Language-Specific and Language-Universal Aspects of
Lingua Obstruent Productionsin Japanese-Acquiring Children

yjddodoouooououoooooooobooooo

Mary E. BECKMAN*, Kiyoko YONEYAMA** and Jan EDWARDS*

*O0O0000000D0O0O (Professor, Ohio State University)

*O0OO000000 (Assistant Professor, Daito Bunka University)

Keywords:. aveolar backing, covert contrast, developmental universals, markedness,

constraints, phoneme frequency, phonological acquisition, stopping of fricatives



gobougobbuoodgbbboooobbuooobbbooobboogoon
O00000b00b0b000bO0nOd Jakobson1941/19680 U DO O OO
goboooobobooobbbooobbooobbbooobbbooooo
goboogobbooobbboooobbuooobobbooobbbooonoon
gobooooopobooobbooobbbooobbodeg., Ingram, 1999;

Vihman, 1993; Vihmaneta., 19850 0 D 0 000000 0O0OO0OO0O0OOOO0OO

goboooobobooobbboooobbooobbbooobbbooooo
gobouogobboodbbboooobbuooobobbooobboooon
gobooooobobooobbboooobbooobbbooobbbooooo
gobougobbuogdgbbboooobbuooobobooobboogoon

guodddddddodduoououuuouououbouobooonon



1. Variability and Continuity in Phonological Acquisition

In hisinfluential monograph on child language, aphasia, and phonological universas,
Jakobson (1941/1968) made several claims that continue to shape how we think about
acquisition today. The most general claim was that there are universal substantive
principles that structure the phoneme inventories of al spoken languages, and that these
principles also determine how children acquire speech. More specifically, Jakobson
assumed that thereis a clear discontinuity between the rich set of consonant- and vowel-
like sounds that children produce randomly in their preverbal babbling and theinitially
impoverished but reliable inventory of phonemes that they produce in their first words.
Moreover, the consonants and vowels that are first to be mastered are the same for all
children everywhere, and each child expands thisinitial inventory in arigid universal
order.

Both of the more specific claims are wrong. Arguing against a constant order of
acquisition is mounting evidence of variability. For example, Ingram (1999) summarizes
studies of five or more children acquiring each of English, Quiché, Turkish, and Dutch to
show that “typical” consonant inventories at 20-27 months differ for these four different
first languages. Similarly, Vihman (1993) summarizes several longitudinal studiesto
show that even children who are acquiring the same first language master different
phonemes in different orders. Evidence against a clear demarcation between babbling
and speech is even more conclusive. Vihman et al. (1985) showed that most children
continue to babble for months after they begin to talk. They also showed that the
inventory and even the relative frequencies of consonants observed in achild’s early

words tend to be identical with the inventory and relative frequencies of consonants



produced in the same child’ s babbling productions just before and during the months that
the child isacquiring an initial lexicon of 25-50 words. Therefore, any theory of phonetic
and phonological acquisition today must be able to account for the fact that phonol ogical
development is highly variable, and that it is continuous with the phonetic patterns that
begin to be established in pre-verbal babbling.
2. Laryngeal Features. A Well-Documented Univer sal

While researchers today readily acknowledge this mounting evidence for variability
and continuity, many still accept Jakobson’s more general claim that there are substantive
universals which structure phonologica acquisition. Thisis because some specific
examples of such universals are valid generaizations, particularly if we take the term
“universal” to mean a strong numerical tendency rather than an absolute rule and are
careful to interpret the example in terms of our better observational techniques today

The best example involves laryngeal features. A search of the UPSID archive of
phoneme inventories for 453 languages (Maddieson, 1984) shows that while every
language in the database has voicel ess unaspirated stops such as/p, t, k/, very few
languages contrast them both to voiced stops such as /b, d, g/ and to aspirated stops such
as/p", t", k"/. These numbers support a generalization about which laryngeal features are
“marked” in phoneme inventories across languages, a generalization that accords with
Jakobson’s claim that “so long as stops in child language are not split according to the
behavior of the glottis, they are generally produced as voicel ess and unaspirated.”
Jakobson’ s claim was based on the few early diary studies available to him, especially
Grégoire's (1937) monograph on the acquisition of French. Ingram’s (19744) description

of a“pre-vocalic voicing rul€’ in diary accounts of English-acquiring children such as



Velten (1943) seemed to contradict this claimed universal. However, instrumental
studies such as Preston and Kewley-Port (1974) and Macken and Barton (1980a) suggest
that when Velten recorded /b, d, g/ for the initia stop in words such as pie, toe, and cap,
she was not transcribing true voicing but merely an absence of the aspiration that
characterizes English voiceless stops in foot-initial position. See Figure 1 for an example
from some of our transcription data. Jakobson’s generalization that voiceless unaspirated
stops are mastered before either aspirated or voiced stops was also confirmed in
instrumental studies of French (Allen, 1985) and several other languages, including
Spanish (Macken and Barton, 1980b), Thai (Gandour et a., 1986), Taiwanese (Pan,
1994), and Hindi (Davis, 1995).

*** |nsert Figure 1 about here ***

Kewley-Port and Preston (1974) suggest that this universal of acquisition is
phonetically grounded in the relative difficulty of satisfying aerodynamic requirements
for the different stop types. The build up of ora air pressure during stop closure inhibits
voicing even when the vocal cords are adducted, so producing truly voiced stops (i.e.,
with audible voicing during the oral constriction) requires the child to perform other
maneuvers, such as expanding the pharynx. The production of aspirated stopsis not so
complex, but it does require the child to keep the glottis open exactly long enough after
the release of the oral closureto create an audible interval of aspiration during the first
part of the following vowel.

In short, the early mastery of voiceless unaspirated stops relative to voiced and
aspirated stops seems to be explained well by the inherent motor difficulty of producing

the two “marked” stopstypes. It isthus agood candidate for a phonetic “ markedness’



constraint in recent phonological frameworks such as Optimality Theory. Thatis, itisa
well-documented pattern that is so thoroughly grounded in the human capacity for speech
production and perception that it seems to be independent of any |language-specific facts
about the phonological system that the child is acquiring, such as the inventory of
contrasts and the relative frequencies of the different stop typesin the lexicon of the
language. Intherest of this paper, we will focus on two other claims that researchers
have assumed to be similarly universal markedness constraints.
3. Lingual Place and M anner Features

Thefirst claim has to do with manner of articulation. Jakobson maintained that stops
are universally mastered before fricatives and fricatives before affricates. Thisclamis

supported by the fact that stops seem to occur universally even in babbling, whereas

sounds such as/s, f, tf/ are among the last consonants to be mastered by children

acquiring English (Smit et a., 1990) and French (Chevrie-Muller and Lebreton, 1973).
The claim is aso supported by substitutions such as those transcribed in the first three
sets of examplesin Table 1, which are similar to errors observed in other studies of
English-acquiring children such as Ingram (1978b).

*** |nsert Table 1 about here ***

The second claim has to do with place of articulation. Jakobson maintained that
dentals are universally mastered before velars and that “ At a particular stage of
development ... the Swedish child saystata for ‘kaka', the German child topf for ‘kopf’,
the English child tut for ‘ cut’, and the Japanese child also changesktot” (p. 46-47). The
assumption that “back” consonants such as /k/ are marked and universally liable to be

replaced by “front” consonants such as /t/ pervades the literature (e.g., Ingram, 1974,



Locke, 1983, Stemberger and Stoel-Gammon, 1991, Pater, 2003). The fourth and fifth
sets of examplesin Table 1 illustrate the types of “fronting” that are most frequently
observed in English-acquiring children.

The substitutionsin the top half of Table 1 are often cited as evidence of acquisition
universals, on par with the substitution of voiceless unaspirated “[d]” for English foot-
initial aspirated /t/ that isillustrated in Figure 1. However, neither of these claims has
been evaluated as thoroughly across languages as the arguments for the unmarked status
of voiceless unaspirated stops. When we examine only a single other language (see the
substitutions in the bottom half of Table 1), the results suggest that some skepticismisin
order. The productionsin this part of the table are from arecent study that we describein
Y oneyama, Beckman, and Edwards (2003). The substitution patterns shown here are
also observed in earlier studies such as Usizimaand Moriwaki (1943) and Nakanishi,
Owada and Fujita (1972), and they differ from the patterns most commonly reported for
English. For example, the 2-5 year old Japanese-acquiring children who participated in
the Yoneyama et a. (2003) study made more than twice as many “backing” errors for /t/

asthey made “fronting” errorsfor /k/. Also, many of the fronting errors were

substitutions of [tf] or [d3] for /k/ rather than of [t] or [d]. By contrast, the 3-5 year old

English-acquiring children in Isermann (2001) made three times as many fronting errors
for /k/ as they made backing errorsfor /t/, and only one of these fronting errorswas a
transcribed substitution of a postalveolar affricate rather than an alveolar stop.

For the sibilant fricatives, similarly, differencesin order of acquisition and error
pattern are observed between the two languages. For Japanese, /s was among the most

error-prone sounds for the 4-6 year old children in Nakanishi et a.’s (1972) norming



study. Even afew children in the oldest group (aged 6;6 to 6;11) made errors for target

/9, whereas /{/ was virtually error freein the 5 year olds. Also, backing of /§/ to [{] or [tf]

is by far the most frequent error that Nakanishi et al. (1972) observed, occurring more

than twice as often as fronting of /s/ to [0]. Fronting of /{/ to [9], [t], or [0], on the other

hand, was extremely rare, occurring less than 10% as often as “stopping” (i.e., the

transcribed substitution [tf] for /{/). By contrast, in Isermann’s (2001) study of English-
acquiring children, fronting of /¢/ to [0] and even to [f] occurred twice as often as backing
of /5/ to [f], and overall error rate for /s/ was less than athird of the rate of fronting errors

for /.

If stops are universally unmarked relative to affricates and if front consonants are
universally unmarked relative to back, how can we explain the substitution patterns that
Japanese-acquiring children show? Could there be characteristic phonetic properties of
some of these Japanese sounds that are obscured in the transcription, properties
comparabl e to the aspiration that distinguishes English /p, t, k/ in word-initial position
even from voiceless variants of /b, d, g/? Alternatively, could there be some higher-level
difference between the phonological systems of Japanese and English (and French),

something more subtle than the presence or absence of particular contrasts, that might

explain why Japanese-acquiring children back /t/ to [k] and /s/ to [{]? We turn to these

guestionsin the next three sections.
4. Phoneme Frequency Effects
As suggested in Section 2, the term “marked” in phonology refersto a complex of

severa properties, which in the case of laryngeal features happen to be correlated. One



of those propertiesisthe relative phonetic “complexity” or articulatory difficulty
associated with the phonological features being compared; word-initial voiced stops are
“marked” relative to voiceless stops because initiating voicing during a stop closure
reguires a simultaneous expansion of the oral cavity to maintain an adequate pressure
differential acrossthe glottis. Another property is the “typicality” or relative frequency
of occurrence across different languages; although all languages have voiceless
unaspirated stops, not all languages contrast them to voiced stops.

If we apply this frequency measure of typicality to account for the substitution of [t]

or [K] for /tf/ in the second set of examplesin Table 1, we can say that affricates are

marked relative to stops, since many of the languages in the UPSID archive have no
affricates at al, whereas all of them have at least three stops. However, relative typicality
by this measure cannot account for the “canonical” stopping illustrated in the first set of
examplesin Table 1, the substitution of [t] for // and so on. Nor can it cannot for the
fronting of /k/ to [t] in the fourth set of examples, since each of the sounds/¢/, /k/, and /t/
occurs in the phoneme inventories of nearly all of the languagesin the UPSID archive,
making them all equally typical or unmarked.

Maddieson (1997) gives an aternative measure of typicality — the number of words
“within the lexicon of particular languages’ (p. 637), ameasure which hefindsto bein
good, but not perfect correlation with the number of languages in which a sound occurs.
While /k/ is no more marked than /t/ by the cross-language frequency measure, the two
sounds might be distinguished by the lexicon-based measure, which has two advantages
over the inventory-based measure. First, since different languages have different

lexicons, alexicon-based frequency measure can in theory yield different markedness



rankings in different languages. For example, Pye et a. (1987) suggest that the reason
that Quiché-acquiring children master /t{/ at an earlier age than English-acquiring
children is because this consonant occurs in many words of Quiché but isthe |least
frequent of the eight plosives of English. Second, since acquiring language means
learning the words and grammar of a specific language, it is much easier to see how the
language-specific measure might be incorporated into an explanatory model of
acquisition. For example, Stemberger and Bernhardt (1998) suggest that frontingisa
typical substitution pattern for many young children because /t/ occurs in more words
than /k/ in the lexicons of English, German, and many other languages. For children
acquiring these languages, perception and production of /t/ should be more practiced and
automatic, requiring fewer mental resources than the perception and production of /k/.

In work currently in progress, we are eval uating the usefulness of this measure of
language-specific markedness by analyzing speech addressed to very young children for
severd different languages, and tabulating the rel ative frequencies of each of the lingual
obstruent phonemes in the words that the children hear addressed to them. (We are
analyzing these “ child-directed vocabularies’ rather than the available adult lexicons
because we cannot be sure that the relative frequencies for the target sounds are the same
in the two speaking styles.) Resultsto date show that, although prevocalic /k/ is
somewhat more frequent than /t/ in the online English dictionary that we have consulted
(Hoosier Mental Lexicon, Pisoni et a., 1985), /t/ occurs more often than /k/ in the words
that an English-acquiring child islikely to learn first. In Japanese, by contrast, /k/ occurs
far more frequently than /t/ both in the adult lexicon (NTT database, Amano and Kondo,

1999) and in the words that a Japanese-acquiring infant islikely to hear (Y oneyamaet a.,



2003). This higher type frequency for /k/ relative to /t/ in Japanese predicts the earlier
acquisition of /k/ reported in Usizima and Moriwaki (1943) and the larger number of
errorsfor /t/ reported in Yoneyamaet a. (2003).

While we have not yet tabulated the sibilants in the child-directed speech, our counts

of words in adult lexicons suggest that different relative frequencies for [s] versus[f] in
the two languages will also predict the language-specific pattern of fronting of /{f/ to[g] in

English-acquiring children, as contrasted to the backing of /¢/ to [{] in Japanese-acquiring
children. That is, /s/ isvery frequent in the adult lexicons of both languages, but its
frequency relative to // is much greater in English, with aratio of morethan 6to 1 in
word-initial position, as compared to only 1.2 to 1 in Japanese. Of course, this measure
of language-specific markedness predicts more /{/ to [s] fronting errorsin English, but it
cannot predict the prevalence of /< to [{] backing errorsin Japanese except in

combination with some other measure of markedness, which we will describe in Section

5. It dso cannot explain the alveolar fronting errors that are frequently observed in

English-acquiring children, since /s occursin 17 times as many words as /6/.

Moreover, while language-specific markedness as measured by the relative type

frequencies of /t/ versus /k/ and /5/ versus/{/ does seem to predict some of the fronting or

backing substitutionsillustrated in the two parts of Table 1, it does not seem likely that

the relative frequencies of /s versus/t/ in English or of /9 versus/t{/ in Japanese can

predict the two patterns of “stopping” of fricatives, or the very late acquisition of /s/ and



/{] relative to stops in both languages (see, e.g., Smit et a., 1990, for English, and

Nakanishi et al., 1972, for Japanese).
We think that the late acquisition of the strident fricatives relative to the two plosives

might be explained by the extreme articulatory precision required to maintain strong

airflow and direct the resulting stream of air against theincisors. That is, [s] and [f] are

more difficult to produce than [t] in the same way that truly voiced stops are more
difficult to produce than voiceless unaspirated stops.” Of course, proposing such an
explanation is risky, because there are no standard measures of this kind of markedness
comparable to the two frequency measures described in this section. We have already
suggested that the earlier acquisition of voiceless unaspirated stops relative to prevoiced
and voiceless aspirated stops is due to the more difficult articulatory manuevers required
for these latter two types of stops. In the next section, we describe a phenomenon that
has been cited as evidence for “articulatory markedness’ in the literature on laryngeal
contrasts and that can be extended to other cases of articulatory markedness as well.
5. Covert Contrast

Cataloguing error patterns in transcribed forms like those in Table 1 isthe
predominate method used in studying phonological acquisition. Macken (1980) suggests
that there are at |east two different ways to interpret these apparent “ substitutions’ and
these interpretations cannot be distinguished in the standard cross-sectional study such as
Nakanishi et a. (1972) or Smit et a. (1990). She callsthese interpretations “ perceptually
based rules’ versus “articulatorily based rules’ and they reflect two different hypotheses
about the child’s “underlying representations’ — i.e., the internal representations of

words in the young child’ s rapidly expanding vocabul ary.



The apparent substitutions are “ perceptually-based” when the child does not have a
reliable internal representation of the distribution of acoustic patterns that contrast the
target adult sound with the “substituted” sound. For example, the English-acquiring child
who is transcribed as producing [d] for /t/ in tub might perceptually categorize the onset
together with the onset of the word dub. In this case, the child has only one category,
which isidentical with (or at least closer to) the adult’s/d/. The substitutions are
“articulatorily-based” when the child has areliable internal representation of the acoustic
differences between the two segments, but has not mastered the motor representations
necessary to producing the differencesreliably. For example, the English-acquiring child
who is transcribed as producing “[d]” for /t/ might have robust perceptual representations
of tub versus dub, but not have acquired the motor control to make the peak of the glottal
opening gesture occur at the right time relative to the release of the alveolar closure.

These two interpretations cannot be differentiated simply by looking at the
transcriptions, but Macken and Ferguson (1981) suggest that “ articul atorily-based rules’
(and “articulatory markedness’) can be identified with the phenomenon of “covert
contrast” demonstrated in Macken and Barton’s (1980a) longitudinal study of the
acquisition of voicing contrastsin English. If thereis an established acoustic measure
that correlates well with the contrast between the substituted sound and the target, we can
define covert contrast as a statistically significant acoustic difference in that measure that
is not large enough to be perceived reliably by the transcriber. In addition to transcribing
each children’s productions, Macken and Barton also measured the voice onset time
(VOT) of thetarget voiceless stops. In the earliest recording sessions, most of the

children produced VOT values at or near 0 seconds both for target /b, d, g/ and for target



Ip, t, K/, just asin theinitial /b/ in bath in both productionsin Figure 1 and the initial /t/ in
tub in p174’s production in that figure. Many of the children also went through a stage
where they produced significantly longer VOT valuesfor /p, t, k/, although not long
enough for these to be perceived reliably as/p, t, k/ by the transcriber

Covert contrast has been demonstrated for some of the characteristic place
substitutions described in Section 3. For example, White (2001) used several acoustic
measures of the distribution of energy in the spectra of bursts of target /t/ and /k/
produced by fourteen English-acquiring children who had atypical pronunciations of
these soundsin familiar words. That is, these children were transcribed as substituting [t]
for /k/ or [K] for /t/ on the /k/ and /t/ targets either in words elicited in a standardized test
of articulation (GFTA, Goldman and Fristoe, 1986) or in words elicited in [sermann’s
(2001) study. Figure 2 shows sample spectrain one of the children in the control group
of fourteen children who did not front /k/ or back /t/. For the stops before/i/, White
calculated the mean frequency and skewness, asin Forrest et a. (1990). For the stops
before /u/, he measured the frequency of the lowest-frequency peak in the LPC-smoothed
spectrum and the proportion of energy centered around this peak. Figure 3 shows
representative results for the last two measures. The child in panel (a) produced atypical
contrast between the two stops; tokens of /ku/ are well separated from tokens of /tu/, with
amore compact (higher proportion of energy) and lower frequency peak. The two
children in the other panels were both transcribed as producing [K] for /t/ in this back
vowel context, but their acoustic patterns differ. The child in panel (b) shows covert
contrast; there is a statistically significant separation between the centers of the data

clouds, but many tokens of /tu/ have somewhat compact peaks and/or somewhat |ow



peaks, making the two data clouds overlap. The child in panel (c), on the other hand,
shows something more like Macken’s “perceptually based rule” — a pattern which White
(2001) terms a“merger”; both data clouds are centered in an intermediate region,
suggesting an “undifferentiated lingua gesture” (see aso Gibbon, 1999).

*** Insert Figures 2 and 3 about here ***
Baum and McNutt (1990) similarly studied fronted productions of /s/ as[0] in

English-acquiring children, using such measures as the amplitude of the fricative relative

to the following vowel, which should be higher in the sibilant fricative /</ than in the non-
strident /6/. Their results show that productions of target /</ that are transcribed as [0] are
significantly different from productions of target /6/, although the differences are not
large enough to cue the percept of /5.  Tsurutani (2002) studied backed productions of
/9 as [f] in Japanese-acquiring children using two spectral measures: the “centroid” value
in the fricative (i.e., mean frequency of a spectral slice taken at the middle of the
fricative), which should be higher in /s/ than in /{/, and second formant value at the onset
of the following vowel, which should be lower in /s/. She found asmall but reliable

difference between productions of target /s/ that were transcribed as [] and productions

of target /{/.

These two studies of covert contrast in the typical patterns of error for /s in the two
languages suggest that /s has more difficult articul atory requirements than /6/ or /{/.
Perhaps there is only anarrow range of lingual postures and constriction locations that

will reliably produce the percept of /</, and children acquiring alanguage that contrasts

/< to some other laminal or apical fricative might initially missthat rangein one direction



or the other. Whether the typical direction of the “miss” isin the direction of the more
back sibilant, asin Japanese, or toward a more front articulation, as in English, might

then depend on other language-specific facts besides the rel ative frequencies of /s/ versus

/{1 (or /s versus /6/) in the lexicon.

One potentially relevant fact is subtle differences in the articul ations of the sounds

between the two languages. In particular, /{/ in English has alower centroid frequency
due to the presence of lip rounding. Two more potentially relevant facts are the presence

in the phoneme inventory of other lingual fricatives (/0/ in English versus/¢/ in Japanese)

and the different sequential constraintsin the two languages. In particular, whereas/s/
combines readily with following /i/ and /e/ in many words of English, /s/ does not occur
before /i/ in any word of Japanese, and /¢/ itself is very infrequent, giving the Japanese-
acquiring child considerably less experience with /s/ before front vowels. A further fact
of noteisthat there are nearly three times as many words beginning with alingual
obstruent followed by afront vowel as a back vowel in English, whereas there are many
more words beginning with alingual obstruent followed a back vowel in Japanese.
These kinds of language-specific facts might conspire to induce adifferencein “basis of
articulation” (Heffner, 1950) between the two languages — i.e., adifference in the
“characteristic posturing of tongue and lips’ which Vihman (1996, p. 120) suggests might
begin to be set in place already in infancy, from visual cues.
6. Consonant-Vowel | nteractions

In the previous section, we speculated that the relatively low type frequency of /e/ in
Japanese interacting with the sequential constraint against /si/ might contribute to a more

“palatal” articulatory basisfor sibilantsin the language. Thisideawas suggested to us by



certain other results of the Yoneyama et al. (2003) study, which we summarize briefly
here. Inthat study, the overall error rate for /t/ was much higher than the error rate for
/k/. However, one context was an exception. Children fronted /k/ before /e/ as often as
they backed /t/ there. Also, the substitution pattern was different in this context. Where
dental s were the more frequent sound to substitute for /k/ in other contexts and velars

were frequently substituted for /t/ before /al and /o/ (the other two vowel contexts we

tested), both /k/ and /t/ were frequently transcribed as [tf] in /ke/ and /te/. Nakanishi et al.

(1972) do not differentiate /ke/ from /kal, /ku/, and /ko/ in their norming study, soitis

impossible to know how many of the [tf] for /k/ errors that they counted were produced

before /e/. However, they do provide separate counts for /ki/, and there, fronting to [tf]

occurs three times as often as fronting to [t]. By contrast, English-acquiring children

almost never front to /t{/ in any environment, as we noted above in Section 3. Again, we

wonder whether these differences between the two languages might be related to the very
low type frequency of /e/ in Japanese interacting with the constraint against /ti/, which is
an extremely marginal CV sequence that has only come into the language in recent loan

wordssuchasO OO O 0O.

White (2001) shows arelated context effect for lingual stopsin English-acquiring
children. The two children who backed /t/ to [k] in Figure 3 were exceptional. Most of
the children with atypical productionsin this study had the opposite substitution, fronting
Ikl to [t], asistypical in English. However, they fronted more often in the /i/ context than
in the /u/ context, and there was one child who fronted /ki/ to [ti] but backed /tu/ to [kul].

The /ku/ versus /ki/ burst spectrain Figure 2 suggest why there might be such effects of



vowel context on the substitution patternsfor /k/. The velar stopsin languages like
English and French have more anterior contact in the context of front vowels. Spectral
energy is concentrated in a higher frequency region, making the /ki/ burst similar to the
Iti/ burst.

Keating and Lahiri (1993) equate these “fronted velars’ of English and French with
the contrastively paatalized velars of languages such as Russian. In Japanese, the
contact of /k/ in /ki/ is particularly front, because of the very close and front articulation
of the/i/ itself (see Wada et al. 1969). Thereisalonger release burst in this context as

well, because of the slower venting of air pressure behind the narrow constriction in the

/il. This makes the substitution of [t{] for /k/ in the context of /i/ in the Japanese-

acquiring children observed in Nakanishi et al. considerably less surprising.
6. Summary

In this paper, we have reviewed some older and more recent results on the acquisition
of lingual obstruents in Japanese-acquiring children. Comparing these results to studies
of English-acquiring children revea some commonalities and some initially surprising
differences between the two languages. We have speculated on the reasons for these
apparent differences. These speculations, we hope, have aso given aflavor of the kind
of research that we think will be necessary in order to understand what it means for a
developmental pattern to be “universal”.
Acknowledgments

Thiswork was supported in part by NIDCD grant 02932 to Jan Edwards and by an
Ohio State University Cognitive Science Summer Fellowship to Kiyoko Y oneyama.

Notes



1) Thefact that // occursin most phoneme inventories and in many words in the lexicon
despite this “articulatory markedness” might then be dueto its relatively “unmarked”
status by some other criterion, such as perceptua salience or “ease of contrast”. The

high-amplitude turbulent energy that results from directing a stream of air against the

incisors makes [s] (and [{]) stand out from neighboring vowels, and a so makes the two

sibilants contrast well both with other continuant sounds such as [f] or [h] and with the

voiceless unaspirated stops that are the most common stop type cross-linguisticaly.
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Figure 1. Spectrograms of the word bathtub transcribed (left panel) as [b&0 dab] and

(right panel) as [baf tab] in Isermann’s (2001) study. Child No. p174 who produced the
apparent /d/ (voiceless unaspirated [t]) in tub isamale aged 4(years);10(months). Child
No. p184 who produced the apparent /t/ (aspirated [t"])) isamale, aged 4;9. Theinitial /b/
is voiceless unaspirated [p] in both productions, asistypical in thisdiaect.
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Figure 2. Spectra (amplitudein dB against frequency in Hz) calculated over 10 ms windows
centered at the stop bursts for representative tokens by participant n011 in White (2001).
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Figure 3. Proportion of spectral energy in a 700 Hz band around the lowest frequency
peak in the spectrum plotted against the frequency (Hz) of that first peak for (a) achild

with atypical /k/-/t/ contrast, (b) a child showing covert contrast, and (c) a child showing

merger in aregion between /k/ and /t/. The circles represent tokens of /ku/ and the
diamonds represent tokens of /tul.



Table 1. Substitutions of place and manner in two studies

“phonological process’ | target adult form | child form | ID sex age (yr; mo)

a. English-acquiring children with phonological disorder (Isermann, 2001)

stopping — substitution of | socks /saks/ [dath] pl37 M 4,4
stops for fricatives sheep /§ip/ [ti] pll2 F 5;4
“stopping” — substitution | chair tfes/ [teo] pll6 M 4,7
of stopsfor affricates cheese | /tfiz/ [ti] pl05 M 4;1
cheese | /tfiz/ [ki] pl03 F 5,9
simplification of affricates | cherries | /tferiz/ [fewiz/ p105
to fricatives chicken | /tfikon/ [O1kin] pl21 M 3;11
fronting of velars cake /ketk/ [terk] pl06 F 5;7
goat /got/ [dot] p106
fronting of postalveolars brush /bIAf/ [bwas] p106
shoe /fu/ [su] pl24 M 4;11

b. Japanese-acquiring chi

Idren with typica development (Y oneyamaet al., 2003)

“stopping” — substitution | [ /saru/ [tfaru] t20 F 3;8
of affricatesfor fricatives | 00 O [fo:d3i/ [tfo:tfi] t21 F 3,9
assimilation — Oo0og Ite:pu/ [tse:pu] t10 M 2,7
substitution
of affricates for stops ooo /ke:ki/ [tfe:ki] t10
backing of dentals O Jtanuki/ [kik:i] t04 M 24
O [toral [kora] tl7 F 3,6
backing of aveolars 000 |/so:dziki/ | [fo:dzik:i] | t17
000 | /fatsu/ [fatfu] t22 F 3;9
O [saru/ [faru] t22




