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A Review of Timing Factors in Speech

llsung Yun’

ABSTRACT

Timing in speech is determined by many factors. In this paper, we introduce and
discuss some factors that have generally been regarded as important in speech timing.
They include stress, syllable structure, conscnant insertion or deletion, témpo, length-
ening at clause, phrase and word boundaries, preconsonantal vowel shortening, and
compensation between segments or within phonological units (e.g., word, foot), com-
pression due to the increase of syllables in word or foot level, etc. and each of them may
play a crucial role in the structuring of speech timing in a language. But some of these
timing factors must interact with each other rather than be independent and the effects
of each factor on speech timing will vary from language to language. On the other hand,
there could well be many other factors unknown so far. Finding out and investigating
new timing factors and reinterpreting the already-known timing factors should enhance
our understanding of timing structures in a given language or languages.
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1. Introduction

As is well known, the conventional theories of speech rhythm (timing) were based on
the assumption of isochrony between stresses (stress-timed) and between syllables
(sy ilable-timed) or moras (mora-timed). But many observers of speech rhythm (timing)
have not been able to find out physical evidence for isochrony and have agreed with the
idea that rhythm (timing) of speech does not stem from the isochrony between stresses
or between syllables/moras, but from the phonological and phonetic characteristics
concerning timing in a given language. Hence tﬁey have suggested a variety of timing
factors in speech. The possible factors that can influence speech timing include stress
(stress induced syllable lengthening, unstressed syllable reduction), syllable structure,
consonant insertion for maintaining CV syllabic structures, tempo, lengthening at clause,
phrase and word boundaries, preconsonantal vowel shortening, and compensation between

segments or within phonological units (e.g., word, foot), compression due to the increase
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of syllables at word or foot level, etc. Of course, some of them are closely related to each
other and are not independent. In this study, we will discuss some factors that have
generally been regarded as important in speech timing. In order to properly establish
timing structures in a language and to highlight similarities and differences between
languages, it is prerequisite that factors in speech timing should -be found out and

investigated in each language and across languages.

2. Factors in speech timing

2.1 Stress

In general, stress can cause changes in fundamental frequency, duration, intensity, or
the formant structure of the vowel (quality), although the extent of variation in each
acoustic correlate due to stress, depends upon language. Among them, especially the
durational change should be the main concern with regard to acoustic timing. It is
known that in many languages, stressed syllables lengthen, whereas unstressed syllables
shorten. But this contrast is remarkable in the so-called stress-timed languages, most of
which are Germanic languages (Ladefoged, 1993). In the experiments of perception of
stress in English, Fry (1955, 1958) found that apart from the fundamental frequency
whose effect was strongest despite some inconsistency, duration was a more effective
cue for judgements of stress than intensity, even if both duration and intensity could be
correlated wiih stress. According to Klatt (1976), at the phrase final position the duration
of an unstressed unreduced vowel is about 65 % compared to that of a stressed
unreduced vowel in English. Furthermore, when a reduction to schwa occurs in an
unstressed vowel, the duration of the vowel becomes even shorter than the normal
duration of schwa.

As already mentioned, however, the degree of lengthening due to stress could be
different from language to language. In addition, stress may not always induce
significant lengthening. This point is worth noting with reference to differences in timing
between languages. ‘

Delattre (1966) carried out a comparative investigation into the syllable length
conditioning between four languages (English, German, French and Spanish) and
observed that different languages showed different degrees of syllable lengthening with
reference to syllable weight (stressed (primary) vs. unstressed), syllable position (final
(in sense-groups) vs. non-final) and syllable type (closed vs. open). Independent of
lengthening, it was also found that the variation of vowel intensity due to the presence
or absence of stress varied according to languages (highest in English, lowest in

French). In the experiments regarding the three acoustic correlates of accent (FO,
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amplitude, duration) in English and Japanese, Beckman (1986) found highly significant
variations of F0O due to accent (stress) in both English and Japanese. However, the
differences in amplitude and duration were generally insignificant in Japanese unlike in
English where all three acoustic correlates showed significant differences between
stressed syllables and unstressed syllables. On the other hand, Fénagy (1966) reports
many Hungarian words in which an unstressed second syllable has longer duration,
higher FO and greater intensity than a stressed syllable (see also Lehiste, 1970). In
consequence, it is strongly suggested that the different temporal characteristics caused
by stress in different languages, should be taken into account when we investigate the
timing pattern of a language. Of course, stress effect on timing will have to be

considered with regard to position, and inherent vowel/consonant duration, etc.

2.2 Vowel reduction (vowel centralization)

Vowel reduction can be an independent timing factor, although it is often regarded as
being closely related to stress effect. In another study (1969), Delattre compared the
same four languages (English, German, Spanish, French) as in the previous study (1966),
concerning vowel reduction. Before starting experiments, he recalled the major causes of
vowel reduction (pp. 297-300), which seem to be worth noting.

First, monosyllabic rhythm, in which each syllable has similar stress (e.g., French)
shows less vowel reduction than polysyllabic rhythm, in which strongly and weakly
stressed syllables are easily distinguished (e.g., English). He stated that Spanish and
German are situated between the two types. Second, languages using muscular tensenesé
in articulation (e.g., French) tend to show less vowel reduction than those using
muscular laxness (e.g., English). Third, weakly stressed vowels produce more reduction
than strongly stressed ones. Fourth, vowel duration is another cause. That is, the shorter
the vowel, the more reduced it is (Lindblom (1963) claims that duration is more related
to vowel reduction than stress in Swedish). In particular, Delattre (1969, p. 298) contends
that the subjective impression of vowel obscuration can be produced by shortening the
duration alone, without modification of formant frequencies. Fifth, tempo influences vowel
reduction. Sixth, a vowel with lower intensity is more reduced. Delattre remarks that in
languages of polysyllabic rhythm, weaker stress correlates regularly with lower intensity
whereas it does not always correlate with reduced duration in Aurry, city, picture, ...
the final unstressed vowel is as long or longer, but much less intense (loud), than the
initial stressed vowel. (p. 299). Finally, vowel reduction is affected by contextual assim-~
ilation.

As stated above, vowel reduction is not always accompanied by durational decrease,
and it does not necessarily relate to stress. Delattre (1969) observed the differences of

formants 1 and 2 between stressed vowels and unstressed vowels in the four languages.
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The percentage combining variations in formants 1 and 2 was greatest in English (17.78 %),
followed by French (8.69 %), German (6.39 %) and Spanish (3.65 %). It is notable that
German, reputedly one of the stress-timed languages, showed relatively small reducﬁon.
This fact is likely to confirm that vowel reduction (centralization) due to weak stress
does not necessarily coincide with shortening in unstressed syllables, if shortening due to
stress effect is larger in German than in French. Thus, vowel reduction must be
language-specific, and it is likely to be considered independent of simply stress effect on
duration, even if a high positive correlation is observed in some languages (e.g., English
and Swedish).

On the other hand, despite vowel reduction, an unstressed syllable generally retains
its syllabicity in English,) while in French vowel reduction often results in the complete
elimination of syllables, e.g., chez le garcon /fel.gar.sd/ (Dauer, 1983, p. 57). These
differences seem to contribute to causing different temporal patterns (or different percep-

tual impressions) between English and French or Spanish.

2.3 Syllable structure

Syllable structure as a timing factor is well described by Dauer (1983). Firstly,
languages can be substantially different in the variety of syllable structures, which in
turn may be one reason to induce different temporal patterns from language to language.
In general, stress-timed languages are remarkable in the variety of syllable structures
they have, compared to those that are syllable-timed (e.g., English can have as many as
four consonants in a syllable, while Spanish has “at most one consonant word-finally
and two consonants medially” (Dauer, 1983, p. 55)). Secondly, open syllables are dominant in
the so-called syllable-timed languages (cf. Delattre, 1966; Smith, 1976; Roach, 1982). For
instance, some data suggested by Dauer (1983, p. 56) showed the percentage of open
syllables is 44 % in English, 70 % in Spanish and 74 % in French (French data are cited
from Smith, 1976)). Thirdly, heavy syllables tend to be stressed more often than light
syllables in stress-timed languages (e.g., English, Arabic and Thai). Fourthly, in English
most stressed CV syllables have inherently long vowels and diphthongs, whereas most
unstressed CV syllables have short vowels. The opposite tendency is shown in Spanish.
On the other hand, according to a study regarding syllable structure in Korean (Jin,
1992), open syllables (CV or V) predominate (i.e., 50-78 %).

1) In a fast rate of speech, unstressed syllables in English may lose their syllabicity-
vowels are deleted, remaining consonants only (e.g., Roach (1999) indicates that
“She looked particularly interesting” could be pronounced as /fi lok petkli mtrstig/
in a rapid speech.).
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2.4 Final lengthening as one of the boundary marking phenomena

In many languages, final-syllable lengthening (prepausal lengthening) has been
observed (e.g., English: Oller, 1973; Klatt, 1975, French: Crompton, 1980; Fletcher, 1991;
Swedish: Lindblom, 1968; Japanese: Hoequist, 1983; Spanish: Delattre, 1966; German:
Delattre, 1966, Italian: Farnetani & Kori, 1990; Korean: Yun, 1992). But the seemingly
language universal phenomenon reveals substantial differences in its degree and mech-
anism between languages. That is, English, Swedish and German generally show high
lengthening ratios (Delattre, 1966; Oller, 1973), Spanish intermediate ratios (Delattre,
1966; Oller, 1979), and Finnish low ratios (Oller, 1979). With regard to different mech-
anisms, Oller (1979) suggests a good example: in Finnish the average final vowel
lengthening ratio is low (1.16), penultimate consonant lengthening ratios are also low
(1.12) and final consonant lengthening ratios are comparatively high (1.66). (p. 337), and
furthermore, some Finnish speakers may not lengthen final vowels at all. (p. 336). Thus
we need to consider the mechanism as well as the degree of final lengthening. On the
other hand, Farnetani & Kori (1990) observed the absence of word boundary lengthening
in their Italian reiterant speech materials, and they interpreted it as contributing to the
perception of Italian as syllable-timed. Considering these differences between languages,
therefore, final-syllable lengthening could, eventually, be incorporated into the factors

characterising the temporal pattern of a given language.

2.5 Consonant and vowel duration, and compensation between them

It has been known that in general, English shows relatively high durational variation
between the preceding vowel and the following consonant (Chen, 1970, Mack, 1982;
Munhall, Fowler, Hawkins & Saltzman 1992). But the variation has been observed
mainly within monosyllables. The magnitude of the variation, however,. substantially
decreases in English when it is considered across syllable boundaries (Barnwell, 1971,
Kl tt, 1973; Port, 1981). Although many languages show the preconsonantal vowel
shortening phenomenon as a function of the feature of the following consonant, the
extent of shortening is known to be different from language to language (Chen, 1970;
Mack, 1982). This kind of inter-language differential could also be observed between
voiced (lax) and voiceless (tense) consonant durations, and the whole durations of the
neighbouring syllables between which the durational compensation occurs (Fledge, 1979;
Fledge & Port, 1981, Port, et al, 1980; Keating, 1985; Sato, 1993). Accordingly, the
compensatory phenomena associated with the distinctive feature (voicing or tenseness) in
the following consonants can be interpreted as being linguistically significant (phono-
logical), especially with reference to timing in a given language.

For example, Port, Al-Ani & Maeda (1980) and Port, Dalby & O'Dell (1987)

suggested the two contrastive terms temporal microstructure of speech, which indicates
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the level of phoneme, and temporal macrostructure of speech, which has larger units
(e.g., syllable, word) than a phoneme. In particular, with regard to the temporal
macrostructure in Japanese, Port, et al. (1980, 1987), Homma (1981) and Sato (1993)
claimed that the durational compensation within two-syllable words has some linguistic
significance for mora-timing in Japanese. But Otake (1989) rejected their claim sug-
gesting counter-evidence obtained from his experiment. That is, he cross-linguistically
tested the speech materials usied by Port, et al. (1980) and Homma (1981), etc. (i.e., five
speakers of each of English, Spanish and Chinese read the same materials: eg., basq,
bata, tabasaka, tabaraka), and found no significant differences from Japanese (i.e., the
evidence for mora-timing suggested by Port, et al. (1980) and Homma (1981) is seen in
the other languages as well). Therefore, he concluded that “the temporal compensation
effect is a universal phenomenon rather than a language specific phenomenon, so that it
may not be evidence for mora-timing.” (p. 19).

Of course, the compensatory phenomenon between neighbouring vowels and consonants
would not always be linguistically significant. Rather, some other timing factors such as
stress would be more influential in some languages. Yet, it is likely that we need to take
into account the possibility that the compensatory phenomenon could be one of the
crucial timing factors according to languages. In addition to that, some possible
inter-language differences concerning the phenomenon would be worth observing in

relation to speech timing.

2.6 Comyjression and incompressibility

In a number of languages (e.g., English, Swedish, Spanish, Czech, Hungarian,
Lappish, Dutch, Estonian), compression of segments (vowels and consonants) has been
observed due to the increase of the number of segments or syllables composing a
phonological unit, ie., syllable, word, foot (Fischer-Jargensen, 1987). However the
compression (shortening) effect would he different between languages. Hoequist (1983)
compared three languages (English, Spanish, Japanese) with reference to the compression
effect, and final lengthening, etc. He could find significant anticipatory and backward
compression effects in English, whereas only backward compression effect in Spanish,
and no compression effect in Japanese. From her French speech materials, Fletcher
(1991) also observed a positive linear correlation between word duration and the number
of syllables. In the aspect of temporal compression, Vayra, Avesani & Fowler (1983)
tested the hypothesis that Italian, one of the Romance languages, is syllable-timed.
Before starting experiments, they predicted two things! (1) strong syllable-level com;
pression (2) very weak foot-level compression in Italian. Unexpectedly, however,
syllable-level and foot-level compression effects were all weak. In conclusion, they

presumed two reasons why Italian is reported as syllable-timed: (1) little foot-level
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shortening (2) less reduction of unstressed vowel in Italian than in stressed-timed
languages.

Interestingly, even in English, conflicting claims exist concerning the compression of
segments due to the increase of syllables. In an investigation into the effect of speaking
mode {vowel duration in carrier phrases vs. connected text] on speech timing, Harris and
Umeda (1974) found that while significant compression of the target vowel /&/ was
observed in carrier phrases as the number of syllables increased (from one to four), no
negative correlation was found between vowel duration and the number of syllables in
connected speech (a 30-minute essay read by one subject). That is, the mean vowel
durations in non-prepausal situations were virtually identical. Nakatani, O'connor &
Aston (1981) also claimed that in their English speech materials there was a linear or
sometimes even positive relationship between foot size and foot duration. In a study to
investigate vowel duration in polysyllabic words in American English, Umeda (1972)
concluded that the number of syllables in .a word did not directly influence the duration
of each vowel.

Furthermore, Fischer—]cargensen (1987) observes that some Danish vowels in mon-
osyllabic words lengthen when another syllable is followed. Consequently compression
effect due to the addition of syllables could be language-specific, if we acknowledge its
existence despite the negative opinions above. Thus, it will be another important factor
with regard to speech timing. On the other hand, Klatt (1973) noted incompressibility.
That is, he assumed that incompressibility is relative to the inherent duration of a
phonetic segment and reflects a minimum time of execution of the required articulatory
program. (p. 1103). The incompressibility must be taken into account together with

compressibility when timing structures are investigated in a language.

2.7 Tempo

Speech rate could be another important timing factor. The tempo effect can be
considered in two aspects: macro effect and micro effect. That is, changes in speech rate
yield temporal changes in pauses and segments (vowel and consonant), among which the
former will be the macro effect and the latter the micro effect (Fletcher, 1987, 1988).

It is known that slowing down of speech rate causes mainly extra duration in pauses
(Goldman-Eisler, 1968). But Fletcher (1987, 1988) reported that according to speakers,
tempo changes caused variations in either pause length or frequency, or both. So she
assumed that the different pausing strategies would come from speaker-dependent
strategies more than the language-specific strategies.

On the other hand, an increase in speech rate is accompanied by differential
shortening of vowels and consonants as well as phonological and phonetic simplifications

(Klatt, 1976). That is, in general, vowels show more shortening than consonants when
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tempo changes from normal to fast. For instance, Port (1981) observed that in his
English speech materials the post-stress stops revealed a fast/slow ratio of 0.79, whereas
for the stressed vowels 0.74. This phenomenon is likely to be supported by Gay,
Ushijima, Hirose & Cooper’s (1974) observation of articulatory movements of American
English. They found that for consonant production, the pertinent muscle {orbicularis oris)
and lip movements became more active due to the increase of speech rate, while for
vowel production, the activity of the genioglossus muscle weakened. In general, it is
more complex to articulate consonants than vowels, since the articulation of consonants
includes closures or constrictions at some points in the vocal tract. Therefore, at fast
speech, execution time for consonant articulations seems to be more likely maintained, as
compared to that for vowels (Fletcher, 1987, 1988).

What is of interest is that in English or Dutch speeding up tempo does induce
significantly differential ratios in vowel/consonant duration, whereas slowing down
tempo does not (e.g., Nooteboom, 1972; Pickett, 1980; Port, 1981). On the other hand, the
extent of durational variations of French consonants and vowels was similar between
from normal to slow tempo and normal to fast tempo (Fletcher, 1987, 1988). The
differences between languages might be attributed to a tendency to maintain vowel
quality in French despite tempo variations. Hence it would be worthwhile to observe
temporal variations due to the change of speech rate, in an effort to find out some

possible characteristics of timing structures in a given language.

2.8 Some other factors

Speech mode could be suggested as one of timing factors. As introduced earlier,
Harris & Umeda (1974) reported significant differences in vowel compression due to the
increase of syllables according to the speech mode (i.e., isolated words or carrier phrases
vs. connected text). The result was attributed not to individual speaking characteristics
but to different speaking modes. They remarked “what matters is not the length of the
sentence, but the nature of the sentence.” (p. 1018). And it was speculated that the role
of prosody varies depending on the situation.

Glottalization (glottal stop) might be another timing factor especially in English.
Roach (1980) investigated stop closure durations in English bilabial, alveolar, velar and
glottal stops after voiced [a]l and voiceless [h]. The results showed that the glottal
closure durations were markedly longer than the others, irrespective of voicing in the
preceding phoneme. That is, glottal stops were on average 68 % longer than bilabials, 49
% longer than alveolars, and 21 % longer than velars. He went on to measure stop
closures in some language speakers other than English (i.e, Spanish, Kikongo and
Sudanese colloquial Arabic). Even if the glottal stops manifested longer durations than

supraglottal stops in these languages as well, English, in general, appeared to be
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remarkable in the durational difference between the glottal and supraglottal stops.
Furthermore, glottal stops do not occur in Spanish and Kikongo. On the other hand,
Arabic that has phonological glottal stop [?] did not reveal a significant level of
differences. Roach (1980, p. 313) states “glottal stop is common in syllable final position
in conjunction with /p, t, k, tf/ in the speech of many English speakers.” In addition, this
phenomenon seems more striking in the younger generation of English speakers. Many
foreigners have a strong impression of glottal stop from English speakers, which is likely
to be as strong as the impression of stress in English. They frequently indicate “English
speakers say [V?][V?][V?]...” Considering the above discussion, however, glottalization
(glottal stops) could be taken into account as a timing factor in English at least, not
simply as a perceptual impression. The significant differences between languages
concerning glottal stop durations, and its frequent occurrences in English may encourage
this idea.

3. Conclusion

It is surprising that though no physical evidence has been found, the theories of
speech rhythm (timing) are still based on the assumption of isochrony between stresses
and between syllables or moras. Especially, the typology of speech rhythm in a language
is generally decided according to the perceptual timing that is liable to be subjective. But
in order to give objectivity to the theories and to generalize them across languages, we
ought to surmount the limit of the conventional theories of speech timing. To investigate
timing factors in speech must be a good way for it. As indicated earlier, however, timing
factors will often be associated with each other rather than be independent. Therefore, it
would be valuable to observe relationships and interactions between factors as well as
the effect of individual factors on timing. On the other hand, there could well be many
other factors not listed above that would influence the timing of speech either across
languages or in a specific language. They must wait to be discovered by linguists and
phoneticians, if they have so far remained unknown. Eventually, we hope that they will

be incorporated into theories about timing structures in a given language or languages.

REFERENCES

[1] Barnwell, T. P. 1971. Relation of Syllable Boundaries to Vowel Durations, Journal of
the Acoustical Society of America, 50, 117.

[2] Beckman, M. E. 1986. Stress and Non-Stress Accent, Foris Publications, Dordrecht-
Holland/Riverton - U.S.A.



96 S48 A7E A3E (2000.9)

(3] Chen, M. 1970. Vowel Length Variation as a Function of the Voicing of the
Consonant Environment, Phonetica, 22, 129-159.

[4] Crompton, A. 1980. Timing Patterns in French, Phonetica, 37, 205-234.

[5] Dauer, R. M. 1983. Stress-timing and Syllable-timing reanalyzed, Journal of
Phonetics, 11, 51-62.

[6] Delattre, P. 1966. A comparison of syllable length conditioning among languages,
IRAL, 4, 183-198.

[7] Delattre, P. 1969. An acoustic and articulatory study of vowel reduction in four
languages, IRAL, 7, 295-325.

[8] Farnetani, E. & Kori, S. 1990. Rhythmic Structure in Italian Noun Phrases: A Study
on Vowel Durations, Phonetica, 47, 50-65.

(9] Fischer-Jorgensen, E. 1987. Segment Duration in Danish Words: Dependency on
Higher Level Phonological Units, In In Honor of Iise Lehiste, Channon, R. &
Shockey, L. (eds.), Foris Publications, 51-73.

[10] Fletcher, J. 1987. Some micro and macro effects of tempo change on timing in
French, Linguistics, 25, 951-967.

[11] Fletcher, J. 1988. An Acoustic Study of Timing in French, Ph.D. thesis (unpublished),
University of Reading.

[12} Fletcher, J. 1991. Rhythm and final lengthening in French, Journal of Phonetics, 19,
193-212.

{13] Fonagy, 1. 1966. Electro-physiological and acoustic correlations of stress and stress
perception, Journal of Speech and Hearing Research, 9, 231-244.

[14] Fry, D. B. 1955. Duration and intensity as physical correlates of linguistic stress,
Journal of the Acoustical Society of America, 27, 765-768.

{15] Fry, D. B. 1958. Experiments in the perception of stress, Language and Speech, 1,
126-152.

[16] Gay, T., Ushijima, T., Hirose, H. & Cooper, F. S. 1974. Effects of speaking rate on
labial consonant-vowel articulation, Journal of Phonetics, 2, 47-63.

{171 Goldman-Eisler, F. 1968. Psycholinguistics: Experiments in Spontaneous Speech
(Academic, New York). '

[18] Harris, M. S. & Umeda, N. 1974. Effect of speaking mode on temporal factors in
speech: vowel duration, Journal of the Acoustical Society of America, 56,
1016-1018.

[19] Hoequist, C. J. 1983. Syllable duration in stress-, syllable- and mora-timed
languages, Phonetica, 40, 203-237.

[20] Homma, Y. 1981. Durational relationship between Japanese stops and vowels,

- Journal of Phonetics, 9, 273-281.

{211 Jin, N.-T. 1992. A Quantitative Linguistic Study on the Functional Load of
Phonemes and Phoneme Sequences in Standard Korean, M. A. thesis, Seoul
National University.

[22] Keating, P. A. 1985. Universal Phonetics and the Organization of Grammars, In
Phonetic Linguistics: Essays in honor of Peter Ladefoged, (Edited by V. A.
Fromkin) 115-132. Academic Press, Inc.

[23] Klatt, D. H. 1973. Interaction between two factors that influence vowel duration,
Journal of the Acoustical Society of America, 54, 1102-1104.

[24] Klatt, D. H. 1975. Vowel lengthening is syntactically determined in a connected



A Review of Timing Factors in Speech 97

discourse, Journal of Phonetics, 3, 129-140.

[25] Klatt, D. H. 1976. Linguistic uses of segmental duration in English: Acoustic and
perceptual evidence, Journal of the Acoustical Society of America, 59, No. 5,
1208-1221.

[26. Ladefoged, P. 1993. A Course in Phonetics, New York, Harcourt Brace Jovanovich,

. Inc. 3rd ed.

[27] Lehiste, 1. 1970. Suprasegmentals, Cambridge, Mass.: MIT Press.

(28] Lindblom, B. 1963. On Vowel Reduction, Stockholm: Royal Institute of Technology.

[29] Lindblom, B. 1968. Temporal organization of syllable production, Speech Trans-
mission Laboratory, Quarterly Progress and Status Report, Stockholm, 2(3),
1-5.

{30] Mack, M. 1982. Voicing-dependent vowel duration in English and French: Mono-
lingual and bilingual production, Journal of the Acoustical Society of America,
71, 173-178.

[31] Munhall, K., Fowler, C., Hawkins, S. & Saltzman, E. 1992. Compensatory shortening
in monosyllables of spoken English, Journal of Phonetics, 20, 225-239.

[32] Nakatani, L. H., O’connor, K. D. & Aston, C. H. 1981. Prosodic Aspects of American
English Speech Rhythm, Phonetica, 38, 84-105.

[33] Nooteboom, S. G. 1972. The interaction of some intra-syllable and extra-syllable
factors acting on syllable nucleus durations, Institute for Perception Research,
Edinhoven, Annual Progress Report 7, 30-39.

[34] Oller, D. K. 1973. The effect of position in utterance on speech segment duration in
English, Journal of the Acoustical Society of America, 54, 1235-1247.

[35] Oller, D. K. 1979. Syllable timing in Spanish, English and Finnish, In H. Hollien and
P. Hollien (eds.): Current Issues in the Phonetic Sciences, Amsterdam: J.
Benjamins, 331-343.

{36] Otake, T. 1989. A cross linguistic contrast in the temporal compensation effect, Bull.
Phonetic Society of Japan, 191, 14-19.

[37] Pickett, J. M. 1980. The Sounds of Speech Communication, A Primer of Acoustic
Phonetics and Speech Perception, Baltimore: University Park Press.

[38] Port, R. F. 1981. Linguistic timing factors in combination, Journal of the Acoustical
Society of America, 69 (1), 262-274.

[39] Port, R. F.,, Al-Ani, S. & Maeda, S. 1980. Temporal compensation and universal
phonetics, Phonetica, 37, 235-252.

[40] Port, R. F.,, Dalby, J. & O’Dell, M. 1987. Evidence for mora-timing in Japanese,
Journal of the Acoustical Society of America, 81, 1574-1585.

[41] Roach, P. 1980. Reaction time measurements of laryngeal closure, Journal of
Phonetics 8, 305-315.

[42] Roach, P. 1982. On the distinction between stress~timed and syllable-timed languages,
in Linguistic Controversies (D. Crystal, editor) 73-79. London: Edward Arnold.

[43] Roach, P. 1999. Some Languages are Spoken More Quickly Than Others, In
Language Myths, ed. P. Trudgill and L. Bauer.

[44] Sato, Y. 1993. The durations of syllable-final nasals and the mora hypothesis in
Japanese, Phonetica, 50, 44-67. ’

(45] Smith, A. 1976. The timing of French, with reflections on syllable timing, Work in
Progress (Department of Linguistics, Edinburgh University), 9, 97-108.



98 SA33t 78 AM3Z (20009)

[46] Umeda, N. 1972. Vowel duration in Polysyllabic Words in American English, Journal
of the Acoustical Society of America, 52, 133 (A).

[47] Vayra, M., Avesani, C. & Fowler, C. A. 1983. Patterns of temporal compression in
spoken Italian, Proceedings of the tenth international congress of Phonetic
sciences, Utrecht, 541-546. ,

[48] Yun, 1. 1992. A Comparative Investigation into the Intonation of Rhythmic Units in
Korean, Japanese and English, M. A. thesis, Seoul National University.

Received : August 3, 2000.
Accepted : September 2, 2000.

A Ilsurig Yun
Dept. of English
Hankuk University of Foreign Studies
270, Imun-Dong, Dongdaemun-Gu, Seoul 130-791, Korea
Tel: +82-2-684-1307 (H)
e-mail’ ilsungy @yahoo.com



