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The acquisition of timing patterns in children’s productions
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Oh, Eunhae. 2015. The Acquisition of Timing Patterns in Children’s
Productions. Studies in Phonetics, Phonology and Morphology 21.1, 99-113. The
current study examined differences in the segmental duration of adults’ and
school-aged children’s speech. The purpose of the study was to understand the
durational patterns and rhythmic characteristics of school-aged children’s speech
production. The effects of vowel identity, final coda voicing and number of syllables
on absolute and relative duration were explored. Similar to previous studies,
segmental duration in absolute terms was found to be significantly longer for children
than for adults. However, no significant differences were found between adults and
children in terms of the relative timing patterns of inherent vowels, vowels before
voiced and voiceless consonants or stressed vowels in multisyllabic words. An
adult-like timing control found in children’s production is interpreted to indicate a
high level of phonological knowledge about the relative timing of sequential
segments, despite some evidence of oral-motor constraints. (Konkuk University)
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1. Introduction

Children must learn to produce range of speech sounds in time. It, however,
requires neuromuscular control over certain phonetic parameters in their
ambient language and the maturational changes in speech production ability
ensue over an extended period of time. Sanders (1972) reported that children
typically do not master their native speech segments until 8 years old and
some other features do not fully develop until even later (Eguchi and Hirsh
1969, Kent 1976). Evidence from previous kinematic studies also suggests
that properties of oral motor control system, such as lips and jaw, stay
unstable until early adolescence (e.g., Green et al. 2002, Walsh and Smith
2002, Cheng et al. 2007). These studies on children’s articulation
development share similar results: the speech mechanism matures with
increase in age.

Children’s immature oral-motor control is considered to influence the
temporal coordination of articulators such as slower speaking rate and longer
speech segments (Chermak and Schneiderman 1986) and the refinement
process of articulatory control continues to develop into early adult-hood
(Sabin et al. 1979, Walker et al. 1992, Flipsen 2002). Hence, younger
children are likely to show a slower rate of speech. Kowal, O’Connell and
Sabin (1975) examined speaking rate in 168 American-English speaking
children and the most significant differences were found between 5 and 8
years old. The results were contributed to the rapid growth of both cognitive
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and physical aspects of language during that period of development.
Consistent with earlier studies, Amir and Grinfeld (2011) found that the
articulation rate' for the 7 year old age group was significantly longer than
that for the 9 and 11 year old groups.

Early studies have indicated that among many acoustic features duration
gives a strong and stable measure of speech development. However, the
mature control over segmental duration, including voice onset time, was
shown to stabilize not until 11 or 12 years of age (Naeser 1970, Kent and
Forner 1980, Whiteside et al. 2003). Lee, Potamianos and Narayanan (1999)
compared the durations of ten monophthongal vowels produced by 436
children between age 5 to 17, and 56 adults and found that younger children
produced longer segmental duration than older children. The difference was
the most substantial between the age 5 and 10 and the adult-like duration was
attained around age 12. Tingley and Allen (1975) and other studies (Kent
and Forner 1980, Smith et al. 1995, Clark et al. 2001) reported that children
tend to show less accuracy and greater range of durations in their speech
productions. That is, children demonstrated poorer timing control than
adults.

Previous studies on children’s and young adults’ productions suggest that
the speech of school-aged children (between 5 to 8 years old) may represent
the interim state of the language development. The present study examined
children in this developmental stage to gain additional information about
children’s ability to accurately produce durational patterns. As will be
introduced in the following section, syllabic structures were manipulated to
assess whether children perform differently from adults under different
conditions. We might predict that absolute duration will likely be longer in
children’s than in adults’ productions. The current task further examined the
relative measures of duration in an attempt to normalize the speaking rate
and to compare the duration of each segment of interest.

2. The Current Study

The purpose of the current study was to investigate the differences in the
segmental duration of adults’ and school-aged children’s speech. Although
school-aged children are competent in their speech production, one ensuing
question would be whether these children could demonstrate durational
patterns in an adult-like manner. We might easily expect from previous
research that over all segmental durations are likely to be prolonged in
children’s speech (Fletcher 1972, Di Simoni 1974, Eilers et al. 1984). Here
we seek to further explore three factors influencing vowel duration; vowel
identity, final coda voicing, and syllable number. Specifically, three factors
were examined across adults’ and children’s productions to investigate

' Amir and Grinfeld (2011) differentiate articulation rate from speaking rate in that sp
eaking rate is more of a global measure including pauses and repetitions while artic
ulation rate is more limited to oral motor control.
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whether they have different effects on duration.

Klatt (1973) argued that when estimating the degree of vowel length
compression the voicing of the following consonant, the number of syllables,
as well as the inherent duration of a given vowel should be taken into
consideration. First, inherent vowel duration should account for differences
in much of the variation in segmental duration (Klatt 1976). In English, for
example, tense vowels are generally longer than lax vowels and diphthongs
are longer than monophthongs (Peterson and Lehiste 1960). Klatt (1975)
found that around half of the variance of stressed vowel durations may be
attributed to difference in vowel identity. As infants show early sensitivity to
timing properties of their ambient language (Levitt, 1993), the prediction is
that school-aged children will show relatively adult-like norm in
distinguishing different vowels.

Second, the voicing of the final consonant affects vowel and consonant
closure duration. It has been well studied that vowels are longer before
voiced than voiceless consonants (Chen 1970, House 1961, Klatt 1973,
Lisker 1978, Luce and Charles-Luce 1985), while consonant closures are
shorter for voiced than for voiceless stops (Lisker 1957, Port 1978, 1979,
1981). Vowel duration has also been pointed out as the primary cue to
voicing (Raphael 1972) and closure duration as the secondary cue in speech
perception. Previous studies have shown that, although not adult-like,
children as young as 21 months-of-age produce vowels longer before voiced
than voiceless consonants (Naeser 1970, Raphael et al. 1980). Only a handful
of studies, however, examined the acquisition of durational patterns as a
function of final consonant voicing for school-aged children.

Another important factor influencing segment duration is the number of
syllables (i.e., polysyllabic shortening). Research showed that duration of
stressed vowels is shorter in polysyllabic words than in monosyllabic words
(Johns 1932, Lehiste 1972, Port 1981). Jones (1942) stated that “the duration
of English long vowels in primary stressed syllables is strongly affected by
the number of following unstressed syllables within the word” (Jones 1942:
10). More recently, White and Turk (2010) examined monosyllable,
disyllable and trisyllable words (e.g., part, partner, partnership) produced by
six college students and found that stressed syllables were longest in
monosyllabic words. Polysyllabic shortening reported in other languages
such as Swedish (Lindblom 1968) and Dutch (Nooteboom 1972) indicates
universal phonetic pressure toward compression in vowel duration as a
function of syllable length. The current study examined the effect of
polysyllabic shortening in children’s yet developing temporal patterns to get
a glimpse of their speech development. As noted in Vihman, Nakai and
DePaolis (2006), the study of segmental duration provides an opportunity to
look at their ability to match the durational patterning frequently observed in
adult speech production.
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3. Methods
3.1 Participants

Ten American-English speaking adults and ten American-English speaking
children participated in the study. The adult participants (6 females and 4
males) were all college students (Mean age = 23) at the time of testing and
the child participants (6 females and 4 males) ranged in age from 5;3 to 7;3
(Mean age = 6;10). All were native speakers of the West Coast variety of
American English, and all were free of speech and hearing problems as
determined by parental report and a pure-tone hearing screen.

3.2 Stimuli

Three groups of stimuli were created to examine the developmental changes
in the durational pattern: 1) the inherent vowel duration, 2) the effect of final
consonant voicing on consonant closure duration, 3) the effect of syllable
number on stressed vowel duration. The first materials consisted of 11
monosyllabic words that had been recorded with a high quality microphone
in digital format by a native English-speaking female adult in the frame
sentence “I said again.” The second group consisted of 4 pairings of
monosyllabic words with voiced and voiceless coda consonants with the
vowel quality controlled. Another four pairings yielded stimuli of
polysyllabic words. All the polysyllabic words with two, three and four
syllables were produced with main stress on the first syllable. The vowel
qualities of the first (and most of the second) syllables were matched across
the stimuli. Although the surrounding context varied, this will not hamper
interpretation because each vowel category is compared across group. The
three groups of stimuli are shown in Table 1.

Table 1. Stimuli of the Study

Inherent Vowel Coda Voicing Contrast Syllable Number
Duration - -
Voiced | Voiceless | 2 syllables | 3,4 syllables

bit, beet, bet, bat, | P2 bat baity battery

ag back batter batterless
but, bought, boot, b I

boat, bait, bite, bout ca cap catty catalogue
T cad cat catter caterpillar

3.3 Procedure

The experiment took place in a child-friendly experiment room. The
experimenter played the prerecorded (recorded by female native speaker of
English) frame sentences embedded with the target words and the
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participants were asked to change the frame sentence to “She said

again.” to avoid elicited imitation and to encourage the participants to
produce the target word in their own terms. Several practice items were then
used to ensure that participants were able to understand the task. A total of
27 target words in a frame sentence were elicited three times each in random
order from each participant. Children’s productions were digitally recorded
using a wireless microphone that was clipped to a baseball cap or headband
and located in the center of the child’s forehead. The speech was recorded on
a Sony DAT tape recorder at a 22,050 Hz sampling rate with 16 bit
quantization.

3.4 Measurements

The duration of English vowels in both monosyllabic and polysyllabic words
produced by the child and adult groups were measured in milliseconds from
spectrographic and time domain waveform displays. As for the polysyllabic
words, the stressed vowels of the first syllables were measured and compared
to the whole word duration, beginning with voice-onset-time, for speaking
rate normalization. All the vowels were measured from the onset of voicing
in the vowel to the constriction of the following stops. The onset and offset
of clear energy in the second formant frequency on the sound spectrogram
served as a reference, along with the waveform, to determine the onset and
offset of the vowel. The mean duration averaged across three repetitions was
submitted to analysis. Consonant closure duration was determined from
constriction of final stops to the beginning of the release burst. Out of all the
words produced in phrases, over 75 % of the production was released for the
adult group and 70% was released for the child group. The unreleased tokens
were replaced by the mean voiced or voiceless closure duration of that
speaker and were submitted to analysis. The consonant closure duration was
compared to the preceding vowel duration in both voiced and voiceless
conditions for normalization.

3.5 Statistical Analyses

The analyses include both absolute and relative measures of duration. First,
to compare the inherent duration of the monosyllabic words, adult and child
groups were examined using ANOVAs. The dependent variables for all
comparisons were vowel duration and the independent variables were vowel
(11) and group (2). The vowels were conducted with repeated measures. In
case of a significant group and vowel interaction, 11 ANOVAs was
conducted to examine the effect of group on each vowel.

Next, mean consonant closure duration and the normalized
vowel-to-consonant closure duration ratios for voiced and voiceless coda
words were analyzed and compared between the two groups using a
repeated-measures analysis of variance (ANOVA). For the stressed vowel



104 Eunhae Oh

duration in polysyllabic words, the effects of group and syllable number ((2),
2 syllables and 3, 4 syllables) on stressed vowel durations and ﬁrst
vowel-to-word duratlon ratios were assessed. Partial eta squared values (np )
are provided for all analyses to estimate the effect size.

4. Results
4.1 Inherent vowel duration of monosyllabic words

An ANOVA on mean duration of English vowels produced by adult and
child groups returned no significant effect of group [F(1,18) = 0.526, p

= 478, 1,° = 0. 028] but a significant group by vowel interaction [F(10,9) =
3.461, p = .038, np =0.798]. When a group comparison on each vowel was
conducted, two vowels were produced 51gn1ﬁcantly longer by the child
group: ‘bait’ /er/ [F(1, 18) 4.852, p =036, n,> = 0.693], ‘bout’ /av/ [F(1,18)
= 4258, p = .041, np = 0.634]. Other vowels were all not significant
between the two groups. Figure 1 shows the durational difference for the two
words, bait and bout.

Group

Oaduns
Mchildren

Mean Vowel Duration

bait bout

Stimuli

Error bars: +- 2 SE

Figure 1. Vowel durations of two English vowels, bait and bout, produced by 20 native
English-speaking adults and children are shown.

When the normalized word-to-vowel duration ratio was submitted, however
there was no significant effect of group [F(1,18) = 0.997, p = .331, np
0.052] or the vowel and age interaction [F(10,9) = 1.387, p = .320, np
0.605]. Post-hoc analyses on diphthongs showed no significant difference
across the adults and children groups. The overall results indicate that the
two diphthongs were produced significantly longer by children in absolute
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duration but not in relative duration.
4.2 Coda voicing on consonant closure duration

An ANOVA on mean consonant closure duration of the English
monosyllabic words produced by the adult and child groups revealed a
significant effect of group [F(1,36) = 37.129, p = .000, ;,” = 0.508], coda
voicing [F(1,36) = 153.899, p = .000, npz = 0.810], as well as a significant
interaction between the two [F(1,18) = 9.203, p = .034, ’7p2 = 0.329]. When
the group difference on each coda type was examined, the adult group
differed from the child group for both voiced [F(1,18) = 12.261, p =.003, 71P2
= 0.405] and voiceless coda words [F(1,18) = 25.021, p = .000, 17p2 =0.582].
As shown in Figure 2, consonant closure duration was produced longer by
the child group in both coda types.

Coda
Voicing

Voiced
Mvoiceless

Mean Consonant Closure Duration

Adults Children

Group

Error bars: +- 2 SE

Figure 2. Mean consonant closure durations of 8 English voiced and voiceless coda words
produced by 20 native English-speaking adults and children are shown.

As raw duration can vary across different speaking rates, the effect of group
on the normalized vowel-to-consonant duration ratios in voiced and
voiceless coda conditions were explored. As shown in Figure 3, the ratios
showed no significant effect of group in either voiced [F(1,18) = 0.583, p
= 455, npz =0.031] or voiceless [F(1,18) = 2.526, p = .129, ;7P2 =0.123]
condition, indicating that the magnitude of the voicing effect on both vowel
and consonant closure duration did not statistically differ between the two
groups. Although not significant, vowel duration was produced overall
longer than consonant closure duration in adults’ than in children’s
productions.
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Coda
Voicing
[ Voiced
B Vvoiceless

Vowel-to-Consonant Closure Duration Ratio

Group

Error bars: +- 2 SE

Figure 3. Vowel-to-consonant closure duration ratios of 8 English voiced and voiceless
coda words produced by 20 native English-speaking adults and children are shown.

4.3 Stressed vowel duration of polysyllabic words

An ANOVA on mean stressed vowel duration for adult and chlld groups
showed a significant effect of age [F(1,36) = 14.697, p = 000 ;7,, =0.290]
and the number of syllables [F(1,36) = 9.098, p = .005, 17p =0.202] but no
significant interaction between the two [F(1,36) = 2.662, p = .111, 77p
0.069]. When each word type was examined, the 3,4-syllable words, but not
2-syllable words, were signiﬁcantly different between adult and child groups
[F(1,18) = 24.654, p = .000, ’1p =0.578]. As shown in Figure 4, the ANOVA
on the child group confirmed that there was no duratlonal difference between
2- and 3,4-syllable words [F(1,36) = 0.818, p = .378, np =(0.043] while there
was a significant effect of the number of syllables in adult group productions
[F(1,18) = 14.047, p = .002, ,> = 0.420].

When the whole word duration was exammed separately, there was the
effects of age [F(1,36) = 19.087, p = OOO np = 0.346], the number of
syllables [F(1,36) =213.193, p = .000, ;1,, =0.856] as well as the interaction
between the two variables [F(1,36) = 5.310, p = .027, 77p = 0.129]. The
overall results for the child group indicate that the number of syllables
influenced the whole word duration but not the stressed vowel duration.
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stressed vowels of the 2-syllable words significantly longer [F(1,36) =
193.647, p = .000, 1,” = 0.843] compared to the those of the 3,4-syllable
words. As shown in Figure 5, the durational differences between the stressed
vowel and the whole word are invariable between the two groups.

Syllable

umber

2 syllables
[l 3,4 syllables

Stressed Vowel-to-Word Duration Ratio

Adults Children

Group

Error bars: +/- 2 SE

Figure 5. Stressed vowel-to-word duration ratios of 8 English multisyllabic words
produced by 20 native English-speaking adults and children are shown.

5. Discussion

The current study was conducted to provide additional information about the
nature of children’s durational patterns. The priori predictions were that
children would demonstrate overall longer segmental duration than adults.
As well, it was suggested that children would show greater accuracy in
distinguishing different vowel qualities in comparison to other durational
parameters such as coda voicing and syllable structure. With regard to these
predictions, the current study exhibited the following results: Children were
able to distinguish different vowels with duration as adults except for two
diphthongs, bait and bout. The gliding movement of diphthongs demands
greater movement of the articulators than monophthongs and children’s
immature control over the movements of the articulators may have led to
longer vowel duration. Additionally, these diphthongs may have been
produced longer due to their comparatively low word frequency. As word
duration typically decrease with word frequency (Wright 1979) it is likely
that the children found these monosyllabic words less familiar, resulting in
longer segmental duration.

As for the results of the absolute duration, not only the inherent vowel
duration but also the consonant closure duration was produced longer in both
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voiced and voiceless final consonant conditions. Also, stressed vowel
durations as well as the word durations were produced longer by children
regardless of the syllable number. The result of prolonged segmental
duration in school-aged children speech is in line with previous findings on
the role of motoric development in the acquisition of segmental duration
(Naeser 1970, Kent and Forner 1980, Lee et al. 1999). Namely, the
significantly longer absolute duration suggests that children in the current
study have not yet achieved adult-like speech motor control.

Of particular interest is the adult-like relative durational pattern in
children’s productions. The relative durations of vowels, consonants, and
stressed syllables in multisyllabic words were not significantly different
between the two groups. Namely, children’s performance was far more
adult-like in proportional terms. Unlike the adults, for example, the children
produced similar stressed vowel duration for both disyllabic and
multisyllabic words. The durational difference between disyllabic and
multisyllabic words, however, was significantly larger in children’s
production. That is, children produced multisyllabic substantially longer than
disyllabic words. Taken together, children were unable to shorten the
stressed vowel duration as a function of syllable number but they were able
to control the proportional duration of the stressed vowels in comparison to
the following segments (see Figure 4).

The adult-like ratios of stressed vowel durations to word durations show
children’s ability to match the duration patterning frequently observed in
adult speech. The significant relationship between the relative timing of
vowels and word length was also shown in apraxic speakers (Strauss and
Klich 2001). They examined the effect of word duration on the timing of lip
electromyographic (EMG) activity in normal and apraxic speakers. The
results showed that the relative vowel duration in apraxic speakers was
similar to that in normal speech. The absolute vowel and word durations,
however, were significantly longer in apraxia of speech. Strauss and Klich
(2001) argued that the normal pattern of the relative vowel duration suggests
that the phonological knowledge used in normal speech production may be
intact while the longer absolute duration reflects some constraints in the oral
motor system.

Furthermore, the acquisition of relative timing of sequential segments may
be discussed in line with the development of rhythmic patterns (Vihman et al.
2006). Vihman and colleagues examined the segmental duration of infant’s
babbling at two different developmental points (i.e., 4 words and 25 words)
to investigate their ability to produce words and phrases with adult-like
rhythm. The purpose of the study was to understand the rhythmic
characteristics of infant disyllabic vocalizations through the patterns of the
segmental duration. The comparison of the proportionate vowel and
consonant durations of (C)VCV (non)words produced by infants and adults
with different native languages (English, French, Welsh) showed that infants
conformed closely to the adult norm by the later developmental point
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regardless of their native language. In a different study, the first-to-second
vowel duration ratios for French infants showed stable and adult-like
productions (Vihman et al. 1998). Vihman and colleagues note that “to
achieve the native language pattern in production the child must be able to
match both the overall melody and the rhythmic pattern of individual word”
(Vihman et al. 2006: 363). The overall patterns of relative durations in the
current study suggest that children appear to have acquired a sense of the
rhythmic patterning in English.

Lastly, the subsequent study of development of timing control might
include second language learners with different English proficiency to
investigate the effect of phonological knowledge on durational patterns.
Another interesting issue that might be explored is the universal phonetic
pressures towards vowel duration differences as a function of syllable
structure and final consonant voicing. Data on second language learners of
English would clarify what the language-specific contributions are to the
timing patterns.

REFERENCES

AMIR, OFER and DOREEN GRINFELD. 2011. Articulation rate in childhood
and adolescence: Hebrew speakers. Lanaguage and Speech 54, 225-240.

CHEN, MATTHEW. 1970. Vowel length variation as a function of the voicing
of the consonant environment. Phonetica 22, 129-159.

CHENG, HEI-YAN, MURDOCH BRUCE, GOOZEE JUSTINE, and SCOTT DION.
2007. Electropalatographic assessment of tongue-to-palate contact
patterns and variability in children, adolescents, and adults. Journal of
Speech, Language, and Hearing Research 50, 375-392.

CHERMAK, GAIL and CARL SCHNEIDERMAN. 1986. Speech timing variability
of children and adults. Journal of Phonetics 13, 477-480.

CLARK, HEATHER, DONALD ROBIN, GAIL MCCULLAGH, and RICHARD
ScHMIDT. 2001. Motor control in children and adults during a nonspeech
oral task. Journal of Speech, Language, and Hearing Research 44,
1015-1025.

DISIMONI, FRANK. 1974. Effect of vowel environment on the duration of
consonants in the speech of three-, six-, and nine-year old children.
Journal of the Acoustical Society of America 55, 360-361.

EGucHI, SATOSHI and IRA HIRSCH. 1969. Development of speech sounds in
children. Acta Otolaryngologica 257.

EILERS, REBECCA, DALE BULL, OLLER KIMBROUGH, and DIANA LEWIS. 1984.
The discrimination of vowel duration by infants. Journal of Acoustical
Society of America 75, 1213-1218.

FLETCHER, SAMUEL. 1972. Time-by-count measurement of diadochokinetic
syllable note. Journal of Speech and Hearing Research 15, 763-770.

FLIPSEN, PETER, JR. 2002. Longitudinal changes in articulation rate and



The acquisition of timing patterns in children’s productions 111

phonetic phrase length in children with speech delay. Journal of Speech,
Language, and Hearing Research 45.1, 100-110.

GREEN, JORDAN, CHRISTOPHER MOORE and KEVIN REILLY. 2002. The
sequential development of lip and jaw control for speech. Journal of
Speech, Language, and Hearing Research 45, 66-79.

HOUSE, ARTHUR. 1961. On vowel duration in English. Journal of Acoustical
Society of America 33, 1174-1178.

JONES, DANIEL. 1942-43. Chronemesandtonemes. Acta Linguistica, 3, 1-10.

Jusczyk, PETER. 1997. The Discovery of Spoken Language. Cambridge,
MA: MIT Press.

KENT, RAYMOND. 1976. Anatomical and neuromuscular maturation of the
speech mechanism: Evidence from acoustic studies. Journal of Speech,
Language, and Hearing Research 19, 421-447.

KENT, RAYMOND and L. FORNER. 1980. Speech segment duration in sentence
recitations by children and adults. Journal of Phonetics, 8 157-168.

KLATT, DENNIS. 1973. Interaction between two factors that influence vowel
duration. Journal of Acoustical Society of America, 54, 1102-1104.

1976. Linguistic uses of segmental duration in English:
acoustic and perceptual evidence. Journal of Acoustical Society of
America 59, 1208-1221.

KOWAL, SABINE, DANIEL O'CONNELL and EDWARD SABIN. 1975.
Development of temporal patterning and vocal hesitation in spontaneous
narratives. Journal of Psycholinguistic Research 4, 195-207.

LEE, SUNGBOK, ALEXANDROS POTAMIANOS and SHRIKANTH NARAYANAN.
1999. Acoustics of children's speech: Developmental changes of
temporal and spectral parameters. Journal of the Acoustical Society of
America, 1455-1468.

LEHISTE, ILSE. 1972. The timing of utterances and linguistic boundaries.
Journal of the Acoustical Society of America, 51,2018-2024.

LEVITT, ANDREA. 1993. The acquisition of prosody: Evidence from French-
and English-learning infants. In B. d. Boysson-Bardies, S. de Schonen, P.
Jusczyk, P. MacNeilage and J. Morton (eds.), Developmental
neurocognition: speech and face processing in the first year of life.
Dordrecht: Kluwer Academic Publishers.

LINDBLOM, BJORN. 1968. Temporal organization of syllable production.
Quarterly progress and status report 2-3/1968, Speech Transmission
Laboratory, Stockholm.

LISKER, LEIGH. 1957. Closure duration and the intervocalic voiced-voiceless
distinction in English. Language 33, 42-49.

LISKER, LEIGH. 1978. Segment duration, voicing and the syllable. In Alan
Bell and Joan B. Hooper (eds.). Syllables and Segments, 133-140.
Amsterdam: North-Holland.

LUCE, PAUL and JAN CHARLES-LUCE. 1985. Contextual effects on vowel
duration, closure duration, and the consonant/vowel ratio in speech
production. Journal of the Acoustical Society of America 78, 1949-1957.



112 Eunhae Oh

NAESER, MARGRET. 1970. Development of a non-phonemic feature in child
speech-differential vowel duration in English. Journal of Acoustical
Society of America 48, 94.

NOOTEBOOM, SIEB. 1972. Production And Perception Of Vowel Duration: A
Study Of Durational Properties In Dutch. PhD Dissertation. University
of Utrecht.

PETERSON, GORDON and ILSE LEHISTE. 1960. Duration of syllabic nuclei in
English. Journal of Acoustical Society of America 32, 693-703.

PORT, ROBERT. 1978. Effect of word-internal versus word-external tempo on
the voicing boundary for medial stop closure. Haskins Lab. Stat. Rep.
Speech Res. SR-55/56, 189-198.

. 1979. Influence of tempo on stop closure duration as a

cue for voicing and place. Journal of Phonetics 7, 45-56.

. 1981. Linguistic timing factors in combination.
Journal of the Acoustical Society of America 69, 262-274.

RAPHAEL, LAWRENCE. 1972. Preceding vowel duration as a cued to the
perception of the voicing characteristic of word-final consonants in
English. Journal of Acoustical Society of America 51, 1296-1303.

RAPHAEL, LAWRENCE, MICHAEL DORMAN and DONNA GEFFNER. 1980.
Voicing-conditioned durational differences in vowels and consonants in
the speech of three- and four- years old children. Journal of Phonetics 8,
335-341.

SABIN, EDWARD, EDWARD CLEMMER, DANIEL O’CONNELL and SABINE
KowAL. 1979. A pausological approach to speech development. In A.
Siegman, & S. Feldstein (eds.), Of speech and time: temporal speech
patterns in interpersonal contexts 35-55. Hillsdale, NJ: Lawrence
Erlbaum.

SANDERS, ERIC. 1972. When are speech sounds learned? Journal of Speech
and Hearing Disorders 37, 55-63.

SMITH, ANNE, LISA GOFFMAN and RACHEL STARK. 1995. Speech motor
development. Seminars in Speech and Language 16, 87-99.

STRAUSS, MONICA and RICHARD KLICH. 2001. Word length effects on
EMG/vowel duration relationships in Apraxic speakers. Folia
Phoniatrica et Logopaedica 53, 58-65.

TINGLEY, BETH and GEORGE ALLEN. 1975. Development of speech timing
control in children. Child Development 46, 186—194.

VIHMAN, MARILYN, SATSUKI NAKAI and RORY DEPAOLIS. 2006. Getting the
rhythm right: a cross-linguistic study of segmental duration in babbling
and first words. In L. Goldstein, D. Whalen and C. Best (eds.).
Laboratory Phonology 8: Varieties of phonological competence 341-66.
NY: Mouton de Gruyter.

WALSH, BRIDGET and ANNE SMITH. 2002. Articulatory movements in
adolescents: Evidence for protracted development of speech motor
control processes. Journal of Speech, Language, and Hearing Research
45, 1119-1133.




The acquisition of timing patterns in children’s productions 113

WRIGHT, CHARLES. 1979. Duration differences between rare and common
words and their implications for the interpretation of word frequency
effects. Memory & Cognition 7, 411-419.

Eunhae Oh

Dept. of English Language & Literature
Konkuk University

120 Neungdong-ro, Gwangjin-gu, Seoul
Korea 143-701

Email: gracel111@konkuk.ac.kr

received: November 6, 2015
revised: February 27, 2015
accepted: March 1, 2015




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /KOR <FEFF0020c7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


