Phoneme frequencies and acquisition 3

Phoneme frequencies and acquisition of lingual stops in Japanese*

Kiyoko Yoneyama

Mary E. Beckman

Jan Edwards

Ohio State University

[*]We thank the Japanese speakers who participated in the experiments; Mieko Kawashima, Noriko Kobayashi, and Rumiko Yoneyama for providing contacts; Takashi Otake for lending recording equipment; and Hiroko Nakamura, Hiromi Takayama, Satoko Katagiri, and Kuniko Yasu for assisting in analysis.  This work was supported by an Ohio State University Summer Interdisciplinary Research Fellowship in Cognitive Science to Kiyoko Yoneyama, and by National Institute for Deafness and Other Communicative Disorders grant DC02932 to Jan Edwards.  Address for correspondence: Jan Edwards, Department of Speech and Hearing Science, Ohio State University, 110 Pressey Hall, 1070 Carmack Road, Columbus, OH 43210, USA. e-mail: edwards.212@osu.edu

ABSTRACT

Cross-language differences in phoneme acquisition are interesting because they challenge some theories that posit linguistic or biological universals of acquisition.  This paper examines acquisition of word-initial /t/ and /k/ in Japanese.  Analyses of an on-line dictionary and a child-directed speech sample showed that /k/ is more frequent than /t/.  A cross-sectional study of 47 children aged 2;3 to 5;3 found that /k/ is acquired earlier than /t/.  Also, errors occurred most often before /e/ (the least frequent vowel).  Here substitutions included [k] for /t/ and [t] for both stops.  ([t] is the allophone of /t/ before /i/.)  These results differ from English, where /t/ is more frequent than /k/, [t] is not an allophone of /t/, /t/ is acquired before /k/ word-initially, and both [k] for /t/ and affricate substitutions are rare.  These differences between English and Japanese suggest that lexical phoneme frequency and allophony play a role in phoneme acquisition.

INTRODUCTION

A long-standing challenge in phonological development research is to explain the order of phoneme acquisition, within and across languages.  Researchers agree on the general patterns that occur in phoneme acquisition in English and several other well-studied languages that are closely related to English.  For example, although there is much individual variability (see Vihman, 1993, and other literature reviewed there), English-acquiring children generally produce labial and alveolar stops and nasals early on, while stable production of most fricatives and affricates does not emerge until later (see, inter alia, Prather, Hedrick, & Kern, 1975; Smit, Hand, Freilinger, Bernthal, & Bird, 1990; Kent, 1992).  Similar patterns have been observed for French (Chevrie-Muller & Lebreton, 1973), German (Ellsen, 1991; Fox & Dodd, 1999), Dutch (de Houwer & Gillis, 1997), and Spanish (Dinnsen, 1992).  Some substitution patterns are also similar across these related languages.  For example, [t] for /k/ is a very common error among English-speaking children with phonological disorder (e.g., Ingram, 1976), and Möhring (1938) reports this as among the most common errors among German school children.  Mowrer & Burger (1991) even found that children acquiring Xhosa, a language with a very different phonological system from any of these European languages, had most difficulty with /s, , r/, sounds that are also late-acquired and frequently misarticulated in English-speaking children.  Another regularity in phoneme acquisition across languages is that aspirated stops, and especially prevoiced or prenasalized stops, are generally acquired later than voiceless unaspirated stops.  That is, regardless of how stop categories are distributed in a language, children generally produce short lag stops early on (these correspond to the “voiced” stops /, /, // in English in initial position, but to the voiceless stops /, /, // in French) and then acquire aspirated and prevoiced stops later (e.g., Kewly-Port & Preston, 1974; Macken & Barton, 1980a, b; Allen, 1985). 

However, researchers have also noted some differences in order of phonemes acquired and in substitution patterns across languages.  For example, there is some evidence that /l/ is acquired earlier by French-speaking children as compared to English-speaking children (Chevrie-Muller & Lebreton, 1973; Vihman, 1993).  Similarly, Pye, Ingram, & List (1987) show that children acquiring Quiché (a Mayan language) produce both liquids and affricates (/l/ and /t/) in their early phoneme inventories, while these sounds are among the last to be acquired by English-speaking children.  So & Dodd (1995) also observed that Cantonese-acquiring children produce affricates relatively early, in a [ts] for /s/ substitution pattern.  Hua & Dodd (2000) show that in Putonghua (the standard variety of Mandarin Chinese spoken in the PRC), alveopalatal affricates and alveopalatal and velar fricatives are among the earliest acquired sounds.  In fact, if the criterion of 90 percent correct is used for acquisition, then these affricates and fricatives are acquired earlier than /p/ in Putonghua, a result which contrasts with English, where /p/ is among the earliest acquired sounds and is acquired much earlier than lingual affricates and fricatives.  Error patterns also differed in Putonghua as compared to English.  The second most frequent error pattern was “backing”, with 65 percent of the children substituting a more posterior constriction for a dental place of articulation (e.g., [] for the initial /s/ in /sua/).  In English, by contrast, “fronting” of /s/ to [] is more common and can persist quite late in children with misarticulated /s/ (e.g., Weismer & Elbert, 1982; Baum & McNutt, 1992). 

Ingram (1988) divides theories of phonological acquisition into two categories: functional and maturational.  Functional theories explain phonological acquisition in terms of specifically linguistic universals, such as the principle of contrast and the inventory of distinctive features available to the language-acquiring child, while maturational theories explain phonological acquisition in terms of biological and physiological constraints during development.  A maturational account can explain differences across individual children acquiring the same language, since these could be “an expression of their biological differences” (Locke, 1988: 665).  However, a “pure” maturational account would have trouble explaining cross-language differences, since biological variation across individuals in a population should not differ systematically across different populations of children when these populations are defined culturally, by the languages that they are acquiring.  A functional account would have similar trouble explaining cross-language differences in phoneme acquisition, if it claims that particular consonants or vowels have certain specifically linguistic but universal properties.  

One very influential functional account that invokes specifically linguistic universal properties is that of Jakobson (1941/1968), who claimed that children babble the sounds of all languages as part of an innate repertoire of humanoid vocalizations, and then cease babbling as they begin to produce real words, after which phonemes are acquired in a relatively fixed order that maximizes sequential and paradigmatic opposition. Specifically, phonemes in the infant’s first words are an “unmarked” consonant and vowel that define a maximal opposition found in all human languages: the sequential opposition between a non-lingual unaspirated stop and an open vowel, as in /pa/ (i.e., /ba/, if the child is acquiring English).  Subsequent phonemes will also be acquired in terms of maximal oppositions.  For consonants, the first opposition will be oral versus nasal and the second will be labial versus dental.  For vowels, the first opposition will be low versus high, and so on.  Thus, if a child first produced an unaspirated oral stop such as French /p/ or English /b/ and a low back /a/, then the next consonant acquired would be /m/ and the next vowel acquired would be /i/.  Each successive opposition that is acquired by the child affects a smaller and smaller sound class, with the most “marked” sounds (that is, the least common sounds across languages) acquired last.  Thus, the order of acquisition mirrors phonological patterns across languages, such as the ubiquity of unaspirated stops among the world’s consonant systems, and the implicational universal stating that if a language has nasal consonants it also will have oral stops.  

Much of Jakobson’s proposal has been disproved.  Empirical research has shown that children do not babble the sounds of all languages, that babbling does not cease before the onset of word production, and that there is much overlap between the sounds produced in first words and in concurrent babbling (e.g., Vihman, Macken, Miller, Simmons, & Miller, 1985; Locke, 1989).  However, Jakobson’s claim that the order of phoneme acquisition should be understood in terms of specifically phonological universals influenced much subsequent work on order of phoneme acquisition.  For example, Dinnsen’s recent work on order of phoneme acquisition (Dinnsen, 1992; Dinnsen, Chin, Elbert, & Powell, 1990) sets up five levels of phoneme inventories, going from least complex to most complex.  The child moves from a lower level to a higher level inventory as additional contrasts are acquired.  Thus, the difference between level A and level B is that level B adds a voicing contrast, and the difference between level D and level E is that level E adds a stridency contrast and/or a laterality contrast.  

Like Jakobson’s earlier account, Dinnsen’s functional account invokes the same notion of “markedness” that phonologists have used to understand phoneme inventories across languages.  Contrasts which involve “unmarked” sounds are ones that occur in all or many languages, whereas “marked” sounds occur more rarely.  Dinnsen’s developmental hierarchy is reminiscent of Lindblom & Maddieson’s (1988) account of cross-language differences in adult phoneme inventories.  That is, “unmarked” sounds are ones that involve easier gestures or simpler gestural coordination, and languages should use simple contrasts before they resort to more complex ones.  Therefore, languages with smaller phoneme inventories contrast only “unmarked” features and simple feature combinations, whereas more “marked” or elaborate sounds, such as palatalized velars, ejectives, or pre-nasalized stops, occur only in languages with larger consonant inventories that also include the less marked sounds.  If markedness is understood as an unexplained phonological primitive, then Dinnsen’s account is quite different in conception from a maturational account.  On the other hand, if markedness universals have a biological explanation, as suggested by Lindblom & Maddieson (1988), then a functional account such as Dinnsen’s is conceptually close to some maturational accounts.  By either interpretation of markedness, however, a functional account that invokes markedness universals predicts that acquisition order also should be fairly invariant across languages.  

One of the earliest proponents of a maturational explanation of the order of phoneme acquisition was Locke (1983) who proposed that the earliest acquired sounds will be those that are most perceptually salient and easiest to produce.  Since both perception and production play a role, a sound may be acquired late either if it is difficult to hear or if it is difficult to say.  For example, the low amplitude of the inter-dental fricative and its confusability with /f/ may explain the late acquisition of // in English, even though it should be easy to produce relative to /s/, whereas the fine motor precision required to direct the air stream against the incisors in the alveolar fricative may explain the late acquisition of /s/ relative to /t/. 

A number of other researchers also have considered the order of phoneme acquisition in terms of physiological constraints.  For example, Kent (1992) reinterprets Dinnsen’s (1992) typology in terms of motor development.  He proposes that level B inventories emerge when the child has acquired consistent control over the fine timing of a laryngeal gesture relative to a coordinated supra-laryngeal gesture in order to contrast voiced and voiceless obstruents, and that level E inventories emerge when the child has acquired the more precise lingual control needed to posture the tongue for a strident sound or for a lateral or retroflex sound.  Thus, if acquisition order is universal, the universals are due to a universal biological hierarchy of the motor control needed to coordinate two gestures or to produce particular gestures, as in Lindblom & Maddieson’s (1988) account of adult phoneme inventories.  

MacNeilage & Davis (1990) also consider phonological acquisition in terms of motoric constraints, which they use to explain several universals of adult language as well.  Speech is an inherently rhythmic motor activity, and babbling emerges at a stage when many other rhythmic behaviors also begin to appear (Thelen, 1981).  MacNeilage and Davis propose that certain phonological patterns common in babbling — the predominance of CV syllable sequences and the co-occurrence of coronal consonants with front vowels, of dorsal consonants with back vowels, and of labial consonants with open vowels — can be explained by this emergence of rhythmic behavior at six months.  A CVCVCV sequence would occur if the child phonates while simply wagging the jaw up and down.  The co-occurrence patterns can also be explained by the fact that the tongue rests on the jaw.  If the tongue is relatively low for a preceding or subsequent open vowel, the lips are likely to contact each other on the jaw’s upswing before any part of tongue contacts the roof of the mouth.  If the tongue is bunched up for a close vowel, on the other hand, adjacent consonants are likely to involve lingual contact, which will be front (coronal) around a front vowel and back (dorsal) around a back vowel, because the child is controlling the up/down movement of the jaw, not the front-back movement.  MacNeilage & Davis (1990) predicted that the place co-occurrence patterns attested in babbling also would be attested at greater than expected frequency in early word productions and even in adult lexicons, predictions that were borne out later in longitudinal studies of six children (Davis & MacNeilage, 1995) and in on-line dictionary studies of stop-vowel sequences in adult lexicons for ten languages (MacNeilage, Davis, Kinney, & Matyear, 2000).  Thus, in this maturational account, specifically linguistic universals, such as the prevalence of CV syllables across languages and even constraints that refer to lexical frequencies of specific consonant-vowel combinations, are linked to the more general emergence of rhythmic behavior in the middle of the first year.  

Lexical frequencies also play a role in some recent functional accounts, but the explanatory link is in the other direction.  For example, Stemberger & Bernhardt (1999) suggest that high-frequency sounds and sequences should be acquired earlier, because they “require fewer resources” to learn and to access from memory once they are learned.  Insofar as a particular sound or pattern is universally more frequent in adult languages, then, it will consistently be acquired earlier and might function as a universal “default” pattern at a later stage of acquisition when the child has acquired contrasting sounds or patterns that are less frequent.  For example, “velar (and even labial) consonants may be replaced by alveolars ([t] for /k/), the most frequent place of articulation in adult languages” (Stemberger & Bernhardt, 1999, p. 419).  In this example, the more frequent “default” place is claimed to be universal, in keeping with Jakobson’s (1941) earlier claim that /t/ is acquired before /k/ and that velar fronting is observed in acquisition of all languages “everywhere and at all times” (Jakobson, 1941/1968, pp. 46-47).  Insofar as lexical frequencies are not universal, however, this kind of functional account can begin to explain systematic cross-language differences in order of phoneme acquisition.

For example, if /t/ and /l/ are acquired early in Quiché but late in English, can this be related to differences in the frequency with which these two sounds occur in the two languages?  Pye et al. (1987) compared the frequency of occurrence of word-initial /l/ and /t/ in the 500 most frequently produced words of five young Quiché-speaking children (ages 1;7 to 3;0) to patterns of acquisition in English-speaking children, and found that word-initial /l/ and /t/ were much more frequent in these Quiché-speaking children than in the words used by English-speaking children at the same age.  Along similar lines, Ingram (1988) discusses the acquisition of /v/, which is a late-acquired sound in English and has a low frequency of occurrence in words commonly used by young English-speaking children.  By contrast, based on diary studies of a single child in each language, /v/ has a much higher frequency of occurrence in the initial vocabularies of Swedish, Estonian, and Bulgarian children, and also is acquired earlier in these languages.  The earlier acquisition of /l/ in French might also be related to lexical frequency, given the high token frequency of /l/ which appears in word-initial position in many forms of the direct article (l’, le, la, les).  

Ingram (1988) described the difference between /v/ in English as compared to Swedish, Estonian, and Bulgarian in terms of “functional load,” rather than lexical frequency of occurrence.  Functional load is the relative importance of a sound within a language’s phonological system of contrasts, that is, the extent to which it functions to differentiate one word from another (Martinet, 1952).  Functional load obviously is related to frequency of occurrence, since a low-frequency sound cannot contrast many words.  The two notions are not identical to each other, particularly if frequency of occurrence of a sound in a particular language is calculated in terms of token frequency rather than type frequency.  For example, // in English occurs in several high-frequency words such as the, this, that, but it has a low functional load because it can be replaced by /d/ without affecting meaning.  However, Ingram’s (1988) operational definition of functional load was in terms of lexical type frequency.  That is, as in Pye et al. (1987), he calculated the functional load of the target sound by counting the number of distinct words beginning with it in the child language sample.  

It is not surprising that lexical phoneme frequency might play a role in phoneme acquisition by one-to-three-year old children, given that cross-linguistic research has shown similar influences on infant babbling.  For example, de Boysson-Bardies, Hallé, Sagart, & Durand (1989) found that measurements of vowel formants in vocalizations produced by Arabic-, French-, English-, and Cantonese-acquiring 10-month-old infants differed in ways that reflected differences in vowel frequencies in the lexicons of the ambient languages.  Similarly, de Boysson-Bardies & Vihman (1991) and de Boysson-Bardies, Vihman, Roug-Hellichius, Durand, Landberg, & Arao (1992) found that transcriptions of consonants in babbling in a longitudinal study of French-, English-, Swedish-, and Japanese-acquiring children beginning at 9 months and ending at 14 to 20 months (when the child had acquired 25 words) reflected cross-language differences in the relative frequency of different consonants in the ambient adult languages.  For example, the French-acquiring infants produced relatively more labial sounds than did the English-, Swedish-, and Japanese-acquiring infants, and this is in keeping with the relatively greater frequency of labial consonants in French.  In a related analysis, Vihman (1992) found that the English-acquiring infants produced more monosyllabic and more consonant-final forms in their babbling, relative to French-acquiring infants.  These differences also reflect the frequencies of the different prosodic word shapes in the two languages.  

These studies of children around the onset of word production suggest that high-frequency phonemes will be “mastered earlier”, in accordance with Stemberger & Bernhardt’s (1993) claim.  However, there has been relatively little cross-linguistic research on how phoneme frequency in the lexicon interacts with phonological acquisition at somewhat later ages, when the child has acquired enough words that lexical contrast and phonological neighborhood densities might play a more definitive role (cf., Waterson, 1971; Charles-Luce & Luce, 1990; Walley, 1993).  Once the child is two- or three-years old, do lexically more frequent sounds indeed begin to act as “defaults” that substitute for less frequent sounds in commonly observed error patterns, as suggested by Stemberger & Bernhardt (1999)?  Also, what is the role of the frequency of the target phonemes in different contexts?  MacNeilage et al. (2000) suggest that some consonant-vowel combinations should have higher or lower frequencies than expected from the independent frequencies of the component sounds, because of a universal biologically conditioned affinity involving place of articulation.  Does a sound act as a “default” even in a context where it occurs less often than expected from its overall frequency in the lexicon?

There has also been little attention paid to methodological questions that are crucial for testing functional accounts that relate cross-language differences in acquisition to differences in lexical frequency.  For example, while it is difficult to see how type frequency can be relevant before the infant has any distinct word types, type frequency seems at least as appropriate a measure as token frequency when studying error patterns in two- and three-year olds, particularly if the influence of lexical frequency is interpreted in terms of functional load, as in Ingram (1988).  Also, in measuring lexical frequency, which lexicon should we use?  Pye et al. (1987) and Ingram (1988) defined lexical frequency in terms of the child’s own productions.  That is, they used language samples that could not be independent of the criteria for determining phoneme acquisition order.  On the other hand, if lexical frequencies are calculated from adult forms, what is a relevant sample?  In the studies by de Boysson-Bardies & Vihman (1991) and de Boysson-Bardies et al. (1992) showing ambient language influences on consonant productions in babbling, the lexical frequencies of different consonants were defined as type frequencies calculated across the adult targets corresponding to all of the words produced by any of the five children in each language sample.  In a later paper on the speech of the mothers of these children, Vihman, Kay, de Boysson-Bardies, Durand, & Sundberg (1994) showed that differences across the three target languages in type frequencies in the children’s target words corresponded closely to the token frequencies of word-initial consonants in content words addressed to the child in a half-hour sample from each mother, recorded when the child was about 12 months.  Coronals were more frequent than labials in samples recorded from both the English- and Swedish-speaking mothers, but less frequent in the samples recorded from the French-speaking mothers.  However, no analysis of the Japanese-speaking mothers’ samples was available.  

The methodological question of “which lexicon” seems particularly relevant for Japanese, because previous research has shown that there is at least one difference between the adult lexicon and infant-directed speech in Japanese, and that this difference affects infant listening preference.  Hayashi, Yoshida, & Mazuka (1998) found that by 8 to 10 months of age, Japanese infants prefer to listen to lists of three-mora words with a closed or long first syllable, such as mamma ‘meal’ and buubu ‘car (child-directed form)’, rather than to those containing only short open syllables such as sakana ‘fish’ or kuruma ‘car (normal adult form)’.  These results are counter-intuitive if we consider that in the adult lexicon approximately 80% of trimoraic words have the CVCVCV shape of sakana and kuruma, and only 20% have the CVCCV or CVVCV shape of infant-directed forms such as mamma and buubu (Yoneyama, 2000).  However, a questionnaire to the Japanese mothers whose infants participated in Hayashi et al.’s  study revealed that words in Japanese infant-directed speech fit into very restricted rhythmic patterns: CVCCV and CVVCV words such as wanwa ‘dog’, kukku ‘shoes’, and buubu ‘car’ constitute a full 80% of the forms listed in response to the questionnaire, whereas CVCVCV words such as sakana ‘fish’ constitute only 20% of this infant-directed vocabulary.  While we know of no controlled studies showing comparable differences in phoneme frequencies between the adult lexicon and the infant-directed vocabulary, anecdotal evidence suggests that they may exist.  For example, labial stops are rare in the adult lexicon of Japanese, but the frequencies of /p/ and /b/ in infant-directed speech might be higher, because they are over-represented in mimetic words relative to their occurrence in the lexicon as a whole (cf. forms such as pyon-pyon ‘hopping (adv.)’ and the child-directed word buubu ‘car’).  

The purpose of the current study, then, was to examine the influence of lexical phoneme frequency on acquisition by studying /t/ and /k/ acquisition in Japanese.  There were two experiments included in this study.  The first experiment was designed to determine the relative frequencies of /t/ and /k/ before different vowels in Japanese, both in the adult lexicon and in the child-directed speech of Japanese-speaking mothers to their infants.  In English, /t/ is more frequent than /k/, especially in the context of front vowels, which are themselves more frequent than back vowels in the language.  For example, in the Hoosier Mental Lexicon, a database of 19321 English words with associated American English pronunciations and familiarity ratings (Nusbaum, Pisoni & Davis, 1984; Pisoni et al., 1995), there are nearly twice as many occurrences of /t/ as of /k/.  Moreover, /t/ occurs 2429 times before any of /i, , e, , æ, a, a/, whereas /k/ occurs only 994 times in the same front vowel contexts.  The relative frequencies are not skewed in favor of /t/ before /u, , o, (, o, (, /, but the back vowels themselves occur much less frequently, giving 705 occurrences of /t/ and 974 of /k/ before any of these back vowels.  An unpublished study of the Japanese lexicon (Yoneyama, 2000) shows that in Japanese, by contrast, the back vowels /a, o, u/ are much more frequent than front vowels /i, e/, and /k/ is far more frequent than /t/.  Japanese thus is an important counter-example to the universal “default” assumed by Stemberger & Bernhardt (1999).  We wanted to determine whether this “marked” pattern is limited to the larger adult dictionary, or is matched in child-directed speech analyzed using the methods described by Vihman et al. (1994).  That is, do more content words in recorded samples of Japanese speakers interacting with their 12-month olds begin with /k/ than with /t/, and is this relationship the same in the less frequent context of a following front vowel?  

The second experiment was a cross-sectional study designed to gauge the time course of acquisition of word-initial /k/ and /t/ in Japanese and to examine the substitution patterns that occur when children do not produce these sounds correctly.  In English, /t/ is produced correctly in initial position by 92 percent of children by age 3, while initial /k/ is produced correctly by only 77 percent (Smit et al., 1990).  By age 3;6, both initial /t/ and /k/ are produced correctly by more than 90 percent of children (93 percent for /t/ and 91 percent for /k/).  Although initial /t/ is acquired only slightly before /k/ in typically developing children, children with phonological disorders often exhibit a protracted course of development for both /k/ and //.  The most common error pattern for children with phonological disorders who cannot produce /k/ and // is “velar fronting”, the substitution of the alveolar stops /t/ and /d/ in place of the velar stops (Ingram, 1974; Locke, 1980; Dyson, 1986).  This substitution pattern is also observed in German-speaking children (Möhring, 1938), and Jakobson (1941) describes it as an acquisitional universal.  A functional account that refers to phoneme frequency, such as Ingram’s (1988), might attribute the pattern directly to the greater frequency of /t/ relative to /k/, as Stemberger & Bernhardt (1999) indeed do, with the accompanying assumption that /t/ is universally more frequent across languages.  MacNeilage and Davis’s (1990) maturational account suggests a somewhat different universal, a biological one that links the developmental patterns for the two lingual stop places in English to the high frequency of front vowels relative to back vowels in the language.  Here, we would expect the substitution pattern to be universal only if front vowels are universally more frequent than back vowels in providing a context for the lingual stops.  The Japanese frequency patterns then provide a good test bed for differentiating between accounts that refer to phoneme-specific universals and accounts that refer to phoneme frequency in the lexicon.  We were interested in whether the different lexical frequencies for the sounds in the Japanese adult lexicon as compared to English might be associated with a different pattern of acquisition of /t/ and /k/.  There is at least one longitudinal study of a Japanese-acquiring child that found earlier acquisition of /k/ relative to /t/ and a predominance of dental backing errors over velar fronting errors (Nakazima et al., 1988).  Would these results hold in a cross-sectional study of a larger group of children, or is the English pattern as universal as Jakobson and others have assumed? 

EXPERIMENT 1: a child-directed SPEECh sample

METHOD

Participants and Data Collection  

Participants were four mother-infant dyads and one grandmother-infant dyad, where the grandmother lived in the home and was the primary caregiver while the mother worked.  All infants were between 9 to 12 months of age.  The mothers and grandmother were monolingual speakers of Japanese (Tokyo dialect, Standard Japanese) and the data were collected in the Tokyo area.  

For each dyad, 30 minutes of child-directed speech was recorded onto digital audiotape for subsequent transcription.  Two of the dyads (D3 and D5) were recorded in their homes.  The other three were recorded in a large playroom at a community facility.  The first author (a native speaker of Japanese from the Tokyo area) did the recordings.  She played with the infant while interacting with the caregiver for at least thirty minutes before beginning the recording, to make them both comfortable with the recording situation.  
The caregiver’s utterances in each of the taped sessions were transcribed orthographically by the first author.  Two other native speakers of Japanese then listened to the tapes and checked the transcription.  

Analysis Parameters for Child-Directed Samples 

Token frequencies were calculated for the two target sounds in word-initial position in content words, following the principles outlined in Vihman et al. (1994).  That is, we included all nouns, main verbs (including stative verbs such as ‘be red’), adjectives, adverbs, onomatopoeia (such as buubu for ‘car’), and true deictics (such as kore ‘this’), but not post-positional particles, auxiliary verbs, etc.  

Frequencies were calculated using two methods.  The first method counted only the stop allophones ([t] and [k]) before the three non-high vowels /a/, /e/, and /o/.  The second included all initial voiceless coronal and dorsal stops and affricates before all five vowels.  The motivation for this dual analysis is the asymmetric distribution of [t] and [k] before the different vowels (see Table 1, top), and related ambiguities about what should count as /k/ and /t/ in the language (Table 1, bottom).  

>>> Insert Table 1 about here <<<

Two facts are relevant.  First, the dental stop [t] does not occur before either of the two high vowels, so that sequences which are phonetically [ti] and [ts] might be analyzed phonologically as /ti/ and /tu/.  This is the standard analysis in classical generative phonology.  It reflects the history of the sound system and is intuitively satisfying for native speakers because of the grouping implied by the arrangement of the syllabary.  Second, /t/ contrasts with an alveopalatal affricate and /k/ contrasts with a palatalized dorsal stop, but while these contrasts have a high functional load before the vowels /a/, /u/, and /o/, they are marginal before /e/ and non-existent before /i/.  Therefore, in the same type of analysis that identifies [ti] as /ti/ and [ts] as /tu/, the alveopalatal and palatalized sounds are analyzed phonologically as a consonant cluster of a “plain” dental or velar stop followed by a palatal glide.  This analysis is supported by the more general contrast between plain and palatalized sounds (Table 1, bottom), and is again reflected in the Japanese syllabary, which writes CV sequences beginning with the alveopalatal or palatalized sounds with the grapheme for /ti/ or /ki/ (or /pi/ or /mi/ or /ni/, etc.) plus a following subscripted /ja/, /ju/ or /jo/.  (The dorsal stop before /i/ has considerably more anterior contact than does the initial stop in English words such as key and keep, giving rise to the phonetic transcription in Table 1 of /ki/ as the palatalized rather than the ‘plain’ dorsovelar stop.)  Thus, depending on whether or not this fairly standard (albeit somewhat abstract) phonological analysis is adopted, a count of word-initial /t/ could include or exclude instances of the affricates [t] and [ts], and a count of /k/ could include or exclude instances of [kj].  

Our two methods for calculating the phoneme frequencies, then, are based on these more versus less inclusive counts, with a minor adjustment of the less inclusive count for /k/ to prevent an artifactual deflation of the relative frequency of /t/ due to the occurrence of [ts] before /u/.  That is, by the first method, we counted word-initial instances of sounds in all cells in Table 1 (top).  By the second, we counted only word-initial instances of /t/ and /k/ before /a/, /e/, and /o/, where both [t] and [k] occur. 

Dictionary Sample

To confirm our earlier analyses of the adult lexicon (Yoneyama, 2000), we also looked at frequencies of /t/ and /k/ in word-initial position in the NTT database (Amano & Kondo, 1999), a wordlist based on the 3rd edition of the Sanseido Shinmeikai Dictionary (Kenbou et al., 1981).  Each word in the database has associated phonographic transcription and accent pattern fields.  For a subset of 78,801 words, there is also a recorded utterance of each word produced by an adult female speaker, and a set of at least three familiarity ratings for (1) auditory presentation of the word, (2) visual presentation of the word (in each of its written forms, if there is more than one typical way to write the word), and (3) simultaneous audio-visual presentation.  Some words have more than one pronunciation in standard Japanese (e.g., ‘picnic’ has both an older form pi’kunikku, with initial accent, and a newer form pikuni’kku, with penultimate accent), and these word have separate entries for each pronunciation (with separate recordings for obtaining auditory and audio-visual familiarity ratings).  For our counts, we used just this smaller subset of words that have associated recorded utterances, and counted each entry separately.  As with the child-directed samples, we did the count two ways, one method including the affricate allophones of /t/ before /i/, /u/, and /j/ and the palatalized velar before /i/ and /j/, and the other method including only /t/ and /k/ before the three non-high vowels.  However, these counts necessarily differed from the child-directed counts in being type frequencies rather than token frequencies. 

Quantitative Measures of Difference

For both child-directed samples and the dictionary study, we compared the relative frequencies of /k/ and /t/.  For each relevant subset of the data (e.g., for token frequencies in each following vowel context in the child-directed speech), we determined whether the counts of /t/ and /k/ were significantly different from the expected 50-50 split of the marginal total, using a Chi-square test with Yates's Correction for the small number of cells, and the Chi-square distribution appropriate for 1 degree of freedom.  

Results

We computed the percentage of initial /t/ versus /k/ in words beginning with either consonant in each of the relevant following vowel contexts for each dyad using each of the two methods for defining what counts as an instance of one of these two consonant phonemes.  The results, averaged across the five dyads, are shown in Table 2, for the first (more inclusive) method of counting the consonants, and in Table 3, for the second (less inclusive) method.  For the sake of comparison, the percentages of /t/ and /k/ in word-initial position in the adult lexicon are also shown, again as calculated by each of the two methods.  

>>> Insert Table 2 about here <<<

>>> Insert Table 3 about here <<<

In the adult lexicon, /k/ occurs significantly more often than /t/ in every vowel context except /e/.  Similar results were found for child-directed speech: the dorsal phoneme /k/ is substantially more frequent than the coronal phoneme /t/ in every vowel context except preceding the vowel /e/.  These differences are significant for all but one comparison (before /u/ with the more inclusive method, where the number of tokens was low). This was true whether the phonemes were defined to include or exclude the coronal affricates and palatalized dorsovelar stop.  

>>> Insert Table 4 about here <<<

Moreover, the higher incidence of words beginning with /k/ relative to words beginning /t/ over the larger sample of child-directed speech holds true over the smaller samples elicited from one of the caregiver-infant dyads (although the overall number of words was not always high enough for the difference to be significant).  Table 4 presents the results of the two analyses separately for the five dyads, averaged across the five vowels in the first analysis and across the three vowels in the second analysis.  For all five dyads, /k/ was produced more frequently than /t/ in initial position.  The difference was significant for all five dyads by the first method of counting, and was equally substantial by the second method of counting even for the two dyads where there were not enough tokens for significance.  That is, the overall greater frequency of /k/ by both counts holds despite the individual differences in what mothers chose to talk to their infants about and the words that they chose to use.  For example, the name of the child occurred several times in most of the samples, which might have given rise to the slightly elevated frequency for /t/ in the less inclusive count of the sample for dyad 1, where the name of the child (Tomoyuki) began with /t/.  The difference in frequency between the two methods for counting /k/ in the sample for dyad 4 might similarly be attributed to the child’s name (Kyoosuke).  

Both the type frequencies in the dictionary and the token frequencies in the child-directed samples also confirmed the results of our earlier unpublished dictionary study regarding the relative frequencies of front versus back vowels.  Even discounting the very frequent low back vowel /a/, for which there is no front counterpart, back vowels occur more than twice as often as front vowels as a following context for the target coronal and dorsal consonants in this study.  In the child-directed samples, the proportion is even larger, with back vowels /o, u/ occurring three times as often as the front vowels.  This difference between the two language samples is due primarily to the extremely low frequency of the mid vowel /e/, which the caregivers in the five dyads produced only four times after word-initial /t/ and /k/ in the entire 150 minutes of the recordings.  

Discussion

These results show clearly that /k/ is more frequent than /t/ in word-initial position in Japanese.  This is true both for type frequencies in the adult lexicon, and for token frequencies in child-directed speech.  Also, the result holds for both samples whether the frequencies are computed using the more inclusive method suggested by the standard phonological analysis, where /t/ is defined as including the coronal affricates and /k/ is defined as including the palatalized dorsal stop, or using a more limited count that defines /t/ and /k/ only as those allophones that would be transcribed as [t] and [k] in a narrower phonetic transcription.  Moreover, the result for the child-directed sample also holds when each individual caregiver-infant dyad is examined separately.  

Another pattern of interest in these results was the conditioning of the asymmetry by the vowel context.  In both the adult lexicon and in the child-directed samples, word-initial /k/ was not significantly more frequent than word-initial /t/ just in case the vowel /e/ followed.  We cannot call this a more general co-occurrence constraint favoring the combination of coronals with front vowels (as in MacNeilage et al., 2000), since the other front vowel /i/ shows the largest asymmetry in favor of the dorsal stop in both the child-directed samples and in the adult dictionary study.  Moreover, the lack of significance cannot be attributed merely to the relatively low frequency of /e/ itself, because the split was very near to 50-50 even in the adult dictionary study, where /e/ occurred nearly as often as /i/.  

The low frequency of the front vowels as a context for word-initial /t/ and /k/ also is interesting, particularly by contrast to English, where front vowels occur twice as often as back vowels in providing a following context for /t/ and /k/.  In the Japanese adult lexicon, the proportions are reversed.  The extremely low frequency of the mid vowel /e/ in the child-directed samples is of especial interest, when we consider that /t/ and /k/ in the context of the other front vowel are phonetically [t] and [kj].  This means that while alveopalatal [t] occurred 15 times and palatalized [kj] occurred 58 times in word-initial position before a front vowel, a true dental [t] or velar [k] occurred word-initially before a front vowel only four times in the child-directed samples that we analyzed.  This discrepancy was the only difference we found between the child-directed samples and the adult lexicon in our study.  

The questions to be addressed in the second experiment, then, are three.  First, does the overall difference in the frequencies with which /t/ and /k/ occur in the lexicon affect acquisition of these stops in Japanese?  Second, if the difference does affect acquisition, is the lack of a difference in the context of /e/ associated with a different pattern for the acquisition of /te/ versus /ke/?  Third, how does the low frequency of front vowels relative to back vowels, and especially the low frequency of /e/ (which provides the only front-vowel context for [t] and [k] as opposed to [t] and [kj]), affect the error patterns when children misarticulate /t/ or /k/?  

Experiment 2: Imitative productions

Method

Participants 

Participants were 47 children between 27 and 63 months of age.  All children were monolingual Japanese speakers and the data were collected in a nursery school in the Tokyo area.  All children were performing normally in school by teacher report and passed a hearing screening at 25 dB at 1000, 2000, and 4000 Hz.

Stimuli 

The stimuli are shown in Table 5.  There were 18 target words, 3 each for the target sequences /ta/, /te/, /to/, /ka/, /ke/, and /ko/.  All words were real words in Japanese that could be represented by pictures.  The stimuli were colored line drawings in a style commonly used in Japanese children’s books and prepared by a Japanese artist to elicit the target words. 

>>> Insert Table 5 about here <<<

Procedure  

A Japanese-speaking experimenter (the first author) presented the 18 pictures in a different random order to each child, repeating the order five time, to elicit five repetitions.  At each presentation, the child was asked to name the picture.  If the child could not name the picture, or used a different word from the target lexical item to name the picture, the experimenter named the picture and then asked the child to repeat the name.  The children’s responses were recorded onto digital audiotape for subsequent transcription.  

Analysis 

The recordings were digitized onto a PC with 16-bit resolution and a 122050 Hz sampling rate, and then the files were transferred to a Sparc UNIX workstation, where each repetition of each target word by each child could be extracted to a separate file for easy replay.  Utterances with microphone pops and other recording artifacts during the stop release were removed from the analysis set.  Thus, the total number of utterances analyzed does not equal 90 for every child, but these artifacts occurred randomly across the recording for any child who produced them, so that removing them does not affect the distribution of samples across the word types. 

The initial consonant was transcribed independently by three phonetically trained native speakers of Japanese, using a fairly narrow phonetic transcription.  Only those utterances for which at least two out of the three transcribers agreed on the consonant’s quality were used in the final analysis.  Inter-rater reliability was 91%, 86%, and 95% for the three different transcriber pairs. 

Results
Figure 1 shows the percent correct /t/ and /k/ responses for each child.  There are two observations to be made about this figure.  First, although considerable individual variability is observed, children generally reach at least 90% accuracy for both sounds by about 3 years of age.  For the youngest children (children from 27 to 36 months), /t/ acquisition consistently lags behind /k/ acquisition.  The youngest children produced /k/ more accurately than /t/ at virtually every point until about 36 months when the two curves converge.  These results suggest that /k/ is acquired slightly before /t/ in Japanese, which is the opposite of the pattern observed in English.  

>>> Insert Figure 1 about here <<<

Table 6 shows the substitution patterns when the children were not producing /t/ or /k/ correctly.  Errors just of voicing (i.e. substitution of [d] for /t/ and [] for /k/) were by far the most common error type, accounting for two fifths of the 291 errors for /t/ and nearly half of the 214 errors for /k/.  These errors were distributed between /t/ and /k/ in the same way across the children, so that the relationship between accuracy for /k/ and accuracy for /t/ in Figure 1 does not change when they are removed.  That is, if the voicing-only errors are excluded /k/ is still more accurate than /t/ for the younger ages, and /k/ would have been acquired already (by the 90% accuracy criterion) by all but the very youngest child in the study.  These voicing-only errors also were distributed fairly evenly across the three vowel contexts.  

>>> Insert Table 6 about here <<<

Of more interest for the purposes of the current study were the other errors, where place and/or manner were changed in addition to voicing or instead of voicing.  These occurred disproportionately often in the context of /e/.  The higher error rate in that context was true of both stops, but it was especially true of /k/ (Figure 2).  There were more than three times as many errors involving place and/or manner for /k/ in /ke/ than in either of the two back vowel contexts.  

>>> Insert Figure 2 about here <<<

All but 23 of these other errors involved a change in the place of articulation from the target dental /t/ or velar /k/, whether or not the voicing and/or the stop manner also were affected.  These place errors consisted for the most part of substitutions of a different lingual constriction, either coronal or dorsal.  The lingual consonants that substituted for dental /t/ included both dorsals and the other coronal place (alveopatals).  Although the “plain” dorsovelar stops [k] and [] dominated, making up 60 of the 102 lingual place errors for /t/, alveopalatal affricates [t] and [d] accounted for nearly half (27) of the remaining lingual errors for /t/.  By contrast, the overwhelming majority of lingual consonants that substituted for /k/ were coronals.  Of the 69 lingual errors for /k/, the dental coronal stops [t] and [d] accounted for more than two-thirds (47), with only three instances of substitution by a dorsal stop (one “plain” palatal [c] and two occurrences of the palatalized velar [j]).

>>> Insert Figure 3 about here <<<

Especially interesting was the differing distributions of place errors across vowel contexts.  The dorsal place errors were distributed fairly evenly across the three vowel contexts (Figure 3, upper panel).  The coronal place errors, on the other hand, primarily occurred before /e/.  This was true for /t/ (Figure 3, upper panel), and it was especially true for /k/ (Figure 3, lower panel), where the substitutions of dental [te], [ts], [de], [dz] or alveopalatal [te] for /ke/ accounted for more than half (59) of all place errors for /k/.  

The manner errors for /t/ were often substitutions of sibilant affricates for the stop, and they occurred mostly in the context of /e/, where a place change to alveopalatal [t] or [d] typically accompanied the manner change.  That is, [te] and [de] alone accounted for more errors (23) than any other type.  The manner errors for /k/, by contrast, were as likely to substitute a non-sibilant fricative as a sibilant affricate.  The weakening of /k/ to [x] or [h] occurred most often in front of /o/ (11 out of the 17 cases), where [h] might be viewed as an only slightly less constricted variant of the velar fricative [x].  Thus, these might be considered “pure” manner errors.  The substitution of an affricate [t], [dz], or [ts], by contrast, is necessarily also a place error, since it replaces a dorsal constriction with a coronal one, and all 34 of these manner errors for /k/ occurred in the context of /e/.  

Discussion

Several effects of lexical phoneme frequency on acquisition were observed for these Japanese-speaking children.  The first two effects were ones that we were specifically aiming to test.  In Japanese, /k/ is a more frequent phoneme than /t/, and it is acquired earlier.  The curve for /k/ in Figure 1 flattens out at relatively high accuracy levels at a younger age than does the curve for /t/.  This result contrasts with English, where /t/ is the more frequent phoneme and is acquired earlier.  Also, the front vowel /e/ has by far the lowest token frequency of the three non-high vowels, and there were more errors for /t/ and /k/ in the context of /e/ than in either of the two back vowel contexts in the target words in this study.  In English, by contrast, front vowels are considerably more frequent than back vowels, and we would be surprised to see such a disproportionate number of errors in the context of a mid front vowel in a comparable study of English-speaking children at the same ages as the children in our study.  

We also looked for effects of lexical phoneme frequency on the substitution patterns of children who did not produce /t/ or /k/ correctly.  The most common error pattern is difficult to relate to frequency, and was observed equally in all three vowel contexts.  Voiced initial stops are less frequent than voiceless ones in Japanese, but the single most frequent error was a substitution of a voiced stop for the target voiceless one.  This error pattern is also seen in English-speaking children, particularly in word-initial position (Ingram, 1976; Elbert & Gierut, 1986), making this a possible candidate for a biologically-driven “markedness” universal.  That is, as Macken (1980) points out, acquisition of the voicing contrast in English does not violate Jakobson’s claimed universal that voiceless stops are acquired first, because English /d/ and // are often voiceless unaspirates in utterance-initial position, where they contrast with aspirated /t/ and /k/.  The voiceless stops of Japanese also are slightly aspirated in word- or phrase-initial position, and it would be interesting to compare acquisition patterns in word-medial position, where Japanese /t/ and /k/ before non-high vowels typically are unaspirated and where /d/ and // are consistently fully voiced and quite lax.  (In the Tokyo dialect, in fact, /d/ is sometimes lenited to [] and [] is in “free” variation with [].)  

All of the other salient error patterns in our study differ markedly from the corresponding patterns in English-acquiring children, and at least one seems particularly amenable to a language-specific functional explanation in terms of the larger system of contrasts and the relative lexical frequencies of the phonemes in contrast.  In the Japanese lexicon, /k/ is considerably more frequent than /t/, and in the current study, backing of /t/ to alveopalatal [t], palatal [c], palatalized [kj], dorsal [k], and so on, occurred nearly twice as often as the symmetrical fronting of /k/ to palatal [c], alveopalatal [t], dental [t], etc.  In English, by contrast, alveolars are more common than velars, and fronting of velar /k, / to aleveolar [t, d] is a far more commonly noted error than backing of /t, d/ to velar [k, g] among young typically-developing children learning English and among English-speaking children with phonological disorders.  

Especially noteworthy in the Japanese error patterns was the frequent substitution of an alveopalatal affricate [t] or [d] for both /t/ and /k/ in the context of /e/.  This is an almost unheard of error in English-speaking children.  In fact, the affricates /t/ and /d/ are not acquired in initial position by 90 percent of English-speaking children until about age 6;0 (Smit et al., 1990), and they are a common target of problems for older children with phonological disorder who tend to substitute alveolar stops (Ingram, Christensen, Veach, & Webster, 1980).  This developmental difference is not obviously related to any difference in frequencies in the adult lexicons of the two languages, since [t]-initial words accounted for only 8% of the initial lingual consonants in the Japanese dictionary study reported in Table 2, a proportion that is not substantially different from the frequency of /t/ relative to /t/ and /k/ in the English lexicon (Table 7).

>>> Insert Table 7 about here <<<

One possible explanation for this developmental difference between the two languages is that the alveopalatal affricate [t] is a stereotypical marker of child-directed forms in Japanese.  See, for example, such forms as -tyan ‘master, missy’, the hypocoristic suffix corresponding to adult-directed -san ‘Mr., Ms.’, and tittyai ‘small’, the child-directed form corresponding to adult-directed tiisai.  On the other hand, if this is the explanation, then the precise mechanism is unclear.  Perhaps the adult’s awareness of the morphological correspondences induces a heightened pitch range and other phonetic hallmarks of child-directed speech in the stereotypically child-directed forms.  That is, unlike the effect of the stereotypical prosodic shape described by Hayashi et al. (1998), any effect of the [t] stereotype cannot be via its influence on phoneme frequencies, since [t] was not particularly frequent relative to [t] and [k] in the samples of child-directed speech in the current study.  Only 7.6% of the word tokens in the child-directed samples in Table 2 began with [t], a proportion that is virtually identical to the 7.9% of word types in the dictionary study that begin with [t].  Thus, any frequency-based explanation for the different role that the alveopalatal affricates play in the acquisition of /t/ and /k/ in the two languages probably needs to focus not just on the contrasts among [t], [t], and [k] alone, but more broadly on the larger system of contrasts among lingual articulations in Japanese consonants, and on the conditioning of all of the contrasts by vowel context. 

When the focus is broadened in this way, we can see that the two languages differ in at least three possibly relevant ways.  First, the alveopalatal affricate [t] occupies a very different phonological place relative to the other consonants in the two languages.  In classical distinctive feature systems, such as that of Jakobson, Fant, & Halle (1951/1962), [t] has been described as functionally standing in between [t] and [k], to make a four-term system of stop place contrasts spread evenly from lips to velum.  In English, it is difficult to place [t] relative to the three voiceless stops in this way.  There is no palatal nasal in contrast with [m], [n], and [] to support this analysis on the grounds of system symmetry.  Nor does the highly skewed system of fricative place contrasts, with a labial and three coronal fricatives, but no dorsal fricative, argue for treating [t] as functionally a palatal stop.  Thus, in addition to being relatively low in frequency itself, the voiceless alveopalatal affricate does not belong to some larger well-defined set of “palatals” that together bear a higher functional load within the entire system than the voiceless affricate bears with respect to [t] and [k].  It is not surprising, then, that [t] is not a “default” stopping place in fronting a dorsal stop, or in backing the more anterior coronal stop.  In Japanese, by contrast, [t] functions as if it were a palatalized stop in a system-wide contrast between “plain” and “palatalized” consonants at all three places of articulation (see Table 1, above).  That is, just as the palatalized velars [kj] and [j] contrast with the plain velars [k] and [] before the three back vowels, so the palatalized labials [pj, bj, mj] contrast with plain [p, b, m], the palatalized dental [nj] contrasts with plain [n], and the alveopalatals [t, [ (~[d]), and [] contrast with the plain dentals [t], [d], [s], and [z] in the same vocalic environments.  Thus, the high frequency of the plain velar stops, in combination with the ubiquitous contrast between palatalized and plain consonants at all three places, makes a primary or secondary dorsal constriction a very practiced articulatory gesture indeed.  In this system, then, the “palatalized dental” [t] is phonologically much closer to being the “default” articulation than the plain dental is, despite its lower frequency in the lexicon.  It is also the only coronal non-continuant voiceless obstruent that occurs before /i/.  

Second, perhaps because Japanese has more places of articulation for dorsal sounds whereas English has more places for coronal sounds, the actual articulations at the “shared” places are somewhat different.  That is, whereas English [t] and [s] are alveolar, in contrast to interdental [] as well as alveopalatal [t] and [], Japanese [t] and [s] are simply dental.  Also, whereas English [t] and [] are articulated with the flattened blade of the tongue raised toward the alveolar ridge to open up a sublingual cavity, Japanese [t] and [] are made by bunching up a somewhat more posterior part of the tongue front in a constriction that is further back in the alveopalatal region.  In some dialects, in fact, the constriction for [] before /i/ is so far back as to neutralize with the palatal fricative [ç], making homophones of words such as siru ‘soup’ and hiru ‘noon’.  (The palatal fricative corresponds to [h] or [x] in the same way that [kj] corresponds to [k].  That is, [ç] is an “allophone” of /h/ before /i/, and contrasts with it before the back vowels.)  Thus, phonetically as well as phonologically, Japanese [t] is closer to an extremely front dorsal than is the English coronal affricate.  Fine-grained articulatory and acoustic studies of the coronals that result from velar fronting errors in English suggest that these transcribed substitutions are probably more dorsal than the /t/ target even when the release is not audibly fricated (cf., Hewlett, 1988; 1988; Edwards, Gibbon, & Fourakis, 1997).  The cross-language differences in error patterns might be illuminated further by a more fine-grained phonetic analysis of the coronals that result from velar fronting errors in Japanese as well. 

Finally, whereas [t] in English occurs before all vowels, and is particularly frequent before the front vowels, [t] does not occur at all before the high front vowel in Japanese, where the contrast between “plain” and “palatalized” has neutralized in favor of the “palatalized dental” [t].  This again contributes to the generally less anterior “articulatory base” of the language, and may help explain the prevalence of “centralizing” errors for both /k/ and /t/ in the context of the other front vowel /e/.  (Recall also that /e/ had a far lower token frequency than /i/ in the child-directed samples analyzed in Experiment 1.)  

general discussion

There has been relatively little systematic research on the effects of phoneme frequency in the lexicon on phoneme acquisition.  Instead, phoneme acquisition has often been understood in terms of universals, either linguistic “markedness” universals or biological universals that refer to the relative motoric or perceptual difficulty of specific phonemes.  A theory that explains acquisition in terms of such specific universals necessarily predicts a similar order of acquisition of phonemes across languages, and a similar pattern of substitution errors.  Moreover, given the very uneven nature of our knowledge of the phonologies of the many different languages spoken by the billions of humans alive today, the predicted universal order necessarily is one that is observed in well-studied languages such as English.  

Theories which invoke universals in this way are intuitively satisfying, because they link phoneme acquisition to such observations as the ubiquity of stops in the languages of the world, the large number of languages that have /s/ as the only fricative, and the related implicational universal that states that if a language has an affricate, it probably will also have both the homorganic stop and fricative.  The majority of maturational accounts and the majority of functional accounts, then, differ primarily in the posited causal direction of the link.  Either the biology-driven maturational universals are the primitives which give rise to the patterns in adult phoneme inventories, or the cognition-driven phonological universals are the primitives which give rise to the patterns in acquisition.   

Both types of account also share a further property.  Both have difficulty accommodating to the increasing number of recent studies which show exceptions to the purportedly universal order of acquisition and error patterns commonly observed in English (e.g., Pye, Ingram, & List., 1987; Ingram, 1988; So & Dodd, 1995; Hua & Dodd, 2000).  This research is in keeping with other work showing ambient language influences on babbling and on word productions at earlier stages of acquisition (e.g., de Boysson-Bardies et al., 1989; de Boysson-Bardies & Vihman, 1991).  At least some of this research (Ingram, 1988) invokes cross-linguistic differences in lexical phoneme frequency as a possible explanation of the exceptions to universals of phoneme acquisition.  

Ingram’s (1988) account is a functional one, that uses lexical phoneme frequency as a measure of functional load.  The studies of cross-language differences in babbling and early words suggest that lexical phoneme frequencies also can influence phoneme acquisition more directly.  Sounds that occur frequently in the speech directed at the infant would are more likely to be targets for imitation in pre-verbal social interactions with the caregiver, and are more likely to occur in the adult targets of the words that the child first acquires.  Either way, an account such as Ingram’s predicts that children acquiring different languages might acquire phonemes in a different order, because the “same” sounds can occur with different frequencies in different languages.  

When theories that invoke universals refer to lexical phoneme frequency, by contrast, the frequency relationships observed in languages such as English typically also are assumed to be universals.  For example, Stemberger & Bernhardt (1999) explain the earlier acquisition of /t/ relative to /k/ and the common occurrence of velar fronting errors in terms of the universally “default” nature of alveolars “the most frequent place of articulation in adult languages” (p. 419).  MacNeilage et al. (2000) similarly explain the grossly disproportionate frequency of /t/ before front vowels in English in terms of the universal “syllable frame” of babbling, so that the common occurrence of velar fronting might be viewed as an indirect consequence of the disproportionately high frequency of front vowels relative to back vowels in the language.  Given the appeal of “universalist” accounts, therefore, we need systematic studies of phoneme acquisition in languages such as Japanese, which differ from English in their lexical phoneme frequency patterns.  This was the motivation for the current study.  

Two main results of the study confirm predicted differences from English.  First, while previous work (Yoneyama, 2000) had shown that /k/ is more frequent than /t/ in the adult lexicon, it was not clear that this result would also hold for child-directed speech.  The first experiment showed that /k/ is indeed much more frequent than /t/ in Japanese in child-directed speech – in fact, the difference in frequency between /k/ and /t/ is even more extreme in child-directed speech than in the adult lexicon.  In addition, the results of the second experiment suggested that this difference in lexical phoneme frequency influences the order of acquisition of /k/ and /t/.  Japanese-speaking children hear many more words beginning with /k/ than /t/ and they acquired /k/ earlier than /t/.  This is in contrast to English-speaking children, who hear many more words containing /t/ than /k/ and acquire /t/ earlier than /k/.  

An influence of lexical phoneme frequency on phoneme acquisition was also supported by some of the results of the error analysis.  Specifically, backing of dental /t/ was more frequent than fronting of velar /k/, in keeping with the higher frequency of /k/ relative to /t/.  Also, place errors for both /t/ and /k/ were far more frequent in the environment of /e/, which occurred only four times as the following context vowel for the word-initial target phonemes in the child-directed samples in this study.  The high proportion of voicing-only errors, on the other hand, cannot be related to lexical phoneme frequency, and is more in accord with a strictly maturational account.  

The grossly disproportionate number of coronal substitutions for /k/ in the context of /e/ was the one exception to the generalization that /k/ is a less frequent target of error than /t/ in these Japanese-acquiring children.  This exception might be related to the fact that in both the adult lexicon and the child-directed samples, /k/ is no more frequent than /t/ before /e/.  It also might be related to the fact that /e/ was an extremely low frequency context for both sounds in the child-directed samples, particularly given that phonetic [t] does not occur before the other front vowel (i.e., phonological /ti/ is phonetically [ti]).  

The generally higher incidence of dental backing errors relative to velar fronting errors is in accordance with MacNeilage & Davis’s (2000) maturational account, which posits a biologically-driven universal favoring the co-occurrence of /k/ with back vowels and /t/ with front vowels.  That is, given the extremely high frequency of back vowels relative to front vowels in the Japanese lexicon, this maturational account would predict both the high frequency of /k/ relative to /t/ overall and the lower frequency of velar fronting errors relative to dental backing errors in the environments other than /e/.  It is tempting, therefore, to invoke this account to explain the exceptionality of the /e/ environment as well, since this the one environment in the stimuli in Experiment 2 where the purportedly universal co-occurrence constraint would disfavor the occurrence of velars in the lexicon and promote velar-fronting errors in acquisition.  However, the statistics for the other front vowel do not support the purely maturational explanation of the relative frequencies of /k/ and /t/ before /e/.  Indeed, if /t/ is defined narrowly as excluding the alveopalatal allophone that occurs before /i/, then the co-occurrence pattern for /i/ seems to be an absolute exception to the purported universal.  A follow-up acquisition study which targets [t] (i.e., /t/ before /i/ and in /tj/) and [k] (i.e., /k/ before /i/ and in /kj/), and which examines productions in the context of high vowels as well as before the mid and low vowels, might help distinguish among the various explanations of the error pattern before /e/.  

Another salient cross-language difference is that many of the place errors for both /k/ and /t/ in the environment of /e/ involved a “centralizing” substitution by the alveopalatal affricate [t], a substitution that is rarely noted in the literature on /t/ and /k/ acquisition in English.  This result cannot be attributed to the lexical phoneme frequency of [t] itself, which is no more frequent in Japanese than it is in English.  However, given the ubiquity of the palatal secondary place of articulation in the Japanese consonant system, it is tempting to link the common Japanese error pattern to Stemberger & Bernhardt’s (1999) notion of a frequency-driven “default” place of articulation.  Of course, if a palatal constriction is a default articulation for Japanese, it is an exception to Stemberger & Bernhardt’s specific claim that alveolar tends to be the default place universally, but the literature that they cite in support of this claim refers to “coronals” rather than to “alveolars” per se, and Japanese does not have any truly alveolar sounds.  An alveopalatal may be as good a match as a dental to a coronal “default” in a lexicon that is so heavily biased toward palatal and dorsal sounds.  Alternatively, invoking Gibbon’s (1999) notion of acquisition of /t/ and /k/ as a gradual refinement of motor precision for an initially “undifferentiated” lingual constriction, it may be easier to assimilate an undifferentiated lingual constriction in the context of a less frequent mid front vowel to the motor pattern for the only coronal that occurs in the context of the more frequent high front vowel.  We note also that there is some evidence that the [t] for /k/ substitutions that are so often noted for English actually involve a more palatal constriction than the transcription would suggest (cf., Hewlett, 1988; Forrest, Weisman, & Hodge, 1990; Edwards, Gibbon, & Fourakis, 1997).  A closer phonetic study of the actual articulations involved in both the target sounds and the errors in Japanese might help distinguish among the various explanation of the prevalence of alveopalatal substitutions in Japanese relative to English.  

In summary, this study of lexical phoneme frequencies and acquisition of /t/ versus /k/ in young Japanese-speaking children suggests that neither a “pure” maturational nor a “pure” functional account can explain the order of acquisition and the error patterns observed.  Biologically-driven universals seem to be involved in some patterns in the data, but with the exception of the voicing-only errors, all of the patterns suggest a strong influence also from language-specific aspects of the system of contrasts and of phoneme frequencies and phoneme-sequence frequencies in the lexicon.  More systematic studies are needed of phoneme acquisition in other languages which differ from both English and Japanese in the distribution in child-directed speech of dorsal stops relative to coronals, or of front vowel contexts relative to back.  
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TABLE 1.  The role of lingual consonants in the Japanese consonant system.  Distribution of allophones of Japanese dental /t/ and velar /k/ in the five different following vowel contexts, and relationship to the corresponding “palatalized” series (top).  The Japanese consonant inventory (bottom). 

coronals
dorsals


dental /t/
alveopalatal /tj/
velar /k/
palatalized /kj/

/a/
[ta]
[a]
[ka]
[kja]

/i/
/ti/ = [i]
/ki/ = [kji]

/u/
[ts]
[]
[k]
[kj]

/e/
[te]
  ([e])a
[ke]
  ([kje])a

/o/
[to]
[o]
[ko]
[kjo]

labial
coronal
dorsal

plain
palatalized
plain
palatalized
plain
palatalized

p
pj
t~ts
t
k
kj

b
bj
d
   d (~)b
 (~) b
j

m
mj
n
nj
   (N)b


  (()b

s

x~h
ç



z~dz
     (~d)b





r~
rj~j



(




j

aThe alveopalatal affricate and palatalized velar stop are extremely marginal before /e/, occurring only in a few exclamatives in the native vocabulary and in some recent loan words from English.
bThe “plain” and palatalized series at each place generally contrast only before the three back vowels /a, o, u/ (although see note a).  The contrast between /d/ and /z/ is neutralized in the “palatalized” series, where [d] and [] are in “free” variation.  The velars [] and [] similarly are in “free” variation in onset position.  In coda position, [m], [n], and [] occur as allophones of the uvular nasal [N], which only occurs in coda position before sonorants or silence, but assimilates in place to any following obstruent.  The bilabial fricative occurs only before /u/ in the older vocabulary, where it can be analyzed as an allophone of /h/.  It occurs marginally before /a/ and /e/ in recent loan words from English.

TABLE 2.  Percentage of occurrence of /t/and /tj/ versus /k/ and /kj/ in word-initial position before each of the five different vowels and over the entire sample, in the dictionary sample and in the 150 minutes of child-directed speech in the current study.  Asterisks indicate contexts in which the frequency of /k/ in the sample is significantly larger than the frequency of /t/ at * p<0.05 or at ** p<0.001 by a Chi-square test (see Methods). (Raw counts are given in parentheses.)

Adult lexicon
Child-directed speech


/t/
/k/
/t/
/k/

/a/
33.6 (2219)
66.5 (4395) **
37.5 (30)
62.5 (50) *

/i/
27.0 (717)
73.0 (1943) **
20.6 (15)
79.5 (58) **

/u/
45.2 (1445)
54.8 (1749) **
33.3 (11)
66.7 (22) 

/e/
50.2 (1289)
49.8 (1280)
50.0 (2)
50.0 (2)

/o/
36.7 (2375)
63.3 (4097) **
12.8 (28)
87.2 (190) **

total
37.4 (8045)
62.6 (13464) **
20.9 (86)
79.1 (322) **

TABLE 3.  Percentage of occurrence of /t/ (excluding [ts] and [t]) versus /k/ (excluding [kj]) in word-initial position before each of the vowels /a/, /e/, and /o/, in the dictionary sample and in the child-directed speech in the current study.  Asterisks as in Table 2.

Lexicon
Child-directed speech


/t/
/k/
/t/
/k/

/a/
32.2 (2036)
67.8 (4285) **
36.7 (29)
63.3 (50) *

/e/
49.6 (1259)
50.4 (1280)
50.0 (2)
50.0 (2)

/o/
35.3 (1858)
64.7 (3406)**
09.7 (18)
90.3 (168) **

total
36.5 (5153)
63.5 (8971) **
18.2 (49)
81.8 (220) **

TABLE 4. Percentage of occurrence of word-initial /t/ versus /k/ in the thirty-minute sample recorded for each dyad, calculated by the more inclusive method that counts coronal affricates and palatalized velars in all 5 vowel contexts (as in Table 2) and by the less inclusive method that counts only the stop allophones before the 3 non-high vowels (as in Table 3).  Asterisks as in Table 2.

Count including [t], [ts], and [kj]
Excluding [t], [ts], [kj], and /ku/


/t/
/k/
/t/
/k/

Dyad 1
23.3 (20)
76.7 (66)**
30.8 (16)
69.3 (36)**

Dyad 2
13.6 (15)
86.6 (95)**
08.3 (7)
91.7 (77)**

Dyad 3
25.0 (8)
75. 0 (24)**
26.7 (4)
73.3 (11) 

Dyad 4
20.5 (9)
79.6 (35)**
29.41 (5)
70.6 (12)

Dyad 5
25.0 (34)
75.0 (102)**
16.83 (17)
83.2 (84)**

total
21.1 (86)
78.9 (322) **
18.22 (49)
81.8 (220)**

TABLE 5.  Words used in Experiment 2.  The apostrophe indicates the place of the pitch accent (if the word is lexically accented), and ‘N’ indicates the moraic nasal which is homorganic with the following obstruent (i.e. [m] in the first syllable of teNpura and [n] in the first syllable of keNdama).  
/ta/
tamane’gi
‘onion’
ta’nuki
‘racoon-dog’a
ta’ko
‘octopus’

/te/
tegami
‘letter’
te’epu
‘tape’
teNpura
‘tempura’

/to/
to’mato
‘tomato’
tora
‘tiger’
toofu
‘tofu’

/ka/
kamina’ri
‘thunder’
ka’rasu
‘crown’
ka’ba
‘hippo’

/ke/
ke’eki
‘cake’
kemuri
‘smoke’
keNdama
‘kind of toy’b

/ko/
koori
‘ice’
ko’ara
‘koala’
koma
‘chess piece’

aNyctereutes procyonoides, a forest-dwelling canid species distributed widely in East Asia, from southeastern Siberia to Vietnam.  In Japanese folklore, it is a figure of gentle debauchery, and is often depicted in cartoons and garden figurines carrying a flask of sake and an account book. 

bA kind of toy consisting of a ball connected by a string to a spoon-like object, which the player holds in one hand and swings to try to seat the ball in the cup of the spoon.  

TABLE 6.  Distribution of errors for /t/ and /k/ (percentages in parentheses).  Phonetic symbols show all specific substitutions for each category of place or manner error, with “>” or “=” between pairs of symbols indicating relative frequency of occurrence.  

/t/
/k/

   voicing only 
[d] 
(41)
119
[g] 
(48)
103

   all other errors
see below
(60)
172
see below
(52)
111

totals

(100)
291

(100)
214

place errors:







     labials 
[p>b>m]
(16)
24
[p=b=m]
(11)
12

     coronals 
[t>d>nj]
(18)
28
[t>t>d>ts=dz]
(60)
65

     dorsals
[k>>kj>j=j>ç>c]
(49)
74
[j>c=j]
(4)
4

     placeless 
Ø>[h>] 
(17)
26
[h]>Ø
(25)
27

totals

(100)
152

(100)
108

manner errors:







     affricates/sibilants 
[t>dz>ts>z=d]
(49)
38
[t>ts=dz]
(34)
18

     nonsibilant fricatives 
[h>ç]
(17)
13
[h>x,]
(32)
17

     sonorants 
[n>j>m=nj=r=]
(18)
14
[m>j]
(9)
5

     zero onset
Ø
(17)
13
Ø
(25)
13

totals

(100)
78

(100)
53

TABLE 7. Relative percentages  of coronal and dorsal sounds in the Japanese dictionary study in Table 2above (top), and in an investigation of the corresponding English consonants before non-reduced vowels in the Hoosier Mental Lexicon (bottom). (Raw numbers are given in parentheses.)
Japanese /t/, /tj/, /kj/ and /k/ in word-initial position in the NTT database

[t]
[ts] (in /tu/)
[t] (in /ti/, /tj/)
[kj] (in /ki/, /kj/)
[k]

24.0 (5170)
5.5 (1177)
7.9 (1698)
14.4 (3097)
48.2 (10,367)

coronals
dorsals

37.4 (8045)
62.6 (13,464)

dentals
“palatals”
velars

29.5 (6347)
22.3 (4795)
48.2 (10,367)

English /t/, /t/, and /k/ before strong vowels in the HML database

/t/
/t/

/k/

58.9 (3237)
6.0 (329)

35.1 (1929)

coronals
dorsals

64.9 (3566)
35.1 (1929)

FIGURE CAPTIONS

FIGURE 1. Percent correct productions of target /t/ and target /k/ transcribed in words elicited from each child in the cross-sectional study, plotted by child’s age in months.  Filled triangles and solid lines are for /k/; open triangles and dashed lines are for /t/.

FIGURE 2. Number of errors for target /t/ (left panel) and target /k/ (right panel) before /a/ (bars with slanting stripes), /e/ (stippled bars), /o/ (bars with horizontal stripes).  The three bars to the left in each panel show number of errors of voicing alone (i.e. [d] for /t/ and [] for /k/).  Bars to the right show all other errors.

FIGURE 3. Number of errors involving place of articulation for target /t/ (top panel) and target /k/ (bottom panel), by place of articulation of substituted sound.  Bars for each following vowel context as in Figure 2. 

