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One of the challenges in child language research is determining when children have
acquired a particular linguistic structure, and of particular interest is the identifica-
tion of factors that contribute to variable performance. The purpose of the current
study is to better understand the mechanisms underlying children’s variable produc-
tion of syllable-final (coda) consonants (e.g., moon). Fifteen 2-year-olds were asked
to imitate novel words of different phonological shapes. Production accuracy was as-
sessed by comparing coda consonant production in stressed versus unstressed sylla-
bles, in word-medial versus word-final syllables, in monosyllabic versus bisyllabic
words, and also stop codas versus nasal codas. Children were most accurate at pro-
ducing codas in monosyllables, and least likely to produce codas in medial un-
stressed syllables, with no systematic segmental effects. Because existing data cast
doubt on purely perceptual accounts of the role of acoustic prominence, we argue that
the longer durations of acoustically prominent syllables provide learners with more
time to articulate coda consonants, thereby enhancing production accuracy. This arti-
cle concludes with a discussion of the larger implications of variability in phonologi-
cal development.

One of the longstanding issues in the study of language development has been how
to handle within-speaker variability. Previous research has shown significant
within-child variability in early word productions (e.g., Vihman, 1993). For exam-
ple, the same child may produce some word-final (coda) consonants but not others
(e.g., Kehoe & Stoel-Gammon, 2001; Stites, Demuth, & Kirk, 2004). Although
various perceptual, production, frequency-based, and phonological proposals have
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been offered to account for this type of within-subject variability (cf. Ferguson,
Menn, & Stoel-Gammon, 1992), many issues regarding children’s knowledge of
linguistic structure, and the factors contributing to their variable performance, are
yet to be fully addressed. This is important not only for understanding processes of
normal acquisition but also for addressing issues of language delay.

Over the past 15 years, researchers have increasingly begun to examine chil-
dren’s acquisition of syllable and word structures. Some of this research indicates
that the segments, syllable structures, and word structures found in children’s early
speech tend to exhibit “unmarked,” simple structures (cf. Jacobson, 1968). Fikkert
(1994) showed that children learning Dutch initially produce “core” CV syllable
shapes rather than more complex CVC syllable structures containing a syllable-fi-
nal coda consonant (e.g., dog /dɑ�/ → [�dɑ], [�dɑdɑ]). These insights have been
formalized in terms of a constraint-satisfaction problem within Optimality Theory
(Prince & Smolensky, 2004), where children’s early grammars were proposed to
have a constraint against syllable-final (coda) consonants (e.g., Demuth, 1995;
Gnanadesikan, 2004). This constraint is often active (highly ranked) in young chil-
dren’s grammars, rapidly becoming less so (more lowly ranked) in languages like
English in which coda consonants abound. However, this perspective on early
grammars also makes the prediction that once children can produce more complex
syllable structures containing coda consonants, they should be able to produce co-
das in any position within a word, all else being equal. Of course, all else is never
completely equal, and we do find variability in a child’s production of coda conso-
nants in different contexts.

Several studies have shown that stress and position within the word may facili-
tate children’s production of consonants. Stressed syllables in English are of
higher pitch, longer duration and have stronger amplitude than unstressed sylla-
bles (Lehiste, 1970). Similarly, word-final syllables contain more salient acoustic
cues than syllables in word-medial position, with lengthening occurring in final
position (Cooper, 1983). This lack of acoustic prominence on unstressed, nonfinal
syllables may contribute to their being perceived inaccurately, or not at all. Klein
(1981) has shown that the two children in her study (aged 1;8 to 1;11) tended to
produce consonants in stressed syllables more accurately than in unstressed sylla-
bles. There was also an effect of position within the word such that when a final un-
stressed syllable was preceded by another unstressed syllable, as in animal, the fi-
nal syllable was more likely to be accurately produced, suggesting that these
acoustically prominent positions facilitate production. Echols and Newport (1992)
report similar findings. In spontaneous data collected from three children aged 1;5
to 1;11, consonants in stressed or final syllables were produced more accurately
than consonants in unstressed, nonfinal syllables. They propose that these posi-
tions are privileged for segmental accuracy because stressed and final positions are
perceptually more salient, presumably enhancing the perceptual encoding of these
syllables and subsequent lexical access and production. However, although the
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studies by both Klein and Echols and Newport show an effect of acoustic promi-
nence on segmental accuracy, neither gives a breakdown of children’s production
accuracy according to where in the syllable the consonant occurred. We, therefore,
do not know if acoustic prominence primarily affects the production of syllable
onsets (consonants at the beginnings of syllables—e.g., duck /d�k/), or if it also in-
fluences children’s production of syllable codas (consonants at the end of sylla-
bles, e.g., duck /d�k/).

Schwartz and Goffman (1995) investigated the effect of stress and position
within the word on the segmental production accuracy of syllable onsets. They
asked children aged 1;10 to 2;4 to imitate novel words of the shape CVCV, such as
[���bi] and [���bi], and found that unstressed syllables were much more likely to
be omitted, particularly at the beginning of words. However, when segmental dele-
tions due to syllable omissions were excluded, consonant errors in the remaining
syllable were not affected by stress or position within the word.

One recent study has specifically considered the role of acoustic prominence on
the production of coda consonants. Zamuner and Gerken (1998) looked at the ef-
fect of stress environment on coda production in word-final position. Using a novel
word imitation task, they found that English-speaking 2-year-olds were more
likely to delete word-final codas in unstressed syllables than in stressed syllables.
However, this study did not investigate the effect of position within the word on
coda production.

There have been a number of longitudinal studies that investigate the effect of
position within the word on coda production. Studies in Dutch (Fikkert, 1994) and
French (Rose, 2000) have shown that word-medial codas are acquired later than
word-final consonants. Given these crosslinguistic findings, we might expect that
children learning English would also be less accurate at producing codas in medial
position.

Other studies have shown that the length of the word in which a consonant is
embedded may affect its likelihood of being produced accurately. It has been noted
that there is an inverse relation between the number of syllables in a word and the
length of the stressed syllable (Ladefoged, 1993; Lehiste, 1972; Port, 1981). For
example, compare the length of the monosyllabic word speed, with the initial syl-
lable of speedy, and speedily. Notice that the duration of speed reduces as the num-
ber of syllables in the word increases. We might then expect that coda consonants
in monosyllables will be acoustically more salient due to their slightly longer dura-
tion than coda consonants in bisyllables. Children with functional articulation
problems (aged 4;8 to 6;8) have been shown to produce more errors when attempt-
ing word-final codas in bisyllabic words than in monosyllabic words, although this
effect only approached significance (Panagos, Quine, & Klich, 1979). One con-
found in this study is that the majority of the bisyllabic test items ended with an un-
stressed syllable whereas the monosyllabic words were all stressed, thus word
length was confounded with stress. It remains to be seen whether normally devel-
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oping children who are acquiring their first words will make more errors in produc-
ing word-final codas in bisyllables if these codas are all in stressed syllables.

It has also been suggested that sonority influences coda production. Fikkert
(1994) reports that children learning Dutch produce obstruent codas (stops,
affricates, and fricatives) before sonorant codas (nasals and liquids), at least in
stressed monosyllabic words. However, this pattern of coda acquisition does not
seem to hold for English. Kehoe and Stoel-Gammon (2001) find that the order of
acquisition in English is typically voiceless stops, followed by voiceless fricatives
and nasals, then voiced obstruents, and finally liquids. Zamuner (1996), using lon-
gitudinal data collected from one child learning English (Smith, 1973), found that
sonorant codas were produced before obstruent codas in unstressed syllables. Sim-
ilarly, in an experimental study, Zamuner and Gerken (1998) found that in un-
stressed syllables, word-final obstruents were more likely to be deleted than
word-final sonorants. However, it is not clear whether this preference for sonorants
in word-final unstressed syllables also holds in word-medial position.

This review of the literature suggests that some of the variability in the produc-
tion of coda consonants may be due to stress, position within the word,
word-length, and sonority. However, these factors have not been examined to-
gether in a controlled manner. To establish how well each of these factors accounts
for variability in coda production, we conducted an experimental study where we
systematically compared accuracy of coda production in stressed versus un-
stressed syllables, in final versus medial position, in monosyllables versus
bisyllables, and when codas were nasals versus stops.

STUDY 1: CODA PRODUCTION IN NOVEL WORDS

Method

Participants. Because this study was designed to investigate coda production
in phonologically complex contexts, we wanted to ensure that participants could
produce codas in known, monosyllabic words. All participants were therefore
screened using a warm-up picture-identification task where they were required to
spontaneously produce at least half of the 18 familiar monosyllabic words with
singleton codas (e.g., dog, cat, etc.). Performance on this task, rather than age, vo-
cabulary size, or grammatical development (e.g., mean length of utterance) was
deemed a more appropriate measure of phonological competence for the purposes
of this study.

Twenty-six children were recruited to participate in the word production study.
Eleven of these children failed to complete the study and their data were not in-
cluded in the final analysis. Of these, 3 did not respond to at least half the items in a
screening warm-up task. A further 2 children responded to the majority of items in
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the warm-up task but did not reliably produce singleton codas. The novel word task
was not administered to these 5 children. An additional 6 children produced codas
in the warm-up task but did not respond to at least half the test items in the novel
word task. This high attrition rate was probably due to the complexity of the de-
manding novel word-production task, where all test items were unfamiliar words
paired with unfamiliar objects, and the majority of test items were bisyllabic with
complex syllable structure. The 15 children (10 girls, 5 boys) who completed the
task ranged in age from 1;7 to 2;6 (M = 2;2). Five children were tested in Auckland,
New Zealand, and 10 were tested in Providence, RI, United States. All children
were from English-speaking monolingual homes. Given that both dialects of Eng-
lish lack postvocalic [ɹ], we did not include this consonant in our materials. Data
analysis showed no difference between groups, so data from the two groups were
combined for all further analyses.

As our baseline measure of phonological competence, we used the production
accuracy of codas in the monosyllabic CVC novel test items. Overall production of
codas in the monosyllabic CVC test items by all 15 children who completed the
study was very accurate (93%), with only 7% of responses to monosyllabic test
items containing coda production errors of deletion or substitution. Given that a
child could reliably produce codas in the monosyllabic CVC novel test items, we
then wanted to know whether she could also produce these same coda consonants
in bisyllabic words, and if there would be any effect of stress (stressed vs. un-
stressed syllables), position within the word (word-medial vs. word-final sylla-
bles), or sonority (stop codas vs. nasal codas).

It should be noted that the children who were able to complete this rather diffi-
cult task were probably at the upper end of the normal spectrum of phonological
ability for their age. Thus, their performance on the task may not accurately repre-
sent what can be expected of children between the ages of 1;7 and 2;6. However,
although the children in our study were likely to be more phonologically advanced
than their age-mates, we assume that similar patterns of production will be found
in children who develop more slowly but within normal limits.

Materials. The purpose of this study was to investigate the effect of different
phonological contexts on children’s production of a subset of English coda conso-
nants. We therefore wanted to examine children’s production of the same conso-
nants in different environments rather than compare production of all the possible
coda consonants of English. We initially restricted the stimuli to stop, nasal, and
liquid codas. We did not include fricative codas because these segments are often
later acquired, and including them would have increased the number of test items
such that it would have been difficult to complete in a single session. We also ex-
cluded /t/ and /d/ to avoid possible morphological confounds.

The stimuli consisted of 35 novel words (see the Appendix). Seven different
consonants appeared in coda position: /p,b,k,g,m,n,l/. All other consonants (i.e.,
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those in syllable onset position) were stops or nasals, because these consonants are
the earliest acquired and therefore are the least likely to cause errors in production.
All vowels were lax, which should encourage coda production because in English,
stressed syllables with a lax vowel must be closed by a consonant. There were 5
different word shapes, each containing one or two target codas (underlined): (a)
monosyllabic (�CVC), (b) iambic with a single medial consonant (CV�CVC), (c)
trochaic with a single medial consonant (�CVCVC), (d) iambic with a medial clus-
ter (CVC.�CVC), (e) trochaic with a medial cluster (�CVC.CVC). All medial clus-
ters were separated by a phonotactically determined syllable boundary (e.g.,
[��εp.nək]). Note that only word-final consonants were analyzed as codas in
CVCVC words, but both medial and final codas in CVC.CVC words were ana-
lyzed. Each of the 5 word shapes occurred with the 7 coda consonants, yielding a
total of 35 test items. Each novel word was paired with a computer-generated pic-
ture of a novel shape (see http://www.cog.brown.edu/~tarr/stimuli.html).

One of the questions that arises is what constitutes a coda. In this article, we as-
sume that both word-final consonants (CVC) and word-medial consonants preced-
ing a phonotactically determined syllable boundary (CVC.CVC) are syllabified as
codas. This is a controversial assumption because some researchers have proposed
that word-final consonants are syllabified as the onsets of empty-headed syllables
(e.g., Harris, 1994; Piggot, 1999). We revisit these representational issues in the fi-
nal section, but for now we follow the traditional view that word-final consonants
are codas.

A second question involves the syllabic status of word-medial singleton conso-
nants (e.g.,CVCVC)inchildren’searlyspeech,a topic thathas receivedmuchrecent
acquisition interest (see the special issue of Clinical Linguistics and Phonetics ed-
ited by Stemberger & Bernhardt, 2002). Stoel-Gammon (2002) has shown that,
based on spontaneous productions from 32 normally developing children at 1;9 and
2;0, intervocalic consonants pattern more like onsets than codas, although some
intervocalic consonants, notably fricatives, pattern more like codas. Rvachew and
Andrews (2002) investigated the effect of stress on the syllabification of intervocalic
consonants in 13 preschool children with phonological delays. Intervocalic conso-
nants directly preceding stressed syllables were produced in the same manner as
consonants that were unambiguously onsets. However, intervocalic consonants that
occurred before unstressed syllables were produced in the same manner as conso-
nants that were unambiguously codas. Even in adult English, the syllabification of
medial consonants following stressed syllables is far from clear. Researchers have
variously analyzed these consonants as onsets (e.g., Grunwell, 1982), as codas (e.g.,
Hoard, 1971; Selkirk, 1982; Stampe, 1972), and as ambisyllabic (e.g., Kahn, 1976).
Given theambiguoussyllabificationofword-medial singleconsonants in thespeech
of both children learning English and English-speaking adults, we decided not to in-
clude theseconsonants inourstudyofcontextualeffectsoncodaproduction.Wedid,
however, examine word-final codas in these CVCVC word shapes, thereby provid-
ing additional bisyllabic items.
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The use of nonsense words allowed us to ensure that none of the participants
had heard any of the stimuli before. Using nonsense words also allowed the seg-
mental content of syllables to be matched across phonological contexts. Although
it has been suggested that imitative speech may not tap into the child’s phonologi-
cal system in the same way as spontaneous speech, there are numerous results
showing that the patterns found in imitation tasks are similar to those found in
spontaneous speech. Of particular relevance to the current research is a production
study by Kehoe and Stoel-Gammon (2001) that showed no difference in the accu-
racy of imitated and spontaneous productions of coda consonants by toddlers.

Procedure. Two experimenters visited the participants in their homes or at
childcare centers. Each experimental session began with the warm-up task in
which the participant was asked to identify pictures of real monosyllabic objects
containing a singleton coda. On successful completion of this task, Cecilia Kirk
showed each participant a book containing pictures of computer-generated novel
shapes and said, “This is an X. Can you say X?” (where X stands for one of the test
items). If the participant did not produce any response, he or she was provided with
a second model of the test item. If no response was forthcoming after hearing the
test item for a second time, the experimenter moved on to the next test item. All
productions of the test items, whether correctly produced or not, were reinforced
with praise.

The test items were divided into two lists and pseudorandomized such that re-
lated iambic and trochaic forms (e.g., [�nε�əp] vs. [nə��εp]) were in different
lists, and no more than two iambic or two trochaic items were presented consecu-
tively. Each child was presented with both lists, half the participants hearing List 1
first and the other half hearing List 2 first. Participants heard both lists on the same
day with a 10-min break between lists. Data analysis showed no significant differ-
ence in performance across blocks or in order of presentation.

All experimental sessions were digitally recorded with a Sony MiniDisk
Walkman® MZ-R700 and a Sony ECM-MS907 microphone held within 16 in. of
the participant’s mouth. The use of spoken novel stimuli (rather than prerecorded
or synthetic speech) helped encourage participants to continue with this demand-
ing novel word production task. Later evaluation of the spoken stimuli words
showed consistent use of appropriate stress, segmental content, and release of
coda consonants.

Data transcription. All data were transcribed offline by two transcribers
using broad phonemic transcription supplemented by diacritics to indicate vowel
length and nasalization. Any differences between the two transcribers were
retranscribed by a third transcriber. Transcriptions not agreed on by at least two
transcribers were discarded (less than 1% of all responses). One of the transcrib-
ers was Cecilia Kirk, and all transcribers were experienced in transcribing the
speech of young children.
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Data analysis. The 5 test items with /l/ in coda position were discarded be-
cause of difficulties in determining whether the liquid in these test items had un-
dergone deletion or vocalization. Only the first response to each test item was ana-
lyzed. Monosyllabic responses to bisyllabic iambic targets were discarded (N =
55), the initial unstressed syllable being deleted significantly more often in
CVCVC words (24%) than in CVC.CVC words (9%), t(14) = 4.12, p < .001
(two-tailed). Responses in which the target iambs were produced as trochees were
also discarded (N = 3), as were target trochees that were produced as iambs (N = 5).
A total of 508 attempted codas were included in the final analysis. Of this total, 84
were responses to monosyllabic targets. The remaining 424 responses that were
analyzed were bisyllabic responses to bisyllabic targets. The mean number of re-
sponses per children to the 30 test items analyzed was 28 (range = 21 to 30).

There were more responses in final than in medial position because there were
twice as many test items with codas in final position (both CVCVC and
CVC.CVC). There were fewer responses to final stressed syllables than to final un-
stressed syllables because the initial syllable in iambic test items was more often
deleted than the final syllable in trochaic test items. As mentioned earlier, mono-
syllabic responses to bisyllabic targets were discarded due to their ambiguous sta-
tus as either monosyllabic or disyllabic words. Coda consonants were coded as
“preserved” (66%), “deleted” (18%), “substituted” (13%), or “other” (3%). The
classification “other” was used for productions of CVC.CVC words in which dele-
tion of one of the medial consonants had occurred and the remaining consonant
was not identical to either the medial coda or medial onset of the target word—for
example, [bək.�mp] produced as [bə.�np], and [�əp.�n�k] produced as
[�ə.�m�k]. Coda consonants classified as “other” were not analyzed further.
Where the child omitted target nasal codas but produced some nasalization on the
preceding vowel, these were coded as “deleted.” Mismatches in voicing between
the target item and the participant’s response were ignored because a reliable voic-
ing distinction in codas is late to develop (Stoel-Gammon & Buder, 1999).

Results

Analysis by age. The age range of the 15 participants in this study was quite
large (1;7 to 2;6), raising the possibility that there might be variability in phonolog-
ical development across this age range. However, there was no significant correla-
tion between age and the proportion of total errors (substitutions and deletions
combined) produced by each child (r = .24, p > .10). In fact, two of the children
who produced the highest proportion of total errors were also among the oldest
(aged 2;5 and 2;6). There was also no correlation between age and the proportion
of errors broken down by error type (deletion errors, r = .35, substitution errors, r =
–.44, ps > .10). Thus, in this particular group of children, age was not a good pre-
dictor of accuracy in producing coda consonants. However, we did find a negative
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correlation between age and the realization of bisyllabic targets as monosyllables
(r = –.71, p < .01). Thus, younger children were more likely to delete the initial syl-
lable in bisyllabic words that began with an unstressed syllable, for example,
[tə�bεm] pronounced as [�bεm] (cf. Schwartz & Goffman, 1995). Because mono-
syllabic responses to bisyllabic words were discarded due to ambiguity regarding
possible length effects, younger children tended to contribute fewer tokens to the
final analysis. This did not skew the overall results as error rates for each child
were calculated as a proportion of their total responses.

Deletion versus substitution errors. Deletions are one type of variability
found in coda production. However, substitutions, where one consonant is re-
placed by another, also indicate that coda consonants have not yet been fully mas-
tered (e.g., [�əp�n�k] → [�əp�n�p], [�p��nəb] → [�p��nəm]). A comparison of
the pattern of results across the two types of errors—deletions and substitu-
tions—was very similar. Using the Bonferonni procedure to control for Type 1 er-
ror, we compared the deletion and substitution errors across the eight phonological
contexts of interest. We found that there were significantly fewer substitutions than
deletions only for nasal codas in medial unstressed syllables, t(14) = 4.94, p < .001
(two-tailed). The very low rate of substitution for medial nasal codas (8%) was
probably due to their very high deletion rate (79%); if a consonant is deleted it can-
not also undergo substitution. There was no significant difference in the substitu-
tion and deletion rates for the other seven phonological contexts: final-stressed
nasals, t(14) = 1.42; final-stressed stops, t(14) = 1.63; final-unstressed nasals, t(14)
= .57; final-unstressed stops, t(14) = 2.11; medial-stressed nasals, t(14) = 1.47; me-
dial-stressed stops, t(14) = .97; medial unstressed stops, t(14) = 2.40, all ps > .1.
Because the pattern of results for deletion and substitution errors were so similar,
we combine these in the presentation of overall results below.

Overall results. To test for effects of phonological context on coda produc-
tion, we looked at the production of stop and nasal codas with respect to stress en-
vironment (stressed vs. unstressed), position within the word (medial vs. final) and
word length (monosyllabic vs. disyllabic). To evaluate the possible effects of stress
environment, we compared the production of codas in stressed syllables
(CV�CVC, CVC.�CVC, and �CVC.CVC) with codas in unstressed syllables
(CVC.�CVC, �CVC.CVC, and �CVCVC). To evaluate the possible effects of posi-
tion within the word on coda production we compared performance on trochaic
and iambic medial codas (CVC.CVC) with trochaic and iambic final codas
(CVC.CVC and CVCVC). To determine whether word length had an effect on
coda production, we compared the children’s coda production accuracy in word-fi-
nal codas in iambic test items (CV.�CVC and CVC.�CVC) with codas in monosyl-
labic test items (�CVC), thus ensuring that the codas being compared were all in
stressed syllables occurring at the ends of words. Finally, to determine if there
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might be sonority effects on coda production, we compared coda production accu-
racy on nasal and stop codas in both CVCVC and CVC.CVC words.

The mean proportions of total codas accurately produced as a function of con-
text and sonority are given in Table 1. Proportions were normalized by arcsine
transformation for the statistical analyses. A repeated measures ANOVA with po-
sition within the word (medial vs. final), stress environment (stressed vs. un-
stressed), and sonority (nasal vs. stop) as within-subject variables was applied to
the proportions of the correct responses calculated for each condition. Significant
main effects were found for both position in the word, F(1, 14) = 12.78, p < .05,
and stress, F(1, 14) = 29.53, p < .001. There was no main effect for sonority. Im-
portantly, there was a significant interaction between position and stress, F(1, 14)
= 14.16, p < .05. No other interactions were significant. As there was no main ef-
fect of sonority and no sonority interactions, planned contrasts (one-tailed) using
the Bonferroni procedure to control for Type 1 error were conducted with nasal
and stop codas combined (see Table 1). These contrasts show that there was an ef-
fect of stress in both medial and final position. In medial position, coda consonants
were more accurately produced in stressed syllables than in unstressed syllables,
t(14) = 4.71, p < .001. In final position, codas were also more accurately produced
in stressed syllables than in unstressed syllables, t(14) = 2.89, p < .05. In unstressed
syllables, there was an effect of position such that there were fewer errors in final
position than in medial position, t(14) = 3.13, p < .01. However, in stressed sylla-
bles, there were was no effect of position, t(14) = 0.99, p > .1.

Recall that codas in monosyllabic words are acoustically more salient than co-
das in longer words, as there is an inverse relation between the number of syllables
in a word and their duration, that is, the same syllable is longer if it appears in a
monosyllabic rather than in a bisyllabic word. We therefore wanted to determine if
word-length had an effect on coda production accuracy, even when stress and posi-
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TABLE 1
Mean Proportions and Standard Deviations of Target Coda Consonants

Correctly Produced as a Function of Context and Sonority

Stops Nasals Total

M SD M SD M SD

Monosyllables .91 .13 .96 .13 .93 .11
Bisyllables

Stressed
Medial .75 .28 .76 .32 .76 .20
Final .78 .23 .80 .29 .79 .17

Unstressed
Medial .29 .33 .12 .42 .23 .29
Final .64 .28 .75 .29 .67 .24



tion within the word were controlled. A repeated measures ANOVA with word
length as the within-subject variable was applied to the total coda production accu-
racy calculated for each condition. There was a significant effect of word length on
the accuracy of coda production as measured by production accuracy, F(1, 14) =
5.83, p < .05. Thus, codas were more accurately produced in monosyllabic words
(93%) than in iambs (79%).

To summarize, position within the word, stress environment, and word-length
all affected the overall accuracy with which codas were produced. Coda conso-
nants were more accurately produced in stressed syllables in both final and me-
dial position. Furthermore, there was an effect of position within the word such
that codas were more likely to be produced accurately in final position, but only
in unstressed syllables. Word length also appears to influence the accuracy of
coda production such that (final) codas in monosyllables were produced more
accurately than final codas in bisyllables. However, we found no effect of sonor-
ity on coda production with both nasal and stop codas being produced with
equivalent accuracy.

Discussion

These findings show that coda consonants are more accurately produced in acous-
tically prominent positions. It has long been known that stressed and word- or
phrase-final syllables tend to have increased duration (e.g., Lieberman, 1960). Per-
haps the increased duration of these syllables facilitates segmental encoding and
retrieval. Furthermore, word-medial codas are always followed by additional seg-
mental material, whereas word-final codas can be followed by silence when spo-
ken alone or at the end of a sentence, further contributing to their perceptual sa-
lience. A perceptual account is also able to explain the greater difficulties in
producing word-final codas in bisyllables compared to codas in monosyllables,
because codas in monosyllables are likely to be more acoustically salient due to
their slightly longer duration as compared to codas in bisyllables. In addition, re-
call that word-initial unstressed CVC syllables, which have more phonetic content
than word-initial unstressed CV syllables, were deleted less often in this study.
Thus, one way to understand these results is in terms of enhanced perceptual en-
coding of acoustically prominent syllables, which results in more accurate lexical
access, leading to better subsequent production.

There are, however, a few problems with this particular interpretation of the re-
sults. Although our study and others have shown more accurate production of seg-
mental material in acoustically prominent syllables, researchers have also long
known that children sometimes delete consonants from acoustically prominent
syllables and replace them with consonants from acoustically weak word-initial
unstressed syllables (e.g., banana → [�b�nə] instead of [�n�nə; cf. Demuth,
1995; Fikkert, 1994; Pater, 1997). This indicates that language learners must per-
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ceive the word-initial consonant, even though they delete the rest of the unstressed
word-initial syllable. Thus, at least some of the distinctive features of consonants
in unstressed syllables are encoded in children’s lexical representations, even if
they fail to produce them. We suggest the same is probably true for the coda conso-
nants in this study. This raises questions about the validity of a perceptual explana-
tion of children’s early productions.

As an alternative to the perceptual explanation, there could be a production ex-
planation for why acoustically prominent syllables tend to be preserved in chil-
dren’s early speech. Some researchers have proposed that constraints on the form
of early words are caused by limited articulatory abilities rather than limited per-
ceptual abilities (e.g., Hewlett, 1988; MacNeilage, 1980; Maxwell & Weismer,
1982; Scobbie, Gibbon, Hardcastle, & Fletcher, 2000). Thus, children’s early
words differ from their adult targets because of poorly controlled articulators. Fol-
lowing this line of research, we suggest that the most important factor explaining
the data presented here is that the longer duration of stressed syllables, final sylla-
bles, and monosyllables provides the articulators with more time to approximate
their targets. We therefore argue that these results should be understood in terms of
production rather than perception.

Perhaps there are equally good frequency explanations of the data. A growing
body of research shows that young children are very sensitive to frequency effects in
the language towhich theyareexposed.Youngchildren’ssensitivity tophonological
frequency has been shown in studies of both perception (Anderson, Morgan, &
White, 2003; Jusczyk, 1997; Morgan, 1996; Saffran, Aslin, & Newport, 1996) and
production (Beckman & Edwards, 2000; Edwards, Beckman, & Munson, 2004;
Levelt, Schiller, & Levelt, 2000; Roark & Demuth, 2000; Zamuner, 2003; Zamuner,
Gerken, & Hammond, 2004). For example, language-learners appear to produce
higher frequency phonotactic (CV) structures earlier than lower frequency struc-
tures. Levelt et al. show that Dutch-learning children’s progression from simple CV
syllable structure to more complex CCVCC syllable structure corresponds closely
to the frequency with which these different syllable structures occur in child-di-
rected speech. Furthermore, Stites, Demuth, and Kirk (2004) show that Eng-
lish-speaking children’s first coda consonants include higher frequency stops, with
lower frequency nasals and fricatives acquired later (see Kehoe & Stoel-Gammon,
2001, for similar findings). In addition, Zamuner et al. find that children are sensitive
to the transitional probabilities between the vowel and the following coda consonant
in word-production tasks. These results suggest that learners are able to keep track of
frequency effects at several different levels of syllable structure. Perhaps language
learners initially produce coda consonants in the phonological contexts where codas
most frequently occur, only later producing them in lower frequency contexts.

In the following section, we examine the frequency of coda consonants as a
function of phonological context and sonority. It is possible that codas will be more
accurately produced in high-frequency contexts, and less accurately produced in
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low-frequency contexts. This will allow us to determine whether frequency can
also account for 2-year-olds’ variable production of coda consonants.

STUDY 2: CODA CONSONANT FREQUENCY ACROSS
DIFFERENT CONTEXTS

Method

In this study we consider the possibility that coda consonants will be more accu-
rately produced in contexts where they frequently appear in English and will be
less accurately produced in contexts where coda consonants in English are rare. To
test this hypothesis we must first determine the frequency of English coda conso-
nants in different contexts. To do this, we calculated the frequency of single codas
as a function of stress (stressed vs. unstressed syllables), position within the word
(word-medial vs. word-final), word-length (monosyllabic vs. bisyllabic words) as
well as by sonority (stops vs. nasals). To determine the frequency of codas in these
different contexts, we examined a large sample of child-directed speech. This sam-
ple consisted of the utterances of parents and experimenters to three children learn-
ing American English, providing a representative sample of the speech that chil-
dren are typically exposed to (e.g., dinner table talks, activities of free plays, and
storytelling). The data for all three children were collected by Brown (1973) and
include adult speech heard by Adam (2;3 to 4;10), Eve (1;6 to 2;3), and Sarah (2;3
to 3;5). These files are available from http://childes.psy.cmu.edu (MacWhinney,
2000). All open class words were extracted, syllabified and phonemicized using
the online English version of the CELEX database (Center for Lexical Informa-
tion; http://www.ru.nl/celex/). To match the test items used in our experimental
study as closely as possible, we extracted only monosyllabic words with single co-
das and bisyllabic words with single word-medial and word-final codas. A total of
147,614 syllables with codas were analysed with 121,084 codas from monosyl-
labic words and 26,530 codas from bisyllabic words.

Results

The results showed that codas in monosyllables were overwhelmingly more fre-
quent than in bisyllables by virtue of the very high frequency of monosyllabic
words in English, many of which are CVC. There were 121,084 monosyllables
with single codas, but in bisyllabic words with a final stressed syllable there were
only 3,282 single codas. On frequency grounds alone we would expect better coda
production in monosyllables than in bisyllables with word-final stress. In the re-
mainder of this section, we focus on the distribution of coda consonants in
bisyllabic words.
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First, we wanted to know whether the accuracy of coda production was influ-
enced by the frequency of the context in which a coda consonant occurred (me-
dial-stressed, medial-unstressed, final-stressed, final-unstressed). These frequency
counts are presented in Table 2. For these calculations, we took all codas in
bisyllables in our sample and separated them by sonority type (stops, nasals,
fricatives, liquids). Then for each sonority type, we calculated the proportion of co-
das in each of the four contexts; for example, we calculated the proportion of stop co-
das that were in word-final unstressed syllables. We found that for all sonority types,
codas were most likely to occur in word-final unstressed syllables. Thus, on fre-
quency grounds, we would expect codas to be most accurately produced in word-fi-
nal unstressed syllables. Note that although we present the frequency counts for all
sonority types, our experimental study included only stop and nasal codas.

Second, we wanted to compare the frequency of stops and nasals in different
contexts. These proportions are shown in Table 3. Here we calculated the propor-
tion of nasals versus stops in each of the four contexts. We found that in final
stressed syllables, there were many more stop codas than nasal codas, whereas in
medial stressed syllables, the reverse held. Thus, if frequency determines produc-
tion accuracy, we would expect nasal codas to be most accurately produced in me-
dial stressed syllables and stop codas to be most accurately produced in final
stressed syllables.
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TABLE 2
For Each Sonority Type, the Proportion of Codas as a Function of Context

(in Bisyllabic Words)

Stops Nasals Fricatives Liquids

Medial Final Medial Final Medial Final Medial Final

Stressed .12 .33 .28 .05 .14 .20 .05 .03
Unstressed .01 .54 .02 .66 .00 .66 .11 .82

TABLE 3
For Each Context, the Proportion of Codas as a Function of Sonority

(in Bisyllabic Words)

Stops Nasals Fricatives Liquids

Medial Final Medial Final Medial Final Medial Final

Stressed .16 .60 .62 .14 .11 .21 .10 .06
Unstressed .05 .18 .16 .35 .00 .11 .79 .36



Discussion

If frequency plays a role in coda production accuracy, we would expect better ac-
curacy on unstressed rather than stressed syllables in word-final position (see Ta-
ble 2). However, this is not what we find. The results reported in Table 1 show that
the children in this study were significantly more accurate at producing codas in
word-final stressed rather than word-final unstressed syllables. Frequency also
predicts that in word-medial stressed syllables, nasals will be more accurately pro-
duced than stops, whereas in word-final stressed syllables, stops will be more ac-
curately produced than nasals (see Table 3). However, as discussed in the results
section of Study 1, there were no significant effects by sonority. Both stops and
nasals were more accurately produced in acoustically prominent positions. Thus, it
appears that frequency, at least in the way we have defined it here, fails to explain
the results of our coda production study.

Perhaps, however, performance on individual segments provides evidence for
frequency effects. Table 4 presents the proportion of individual coda segments in
child-directed speech as a function of position within the word, drawn from the
corpora we investigated in Study 2. These are collapsed across stress conditions
due to their relatively low overall frequency. In word-final position, [k] was the
most frequent coda, with the nasals [m] and especially [n] being the most frequent
word-medially. However, coda production accuracy on word-medial [n] is ex-
tremely poor. In contrast, performance on low frequency word-final [g] is ex-
tremely good. Thus, it appears that the frequency of individual coda consonants as
a function of position within the word is not a good predictor of accuracy in coda
consonant production, at least for the children in this study. It is possible that if
high-frequency [t] had been included in our study, we would have found a fre-
quency effect because it is one of the earliest coda consonants produced (e.g.,
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TABLE 4
Proportion of Codas in Child-Directed Speech

Compared With Proportion Correctly Produced as a
Function of Segment Type and Position Within the Word

Segmental Frequency Correctly Produced

Medial Final Medial Final

p .02 .00 .43 (.38) .67 (.33)
b .01 .00 .28 (.36) .64 (.33)
k .08 .10 .83 (.31) .72 (.36)
g .00 .00 .62 (.35) .73 (.30)
m .10 .05 .50 (.41) .62 (.44)
n .31 .07 .44 (.33) .85 (.23)

Note. Standard deviations appear in parentheses.



Kehoe & Stoel Gammon, 2001; Stites et al., 2004). This is obviously an area for
further research.

One factor that might affect counts of coda frequency is the possibility that
some codas that are orthographically transcribed for child-directed speech are se-
verely reduced in actual speech. For example, the final consonant in the word hand
is often produced as [h�n]. Labov (1970) has shown that speakers of English may
variably reduce consonants at the ends of words. It is not clear if adults reduce
speech to the same extent in talking with 2-year-olds, and if so, how this reduced
coda consonant input might affect either our coda frequency counts or children’s
production of coda consonants across contexts. Further research is needed to more
closely examine the phonetic content and acoustic variability in child-directed
speech to determine the possible effect this might have on children’s early word
productions.

In sum, the coda production results in Study 1 cannot be easily explained by fre-
quency effects. How, then, do we account for the previously reported effects of fre-
quency where higher frequency syllable structures are acquired before lower fre-
quency syllable structures in both Dutch and English (Levelt et al., 2000; Stites et
al., 2004). We suggest that this may be due to methodological issues. Both these
studies were conducted using spontaneously produced known words, and both
only considered productions in word-final stressed syllables. Therefore, acoustic
prominence was not investigated as a possible factor in syllable structure develop-
ment in these studies. This suggests that frequency effects, at least with respect to
the acquisition of syllable structure and segmental structure, may play a role in the
course of language development, but only when factors, such as stress and position
within the word, are held constant.

GENERAL DISCUSSION

In this article, we examined the production of coda consonants by 2-year-olds in
different phonological contexts using a controlled set of novel words in an elicited
production task. The results showed that the production of single codas by young
children learning English is affected by stress environment, position within the
word, and word length. However, there was little evidence of sonority affecting
production accuracy of codas. Like Zamuner and Gerken’s (1998) novel word pro-
duction task, we found that children are more likely to produce codas target-appro-
priately in stressed syllables. However, we extended Zamuner and Gerken’s results
with our finding that the effect of stress also holds in word-medial position. Inde-
pendent of stress, we also found an effect of position within the word such that co-
das in word-final position are more likely to be produced accurately than codas in
word-medial position. However, the effect of position within the word held only
for unstressed syllables, with no difference in production accuracy in stressed syl-
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lables between codas in medial and final position. In addition, word-final codas are
more problematic in bisyllabic words than in monosyllabic words, even when
stress was controlled.

This pattern of results is consistent with an account where acoustically promi-
nent positions convey a positive effect on the production of coda consonants. Be-
cause existing data cast doubt on purely perceptual accounts of the role of acoustic
prominence, we argue that acoustically prominent syllables, which have longer
durations in a language like English, provide learners with more time to articulate
coda consonants, thereby enhancing production accuracy. We have also showed
that a frequency account of the data fails to explain these results.

There remains the problem of explaining the discrepancy between our findings
and those of Zamuner and Gerken (1998) concerning the effect of sonority on coda
production. Recall that in unstressed syllables, Zamuner and Gerken found that
word-final stops were more likely to be deleted than word-final liquids and nasals,
whereas we found no effect of sonority on coda production. The mean age of the
participants in both Zamuner and Gerken’s study and in ours was 2;2 years, there-
fore differences in chronological age cannot explain these disparate results. How-
ever, there were several differences between the two studies that may have contrib-
uted to the different findings. Different test items were used, these test items were
presented by different experimenters, and subject recruitment procedures may
have been different. It is possible that our participants may have been more phono-
logically advanced than their peers. When we compare the production of codas in
monosyllables across both studies, we notice that the rates of coda deletion were
very different. In our study, deletion of codas occurred in less than 2% of monosyl-
labic test items, whereas in Zamuner and Gerken’s study, codas were deleted in
33% of monosyllables. Deletion rates in Zamuner and Gerken ranged from 50%
for coda /m/ to 20% for coda /ŋ/. The much higher rate of coda deletion in mono-
syllables by the children in Zamuner and Gerken’s study suggests that although the
participants in both studies were the same age chronologically, they were at differ-
ent stages in the acquisition of singleton codas. Perhaps sonority affects the pro-
duction of codas only at the earliest stages of coda acquisition, and the children in
our study had already progressed through this stage.

Could representational or structural issues account for the results found in our
study? As discussed previously, it has been proposed that word-final consonants in
languages like French are actually onsets to empty-headed syllables (CV.Cø), and
that true codas only occur word-internally. This is used to explain the fact that
word-final consonants are acquired earlier than word-medial codas in French
(Rose, 2000). Thus, our finding that children produced more errors with word-me-
dial codas than in word-final codas could be taken as support for the view that chil-
dren’s word-final consonants are not codas at all, but are the onsets to
empty-headed syllables (Goad & Brannen, 2003; Harris, 1994; Piggott, 1999). On
this account, children acquire the two different types of onset (a consonant preced-
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ing a nucleus with phonetic content, e.g., CV, and a consonant preceding an empty
nucleus, e.g., CV.Cø), before acquiring true codas (a consonant that is separated
from the following consonant by a phonotactic boundary, e.g., CVC.CV). How-
ever, a structural account is less successful at explaining the effect of stress envi-
ronment on coda production. For such an account to go through, we would have to
assign a different structure to a consonant at the right edge of a stressed syllable
than to a consonant at the right edge of an unstressed syllable. It is difficult to jus-
tify such a move if its only purpose is to explain differences in ease of production
and order of acquisition.

Finally, the reader may have been wondering about possible processing fac-
tors that might have influenced the findings reported here. For example, both the
word-length effect and the poorer performance on word-medial than word-final
codas could easily be understood in terms of processing factors. Many psycho-
logical theories of processing would predict that middles of words would be
harder to remember (and produce) than information at the beginning or ends of
words (e.g, see Slobin’s, 1985, Operating Principles for learning language). Fur-
thermore, psychological experimentation has repeatedly shown that children are
sensitive to the number of syllables or words in a sentence, and that as the pro-
cessing load increases, performance decreases (e.g., Gathercole & Baddeley,
1993). Thus, perhaps the data reported in our study can be understood in terms
of general processing constraints. However, there are two reasons to argue
against a simple processing account of the findings reported here. First, a pro-
cessing account cannot explain the much poorer performance on medial un-
stressed codas compared with medial stressed codas in bisyllabic words. Fur-
thermore, results from longitudinal spontaneous production studies of coda
acquisition in Spanish show that word-medial codas are acquired before word-fi-
nal codas (Lleó, 2003), suggesting that there is nothing inherently difficult about
producing codas in the middle of a word. Lleó explains these results as a func-
tion of stress, where word-final codas in Spanish typically occur in unstressed
syllables. Not having yet explored the frequency distribution of coda consonants
in Spanish, we know little about the predictions that frequency would make.
However, these data may provide some crosslinguistic support for the proposal
that coda consonants are more accurately produced in acoustically prominent
syllables, with the longer duration of these syllables providing learners more
time to complete their articulatory targets.

We might then predict that other contexts containing increased duration would
also show increased preservation of coda consonants. In fact, Hsieh, Leonard, and
Swanson (1999) argue that durational effects may help explain the differential pro-
duction of word-final English –s morphemes: plural –s is easier to produce (and
earlier acquired) than third person singular –s because nouns tend to occur phrase
finally, where word-final syllable duration is enhanced, whereas verbs tend to oc-
cur phrase medially, where word-final syllables are shorter in duration.
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One of the longstanding theoretical issues in the study of language development
has been how to interpret variability in children’s early productions. The variable
production of segments has generated much debate, with implications for what
constitutes normal phonological development versus language delay. In this arti-
cle, we have shown that at least some of the variability found in normally develop-
ing 2-year-olds’ production of single coda consonants is systematic. Furthermore,
an accurate characterization of coda acquisition must consider the phonological
context in which these segments occur.

ACKNOWLEDGMENTS

Research and manuscript preparation were supported by National Institute of
Mental Health Grant 1R0 IMH60922–01A2 awarded to Katherine Demuth.
Thanks to Manuela Barcelos and Patrick Tonks for help in running the experiments
and transcribing the data, to Michael J. Tarr for providing the images used to elicit
the experimental test items, and to Mark Johnson for calculating frequencies in
child-directed speech. Thanks also to the parents and children who participated in
the experiments. Earlier versions of this article were presented at the Tenth Man-
chester Phonology Meeting in May 2002, University College London in March
2003, and the Nijmegen Phonological Acquisition Workshop in May 2003.
Thanks to participants at those meetings, as well as to Matt Goldrick, Margaret
Kehoe, Yvan Rose, Ann Bosma Smit, Kathryn Spoehr, Cindy Willner, LouAnn
Gerken, Susan Goldin-Meadow, and three anonymous reviewers for comments
and discussion.

REFERENCES

Anderson, J., Morgan, J., & White, K. (2003). A statistical basis for speech sound discrimination. Lan-
guage and Speech, 46, 155–182.

Beckman, M., & Edwards, J. (2000). Lexical effects on young children’s imitative productions. In M.
Broe & J. Pierrehumbert (Eds.), Papers in laboratory phonology V: Acquisition and the lexicon (pp.
208–218). Cambridge, England: Cambridge University Press.

Brown, R. (1973). A first language: The early stages. Cambridge, MA: Harvard.
Cooper, W. E. (1983). The perception of fluent speech. Annals of the New York Academy of Science,

405, 48–63.
Demuth, K. (1995). Markedness and the development of prosodic structure. In J. Beckman (Ed.), Pro-

ceedings of the North East Linguistic Society, 25, 13–25.
Echols, C., & Newport, E. (1992). The role of stress and position in determining first words. Language

Acquisition, 2, 189–220.
Edwards, J., Beckman, M. E., & Munson, B. R. (2004). The interaction between vocabulary size and

phonotactic probability effects on children’s production accuracy and fluency in nonword repetition.
Journal of Speech, Language, and Hearing Research, 47, 421–436.

VARIABILITY IN CODA PRODUCTION 115



Ferguson, C., Menn, L., & Stoel-Gammon, C. (Eds.). (1992). Phonological development. Timonium,
MD: York Press.

Fikkert, P. (1994). On the acquisition of prosodic structure. Dordrecht, The Netherlands: Holland Insti-
tute of Generative Linguistics.

Gathercole, S., & Baddeley, A. (1993). Working memory and language. Hillsdale, NJ: Lawrence
Erlbaum Associates, Inc.

Gnanadesikan, A. (2004). Markedness and faithfulness constraints in child phonology. In R. Kager, J.
Pater, & W. Zonneveld (Eds.), Constraints in phonological acquisition (pp. 73–109). Cambridge,
England: Cambridge University Press.

Goad, H., & Brannen, K. (2003). Phonetic evidence for phonological structure in syllabification. In J.
van de Weijer, V. van Heuven, & H. van der Hulst (Eds.), The phonological spectrum, (Vol. 2, pp.
3–30). Amsterdam: John Benjamins.

Grunwell, P. (1982). Clinical phonology. Rockville, MD: Aspen Systems.
Harris, J. (1994). English sound structure. Oxford, England: Blackwell.
Hewlett, N. (1988). Acoustic properties of /k/ and /t/ in normal and phonologically disordered speech.

Clinical Linguistics and Phonetics, 2, 29–45.
Hoard, J. (1971). Aspiration, tenseness, and syllabification in English. Language, 47, 133–140.
Hsieh, L., Leonard, L. B., & Swanson, L. (1999). Some difference between English plural noun inflec-

tions and third singular verb inflections in the input: The contributions of frequency, sentence posi-
tion, and duration. Journal of Child Language, 26, 531–543.

Jakobson, R. (1968). Child language, aphasia and phonological universals. Paris: Mouton. (Original
work published 1941)

Jusczyk, P. (1997). The discovery of spoken language. Cambridge, MA: MIT Press.
Kahn, D. (1976). Syllable based generalizations in English phonology. Unpublished doctoral disserta-

tion, Massachusetts Institute of Technology.
Kehoe, M., & Stoel-Gammon, C. (2001). Development of syllable structure in English-speaking chil-

dren with particular reference to rhymes. Journal of Child Language, 28, 393–432.
Klein, H. (1981). Early perceptual strategies for the replication of consonants from polysyllabic lexical

models. Journal of Speech and Hearing Research, 24, 135–551.
Labov, W. (1970). The study of language in its social context. Studium Generale, 23, 30–87.
Ladefoged, P. (1993). A course in phonetics (3rd ed.). Fort Worth, TX: Harcourt Brace

Jovanovich.
Lehiste, I. (1970). Suprasegmentals. Cambridge, MA: MIT Press.
Lehiste, I. (1972). The timing of utterances and linguistic boundaries. Journal of the Acoustical Society

of America, 51, 2018–2024.
Levelt, C. C., Schiller, N. O., & Levelt, W. J. (2000). The acquisition of syllable types. Language Acqui-

sition, 8, 237–264.
Lieberman, P. (1960). Some acoustic correlates of word stress in American English. Journal of the

Acoustical Society of America, 33, 451–454.
Lleó, C. (2003). Prosodic licensing of codas in the acquisition of Spanish. Probus, 15, 257–281.
MacNeilage, P. F. (1980). The control of speech production. In G. Yeni-Komshian, J. Kaveanagh, & C.

Ferguson (Eds.), Child phonology vol. 1: Production (pp. 9–21). New York: Academic Press.
MacWhinney, B. (2000). The CHILDES Project: Tools for analyzing talk. Vol 2: The database (3rd

ed.). Mahwah, NJ: Lawrence Erlbaum Associates, Inc.
Maxwell, E. M., & Weismer, G. (1982). The contribution of phonological, acoustic, and perceptual

techniques to the characterization of a misarticulating child’s voice contrast for stops. Applied
Psycholinguistics, 3, 29–43.

Morgan, J. (1996). A rhythmic bias in preverbal speech segmentation. Journal of Memory and Lan-
guage, 33, 666–689.

116 KIRK AND DEMUTH



Panagos, J., Quine, M. A., & Klich, R. (1979). Syntactic and phonological influences on children’s pro-
duction. Journal of Speech and Hearing Research, 22, 841–848.

Pater, J. (1997). Minimal violation and phonological development. Language Acquisition, 6, 201–253.
Piggott, G. (1999). At the right edge of words. The Linguistic Review, 16, 143–185.
Port, R. F. (1981). Linguistic timing factors in combination. Journal of the Acoustical Society of Amer-

ica, 69, 262–274.
Prince, A., & Smolensky, P. (2004). Optimality Theory: Constraint interaction in generative grammar.

Cambridge, MA: Blackwell.
Roark, B., & Demuth. K. (2000). Prosodic constraints and the learner’s environment: A corpus study.

Proceedings of the Annual Boston University Conference on Language Development, 24, 597–608.
Rose, Y. (2000). Headedness and prosodic licensing in the L1 acquisition of phonology. Unpublished

doctoral dissertation, McGill University, Montreal, Quebec, Canada.
Rvachew, S., & Andrews, E. (2002). The influence of syllable position on children’s production of con-

sonants. Clinical Linguistics and Phonetics, 16, 183–198.
Saffran, J., Aslin, R., & Newport, E. (1996). Statistical learning by 8-month-old infants. Science, 274,

1926–1928.
Schwartz, R., & Goffman, L. (1995). Metrical patterns and production accuracy. Journal of Speech and

Hearing Research, 38, 876–888.
Scobbie, J., Gibbon, F., Hardcastle, W., & Fletcher, P. (2000). Covert contrast as a stage in the acquisi-

tion of phonetics and phonology. In M. Broe & J. Pierrehumbert (Eds.), Papers in laboratory phonol-
ogy V: Acquisition and the lexicon (pp. 194–207). Cambridge, England: Cambridge University
Press.

Selkirk, E. (1982). The syllable. In H. van der Hulst & N. Smith (Eds.), The structure of phonological
representations—Part II (pp. 337–383). Dordrecht, The Netherlands: Foris.

Slobin, D. I. (1985). Crosslinguistic evidence for the languagemaking capacity. In D. I. Slobin (Ed.),
The crosslinguistic study of language acquisition. Vol II, Theoretical issues (pp. 1157–1256).
Hillsdale, NJ: Lawrence Erlbaum Associates, Inc.

Smith, N. (1973). The acquisition of phonology: A case study. London: Cambridge University
Press

Stampe, D. (1972). How I spent my summer vacation Doctoral dissertation, University of Chicago.
(Published as A dissertation on Natural Phonology, 1980, Garland Press)

Stemberger, J., & Bernhardt, B. (Eds.). (2002). Forum on intervocalic consonants in phonological de-
velopment [Special issue]. Clinical Linguistics and Phonetics, 16(3).

Stites, J., Demuth, K., & Kirk, C. (2004). Markedness versus frequency effects in coda acquisition. Pro-
ceedings of the Annual Boston University Conference on Language Development, 28, 565–576.

Stoel-Gammon, C. (2002). Intervocalic consonants in the speech of typically developing children:
Emergence and early use. Clinical Linguistics and Phonetics, 16, 155–168.

Stoel-Gammon, C., & Buder, E. (1999). Vowel length, post-vocalic voicing and VOT in the speech of
two-year olds. Proceedings of the XIIIth International Conference of Phonetic Sciences, 3,
2485–2488.

Vihman, M. (1993). Variable paths to early word production. Journal of Phonetics, 21, 61–82.
Zamuner, T. (1996). The acquisition of coda consonants: A case study. Unpublished manuscript,

McGill University, Montreal, Canada.
Zamuner, T. (2003). Input-based phonological acquisition. New York: Routledge.
Zamuner, T., & Gerken, A. (1998). Young children’s production of coda consonants in different

prosodic environments. In E. Clark (Ed.), Proceedings of the Annual Child Language Research Fo-
rum, 29 (pp. 121–128). Stanford, CA: Center for the Study of Language & Information.

Zamuner, T., Gerken, L. A., & Hammond, M. (2004). Phonotactic probabilities in young children’s
speech productions. Journal of Child Language, 31, 515–536.

VARIABILITY IN CODA PRODUCTION 117



APPENDIX
Materials by Word Shape and Coda Consonant
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Codas �CVC CV�CVC �CVCVC �CVC.CVC CVC.�CVC

p ��εp nə��εp �nε�əp ��εpnək �əp�n�k
b �kεb mə�kεb �mεkəb �kεbmə� kəb�mε�
k �bk mə�bk �mbək �bkməp bək�mp
g �p�� nə�p�� �n�pə� �p��nəb pə��n�b
m �bεm tə�bεm �tεbəm �bεmnək bəm�nk
n ��εn də��εn �dε�ən ��εnməl �ən�mεl
l �m�l tə�m�l �t�məl �t�lmən təl�m�n


