.19 40.94 25.04 12.83 78.81 
HJG ae 19 J5 36.74 2859 15.12 80.45 
HJG a 19.98 34.86 30.64 1452 80.02 
HJG el 2259 35.44 30.04 11.93 77.41 
HJG oU 1953 38.62 27.75 14.10 80.47 
HJG u 22.18 42.07 24.56 11.20 77.82 
HJG i 2351 39.44 24.86 12.19 76.49 
HJG E 23.07 37.66 2431 14.96 76.93 
HJG uh 22.02 41.07 22.16 14.76 77.98 
HJG U 24.26 43.61 18.37 13.76 75.74 
HTG I 24.46 41.66 21.11 12.78 75.54 

MEAN 2132 37.37 27.42 13.89 78.68 
StDEV 2.82 453 4.38 2.63 2-82 



APPENDIX B: Monosyllabic Data (continued) 

Experiment 4: Vowels (continued) 

Subj Vowel IIWI s V t Total 
MKN aU 22.25 33 JO 35.29 8.96 77.75 
MKN al 23.06 3438 33.40 9.16 76.94 
MKN ol 23.35 34.52 31.93 10.21 76.65 
MKN er 22.50 37.29 29.62 10.59 7730 
MKN ae 21.15 31.00 38.42 9.43 78.85 
MKN a 22.46 32.86 34.27 10.42 7734 
MKN el 24.22 3330 32.78 9.71 75.78 
MBCN oU 2335 36.40 31.10 9.16 76.65 
MKN u 26.67 40.08 2570 736 7333 
MKN i 23.95 40.25 27.71 8.09 76.05 
MKN E 21.77 39.86 31.17 7.21 78.23 
MKN uh 23.85 42.07 23.29 10.79 76.15 
MKN U 22.20 43.97 24.38 9.45 77.80 
MKN I 25.05 40.92 18.60 15.44 74.95 

MEAN 23.23 3639 31.14 9.24 76.77 
StDEV 238 435 6.02 2.95 238 

Experiments Hnal Gmsonants 

Subj Cons. IIWI t £ CC Total 
AVF ch 32.30 11.71 24.98 30.91 67.70 
AVF f 32.61 12.76 32.04 2239 6739 
AVF ft 28.25 11.77 28.86 31.12 71.75 
AVF k 3737 12.93 26.94 22.76 62.63 
AVF ks 30.18 12.96 22.80 34.06 69.82 
AVF kst 27.18 1036 2339 38.90 72.82 
AVF kt 31.29 11.80 2532 3139 68.71 
AVF s 3239 10.17 3238 25.07 67.61 
AVF sh 30.40 12.45 29.80 27.34 69.60 
AVF sk 30.38 1239 26.40 30.64 69.62 
AVF St 29.18 9.77 29.68 31.38 70.82 
AVF ts 31.54 12.90 24.20 3135 68.46 

MEAN 31.14 11.91 27.18 29.76 68.86 
StDEV 2.93 1.72 3.73 4.94 2.93 



APPENDIX B: Monosyllabic Data (continued) 

Experiment 5: Bnal Ccmsonants (continued) 

Subi Cons. IIWI t s CC Total 
BAM ch 29.01 12.49 27.13 3138 70.99 
BAM f 34.45 12.76 28.29 2451 6555 
BAM ft 2734 15.43 26.71 30.33 72.46 
BAM k 33.42 11.94 33.26 2138 6658 
BAM ks 28.67 10.75 27.40 33.18 7133 
BAM kst 24.15 958 22.78 43.49 75.85 
BAM kt 3037 951 29.01 30.92 69.43 
BAM s 30.95 15.84 27.14 26.07 69.05 
BAM sh 2934 1258 31.78 2630 70.66 
BAM sk 27.72 12.97 24.70 34.62 72.28 
BAM St 24.61 11.00 1636 38.03 7539 
BAM ts 27.95 8.78 2635 36.92 72.05 

MEAN 28.98 11.86 2759 3158 71.02 
StDEV 351 259 3.76 6.49 351 

Subj Q)ns. IIWI t ae CC Total 
MKN ch 26.10 9.42 28.62 35.87 73.90 
MKN f 2634 11.64 38.46 2356 73.66 
MKN ft 22.95 1054 37.25 29.27 77.05 
MKN k 28.85 10.95 3652 23.68 71.15 
MKN ks 25.03 11.29 3031 3337 74.97 
MKN kst 23.06 854 26.87 4154 76.94 
MKN kt 29.23 9.90 29.19 31.78 70.77 
MKN s 27.26 1156 39.19 22.00 72.74 
MKN sh 30.04 1033 36.80 22.82 69.96 
MKN sk 23.01 9.97 33.94 33.09 76.99 
MKN St 24.82 850 36.64 30.04 75.18 
MK]\ ts 26.67 11.24 3231 29.78 7333 

MEAN 26.22 1034 33.78 29.67 73.78 
StDEV 2.94 1.45 4.77 6.13 2.94 
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APPENDIX C: Disyllabic Data 

Slopes: 
Disyllabic Experiments 

Siabject/ TI II TM IM TF IF 
Iteration Exp. 6 Exp. 7 Exp. 8 Exp. 9 Exp. 10 Exp. 11 
AVF-1 -0.71 -0.66 -0.24 -0.62 -0.43 -0.18 
AVF-2 -0.73 -0.78 -0.32 -031 -0.43 -0.16 
AVF-3 -0.74 -0.73 -0.24 -0.49 -0.35 -0.29 
JAN-1 -0.52 -053 -0.43 -0.25 -0.17 -0.16 
JAN-2 -0.55 -0.54 -0.30 -0.43 -0.22 -0.24 
JAN-3 -0.51 -0.61 -0.39 -0.40 -0.28 -0.19 
PRL-1 -0.93 -0.49 -0.26 0.19 -0.21 -0.05 
PRL-2 -0.80 -038 -0.44 -032 -0.29 -0.25 
PRL-3 -0.66 -OJl -0.09 -0.17 -0.10 -0.29 

NormaliTed Data (mmnf;): 
Expeiiment 6: Trochaic Initial 

Subj Cons. IIWI CC VI P V2 t Total 
AVF ch 28.79 14.97 21.14 16.64 13.90 4.57 71.21 
AVF f 30.75 10.55 22.63 20.68 10.24 5.15 69.25 
AVF n 26.08 11J9 22.70 20.85 1439 4.40 73.92 
AVF P 30.44 12.10 19.06 21.05 12.05 530 69.56 
AVF s 20.04 22.88 22J6 19.00 1134 4.17 79.96 
AVF sh 13.48 30.14 22.07 21.28 9.49 334 86.52 
AVF sk 18.57 28.94 1957 19.62 7.95 536 81.43 
AVF sn 16.42 3138 19.00 16.88 11.91 4.42 83.58 
AVF St 19.66 25.18 2035 18.41 11.11 5.10 80.34 
AVF t 29.50 10.89 2235 18.44 12.97 5.64 70.50 

MEAN 2334 19.55 21.24 19.27 11.66 4.74 76.46 
StDEV 6.66 8.70 2.03 2.07 2.44 1.19 6.66 
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APPENDIX C: Disyllabic Data (continued) 

Experiment 6: Trochaic Initial (continued) 

Subi Cons. IIWI CC VI P V2 t Total 
JAN ch 2432 1954 25.95 1631 11.02 2.86 75.68 
JAN f 23.95 18.66 2538 17.74 1137 2.90 76.05 
JAN n 17.00 16.12 29.90 21.67 11.76 356 83.00 
JAN P 26.07 18.48 22.95 17.76 11.21 353 73.93 
JAN s 14.65 28.89 25.96 17.60 9.88 3.12 85.35 
JAN sh 14.92 33.25 24.24 1558 9.01 3.01 85.08 
JAN sk 1434 35.66 23.75 15.83 759 3.04 85.66 
JAN an 15.89 33.84 21.47 15.13 1034 334 84.11 
JAN St 13.24 33.85 2435 16.60 8.65 331 86.76 
JAN t 26.05 20.90 2334 17J28 9.70 2.72 73.95 

MEAN 19.15 2554 24.81 17.22 10.16 3.15 80.85 
StDEV 553 7.92 2.67 2.24 1.84 0.45 553 

Subi Q)ns. IIWI CC VI P V2 t Total 
PRL ch 26.69 16.95 1958 2038 11.00 5.40 7331 
PRL f 36.86 8.81 20.05 1957 8.50 6.22 63.14 
PRL n 21.39 16.45 23.95 2230 9.70 6.21 78.61 
PRL P 35.19 1052 18.11 19.73 10.98 5.47 64.81 
PRL s 17.84 25.83 20.86 18.84 12.07 456 82.16 
PRL sh 19.68 24.01 21.17 20.19 10.77 4.18 8032 
PRL sk 18.24 33.95 1538 16.44 9.81 6.19 81.76 
PRL SI 16.98 35.01 20.13 14.85 9.26 3.78 83.02 
PRL St 13.60 3339 20.99 1634 1134 434 86.40 
PR] t 2931 13.16 2137 20.20 10.74 5.22 70.69 

MEAN 2451 2059 20.17 19.10 10.48 5.16 75.49 
StDEV 7.98 9.47 2.40 251 150 1.45 7.98 
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APPENDIX C: Disyllabic Data (continued) 

Experiment 7: Iambic Initial 

Subj Cons. IIWI CC VI P V2 t Total 
AVF ch 24.75 18.06 6.06 24.80 22.84 3.48 75.25 
AVF f 20.86 20.69 8.26 26.40 19.81 3.99 79.14 
AVF n 28.05 6.39 9.94 27.87 2352 4.23 71.95 
AVF P 31.64 8.23 8.89 24.68 22.66 3.90 6836 
AVF s 16.18 23.82 6.41 27.02 22.60 3.97 83.82 
AVF sh 14.60 26.00 7.95 2659 2135 352 85.40 
AVF sk 15.12 30.68 6.88 2331 20.71 3.30 84.88 
AVF sn 16.16 27.64 8.49 24.40 19.41 3.90 83.84 
AVF St 14.34 28.54 5.81 2535 22.17 3.80 85.66 
AVF t 30.98 8.40 6.05 2650 2332 4.76 69.02 

MEAN 21.15 19.90 758 25.69 21.81 3.86 78.85 
StDEV 6.97 9.21 1.95 1.97 1.91 0.49 6.97 

JAN ch 20.92 1856 6.72 3032 20.07 3.42 79.08 
JAN f 15.09 2056 7.78 32.81 20.25 3.66 84.91 
JAN n 2133 952 9.64 35.80 2033 3.38 78.67 
JAN P 27.11 10.86 5.43 30.83 2252 3.24 72.89 
JAN s 1339 24.93 6.82 29.69 22.22 2.95 86.61 
JAN sh 13 J1 26.78 637 30.78 18.43 4.14 86.49 
JAN sk 10.29 33.93 5.18 28.75 1757 4.19 89.71 
JAN sn 13.88 28.79 8.02 28.62 1659 4.11 86.12 
JAN St 13.05 27.94 5.99 30.81 18.46 3.75 86.95 
JAN t 22.53 1158 5-94 3559 19.96 4.42 77.47 

MEAN 1655 22.00 6.79 3135 1959 3.72 83.45 
StDEV 5.26 850 1.76 2.87 2.65 0.74 5.26 

Sub) Cons. IIWI CC VI P V2 t Total 
PRL ch 24.12 14.71 4.45 2637 2631 4.04 75.88 
PRL f 19.82 17.42 6.89 28.22 23.65 4.02 80.18 
PRL n 19.63 11.90 8.72 33.43 2258 3.75 8037 
PRL P 24.28 6.28 5.34 29.75 29.94 4.41 75.72 
PRL s 18.21 23.46 4.01 25.78 25.15 3.40 81.79 
PRL sh 17.02 22.21 5.02 27.23 2431 4.21 82.98 
PRL sk 15.10 2954 537 23.76 23.28 2.94 84.90 
PRL sn 15.47 29.67 7.30 20.97 22.86 3.64 8453 
PRL St 15.68 28.06 452 24.86 23.26 3.62 8432 
PR] t 29.71 8.72 4.79 2557 26.26 4.95 70.29 

MEAN 20.05 1856 5.82 26.82 24.82 3.91 79.95 
StDEV 4.63 854 1.79 3.92 2.99 0.62 4.63 
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APPENDIX C: Disyllabic Data (continued) 
Expetiment 8: Trochaic Medial 

Subj Cons. IIWI a VI CC V2 t2 Total 
AVF ch 28.85 11-46 1833 28.91 9.03 3.42 71.15 
AVF f 29.39 10.98 23.64 21.62 1055 3.82 70.61 
AVF ft 2853 11.62 19.80 27.66 9.08 331 71.47 
AVF ks 27.11 1137 1633 33.82 7.87 3.50 72.89 
AVF P 28.59 13.46 19.81 20.12 1335 4.66 71.41 
AVF ps 7755 11.65 17.84 31.25 8.48 3.24 72.45 
AVF pst 2451 10.49 17.29 36.63 7.75 334 75.49 
AVF pt 28.13 10.63 18.46 28.81 1035 3.64 71.87 
AVF s 27.61 12.09 20.87 25.24 10.76 3.44 72.39 
AVF sh 2735 12.58 19.96 2754 9.12 3.46 72-65 
AVF sk 24.33 11.88 20.04 31.14 9.28 333 75.67 
AVF sp 24.20 12.43 17.65 31.68 9.62 4.14 75.80 

MEAN 2736 11.70 19.27 2838 9.67 3.60 72.64 
StDEV 1.90 1.43 233 4.84 1.96 0.64 1.90 

JAN ch 23.66 19.66 19.67 24.02 9.92 3.08 7634 
JAN f 26.39 20.20 1853 21.02 10.85 3.02 73.61 
JAN ft 23.40 17.41 18.82 26.67 10.74 2.97 76.60 
JAN ks 22.21 19.72 1536 2835 11.75 255 77.79 
JAN P 2556 22.54 1939 17.80 11.03 3.69 74.44 
JAN ps 23.14 18.32 17.08 28.72 9.71 3.03 76.86 
JAN pst 20.15 16.82 15.92 33.76 10.41 2.94 79.85 
JAN Pt 24.49 18.94 17.18 26.74 9.16 3.49 7551 
JAN s 2352 20.80 18.29 24.54 9.45 3.41 76.48 
JAN sh 20.42 19.95 2039 27.41 9.42 2.43 7958 
JAN sk 22.47 16.19 1652 3159 9.84 3.40 77.53 
JAN sp 20.88 16.82 18.62 32.79 8.09 2.80 79.12 

MEAN 23.05 18.79 17.94 27.17 9.97 3.08 76.95 
StDEV 2.14 2.12 2-11 4.70 1.44 053 2.14 

PRL ch 24.43 13.65 23.46 28.20 7.40 2.86 75.57 
PBIL f 24.19 12.84 3056 21.78 6.66 3.98 75.81 
PRL ft 21.16 12.33 2831 27.40 7.91 2.89 78.84 
PRL ks 21.63 9.40 24.76 31.98 9.40 2.82 78.37 
PRL P 26.93 13.47 24.89 20.04 10.24 456 73.07 
PRL ps 23.32 12.23 22.69 31.64 6.86 338 76.68 
PRL pst 20.47 10.08 23.00 3355 9.62 3.28 79.53 
PRL Pt 24.74 12.05 25.28 26.98 653 4.42 75.26 
PRL s 25.71 10.66 26.65 26.65 7.84 251 74.29 
PRL sh 21.32 13.15 28.11 24.18 9.86 339 78.68 
PRL sk 24.62 6.38 23.10 33.43 9.12 3.34 75.38 
PR sp 21.47 12.35 24.71 30.00 9.41 2.06 7853 

MEAN 23.43 12.09 25.75 26.97 832 3.48 7657 
StDEV 2.43 2.26 3.21 4.89 1.73 0.93 2.43 
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APPENDIX C: EMsyllabic Data (continued) 
Experiment 9: Iambic Medial 

Subi Cons. IIWI tl VI CC V2 t2 Total 
AVF ch 25.49 8.67 6.85 34.05 19.64 530 7451 
AVF f 29.11 8.69 928 27.85 20.05 5.01 70.89 
AVF ft 2734 739 630 32.27 19.95 6.16 72.66 
AVF ks 24.94 736 6.20 36.47 18.74 630 75.06 
AVF P 28.23 9.14 6.72 2930 19.62 6.99 71.77 
AVF ps 25.61 9.27 6.05 3539 19.82 3.86 74.39 
AVF pst 23.31 7.77 752 4135 16.79 3.26 76.69 
AVF pt 25.45 9.27 6.91 35.96 1854 3.87 7455 
AVF s 27.63 7.79 1150 27.67 20.83 458 72.37 
AVF sh 23.94 9.76 6.85 32.24 22.70 451 76.06 
AVF sk 25 JO 8.46 8.09 33.83 19.40 4.73 7450 
AVF sp 22.53 836 7.23 38.81 19.41 3.66 77.47 

MEAN 25.82 856 7.62 33.45 19.75 4.80 74.18 
StDEV 2.23 0.99 1.80 4.10 159 135 2.23 

JAN ch 21.60 12.44 837 35.25 19.08 3.27 78.40 
JAN f 22.44 14.20 5.97 33.24 2131 2.84 7756 
JAN ft 20.75 12.09 737 37.01 1958 3.02 79.25 
JAN ks 21.47 11.22 651 38.08 19.66 3.07 7853 
JAN P 22.91 12.87 639 35.20 19.18 3.46 77.09 
JAN ps 19.61 1338 7.45 37.90 1835 331 8039 
JAN pst 19.41 13.09 4.83 4351 17.18 1.98 80.59 
JAN Pt 20.46 13.83 4.90 37.18 21.04 2.60 79.54 
JAN s 24.89 13.59 8.05 2958 20.64 3.26 75.11 
JAN sh 21.39 12.15 8.64 35.26 1939 3.17 78.61 
JAN sk 19.20 11.61 7.89 37.49 18.89 4.92 80.80 
JAN sp 19.49 11.04 8.66 37.86 18.76 4.21 8051 

MEAN 21.03 12.40 7.26 36.69 19.27 335 78.97 
StDEV 1.89 1.44 152 3.42 1.17 0.97 1.89 

PRL ch 2252 7.49 7.20 34.45 19.77 858 77.48 
PRL f 23.84 7.74 1031 24.27 2338 10.61 76.16 
PRL ft 20.49 10.62 6.91 25.68 19.69 8.40 7951 
PRL ks 20J2 5-14 9.66 3431 22.07 8.29 79.48 
PRL P 24.46 8.49 5.04 26.86 24.61 1055 7554 
PRL ps 22.49 752 5.79 36.05 20.79 7.36 7751 
PRL pst 20.44 738 5.80 37.78 2231 630 7956 
PRL Pt 20.63 6.88 7.34 3253 23.20 9.43 7937 
PRL s 22.93 8.68 7.06 29.99 23.61 7.74 77.07 
PRL sh 19.65 9.41 11.16 26.89 23.14 9.75 8035 
PRL sk 20.08 6.92 8.82 3338 20.89 9.91 79.92 
PR] sp 21.07 6.06 956 32.20 20.82 1030 78.93 

MEAN 2159 7.64 7.84 3138 2230 8.97 78.41 
StDEV 1.86 1.68 2.63 450 2.27 234 1.86 
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APPENDIX C: Disyllabic Data (continued) 
Experiment 10: Ttochaic Final 

Sub| Qjns. IIWI t VI P V2 CC Total 
AVF ch 25.33 1036 12.49 16.83 7.93 27.06 74.67 
AVF f 28.19 10.92 13.87 19.15 9.45 18.43 71.81 
AVF ft 24.75 10.48 11.29 16.47 958 27.43 75.25 
AVF k 28.81 11.58 15.45 18.15 955 16.45 71.19 
AVF ks 24.75 1058 10.47 17.00 9.73 27.48 75.25 
AVF kst 22.82 932 12.06 14.76 9.97 30.87 77.18 
AVF kt 26.12 10.61 12.01 18.92 9.12 23.21 73.88 
AVF s 27.00 1057 13.81 18.61 8.77 21.23 73.00 
AVF sh 25.47 12.47 1256 17.09 9.27 23.14 74.53 
AVF sk 24.75 11.84 12.61 19.68 9.07 22.05 75.25 
AVF St 25.67 11.27 13.46 1858 6.93 24.10 74.33 
AVF ts 24.79 1056 13.64 15.90 10.08 25.04 75.21 

MEAN 25.74 10.91 12.83 1754 9.09 23.89 74.26 
StDEV 2.19 1.43 1.73 157 1.46 4.69 2.19 

JAN ch 20.49 16.94 16.34 14.67 639 25.16 7951 
JAN f 20.89 19.92 19.03 17.95 756 14.64 79.11 
JAN ft 1836 1735 15.87 14.41 8.78 25.23 81.64 
JAN k 2239 18.40 18.84 1658 9.14 14.65 77.61 
JAN ks 18.87 17.25 16.17 12.94 755 27.22 81.13 
JAN kst 19.86 14.67 18.72 13.00 6.73 27.02 80.14 
JAN kt 24.03 16.78 16.47 1454 7.00 21.19 75.97 
JAN s 22.16 15.77 18.84 16.02 7.72 1950 77.84 
JAN sh 2039 1754 16.86 15.40 7.23 2259 79.61 
JAN sk 1951 16.45 16.17 14.87 950 2351 80.49 
JAN St 19.68 16.71 1708 1535 7.06 24.13 8032 
JAN ts 19.05 17.09 20.17 14.85 756 21.29 80.95 

MEAN 20.67 17.14 1753 15.28 762 21.76 79.33 
StDEV 1.68 155 1.65 155 1.26 438 1.68 

PRL ch 19.89 11.42 20.19 1769 655 24.22 80.11 
PRL f 19.03 1259 20.92 1739 10.20 19.87 80.97 
PRL ft 20.62 1150 18.94 15.71 9.40 23.84 7938 
PRL k 22.67 1259 20.43 19.12 8.66 1653 7733 
PRL ks 16.75 10.36 20.16 17.30 936 26.07 83.25 
PRL kst 17.64 1036 13.89 1330 7.11 37.71 8236 
PRL kt 20.36 11.60 18.36 1756 8.95 23.16 79.64 
PRL s 20.46 10.48 21.48 16.67 10.65 20.27 7954 
PRL sh 18.62 12.08 21.02 16.83 8.23 23.23 81.38 
PRL sk 18.20 11.04 18.41 1550 8.86 28.00 81.80 
PRL St 1853 11.78 18.94 16.04 856 26.16 81.47 
PR] ts 22.67 10.78 18.91 1733 5.85 24.47 77.33 

MEAN 19.61 11.44 19.23 16.70 8.48 24.54 80.39 
StDEV 238 154 237 1.88 2.10 5.75 2.38 
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APPENDIX C: Disyllabic Data (contiiiued) 
Experiment 11: Iambic Final 

Subi Cons. IIWI t VI p V2 CC Total 
AVF ch 27.04 830 5.03 23.65 12.45 29.79 72-96 
AVF f 24.12 8.20 4.46 23.64 1737 22.20 75.88 
AVF ft 2433 5.72 3.60 22.21 14.95 29-19 75.67 
AVF k 28.45 8.60 4.95 25.18 1439 18.44 7135 
AVF ks 24.97 6.73 436 21.20 11.67 31.07 75.03 
AVF kst 2431 433 431 21.66 10.06 35.14 75.69 
AVF kt 27.11 5.67 5.18 2139 1333 27.12 72.89 
AVF s 25.77 735 3.72 2337 15.85 2335 74.23 
AVF sh 24.60 631 5.09 2239 14.23 27.18 75.40 
AVF sk 23.02 633 4.29 22.16 14.14 30.06 76.98 
AVF St 24.94 7.08 432 22.06 12.96 28.46 75.06 
AVF ts 26.04 5.40 4.67 22.84 13.49 2736 73.96 

MEAN 25.44 6.74 432 22.74 13.83 27.20 7436 
StDEV 2.10 138 0.88 1.70 2.22 439 2.10 

JAN ch 18.11 10.45 636 25.24 14.23 25.62 81.89 
JAN f 1937 10.23 439 2938 16.55 19.49 80.43 
JAN ft 19.25 8.16 5.41 26.76 14.09 2633 80.75 
JAN k 2330 10.26 533 3633 1738 7.21 76.70 
JAN ks 18.74 8.94 5.14 26.18 1139 29.61 81.26 
JAN kst 18.44 838 4.19 25.63 1333 29.82 81.56 
JAN kt 19.61 9.25 4.64 29.21 14.25 23.04 80.39 
JAN s 20.80 9.16 5.22 27.05 15.43 2234 79.20 
JAN sh 19.73 9.17 5.47 2536 16.98 23.09 80.27 
JAN sk 1935 8.27 4.69 2639 12.00 29.11 80.45 
JAN St 1934 9.00 5.46 2537 14.81 2532 80.66 
JAN ts 18.63 9.60 5.17 28.04 14.19 2436 81.37 

MEAN 1936 9.17 5.14 27.47 14.46 24.20 80.44 
StDEV 1.48 1.26 1.07 3.06 1.99 532 1.48 

PRL ch 21.78 4.08 2.60 24.05 14.72 32.77 78.22 
PRL f 21.80 630 432 2331 22.85 21.03 78.20 
PRL ft 18.89 4.70 432 19.93 22.76 29.40 81.11 
PRL k 25.14 3.98 537 24.00 19.60 21.72 74.86 
PRL ks 20.92 4.66 4.14 20.72 17.07 3230 79.08 
PRL kst 19.45 3.47 3.47 17.82 14.12 41.67 80.55 
PRL kt 2137 3.11 4.90 24.11 19.02 2730 78.43 
PRL s 22.04 531 3.29 2236 20.13 26.69 77.96 
PRL sh 18.98 2.78 5.27 24.92 2138 26.47 81.02 
PRL sk 19.94 5.80 330 22.81 17.95 30.01 80.06 
PRL St 20.29 5.13 237 20.94 19.23 31.83 79.71 
PR] ts 2137 4.67 4.10 22.70 16.23 30.73 78.43 

MEAN 21.16 4.61 4.02 2234 18.93 28.74 78.84 
StDEV 2.22 1.74 132 2.69 3.12 5.15 2.22 
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