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Abstract

Despite many decades of modern research on child language acquisition, our
understanding of how humans acquire languages is still incomplete and, as such,
subject to theoretical debates. Particularly, concerning the process of language
acquisition in bilingual children, there are two opposite views within the scientific
literature; some scholars support the view that certain properties of one of the two
languages of these children may affect the acquisition of the other language, while other
scholars do not find any evidence for such phenomenon. In this thesis, we examine how
a Japanese-English bilingual child, code-named Naoki, developed consonants and
consonant clusters in word-initial syllable onsets, word-final syllable codas as well as
word-medial geminates and coda-onset clusters. The results from this longitudinal study
suggest that while Naoki displayed high accuracy in his productions of syllable onsets in
both Japanese and English, his development of syllable codas in both languages was

affected by the Japanese constraints on sound distributions within this position.



Summary

Although there has been much research, especially since the 1940s, on how children
learn their mother tongue, the mechanism of human language learning is still not well
understood. This is particularly true concerning children who are learning two languages
in parallel, for whom academic research suggests two different analyses. Some
researchers suggest that certain properties of one of the child’s languages can affect the
development of their other language, either in positive or in negative ways. Meanwhile,
other researchers have not found evidence for such effects, and claim that the two
languages of a bilingual child function largely independent of one another. In this thesis,
we examine how a child, code-named Naoki, who is learning Japanese and English in
parallel, develops sounds and sound sequences at the beginning and end of words as
well as sound sequences in the middle of words. The results suggest that while Naoki
did well in producing sounds at the beginning words in both Japanese and English, his
development of sounds at the end of English words appears to function in ways similar
to what we would expect from Japanese but not English monolingual learners. This
effect yielded a slower development of some English sounds at the end of words, and at

the end of syllables found in the middle of words.
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Chapter 1: Introduction

Outside of a handful of descriptive studies, many of which are under the scope of
behaviourism (e.g. Piaget 1955; Piaget 1971), modern studies of language acquisition
began in earnest with Jakobson (1941), a seminal work which has had a great impact on
studies on phonological development to this day. Shortly after, in parallel with the rise of
cognitive science in general and the advent of the generative theory in linguistics
(Chomsky 1957), the field of language acquisition consolidated from what was initially
an interdisciplinary field into a focus area in linguistic research. However, in spite of 70
years of fruitful research since, we have yet to develop a satisfactory model of how
humans acquire language systems. This is especially true concerning the acquisition of
multiple languages at once, which brings its own set of additional questions and
challenges. Bilingual development must indeed combine the process of language
acquisition with the types of variations that are inherent to multilingual environments, for
example how the properties of each ambient language may interact with one another,

both during the learning process and beyond.

One major focus of studies of bilingual development is whether the two languages that
bilingual children are acquiring interact with one another and, if so, what types of
interactions can be seen between then. Many case studies have been conducted so far
to address these questions, which have interestingly yielded two opposite views of
bilingual development: some scholars claim that the two languages of a bilingual learner
never interact with one another (Paradis & Genesee 1996; Mishina-Mori 2002), while

others posit that properties of either of the two languages may affect the other through



development, and beyond (Major 1992; Yip & Matthews 2000; Almeida et al. 2012;
Kehoe 2018). In this thesis, we attempt to address this debate by contributing new
transcription data of an already existing case study of a child, code-named Naoki,
learning Japanese and English in a multilingual environment. We offer a series of
systematic descriptions, in each of Naoki’'s languages, of the acquisition of consonants
in word-initial syllable onsets and onset clusters, word-final syllable codas as well as
word-medial geminates and coda-onset consonant clusters. While the current work is
much more descriptive than a theoretical exploration, it offers a few hypotheses
concerning asymmetries observed in the data. In particular, we suggest that the child's
development of syllable codas (word-finally, word-medially in coda-onset clusters, and
as part of the syllabification of geminate consonants) is influenced by pressures
imposed by the phonological grammar of Japanese, in particular the phonotactic
restrictions that Japanese imposes on consonants syllabified post-vocalically, within

syllable codas (especially, It6 1986).

The thesis is outlined as follows: we summarize past research results and related issues
in Chapter 2, where we also look at case studies documenting language interactions, or
lack thereof, from morphosyntactic and phonological perspectives. As part of this
summary, we introduce five interaction patterns suggested so far within the literature.
We then describe our current research in Chapter 3, which builds on a comparison of
the development of Japanese and English consonants and consonant clusters. In
Chapter 4, we describe Naoki's development of consonants and clusters in the two
languages. Finally, in Chapter 5, we discuss the language interaction patterns that, as

the data suggest, arose from interactions between the learner’s two developing systems.



Chapter 2: Background

In this chapter, we summarize previous studies of language development by bilingual
children. In section 1, we provide an overview of current knowledge on bilingual
children’s language development, as they are discussed by De Houwer (1995) and
Meisel (2007), and discuss its relevance to models of language acquisition. We then
focus more specifically on findings about language transfer from morphosyntactic and
phonological perspectives, in section 2, where we compare different perspectives on the
notion of transfer, in particular concerning the five possible language interaction patterns
suggested through this literature. Finally, in section 3, we highlight the significance of the

current research.

1. The relevance of bilingual language development studies

According to De Houwer (1995: 220), studying bilingual children can be helpful in two
main areas: to obtain more data for analyzing child language acquisition generally, and
to address misconceptions that raising children as bilingual speakers can have negative
effects linguistically or otherwise. De Houwer highlights previous studies showing that
bilingual children’s linguistic awareness develops earlier than in monolingual children
(Levy 1985; Clyne 1987). Building on this, she suggests that bilingual children could be
better at structural analysis of their language input, as they can use one language’s
properties to compare against that of their other language(s) (Hakuta & Diaz 1985; Pléh,
Jarovinskij & Balajan 1987; Meisel 1990b; Goodz, Legaré & Bilodeau 1987). This, in
turn, opens up research opportunities, for example to determine whether some

phenomena are language-specific or apply cross-linguistically (De Houwer 1987a: 53).



De Houwer also suggests that analyzing language development in bilingual children
may help uncover effects of language input on acquisition, considering that the linguistic
environment of each bilingual child varies depending on the linguistic makeup of their
households (De Houwer 1995: 223). Finally, returning to misconceptions that prevalil
within societies about language development in bilingual children, De Houwer points out
that analyzing the speech productions of these children can help determine how and to
what extent a learner can attain two languages without mixing the codes, or whether
external influences such as bilingual education may affect children’s development more

generally (De Houwer 1995: 230).

More specifically, De Houwer (1995) addresses relationships between the two
languages of bilingual children, and what is known so far about how bilingual children
select their language of production. Firstly, she points out that beyond considering what
is the native language of bilingual children’s parents or what is the main language in
their community, it is important to understand how much bilingual children are exposed
to each of the two languages they are acquiring, and how parents educate children
using code switching. The language environment for bilingual children can indeed vary
widely, and research has so far been inconclusive as to whether mixing languages in
input is positively or negatively correlated with measures of success in child learners
(Idiazabal 1984; Goodz, Bilodeau & Légaré 1988). More studies are thus required in this
field, in order to understand all the variables that may affect bilingual development (De

Houwer 1995:223-30).



Concerning potential connections between the two languages of bilingual children, there
is however controversy as to whether children separate the two languages or develop a
hybrid system that can encode both source languages. On the one hand, Volterra &
Taeschner (1978) suggest that there is a systematic stage of mixed language in bilingual
children at an early point. On the other hand, some studies on morphosyntactic
development instead suggest that children acquire the two languages independently of
one another (Meisel & Mahlau 1988; Meisel 1989). However, as De Houwer states,
there is not enough data to fully support this claim, and the evidence available is at
times unclear. In this regard, she suggests that bilingual studies always include
comparisons with monolingual children’s language development, for each of the two
languages of the bilingual learner, as a way to distinguish between language-specific
patterns and interactions between the two systems (De Houwer 1995: 242). Together,
her suggestions aim at uncovering what could be defined as “normal” language

development in bilingual children (De Houwer 1995: 248-49).

Meisel (2007) also addresses background issues in bilingual language acquisition,
based on studies of syntactic development. According to Meisel, many studies agree
that bilingual children can acquire two languages to the same extent as monolingual
children of each language, an observation which supports the view that these children
develop two separate language systems from an early point, at the beginning of the
acquisition process (Jekat 1985; Quay 1995; Meisel 1986; Meisel 1989; Genesee 1989;
De Houwer 1990; Koppe 1996). This position leads Meisel to suggest that studies
should focus on what factors can possibly disrupt the development of grammatical

properties for each of the bilingual child’s two languages (Meisel 2007: 27). Evidence for



this comes from studies highlighting interactions between a bilingual learner’s two
languages. These studies suggest two main factors as potential causes for those
interactions: (1) the structural properties of each of the languages, and (2) language
dominance. The former builds on the idea that transfer occurs when given properties of
one of the languages are ambiguous, leading children to compensate for these
properties with their counterparts in the other language (Hulk & Muller 2000; Muller &
Hulk 2001; see also Yip & Matthews 2000, discussed in the next section). Building on
these studies, Meisel suggests that only certain grammatical properties can be
influenced by language interaction, in line with Hulk & Mdller (2000), Mller & Hulk
(2001), and Yip & Matthews (2000). However, Meisel claims that this hypothesis must be
tested against more explicit evidence, calling for more studies focusing on the topic of

structural interaction between languages (Meisel 2007: 41).

In sum, from the main issues highlighted by De Houwer (1995) and Meisel (2007)
summarized above, it appears that the process of language development by bilingual
children is generally ill-understood, and needs more investigation. Studies on this topic
should also ideally document different language learning situations, which together can
reveal as many types of structural interactions as possible, or else verify the absence of
such interactions between the bilingual learner’s two linguistic systems. We turn to the

topic of language interactions more specifically in the next section.

2. Language interactions

In this section, we discuss background studies on language interactions. Section 2.1

looks at the five possible language interaction patterns suggested in the literature.



Section 2.2 summarizes the findings from morphosyntactic bilingual development. We
then compare these with the results obtained from bilingual phonological development,

in section 2.3.

2.1 Interaction patterns

In their study of syntactic acquisition in French-English bilingual children, Paradis &
Genesee (1996) propose the notions of transfer, acceleration, and delay for categorizing
types of language interaction in bilingual children. Paradis & Genesee build on the
premise that bilingual children at the age of two have separate language systems for
each language, as suggested in several previous studies of syntactic development in
bilingual children (Kaiser 1994; Meisel 1989; Meisel 1990; Parodi 1990). Paradis &
Genesee hypothesize that, given these two language systems, there might be some
interaction between the two languages during the course of development. They propose
three interaction patterns, as follows: transfer is the movement of grammatical elements
between the two languages; acceleration is the earlier emergence of a grammatical
property in one or both languages compared to the emergence of the same property in
monolingual learners of either language; and delay is the slower acquisition of certain
grammatical properties compared to their development by monolinguals (Paradis &
Genesee 1996: 3—4). In addition to these three interaction patterns, two more
possibilities were proposed concerning bilingual phonological development specifically.
The first of them is called fusion, as suggested by Queen (2001), whereby phonological
properties appear in a child’s production in both languages, and those properties are
similar to, but not the same, as properties in either of the developing languages. Finally,

a “different order of acquisition” was proposed by Lleo (2006), a pattern which



corresponds to neither language but emerges from their interaction during the
development process. In the next two sections, we discuss observations about these

patterns in morphosyntactic and phonological development, respectively.

2.2 Evidence from morphosyntactic development

As described above, five main interaction patterns have been proposed in the study of
bilingual children’s language development. Studies in different sub-fields have attempted
to verify the validity of these patterns. When it comes to morphosyntactic development,
different studies offer at times different perspectives; while some studies claim that

language interactions do occur, others rule out their existence.

Yip & Matthews (2000) support the interaction view. They studied a Cantonese-English
learning child’s development of wh-in-situ interrogatives, null objects, and prenominal
relatives. Yip & Matthews focused on the fact that the grammatical rules of these three
elements show clear differences between the two languages: for the wh-in-situ
interrogatives, while wh- elements are moved to the sentence-initial position in English,
they remain in the same position in Cantonese. With regard to null objects, while
pronouns in English typically follow transitive verbs, Cantonese transitive verbs do not
require them. Finally, concerning prenominal relatives, English modifiers are positioned
after nouns, while the order is completely the opposite in Cantonese. Overall, the child
studied by Yip & Matthews showed almost the same developmental path as monolingual
Cantonese child learners, in all of the three grammatical elements, while his

development of English was clearly affected by the grammar of Cantonese.



Other evidence of language interaction was reported in the study by Miller & Hulk
(2001), who studied the development of “object omission” in three children who are
learning one Germanic and one Romance language, namely German-French, Dutch-
French, and German-Italian. The general result of this study is that the children omitted
objects as frequently as monolingual children do in each of the two Germanic
languages, which is rather frequently, especially when compared to monolingual children
of each of the Romance languages. Thus, Muller & Hulk conclude that the development

of the children’s Romance languages was influenced by their Germanic languages.

Contrary to the claims summarized above, other studies suggest that there is no
language interaction in bilingual children’s morphosyntactic development. Paradis &
Genesee (1996), for example, who started with the hypothesis that transfer,
acceleration, and delay may affect bilingual development, found no such interactions
based on their own study of French-English bilingual children. Paradis & Genesee
specifically focused on the development of finite verbs, negation, and pronominal
subjects, and observed that the bilingual children they studied did not differ from
monolingual children in developing the two languages: French-English speaking children
developed both of their languages similarly to monolingual children learning each of

these languages.

This “no transfer” view of morphosyntactic acquisition in bilingual children is also
supported in the observation of Japanese-English speaking bilingual children by
Mishina-Mori (2002), who specifically focused on potential acceleration effects. The

study looks at the production of past tense and negation in two Japanese-English



bilingual children who are between two and three years old, living in the USA, whose
mothers are native speakers of Japanese and whose fathers are native speakers of
English. The result shows no evidence of acceleration; the children displayed the same
paths as monolingual children in terms of their acquisition of past tense and negation in

each language.

In sum, the evidence for language interactions at the morphosyntactic level in bilingual
children is inconclusive at this stage; some studies suggest that transfer can take place
between the two languages that bilingual children are developing, while others make a
completely opposite claim, reporting no interaction. The bilingual children documented in
these latter studies behave similarly to monolingual children in each of their two

languages.

2.3 Evidence from phonological development

Contrary to studies of morphosyntactic development, studies of bilingual children’s
phonological development so far reveal a more straightforward perspective: according to
these studies, the two languages that bilingual children are developing do interact with

each other in significant ways.

In her comparison of German-Spanish bilingual and monolingual children of each
language, Kehoe (2018) attempted to see if there is any interaction between the two
languages in the development of rhotics in bilingual children. She focused on German
[k], a voiced uvular approximant, Spanish [r] and [r], a voiced alveolar tap and a
voiced alveolar trill respectively, by considering the notions of transfer, acceleration, and
delay put forth by Paradis & Genesee (1996). For the German data, Kehoe focused on
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[] in the singleton onsets of stressed syllables and in complex onsets; for the Spanish
data, she focused on [r] in complex onsets and in word-medial singleton onset
positions, and on [r] in word-initial and word-medial singleton onsets. Additionally, the
bilingual children’s development of /1/ in complex onsets was described, in order to
determine whether potential differences in the acquisition of /r/ in this position (i.e.
German [¥] and Spanish [r]), compared to monolingual children, could be unique to
rhotics or generalized to other consonants. Kehoe analyzed the phonological
productions of children aged between two and three years. The results show that there
was a delay in the acquisition of German [¥] and Spanish [r], while acceleration was
seen in the acquisition of Spanish [r]. Specifically, by position, the delay affecting
German [¥] was seen in complex onsets, and Spanish [r] in both positions mentioned
above, while Spanish [r] acceleration was observed in both positions specified above.
Concerning the comparison between rhotics and laterals in complex onsets, while
German monolingual children acquired the two consonants at the same time, bilingual
children acquired laterals faster than rhotics. As for Spanish development, both
monolingual and bilingual children acquired laterals earlier than rhotics. From these
results, Kehoe suggests that the difference seen between monolingual and bilingual
children is unique to rhotics, and that these findings might be the result of phonological

assimilation between the two systems of the bilingual children (Kehoe 2018: 728).

Almeida et al. (2012) also investigated transfer, acceleration, and delay, by specifically
looking at a Portuguese-French learning child’s development of complex onsets and

word-medial codas. For the complex onsets, Almeida et al. studied the combinations of
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plosive and rhotic, plosive and lateral, fricative and rhotic, and fricative and lateral
sequences. For each of these clusters, Almeida et al. also considered the facts that
French-learning monolingual children learn the CI1V combination first and the CrV
second (dos Santos 2007; Kehoe et al. 2008), while Portuguese-learning monolingual
children follow the opposite order (Almeida & Freitas 2010) and tend to show vowel
epenthesis between the two consonants of the cluster (Freitas 2003), which is virtually
undocumented outside of a few specific cases among French monolingual children
(Rose 2000; dos Santos 2007; Kehoe et al. 2008). The bilingual child showed the results

represented in the figures below:

2,04 X
2;06 X
2;10 X
3;00 X
3,03 X

3,06 X

Table 1: Developmental order of complex onsets in Portuguese (adapted from
Almeida et al. 2012: 46)

fl |pg | kIl kg fg | pl | ty
2;04 X
2;10 X
2;11 X
3,01 X
3;03 X | X

3,08 X

Table 2: Developmental order of complex onsets in French (adapted from
Almeida et al. 2012: 46)
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First is the general observation that the child developed her clusters in both languages
during approximately the same time period. Second, the child did not go through a stage
of vowel epenthesis in her development of either language. There are also some
common facts observed in both languages: (1) the first consonant cluster the child
acquired is /fl/, while the last one is /tr/, which the child did not master during the
recorded period in Portuguese; (2) the child also generally developed C1V sequences

before CrV ones.

The bilingual child studied by Almeida et al. (2012) showed almost the same path as
French monolingual children, and vowel epenthesis was absent in her Portuguese
development. From this, Almeida et al. suggest that the child’s French development had

an accelerating effect on her Portuguese development.

Concerning the word-medial codas, the authors emphasize that most consonants can
appear in this position in French (Dell 1995), where they develop during same time
period (Rose 2000; dos Santos 2007). In Portuguese, only three consonants, [s], [r],
and [t], are possible in this position (Mateus & Andrade 2000), where fricative codas are

acquired earlier than liquids (Freitas 1997; Correia 2004).

The child acquired fricative codas earlier than liquid codas in both languages, and
French plosives were acquired later than any other consonant. This order, given that
French monolinguals acquire almost all consonants at the same time (e.g. Rose 2000),

suggests that the development of French plosives was delayed.
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In sum, Almeida et al. (2012) reported on both acceleration and delay effects based on a
single case study. They emphasize that the development of whole syllables, or certain
properties within the syllable, can be affected by interactions between the two languages
that bilingual children are developing, and that these interactions can take place in either
direction. They also suggest that this observation may be limited to balanced bilingual
children; concerning bilingual children with a clear language dominance, Almeida et al.
follow the suggestion by Paradis (2001) that this factor alone may determine the

direction of language interactions.

Studies of language interaction in bilingual children’s phonological development are not
limited to the two studies mentioned above. Many other studies reported such
interactions, both in children’s productions (e.g. Keshavarz & Ingram 2002; Fabiano-
Smith & Barlow 2010) and in terms of the children’s awareness of phonological structure
(e.g. Liu & Kager 2016; Lin, Cheng & Wang 2018). In a recent discussion from a
psycholinguistic point of view, Lle6 (2016) considers two more types of language
interactions, in addition to the acceleration, delay, and transfer effects suggested by
Paradis & Genesee (1996). Although Paradis & Genesee concluded that these
hypothetical effects do not manifest themselves in bilingual children’s morphosyntactic
acquisition, Lleé (2016) confirms that these effects are all robustly attested in the context
of bilingual phonological acquisition, as evidenced by Lleé et al. (2003), Lle6 & Rakow
(2003), and Lle6 & Rakow (2006). In addition, Lle6 (2016) considers fusion, suggested
by Queen (2001), and a “different order of acquisition” (LIe6 2006). Queen describes
fusion in her study of intonation patterns in German-Turkish bilingual children as those

patterns which share similarities with certain properties of the two developing languages,
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yet do not exist in either (Queen 2001:56). For example, her study shows that bilingual
children produced the rising intonational patterns of L*HH% and L%H%",! the former
being similar to the German rise pattern and the latter close to the Turkish rise pattern,
yet neither of which exists in German nor in Turkish. Nonetheless, both of the patterns
were seen in both of the languages produced by the bilingual children. Hence the term
“fusion” employed by Queen (2001), which Lle6 (2016) lists as another type of language

interaction.

The “different order of acquisition” proposed by Lle6 (2006) can be defined by any
different order in the acquisition of specific properties of speech exhibited by bilinguals
which differs from that displayed by monolingual children in both of the bilingual’'s
languages. For example, Lled reports that German-Spanish bilingual children first
acquire monosyllables and then trisyllables, while Spanish monolingual children acquire

these properties in a completely opposite way. As Lle6 (2016) points out:

[...] the crucial difference is that it generally involves both phenomena at the
same time: that is, bilinguals show acceleration of monosyllables and delay of
trisyllables. (Lle6 2016: 13)

In sum, given that the five phenomena of acceleration, delay, transfer, fusion, and
different orders of acquisition have been evidenced in studies of the phonological
development of bilingual children such as those mentioned so far, it is important to look
further into these patterns by investigating bilingual children in the context of different

language learning situations. By observing a Japanese-English bilingual child, we

1 “H”is a high and “L” is a low tonal morphemes, “*” stands for accent tones and “%” stands for
boundary tones (Queen 2001: 61)
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propose to see how these types of interactions may reveal themselves between the two

languages of this individual learner.

3. Significance of current research

The current research offers one more step towards our understanding of bilingual
children’s phonological development, considering that previous studies mainly
concentrated on the development of European languages, which are also typologically
close to one another (Kehoe 2002; Lle6 2006). In fact, there are very few previous
studies on the phonological development of bilingual children who are developing
English and Japanese, and those studies are mostly focusing on the development of
phonological awareness (Otake & Yamamoto 2001; Sakakibara 2016). Thus, observing
development in those typologically distant languages by specifically focusing on their
differences in consonants, syllable structure, and language-specific elements which are
described in the earlier sections, and seeing how these elements interact between
Japanese and English, offers new light on patterns of interaction and, more generally,

form a basis for further research in this field.
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Chapter 3: Methodology

Based on the previous studies outlined above, and in order to obtain further results for
bilingual children’s language development, which is one of the central aims highlighted
by both De Houwer (1995) and Meisel (2007), we propose to study the phonological
development of a Japanese-English learning child, following a longitudinal, corpus-
based research design. For this study, we concentrate exclusively on the child’s
development of consonants and consonant clusters, leaving for further research issues
such as the child’s development of vowel, pitch accent (especially for Japanese) or

stress accent (especially for English).

1. Participant

The case study focuses on a bilingual Japanese-English learning child code-named
Naoki, who was acquiring his two languages in parallel. The child grew up in northern
Virginia in the USA as an only child, and his parents are native speakers of Japanese.
Because of this background, he was exposed to Japanese at home, and to English-
speaking environments in his daycare centre as well as other situations such as when

English speaking visitors were coming to his home (Ota 1998).

2. Differences between Japanese and English

In order to establish the developmental stages exhibited in Naoki's speech, it is
necessary to look at the distinctive characteristics of each language. In the descriptions
below, we focus specifically on differences relevant to consonants, including language-
specific phonological patterns present in each of the two languages, including consonant

clusters.
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2.1 Japanese consonants

The table below shows the consonant inventory of Japanese (Labrune 2012).

Labial | Alveolar | Post-Alveolar | Palatal | Velar | Uvular | Glottal
Plosive | pb td kg
Nasal m n
Fricative Sz S ¢ h
Affricate & tf &
Liquid Iy
Glide w j N

Table 3: Japanese consonant inventory (adapted from Labrune 2012: 59)

One important detail to note is that the consonants listed above are only phonemic ones;
some of these consonants have allophones conditioned by the ambient vowels, as

shown below in (1).

(1) Consonantal allophones in Japanese (adapted from Labrune 2012: 62-69)
a. Allophones of /t/
/t/ — [tl /_aeo0
- [d] /_i
— [ts] /_w
b.  Allophones of /s/
/s/ — [s] /_a e w,o
- [fl /_i
c. Allophones of /h/
/h/ — [h] /_a,eo0
- [c] /_i

- [¢] /_w
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Allophones of /d/ in word-initial position
/d/ = [dl /_a,eo0

- [3], [&] /_i

- [zI, [&] /_w
Allophones of /d/ in word-medial position
/d/ — [dl /_aeo0

- [3] /_i

- [z] /_w
Allophones of /z/ on the word-initial position or after /n/
/z/ — [z],[d] /_a,e w,o0

- [31(ED /_i
Allophones of /z/ in word-medial position
/z/ — [z] /_a, e, w,o0

- [3], [&] /_i

— [d&] /_ w (occasionally)
Allophones of /n/
/m/ — [n] /_a e w0

- [l /_1

Please note that, while [t{], [{], [¢], and [3](or [&]) are considered as allophones of
/t/, /s/, /h/, /d/ and /z/ when they precede the vowel [i], as shown above, they are

phonemes when they are positioned before the vowels [a], [u1], or [o]. We look at the

details of these phonemic patterns in the next section.

2.1.1 Yoon

Yoon are consonant sequences, or palatalized consonants, realized in Japanese as
consonant+/j/. The consonants which precede /j/ are typically /k/, /g/, /t/, /s/, /Z/,

and /h/, and either [a], [u1], or [o] follow /j/. This CjV structure is monomoraic. While
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/kj/ and /gj/ are pronounced as [kj] and [gjl, /tj/, /sj/, /zj/, and /hj/ are produced as

[f1, [f1, [3] (or [&]), and [¢j], respectively (Labrune 2012), as shown below in (2).

(2) Realization of yoon in Japanese

a.

=

o o

®

kyou [kjo:] ‘today’
gyouza [gjo:za] ‘dumpling’
chairo [tfairo] ‘brown’
shouko [fo:ko] ‘evidence’
josei [&osei] ‘woman’
hyaku [cjakur] ‘one hundred’

In the next two sections, we explore additional properties of Japanese phonotactics.

2.1.2 Syllabic nasal /n/

As part of its phonemic inventory, Japanese displays the uvular nasal consonant /n/,

realized as such in word-final position, but in most cases as a nasal consonant which

shares the place of articulation of the following consonants or assimilates with

surrounding vowels (Saito 2018), as seen below in (3). This is also the only consonant,

aside from geminates, which may appear in the coda position of syllables in Japanese

(Otake et al. 1993: 262).

(3) Realization of /N/ in Japanese (adapted from Labrune 2012: 134)

a.

Before labial consonants except /w/

i. kinpatsu [kimpatsur] ‘blond’
ii.  binbou [bimbo:] ‘poor’
iii. genmai [gemmai] ‘whole rice’

20



b. Before alveolar consonants except /s/, /z/, and /c/

I. honten [honten] ‘main shop’
ii. tonda [tonda] ‘flew’
ii. san’nen [sannen] ‘three years’

C. Before velar consonants

I. kankei [kapke:] ‘relation’
ii. kangae [kapgae] ‘thought (noun)’
d. Before /h/, /s/, /z/
i. sanhujinka [sadrdurzinka] ‘gynaecology’
ii. sensei [setuse:] [sease:] ‘professor’
iii.  kanji [katzi] [kadszi] ‘Chinese character’

e. Before a pause

i hon [hon] ‘book’
f. Before /w/, /y/, and a vowel
I. kanwa [kaawa] ‘sino-Japanese’
ii. sen’you [segjo:] ‘exclusive use’
iii. on’in [oiin] ‘phonology’
iv. nan’ou [nado:] ‘Southern Europe’

g. Before /c/

I. enryo [edirjo], [eérjo], [encjo] ‘reserve, discretion’

2.1.3 Gemination

Gemination is characterized by the delayed release of word-medial consonants in
Japanese, and is mostly restricted to the voiceless obstruent consonants /p/, /t/, /k/,
and /s/. Gemination for the voiced counterparts of these consonants normally occurs
only in loanwords. Gemination of the nasal consonant /n/ is also common, however
unlike obstruent consonants /p/, /t/, /k/, and /s/, itis realized as /n/+nasal

consonant, rather than a delayed release of /N/. As for the other consonants,
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gemination almost never manifests itself with /r/ or /h/, and never occurs with /j/ or
/w/ (Labrune 2012). Shown below in (4) is the realization of gemination with the position
highlighted, except for those rare cases of gemination for /r/ and /h/. In the context of
this thesis, geminates are symbolically represented as a sequence of two identical

consonants.

(4) Realization of gemination in Japanese (adapted from Labrune 2012: 136)

a. Before a voiceless obstruent

I. kappa [kappa] ‘kappa (river imp)’
ii.  motto [motto] ‘more’

iii. kissaten [kissateNn] ‘coffee shop’

iv. hassha [haffa] ‘departure’

V. matcha [matftfa] ‘green matcha tea’
Vi. sekken [sekken] ‘soap’

b. Before a voiced obstruent
I. baggu [bagguu] ‘bag
i. guzzu [guzzuu] ‘goods’

C. Before a nasal consonant

I. sanma [samma] ‘saury fish’
ii.  konnan [konnan] ‘difficulty’
ii.  kinniku [kipnikur] ‘muscle’

2.2 English consonants

When comparing the Japanese consonant inventory specified above with the English
one shown below, the first observation is that English has more consonants than

Japanese in its phonemic inventory.
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Labial | Labio- | Dental | Alveolar | Retroflex | Post- Palatal | Velar Glottal
dental Alveolar

Plosive pb td kg

Nasal m n g
Fricative fv 09 Sz {3 h
Affricate tf &

Lateral 1

Rhotic I

Glide W j

Table 4: English consonant inventory (adapted from Jensen 1993:28)

Noticeable in this inventory is the presence of labio-dental and dental consonants, which
do not exist in Japanese. Also, while English has two types of liquid consonants, namely
/1/ and /1/, Japanese has only one liquid consonant, /c/, and monolingual Japanese
native speakers typically show difficulty in distinguishing English /1/ from /1/ (Logan,

Lively & Pisoni 1991).

2.3 Consonant clusters

Assuming that the glide is nuclear in CjV sequences (e.g. Lawrence 2004), tautosyllabic
consonant clusters do not exist in Japanese, a language where prosodic units are
structured by mora, where only CV, CjV, or V syllables are typically attested. Other than
a single vowel, only the syllabic nasal /n/, the first half of a geminate, and the
lengthening of vowels can take one mora within the syllable rhyme (Labrune 2012: 143).
Thus, in consonant clusters or after word-final consonants of loanwords, vowel
epenthesis generally occurs. For example, the English word cream ([kiizm]), is
pronounced [kurri:mur], where the vowel [w] is inserted between the consonants of [k]
and [r], and in word final position, after [m] (Tsujimura 1996: 226).
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In contrast to this, English syllables can display consonant clusters both in syllable
onsets and codas, and tri-consonant clusters are possible as well. According to McLeod

et al. (2001), children start to acquire consonant clusters at around the age of two.

3. The data
The data comes from a longitudinal corpus developed by Mitsuhiko Ota (Ota 1998)

available on PhonBank (https://phonbank.talkbank.org). Ota recorded Naoki’'s speech
productions every two or three weeks, from the child’s age of 1;7.15 to 2;7.0, for 30
minutes in an English-speaking-only environment and 30 minutes in a Japanese-
speaking-only environment. No particular interaction structure was imposed during the
sessions, which focused on Naoki’s interests at the time of recording. An English native
speaker interacted with him in the English-speaking context and, for the Japanese-
speaking sessions, Ota himself and/or the child’s parents interacted with him. The child’s
utterances were recorded on cassette tapes, later digitized, and were partly transcribed
into IPA form by Ota. Originally, the corpus contained 19 sessions per language (38 in
total), but due to missing audio recordings or session files, 18 sessions per language (36
in total) were examined. However, this should not affect our assessment of the overall
timeline of Naoki's development. In the current study, all of these 36 data sessions were

transcribed into IPA form, following the method described below.?

4. Data editing

The original dataset contributed by Ota was edited using the Phon software program
(Rose et al. 2006; Rose & MacWhinney 2014), where the recordings of the English-only

sessions were transcribed into IPA by an English native speaker, and the Japanese-only

2 We are indebted to Dr. Ota for his generous contribution of the original dataset to the CHILDES and
PhonBank databases. Without his work, none of ours would have been possible.
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sessions by a Japanese native speaker, both working within the Speech Sciences and
Language Acquisition Laboratory at Memorial University. After this step, the software
used an algorithm to assign syllable structure annotations to the target (model) and
actual productions. These structures are broken down into onset, nucleus, and coda
positions. Phon also provides an alignment between the target and actual utterances, on
a phone-by-phone basis. In the rare cases when the alignment supplied by Phon is
incorrect, they have to be corrected manually, through the program’s graphical user

interface. After verification of these annotations, the corpus was ready for analysis.

5. Data analysis

Using the Phon software, we assessed the development of Naoki’s productions of
consonants and consonant clusters in word-initial syllable onsets and word-final syllable
codas, word-medial geminates, and coda-onset clusters (where relevant, based on each
language), by comparing them with the target (model) forms, which correspond to adult
renditions of the same words and word combinations. Due to their arbitrary and variable
nature across languages, onomatopoeia were excluded from our analysis. Below we
describe the child’s phonological development in each of his two languages, both
qualitatively and quantitatively. We then compare the development of each language
against one another. Through this process, we investigate whether we can observe any
interaction between the child’s two systems. As we will see, such interactions are most

evident in the development of Naoki’s syllable codas.
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Chapter 4: Data description

1. Introduction

In this chapter, we describe Naoki's development of phones and clusters in both
Japanese and English. We extracted these data from the corpus via Phon queries, and
we report on them both qualitatively and quantitatively. We illustrate the longitudinal
patterns of each phone and cluster type through the use of bar graphs, which present
the proportions of accurate productions, substitution, and deletion patterns for each

session throughout the recorded period.

We separated the data of Naoki's productions by language, in order to observe any
differences between his development of Japanese versus English. For singletons, we
further grouped consonants by those attested in both languages and those unique to
one of the two languages, in order to verify whether there was an effect of one language
onto the other. As we describe later, while Naoki was generally proficient at
consonants/clusters in word-initial position, he showed deletions and voicing errors in

word-final position as well as word-medial syllable codas in both languages.

In the next section, we begin with the general overview of Naoki’s word inventory in each

language.
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2. General observations

Looking at Naoki's word inventory without babbles of each language throughout the
recorded period, we observed differences in developmental patterns between the two
languages. In total, Naoki produced 4620 word tokens in the Japanese sessions, and

7910 in the English sessions.

Number of word tokens attempted in the Number of word tokens attempted in the
Japanese sessions English sessions

Figure 1: Number of word tokens attempted by Naoki in the Japanese and the English
sessions

In the Japanese sessions, there was a period characterized by relatively few attempts at
the beginning of the recorded period, between 01;07.15 and 01;11.26, inclusively.
Considering that the number of tokens Naoki produced during this period was much
smaller than in the subsequent sessions, it is possible that he was avoiding producing
some words that he considered difficult to pronounce, although we have no way to
independently verify this possibility. From 02;00.17, Naoki started to increase his number
of attempts. Although the amount of productions reached the highest at 02;05.03, with
816 tokens, all the other sessions between 02;00.17 and 02:07.00 had relatively fewer

productions, roughly between 300 and 500 tokens each.
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With regard to Naoki's word inventory in English, similar to Japanese, there was a period
when relatively few attempts at English words were made at the beginning of the
recorded period. However, this period was shorter with the English sessions than the
Japanese ones, lasting only for the first three sessions between 01;07.15 and 01;08.27,
inclusively. Again, it is possible that Naoki was avoiding some words that contained
difficult phones to pronounce. He then started increasing his number of attempts, from
01;09.10 onward, the amount of productions reaching over 600 in six sessions, with the
largest number, 860 tokens, recorded at 02;02.05. Considering the earlier increase and
higher amount of productions in the English sessions than in Japanese ones, it is
possible that Naoki generally considered English words to be easier to pronounce than
Japanese words. Interestingly, however, it is far from clear whether the child was
dominant in English at all. As we will see below, there is indeed little evidence of English

dominance in his production patterns.

3. Singleton onsets in word-initial position

In this section, we discuss Naoki's development of singleton onsets in word-initial
position in both languages. He was overall proficient at producing obstruent plosives,
nasals, and glides, for which most of the target consonants are attested in both
languages. For these consonants, Naoki showed accurate productions early on, and his

productions were generally stable throughout the recorded period.

In contrast to this, Naoki showed various production patterns in his attempts at fricatives,
affricates, and liquids. There was a general tendency that while he showed accurate and

stable productions for consonants which are attested in both languages, he showed
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unstable or only few productions for consonants which are only attested in either one of

the two languages.

3.1 Obstruent plosives

With regard to obstruent plosives, Naoki mostly made accurate productions for all the

consonants throughout the recorded period in both languages.
3.1.1 /p/, /b/, /t/, /d/, /k/, and /g/

Naoki’'s productions of /p/, /b/, /t/, /d/, /k/, and /g/ were overall very accurate

throughout the recorded period, in both of his languages.
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Figure 2: Naoki’s productions of /p/, /b/, /t/, /d/, /k/, and /g/ in word-initial onset
position in Japanese

In the Japanese sessions, there were some substitutions affecting Naoki's productions
of /b/, /d/, and /g/, which occurred in only specific words; the substitution to [m] in his
development of /b/ only occurred in the word Baikinman /baikimman/ - [maikimmam]

(a cartoon character). As for the devoicing in his development of /d/, it occurred
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predominantly in the Japanese copula da. Finally, the substitutions to [d] and [n] in his
development of /g/ were only observed in the Japanese particle ga /ga/—[da], [na].
These types of idiosyncratic behaviours, where a child produces inaccurate productions
only in specific words, do not always conform to the phonological grammar, and are
instead considered as lexical exceptions (Rose 2014). Therefore, we do not consider the
substitutions described above to be representative of Naoki’'s phonological development.
Aside from these substitutions and other minor issues, Naoki was good at producing
obstruent plosives in word-initial position in Japanese. We can thus claim that Naoki had

acquired the target consonants by 01;09.24.

Naoki’'s productions of obstruent plosives in word-initial position were similarly accurate

in English, as we can see in Figure 3:
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Figure 3: Naoki’s productions of /p/, /b/, /t/, /d/, /k/, and /g/ in word-initial onset
position in English

Naoki started to produce these consonants in English slightly earlier than in Japanese,
at around 01;08.27, in line with his generally higher lexical productivity in this language

reported above. From this point, his productions were already accurate. We can thus
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claim that Naoki had acquired the obstruent plosives in word-initial position in English by

01,;08.27.

3.1.2 Summary of obstruent plosives in word-initial onset position

In summary, Naoki’s productions of all the obstruent plosives in word-initial position were
generally adult-like throughout the recorded period, despite a few lexical exceptions in

Japanese. In the next section, we consider Naoki’'s development of fricatives.

3.2 Fricatives

Compared to obstruent plosives, Naoki's fricatives showed noticeable variation in their
development. There was also a tendency that his productions of consonants which are
attested in both languages were very accurate, while his productions of consonants
which are unique to either one of the languages tended to be either inaccurate,

inconsistent, or completely avoided.

3.2.1 Fricatives attested in both languages
3.21.1 /s/, /§/, and /h/

Naoki showed similar developmental patterns for /s/, /§/, and /h/. We consider that his
productions of these consonants were mostly adult-like throughout the recorded period,

in both languages.
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Figure 4: Naoki's productions of /s/, /{/, and /h/ in word-initial onset position in

Japanese

In the Japanese sessions, Naoki showed occasional substitutions to [{] in his

productions of /s/. At 02;03.17 particularly, there was a lexical exception pattern, where

all substitutions happened in the word sogjiki (/so:3iki/—[fouzuki] ‘vacuum cleaner’).

For his development of /{/, the substitutions occurred with variable consonants such as

[t], [s], and [4] in unsystematic ways. Deletions all occurred in the same word, shitteru

(e.g./fitterwi/—[tterwt] ‘know’), with one of these examples being in the conjugated

form, shitte. Finally, the substitutions in Naoki's productions of /h/, observed at

02;04.07, were mostly with [k] in different words, such as in haitchatta

/haitftfatta/—[kout{eta] ‘entered’, hora /hora/—[kora] ‘see’, and hoshi /hofi/— [kwf(i]

‘star’. Aside from these and other minor inaccurate productions, Naoki was proficient at
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producing the target consonants. We can thus conclude that Naoki had generally

acquired these consonants by 01;08.27.

Naoki’s productions of /s/, /{/, and /h/ in English in the word-initial onset position

showed similar results as those in Japanese, with a few deletions.
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Figure 5: Naoki's productions of /s/, /§/, and /h/ in word-initial onset position in English

In the first session recording attempts at /s/, all the substitutions occurred in one word,

circle (e.g. /'saikal/—['koka]), suggesting an early pattern of consonant harmony

affecting the fricative in this particular word. There were deletions and substitutions seen

at 02;04.21 and 02;05.03, and all occurred in the word see, except for the deletion at

02;04.21. Regarding Naoki’'s productions of /{/, there were only one deletion and one
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substitution, respectively, at 02;05.03, occurring in the same word, sheep /'fi:p/—['i:p],
['sizp]. Finally, in his productions of /h/, the substitutions seen at 02;01.22 were mostly
with [k], in the word helicopter (e.g /'heli kaptar/—['kair kada]). Out of four deletions
observed in 02;07.00, two were in a cartoon character’'s name, Henrietta (e.g. /henai:
'eta/— [ e1i:'eta]). However, Naoki was generally accurate with this word; these two
examples were thus not representative of his more general phonological productive
abilities. Aside from these and other minor unsystematic productions, Naoki was able to
produce the target consonants. We can thus conclude that Naoki had acquired the

target fricatives /s/, /§/, and /h/ in English by 01;10.08.

3.21.2 /z/

Unlike in English, the Japanese /z/ in word-initial position can be produced as both [z]
and [dz] (Labrune 2012: 64), and there is a general tendency (but no phonological rule)
among native speakers whereby [z] is produced when /z/ is in intervocalic position
(Saito 2018). For the observation of Naoki’'s development, due to the difficulty in
predicting which phone is to be applied given this relatively free variation, both [z] and

[dz] phones are considered accurate regardless of the surrounding phones.
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Figure 6: Naoki’'s productions of /z/ in word-initial onset position in Japanese

In spite of this analytical flexibility, Naoki’s productions of /z/ in Japanese were not very
stable. Most of the time, he only uttered the word zoo-san, where most of the
substitutions were with [d] (e.g. /zo:san/—[do:san] ‘elephant’), and half of the other

substitutions involved either [3] or [s].

In English, Naoki only made one attempt at /z/ in word-initial position during the

recorded period, at 02;01.08, which was accurate. Because of the insufficient data, it is

difficult to judge when he actually acquired /z/ in English.

3.2.1.3 /3/

In Japanese, /3/ can be produced as either [3] or [&] in the word-initial onset position.
However, similar to the relationship between [z] and [d] described in the preceding

section, there is no strict phonological rules about the environment where [3] or [d]
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should occur (Saito 2018: 89). Thus, in the chart below, both [3] and [&] are considered

to be accurate productions.
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Figure 7: Naoki’'s productions of /3/ in word-initial onset position in Japanese

In Japanese, Naoki showed accurate productions of /3/ after his attempt recorded at
01;10.08. He substituted the target consonant with [d] only once, in the word juusu
/zunsui/—[dunsw] ‘juice’. Thus, considering the amount of accurate productions, we
can claim that he had acquired /3/ in Japanese by 01;10.08 or shortly thereafter. In

English, Naoki did not make any attempt at /3/.

3.2.2 Fricatives attested only in Japanese
3.2.2.1 [¢]

Naoki’s productions of [¢], an allophone of /h/, were overall very accurate, although

there were only 14 attempts recorded throughout the observation period.
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Figure 8: Naoki's productions of [¢] in word-initial onset position in Japanese

Naoki substituted [¢] with [f] at 01;10.08 in a majority of cases, but this only occurred in
a TV show character’s name Fado (e.g. /dado/—[fada]). After this session, his
productions were mostly accurate. We can thus claim that Naoki had acquired [§] by

01;11.05.

3.2.2.2 /¢/

Naoki’'s productions of /¢/ were unstable throughout the recorded period.
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Figure 9: Naoki’'s productions of /¢/ in word-initial onset position in Japanese

The substitution with [s] occurred many times in the word hito (e.g. /c¢ito/ - [sto]
‘person’), whereas the substitution with [{] occurred only in the word hikooki (e.qg.
/ciko:ki/ - [fkoiki] ‘airplane’). The deletions, which were attested at 01;11.26 and
02;04.07, were both in the word hitotsu (e.g. /citotswi/ - [itatstsut] ‘one’). In sum,
Naoki’'s productions of /¢/ were inconsistent, also with each substitution or deletion

mostly occurring in unique words.

3.2.3 Fricatives attested only in English
3.2.3.1 /f/

Naoki’s productions of /f/ were mostly accurate and stable throughout the recorded

period.
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Figure 10: Naoki's productions of /f/ in word-initial onset position in English

Naoki only showed unsystematic substitutions six times, to [p], [v], [t], and [h], and
only displayed a single deletion. From these observations, we can conclude that Naoki

had acquired /f/ by 01;09.24.

3.2.3.2 /v/ and /6/
Naoki only attempted /v/ and /6/ twice each throughout the recorded period. For /v/,

he made attempts at 01;09.24 and 02;01.08. He substituted the target consonant with
[k] in the word vegetables /'vedgtabalz/—['ki:tubu] in his first attempt, and pronounced
it accurately in the second attempt. As for /6/, he attempted it at 02;01.08 and 02;07.00.
He substituted the target consonant with [p] in his first attempt in the word thing
/'0m/—['pmnt], and he pronounced the word think accurately in his second attempt.
Overall, because of the small number of productions, it is difficult to judge when exactly

Naoki acquired these consonants.
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3.23.3 78/
Naoki substituted /d/ to [d] throughout the recorded period.
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Figure 11: Naoki’s productions of /8/ in word-initial onset position in English
Mostly, his attempts only occurred in function words such as the, this, that, and there,
and substitutions and deletions occurred in these words too. Overall, he had difficulties

while producing the target consonant, which resulted in mostly consistent productions of

[d].

3.2.4 Summary of fricatives in word-initial onset position

In summary, Naoki showed more variable results in his development of fricatives,
compared to his productions of plosives. He displayed a better performance with
consonants which are attested in both languages, such as /s/, /{/, and /h/, while the
opposite is true for consonants that are attested only in either one of the languages,

such as /¢/ in Japanese, and /6/ and /3/ in English, for which Naoki showed either few
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productions, inconsistency, or substitutions throughout the data. In the next section, we

describe Naoki’'s development of affricates.

3.3 Affricates

Naoki’s production of affricates showed a tendency similar to that of fricatives; while he
showed mastery at producing /tf/, which is attested in both languages, his productions
of consonants only found in one of the languages were, similar to what we saw with
fricatives, either inconsistent, or the number of productions was too small to offer

conclusive evidence.

3.3.1 Affricate attested in both languages: /tf/

Naoki’'s attempts at /tf/ in both languages were mostly accurate.
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Figure 12: Naoki’'s productions of /tf/ in word-initial onset position in Japanese
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In the Japanese sessions, the substitutions observed between 02;01.08 and 02;05.29
were all with alveolars such as [t], [3], [ts], and so on. Despite this, most of his
productions were accurate. We can thus claim that Naoki had acquired [tf] by 01;09.24,

if not before.
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Figure 13: Naoki's productions of /tf/ in word-initial onset position in English

In the English sessions, there was only one substitution at 02;00.17, with [t]. We can
conclude from these data that Naoki had acquired /tf/ in English by 01;08.27, if not

before.
3.3.2 Affricate attested only in Japanese: [ts]

Throughout the recorded period, Naoki's productions of [ts] were mostly inaccurate and

unstable.
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Figure 14: Naoki’'s productions of [ts] in word-initial onset position in Japanese

In most of the sessions where Naoki made attempts at this affricate, there were
substitutions with [t] and/or [s]. These substitutions occurred in various words and in
unsystematic ways. The other substitutions were mostly with coronals: [d], [z], [3], [{],
[d], as well as with [k]. In sum, there is no evidence that Naoki had acquired [ts] by the

end of the recorded period.

3.3.3 Affricate attested only in English: /ds/
Naoki attempted /d3/ only eight times throughout the recorded period. Out of these, five

were produced accurately. There was one case of deletion at 02;04.21, and two
substitutions: with [z], at 01;09.10, and with [t{], at 01;11.05. Overall, it is difficult to
judge whether he acquired the target consonant during the course of the observation

period, considering the small number of attempts recorded.
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3.3.4 Summary of affricates in word-initial onset position

Overall, the evidence suggests relatively early mastery of /tf/, which is attested in both
languages, but poor performance with all of the other affricates, which are attested only
in either one of the languages. Naoki’'s productions of [ts] in Japanese were inconsistent
throughout the recorded period, and he only showed few productions of /dg/ in English.

In the next section, we look at his development of nasals.

3.4 Nasals

Similar to obstruent plosives in word-initial onsets, Naoki’s productions of nasals in this

position were very accurate in both languages throughout the recorded period.

3.4.1 Nasals attested in both languages: /m/ and /n/

Naoki was very proficient at /m/ and /n/ in both languages.
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Figure 15: Naoki’s productions of /m/ and /n/ in word-initial onset position in Japanese

In the Japanese sessions, there were a few substitutions in his productions of /m/,
particularly between 02;02.05 and 02;05.03. However, these occurred in unsystematic
ways and resulted in various consonants ([b], [d], [h], [n], and [w]). As for his

attempts at /n/, there were substitutions to [d], from 01;11.26 until the end of the
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recorded period. These substitutions also did not show any systematic pattern. In spite
of these inaccurate productions, Naoki’s attempts at /m/ and /n/ in word-initial position
in Japanese were mostly adult-like. We can thus claim that Naoki had acquired these

consonants by 01;10.08.

Naoki showed more accuracy in his productions of /m/ and /n/ in English than in

Japanese.
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Figure 16: Naoki’'s productions of /m/ and /n/ in word-initial onset position in English

Between 02;04.21 and 02;05.29, there were a handful of deletions as well as
substitutions to [p], [b], and [h] in Naoki's attempts at /m/, which occurred across
different words. The deletions in his attempts at /n/, which were observed between
02;02.05 and 02;05.29, occurred in the word no most of the times (e.g. /'nou/—[ou]).
Except for these minor issues, Naoki's productions were very accurate throughout the
recorded period. We can thus conclude that he had acquired these consonants by

01;10.08.
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3.4.2 Nasal attested only in Japanese: [n]

Naoki attempted [n], an allophone of /n/, 45 times in total, fewer than the other nasal
consonants. He also began his attempts at [n] much later than he began to attempt the

other nasals. However, his productions were overall very accurate.
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Figure 17: Naoki’'s productions of [n] in word-initial onset position in Japanese

The substitutions between 02;02.26 and 02;05.29 occurred mostly in ni ‘two’ and ni
(Japanese particle), and involved other alveolar consonants ([d], [n], [1], [r]; e.g.
/ni/—[ri]). Overall, the amount of accurate productions increased toward the end of the
recorded period; we can claim from the available data that Naoki had acquired /n/ by

02;04.21, or potentially earlier.

3.4.3 Summary of nasals in word-initial onset position

In summary, Naoki was very proficient at all the nasals in both languages, and acquired
all of them during the recorded period. While he started to attempt /n/, which is only
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attested in Japanese, later than the other nasals, which are attested in both languages,
there were overall no major problems for him to produce all the nasals. Furthermore, of
the small amount of inaccurate productions recorded throughout the data, many
examples came from specific words in functional categories. In the next section, we look

at Naoki’'s productions of liquids.

3.5 Liquids

Naoki’s productions of liquid consonants showed different results by language. It took a
sizeable amount of time for him to learn the Japanese liquid /r/, while he could

generally produce English liquids throughout the recorded period.

3.5.1 Liquid attested only in Japanese: /c/

Naoki’s productions of /r/ were not stable until the last few sessions. At 01;09.10 and
02;00.17, he substituted the target consonant with [1] a total of six times. However, the
substitutions only occurred in very specific words: at 01;09.10, he attempted raion, with
the substitution pattern of /raioN/— [vie11o] ‘lion’. At 02;00.17, he only attempted

Remonchan (a cartoon character), for which more than half of the occurrences

displayed substitutions with [1] (e.g. /remontfan/— [1e:montfa]).
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Figure 18: Naoki’'s productions of /r/ in word-initial onset position in Japanese

The substitutions with [d], by contrast, all occurred in different words, for instance
Resshii /reffi:/—[de:fi:] (a cartoon character) and roku /roku/—[doku] ‘six’. Finally,
the “Other” substitutions were with [j] and [w]. Overall, aside from the lexical exception
where Naoki substituted [1] for /r/, he began to produce /r/ more accurately at

02;00.17, which we take as the age of mastery.

3.5.2 Liquids attested only in English: /1/ and /1/

Compared to his productions of Japanese /r/, Naoki’'s productions of /1/ and /1/ were

more stable throughout the recorded period.
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Figure 19: Naoki’'s productions of /1/ and /1/ in word-initial onset position in English

In his productions of /1/, a larger amount of deletions were observed at 02;05.29, which
occurred in the word look (/'luk/—['uk]) 12 times out of 13 total deletions. Nonetheless,
accurate productions also occurred 28 times in this word, out of 39 total accurate
productions for the session. Regarding his attempts at /1/, there were some inaccurate
productions at 02;02.26, 02;03.17, and 02;05.03, which we can consider as lexical
exceptions. In these sessions, out of six deletions, five occurred in the word right (e.g.
/'1ait/—['ar]). Of the three substitutions between 02;02.26 and 02;03.17, two were to
[w], both in the word red (/'1ed/—['wed]), and once to [v] in the word right
(/'1art/—['vai]). Aside from these deletions and substitutions, Naoki's productions of the
target consonants were generally adult-like. We can thus conclude that Naoki had

acquired liquids in word-initial onset position in English by 01;11.08.

3.5.3 Summary of liquids in word-initial onset position

In summary, while Naoki displayed a certain amount of inaccurate productions for all the
liquid consonants, he still acquired the ability to produce these consonants during the

observation period. However, he generally made many more attempts at English liquids
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than Japanese /r/, and he was more proficient at producing the former. In the next

section, we turn to Naoki's development of glides in word-initial position.

3.6 Glides: /w/ and /j/

Naoki’s production of /w/ and /j/ in Japanese were adult-like from his first attempts,

and generally remained so throughout the recorded period.
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Figure 20: Naoki’s productions of /w/ and /j/ in word-initial onset position in Japanese

The deletions and substitutions observed in his productions of /w/ all occurred in the
particle wa, which we take as a lexical exception. The few substitutions and deletions
recorded in his productions of /j/ took place in unsystematic ways, with Naoki
sometimes showing difficulty producing the specific word yatte (‘doing’), as
/jatte/—[tte], or [3atte]. Aside from these few inaccurate productions, Naoki was very
proficient at producing both of the target glides. We can thus claim that he had acquired

glides in word-initial position in Japanese by 01;09.10.

Naoki’s glides in English were also mostly accurate, with productions away from the

targets observed only in specific words.
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Figure 21: Naoki's productions of /w/ and /j/ in word-initial onset position in English

In Naoki’s productions of /w/ in English, almost all of the deletions were attested in the
words whoops and whoopsie. For example, at 02;04.21, all of the deletions were found
in these two words. However, due to the similarity of these two words to onomatopoeia,
and given the arbitrary nature of their phonological forms, it is also possible that the
target form for Naoki did not have /w/ in word-initial position (['ups], ['upsi:]). Except for
this and other minor inaccurate productions, Naoki was indeed very good at producing
glides in English throughout the recorded period. We can thus claim that Naoki had
acquired glides in word-initial position in English by 01;10.08 or before. In the next
section, we summarize Naoki's development of all the consonants in the word-initial

onset position.

3.7 Summary of singleton onsets in word-initial position

In summary, despite Naoki’s difficulty with producing some fricatives, affricates, and
liquids, he showed stable and consistent productions for the remainder of the target
consonants, which he acquired during the recorded period. The tables below present
Naoki's predominant production pattern by age in each language. The background
shadow indicates the age Naoki had acquired each consonant. When two production
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patterns occurred with relatively equal frequency at the same age, they are both

indicated, and separated by a slash (/).
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Table 5: Timeline of Naoki’'s development of singletons in word-initial onset
position in Japanese
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As can be seen above, Naoki acquired most of the consonants in Japanese at an early
point, between 01;08.27 and 01;10.08. He first acquired /s/ and /h/ at 01;08.27,
followed by glides at 01;09.10, obstruent plosives and the affricate /tf/ at 01;09.24, and
nasal /m/ and /n/ as well as fricative /3/ at 01;10.08. These consonants generally

showed accurate productions throughout the recorded period.

Moving forward, he acquired [$] at 01;11.05, /r/ at 02;00.17, /{/ at 02;02.05, and /pn/ at
02;04.21. All of these consonants except /{/ are attested only in Japanese. These
consonants did not display major issues, but his initial attempts at them, or the time
periods when he showed increasing numbers of attempts at them, were generally later
than for all the consonants he acquired earlier. The remainder of the consonants, /z/,
/¢/, and [ts], showed inconsistency with frequent substitutions, and Naoki did not

acquire them during the recorded period.

Compared to the Japanese consonants, Naoki appears to have acquired his consonants
in English during a tighter time frame, as he acquired most of his consonants in this

language between 01;08.27 and 01;10.08.
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Table 6: Timeline of Naoki's development of singletons in word-initial onset

In the English sessions, Naoki acquired obstruent plosives and /tf/ at 01;08.27, /f/ at

01;09.24, and the fricatives /s/, /§/, and /h/ as well as nasals, liquids, and glides at

01;10.08. He generally showed more consistency and stability in his productions in the

English sessions than in the Japanese ones. While Naoki acquired most of the

counterparts of these consonants in the Japanese sessions within the same age range,

between 01;08.27 and 01;10.08, the difference we can see here is that while Naoki had

acquired liquid /c/ in Japanese later than this period, at 02;00.17, he had acquired

liquids in English during the earlier period. This observation falls in line with previous
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research on the development of rhotics, where taps (and trills) indeed seem to be

acquired late cross-linguistically (Bernhardt & Stemberger 2018; Rose & Penney 2021).

The remainder of the consonants, most of which are only attested in English, showed
inaccurate or insufficient numbers of attempts. Naoki constantly substituted /&/ to [d]
throughout the recorded period, and did not make many attempts at the fricatives /v/,

/8/, and /z/, or at the affricate /d&/.

This concludes our description of Naoki's development of singleton onsets in word-initial
position in Japanese and English. In the next section, we turn to Naoki's development of

singleton codas in word-final position.

4. Singleton codas in word-final position

Unlike the overall adult-like productions of singleton onsets described above, Naoki
showed difficulties with producing singleton codas in word-final position in both
languages. Two main patterns are observed: deletion and voicing errors. We observed
frequent deletions affecting almost all of the consonants, and Naoki devoiced virtually all

the target voiced obstruents in this position.

In the next sections, we look at these patterns in more detail, starting with obstruent
plosives. Recall from section 2.1.2 of Chapter 3 that, in Japanese, only /N/ can appear
in word-final coda position. Thus, obstruent plosives, fricatives, affricates as well as
liquids will only be relevant to the development of Naoki’'s English. Anticipating on these
descriptions, we later attribute Naoki's general difficulties in word-final codas to this

phonotactic difference between the two languages.
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4.1 Obstruent plosives

For obstruent plosives, Naoki was still in his developmental stage for most of the target

consonants. All of the consonants, except /k/, showed frequent deletions, and voiced

consonants showed frequent devoicing throughout the recorded period.

41.1 /p/, /b/, /t/, /d/, and /g/

Naoki's attempts at /p/, /b/, /t/, /d/, and /g/ in word-final position displayed very

frequent deletions, as well as devoicing of voiced targets.
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Figure 22: Naoki's productions of /p/, /t/, /d/, and /g/ in word-final coda position in
English

Deletions typically occurred when the target consonants were in sentence-final position,

or in sentence-medial position followed by other consonants. Devoicing affected all of




the target voiced consonants (/b/, /d/, and /g/). For /b/, Naoki only made attempts
eight times during the observation period, uniquely with the word crab, starting at
02;00.17, out of which two showed devoicing (e.g. /'kieb/—['kiup]). In his attempts at
/d/, devoicing only occurred in the specific words good (e.g. /ged/—[gut]) and side
(e.g. /'sard/—['sart]). Devoicing of /g/ occurred in unsystematic ways. While devoicing
was present, there were no voiced productions in Naoki’'s attempts at /p/ and /t/. Also,
the majority of these two consonants were unaspirated, which is considered accurate in
this position, alongside occasional aspirated or unreleased consonants. In sum, with
frequent deletions or devoicing, Naoki was still in his developmental stage of the target

consonants.

4.1.2 /k/

In contrast to the other obstruent plosives above, Naoki's productions of /k/ were very

accurate and stable throughout the recorded period.
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Figure 23: Naoki’'s productions of /k/ in word-final coda position in English

There were occasional deletions, around half of which occurred in the word look (e.g.
/'luk/—['lu]). However, Naoki showed more accuracy than deletion in this word.
Considering the overall number of accurate productions, we can conclude that Naoki

had acquired /k/ in the word-final coda position by 01;08.27.

4.1.3 Summary of obstruent plosives in word-final coda position

In sum, we saw two notable production patterns in Naoki’'s development of obstruent
plosives. The first is frequent deletions, which were especially observed with /p/, /t/,
and /d/. As we will see in subsequent sections, frequent deletion is a recurring pattern
observed in Naoki’'s development of consonants in word-final coda position. We further
discuss those deletion patterns in section 4.6. Secondly, devoicing was observed for all
of the voiced consonants (/b/, /d/, /g/). This suggests that the child had at least

acquired the place and the manner of articulation of these consonants. In contrast to
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this, Naoki showed early proficiency at /k/, which he maintained throughout the
recorded period. In the next section, we look at Naoki's productions of fricatives in word-

final coda position.

4.2 Fricatives

Naoki generally showed different production patterns between voiced and voiceless
fricatives. While his productions of voiceless consonants, except for /6/, were adult-like
throughout the recorded period, his productions of voiced consonants showed
devoicing, similar to his productions of voiced plosives described earlier, as well as

some deletions.

4.21 /f/, /s/, /§/, and /6/

Naoki’'s attempts at /f/, /s/, and /{/ in word-final coda position were almost always
adult-like, virtually across all ages where data are available, while there was only limited

data for /9/.
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Figure 24: Naoki’'s productions of /f/, /s/, and /{/ in word-final coda position in English

Concerning his productions of /s/, most of Naoki’'s attempts came from the word this, for

which he also showed sporadic deletions. With regard to his productions of /{/, Naoki

substituted the target consonant with [s] 12 times, with seven of these substitutions

occurring in the word push /'puf/—['pus]. However, Naoki still showed 61 accurate

productions, out of 73 total attempts at this word. The deletions observed at 01;09.24

also mostly occurred in this same word. Finally, Naoki only attempted /6/ twice during

the recorded period, both at 02;00.17. He made attempts at this consonant in the word

with both times, each of which resulted in deletion of the target consonant:

/'wi0/ - ['wa]. In sum, aside from /6/, Naoki was overall good at producing /f/, /s/, and

/§/. We can thus conclude that he had acquired these three fricatives by 01;10.08.
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4.2.2 /v/ and /z/

Similar to the voiced obstruent plosives in word-final position mentioned earlier, Naoki’s

productions of /v/ and /z/ showed devoicing

as well as some deletions.
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Figure 25: Naoki’'s productions of /v/ and /z/ in word-final coda position in English

Naoki devoiced /v/ in the word five twice (e.g.

/'farv/—['faif]), while devoicing of /z/

occurred sporadically across a number of different words (e.g. /'novz/—['nus]). As for

the nine deletions of /v/, they predominantly occurred in the specific words five (three

times) and of (five times). However, accurate productions also occurred in these two

words, twice in the word five and four times in

of. With regard to deletions of /z/, they

occurred four times in the word is out of nine total deletions, although Naoki showed

more accurate productions than deletions in this word. The other five deletions occurred

in four different words. With these results, we

conclude that Naoki was still in his

developmental stage of /v/ and /z/ in word-final codas by the end of the observation

period.
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4.2.3 Summary of fricatives in word-final coda position

In summary, while Naoki was proficient at the voiceless consonants /f/, /s/, and /{/
throughout the recorded period, he devoiced /v/ and /z/, and also showed some

deletions. In the next section, we look at Naoki’s productions of affricates.

4.3 Affricates: /tf/ and /d&/

Concerning affricates, Naoki only made very few attempts at each of /tf/ and /d&/ in
word-final coda position. Regarding /tf/, Naoki only made six attempts during the
recorded period, starting at 01;10.08. Out of these, four were accurate, and the other
two were substituted with [s] and [{], respectively. Because of data scarcity, it is unclear
whether or not he had acquired /tf/ during the observation period. As for /d&/, Naoki
only attempted it seven times. From his first attempt at 01;11.26, he only uttered the
word page, where he devoiced the target consonant in all of his attempts (page
/'peid/—['pitf]), which is consistent with the results we obtained from voiced plosives
and fricatives described above. In the next section, we look at Naoki's development of

nasals in word-final coda position.

4.4 Nasals

In word-final coda position, Naoki had difficulty producing nasals in general. Overall, his
productions in English showed more consistency than those in Japanese, although he

only acquired /m/ in English during the recorded period.
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4.4.1 Consonants attested in both languages
4411 /m/

Starting with Naoki’s attempts at [m] in Japanese, an allophone of /n/, and /m/ in

English, we observe some deletions in both languages.
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Figure 26: Naoki’'s productions of [m] in word-final coda position in Japanese

In the Japanese sessions, deletions were observed six times, out of 21 total attempts,
and their occurrences were not systematic. The other substitutions were with [g] and

[a], and occurred only once each.

Naoki’s attempts at /m/ in word-final coda position in English showed more accuracy

compared to those in Japanese, however with noticeable deletions as well.
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Figure 27: Naoki’'s productions of /m/ in word-final coda position in English

Out of seven deletions, four occurred in I'm (e.g. /‘aim/—['e1]). The other three
deletions each occurred in different words, and were random in appearance. All of the
other productions were accurate. We can tentatively conclude that Naoki had acquired

the target consonant by 01;09.24.

4.41.2 /n/ and /n/

Concerning /n/ and /1/, we observe an intriguing asymmetry between the two
languages. In Naoki’s productions of [n] and [g] in word-final coda position in
Japanese, both of which are allophones of /n/, there were frequent deletions.2 In
contrast to this, his productions of /n/ and /5/ in English frequently involved

substitutions to [N].

3 While it is possible that nasalization of a preceding vowel may have occurred (see section 2.1.2 of
Chapter 3), rather than an observable nasal closure, this detail should not detract us away from the
observation that Naoki had more difficulties producing these final consonants. The same applies to our
discussion of [N] in section 4.4.2.
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Figure 28: Naoki’s productions of [n] and [n] in word-final coda position in Japanese

In the Japanese sessions, deletions were observed in most of the sessions and were in

appearance random, from around 01;11.26 until the end of the recorded period. The

occasional substitutions to [?] in Naoki's attempts at [n] occurred when the target

consonant was followed by da (either a copula or the ending of adjectives): /hen

da/—[he? da]. Overall, while Naoki was still in his developmental stage of [g], he had

acquired [n] by 02;04.07.

With regard to Naoki's productions in English, the substitutions to [N] took place in

variable and unsystematic ways; accurate productions and substitutions were indeed

observed across similar phonological environments. Further, deletions were observed in

every session for both of the target consonants, which mostly occurred when these

consonants were in sentence final position or they were followed by other consonants.

We return to this observation below in section 4.6.
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Figure 29: Naoki's productions of /n/ and /1)/ in word-final coda position in English

To summarize, in spite of the large amount of substitutions to [N] and deletions, we can

claim that Naoki had acquired /n/ in the word-final coda position in English by 02;04.21,

while he was still in the developmental stage of /5/ in the same position.

4.4.2 Nasal attested only in Japanese: [N]

Turning now to Naoki's [N], we observe that around half of his attempts at this

consonant resulted in accurate productions.
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Figure 30: Naoki’s productions of [n] in word-final coda position in Japanese

There were also frequent deletions, which were often seen when the target consonant
was in sentence-final position or sentence-medial position when followed by other
consonants, as we discuss further in section 4.6 below. Naoki also substituted the target
consonant with [n] occasionally, which was mostly observed in sentence-final position
in various words. Despite these deletions and substitutions, Naoki improved his
productions from 02;05.03. We can thus conclude that he had acquired Japanese [N] by

this age.

4.4.3 Summary of nasals in the word-final coda position

In summary, the productions of most of the nasals in both languages displayed frequent
deletions or substitutions. For the labial nasal /m/, while Naoki acquired it in English, he
was still in the developmental stage in Japanese. For the remainder of the nasals (/n/,

/1/), Naoki was able to pronounce the targets accurately in both languages from an

69



early point, although he also showed a variety of inaccurate productions, in particular
frequent deletions in Japanese, and substitutions to [n] in English. Yet, Naoki arguably
acquired /n/ in both languages and [N] in Japanese, during the course of the
observation period. In the next section, we look at Naoki’'s productions of liquids in word-

final coda position.

4.5 Liquids

Naoki’'s attempts at liquid consonants displayed a sizeable amount of deletions

throughout the recorded period. While there were consistently more accurate
productions in his development of /1/, the amount of deletions differed session by

session concerning his development of /1/.

4.5.1 /1/

We begin with Naoki’s productions of /1/ in word-final coda position.
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Figure 31: Naoki’'s productions of /1/ in word-final coda position in English
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Naoki deleted the target consonant predominantly between 01;09.10 and 02;03.17.
During this period, he mostly produced the words ball, fall, and all, both accurately and
with deletions occurring occasionally. The substitutions predominantly took the form of
liquid vocalization; out of 16 substitutions in total, eight were with [u], and four were with
[1]. These vocalizations occurred mostly in the two words ball (/'bal/—['bou]) and fall
(e.g. /'fal/—['fou], [fo1]), six and four times, respectively. Overall, the ratio of accurate
productions increased from 02;03.17 onward. We can thus conclude that Naoki had

acquired the target consonant by this age.

4.5.2 /1/

Naoki was overall very proficient at producing /1/ in word-final coda position, throughout

the recorded period.

140
120

100

80
6 B Accurate
B Deletion
4 m Other
2 I I I
0 | - - —

> @ IR
'\,ﬁ,q,'\,q,o o P P S D2 S
\,/\»/\'\9‘2)'\,@ Q’Q\"Q’»@@f@&@q&@@m%ﬁfﬁ«
NN FIFFIIIFIIFIIFIVJ

o

o

o

Figure 32: Naoki’'s productions of /1/ in word-final coda position in English
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In almost all the sessions, there were sporadic deletions, none of which can be
predicted from the larger phonological context. Despite these deletions, his productions
were most of the time adult-like. We can claim that Naoki had acquired /1/ in this

position by 01;08.27.

4.5.3 Summary of liquids in word-final coda position

In sum, while the target lateral and rhotic consonants in word-final codas frequently
underwent deletion, Naoki acquired both of them during the recorded period. He was
especially proficient at producing /1/, for which he showed accurate productions more
than deletions, in contrast to /1/, especially during the first few sessions. In the next
section, we look at Naoki’s intriguing performance observed in some consonants in

word-final coda position.

4.6 Segmental behaviours by context

In the development of English consonants in word-final coda position described above,
we observed an overall weak and variable performance over time. In this section, we
look at the behaviours of three consonants in particular, /p/, /t/, and /n/, by comparing
attempts at these consonants across three different phonological contexts: sentence-
final (Final), sentence-medial followed by a consonant in the onset of the following word
(Medial+C), and sentence-medial followed by a vowel-initial word (Medial+V), as shown

in the table below:
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Context Example
Final Look at that.
/'luk 't 'daet/
. ‘How about there?’
Medial+C /'hau o'baut 'dc1/
. Wanna put inside.
Medial+V /'wans 'put In'sard/

Table 7: Examples of phonological contexts for /t/ in coda position

The data discussed come from four representative sessions for which we have attempts
at these consonants in sufficient numbers to engage in the small investigation that
follows: 02;02.05, 02;02.26, 02;03.17, and 02;04.07. The graph below shows Naoki’s
performance at producing /p/, /t/, and /n/ across the three different contexts.
Produced refers to ‘aspirated’, ‘unaspirated’ or ‘unreleased’ productions for /p/ and /t/,

and to [N] or [n] for /n/.
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Figure 33: Total amount of productions and deletions in English /p/, /t/, and /n/ by
position, observed between 02;02.05 and 02;04.07

M Produced
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As we can see in this chart, overall, Naoki showed more deletions when the target

consonants were followed by a consonant within the utterance, or when it was in
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sentence-final position, while he had fewer problems when the target consonants were
followed by a vowel. Naoki especially had difficulties when these target consonants were
followed by another consonant, in particular in the case of /p/ and /t/, where the

amounts of deletion even exceeded that of production.
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Figure 34: The amount of productions and deletions of English /p/ and /t/ by position,
observed between 02;02.05 and 02;04.07

Compared to the deletions in /p/ and /t/, Naoki had markedly fewer difficulties with /n/.
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Figure 35: The amount of productions and deletions of English /n/ by position, observed
between 02;02.05 and 02;04.07
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Similar to his productions of /p/ and /t/, Naoki showed deletions more often when the
target nasal was followed by another consonant within the utterance, or when it was in
sentence-final position. However, the proportion of /n/ deletions was much smaller

compared to the other two consonants.

As we discuss in section 3 of Chapter 5, these results suggest some tensions between
the English and Japanese phonological systems; while English allows all target
consonants except /h/ to appear in the coda position, this is not true for Japanese
(Cruttenden 2014; Labrune 2012). It is thus possible that this positional pattern of
deletion we observe in the data just above is reflective of pressures from the child’s

Japanese phonological constraints on to his English productions.

4.7 Summary of singleton codas in word-final position

In summary, Naoki generally showed difficulty with producing singleton codas in both
languages, unlike his productions of consonants in onset position, for which he was
overall much more proficient. In coda position, the major issues observed are deletions

in both languages, and devoicing in English obstruents.

Looking specifically at productions of nasals in the Japanese sessions first, while Naoki
started to show accurate productions at around 01;10.08, these productions were very

unstable throughout the recorded period, as summarized in the table below.

75



mn (o)) N~ o < 0] n o [{e] ~ [ee) n [{e] N~ N~ — o (@) o
— N N — N o o — N — o o N — o N o N o
o o o o o — — — — o o o o o o o o o o
— — — — — — — — — N N N N N N N N N N
o o o o o o o o o o o o o o o o o o o
[m] v | o v D - D | viD
ml| - | - | -] -|v|v|v wolvo|l v | o oYy mlv!|lv]|v
/N/ [?]
w | - | - | -] -] -1 -] -7 -1 -1v|-]lolw| -]-]v]|vip| D wR
N | - olp|pol|v|viwlv|o|lviv]ivio|lv | mlve|lv]|v

Table 8: Timeline of Naoki's development of nasals in word-final coda position
in Japanese

Given these frequent deletions, Naoki only acquired [n] and [~] on the late side of the

recorded period, at around 02;04.07 and 02;05.03, respectively.

Naoki's English productions also showed very similar results with frequent deletions. Out
of the 19 different consonants he attempted in word-final singleton codas, he only

acquired eight during the recorded period.
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Table 9: Timeline of Naoki’'s development of singletons in word-final coda
position in English (dV = Devoicing)

As we discussed in 4.6, the cases of deletion occurred much more often when the target
consonants were in sentence-final or sentence-medial position when followed by
another consonant, which we suggest was caused by differences in phonological
constraints between Japanese and English. We return to this hypothesis below in
Chapter 5. This concludes our description of singleton codas. In the next section, we
look at Naoki’s development of consonant sequences in word-initial position in

Japanese.
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5. Consonant sequences (yoon) in word-initial position in Japanese

Concerning the yoon context, Naoki only attempted /bj/ and /kj/, once and three times,
respectively, during the recorded period. With regard to /bj/, we observe vowel
epenthesis with [i] at 02;04.21: byooki /bjo:ki/—[bijouguw] ‘disease’. As for his three
attempts at /kj/, Naoki pronounced all of them differently: he produced [f] at 02;02.26
(kyoo /kjo:/—[fo:] ‘today’), produced /kj/ accurately at 02;04.07 in the same word, and
vowel epenthesis was observed with [i] at 02;05.29 (kyuu /kjur:/—[kijur:] ‘nine’).
Based on these results, we can tentatively conclude that Naoki had not yet acquired this
phonological context. In the next section, we look at Naoki's development of complex

onsets in word-initial position in English.

6. Complex onsets in word-initial position in English

Naoki’'s attempts at complex onsets in word-initial position in English were overall very
successful, however with some specific consonants showing inconsistent patterning.
Naoki’'s attempts at /ba/, /ki/, /gi/, and /f1/ were mostly accurate, but /t1/ showed C2
substitution, sometimes occurring at the same time as other inaccurate productions, and
/61/ showed frequent C1 substitution to [f]. Naoki's attempts at s+consonant clusters
showed C1 deletion, specifically in /sp/, /st/, and /sk/ clusters, yet Naoki acquired the
former two during the recorded period. In the next section, we begin our description with

obstruent+] clusters.

6.1 Obstruent+l (excluding s-initial) clusters: /pl/, /bl/, /kl/, and /fl/
Naoki attempted /pl/, /bl/, /kl/, and /fl/ clusters 135 times in total, most of which were

accurate. He made the majority of his attempts around the middle of the recorded

78



period, between 01;11.26 and 02;04.07. He occasionally showed C2 deletion in his

attempts at /pl/ and /bl/ clusters.

=
o

35

9
30
8
. 25
6 20
5 W Accurate W Accurate
2 mC2del 15 mC2del
C2sub Epen
3 = Reduction 10 mEpen & C2 sub
2
5
! B
, | o [ | .
RPN © & > 2 S PP P PP LR LD P PSS PP P
«”«W%WQ”QWQQ»QQ' S (S S P PP S S S AR SN SN IO RN
S I et Q@Q@Q@Q@&“&“Q@Q@Q@ 4 L FFFFFFITFT TS PFPPF PP TP P

5 3
4

H Accurate 2
3 WClsub W Accurate

C2 sub ® Reduction
2 ¥ Reduction
1

1 I I
0 — — -

0

ff} & » $ 9 S PSS D PP
'\ SE TP G S P 5P A2 B 3O P PP a0 S P 5 & D P D P
& @' FF @' Q\' PIEFEEFF LIS S’eo\’éo\’@é&qo\’@o\’@o\’\’ S Q'SQQ"’Q\(Q"’ Q"' Q'SW@’Q%@’QD@’D@’%@’%@:\
/K1/ cluster /fl/ cluster

Figure 36: Naoki’s productions of /pl/, /bl/, /kl/, and /fl/ clusters in word-initial onset
position in English

In his attempts at /pl/ clusters, deletions were seen in the word plane /'plein/—['pen],
which is also a word that he attempted very often throughout the recorded period.
Concerning /bl/ clusters, the majority of his attempts occurred in the word blue, and all
the C2 deletions occurred in this word as well: blue /'blu:/—['bu:]. Despite these cases
of C2 deletion and a few other inaccurate instances, Naoki’s productions were mostly
adult-like, which also parallels his productions of /1/ in word-initial singleton onset

position. Based on the data available, we can claim that he had acquired this
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phonological context by 01;11.26. In the next section, we turn to Naoki's attempts at

obstruent+1 clusters.

6.2 Obstruent +1 (excluding s-initial) clusters

Naoki’s productions of obstruent+i clusters showed more variation than the obstruent+1
context described above. First, his development of /bi1/, /ki/, /g1/, and /fi/ clusters
showed similar patterns; his attempts tended to start around the middle of the recorded
period, from which his productions were mostly adult-like, and thus we can conclude that
he had acquired all of these clusters. Second, his development of the /t1/ cluster
showed inconsistency. C2 deletions are observed in more than half of the sessions,
sometimes with other inaccurate productions occurring at the same time. Finally, his

productions of the /01/ cluster were mostly inaccurate, with frequent C1 substitution.

6.2.1 /pa/, /ba/, /ka/, /g1/, and /f1/
Naoki attempted /pi/, /bi/, /ki/, /gi/, and /f1/ clusters 191 times in total. His

productions of these clusters were mostly accurate. Since Naoki made only four

attempts at /p1/, the graph for this cluster is not included in the figure below.
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Figure 37: Naoki's productions of /bi/, /ki/, /g1/, and /fi/clusters in word-initial onset
position in English

Similar to what we observed in his development of singleton onsets, Naoki’'s overall
productivity tended to increase from 02;00.17, and there were already adult-like cluster
productions at this point. There were also occasional C2 deletions, which specifically
occurred in /b1/ and /f1/ clusters. In his productions of /bi/, any words except broken,
which was accurately produced throughout the recorded period, tended to result in C2
deletion (e.g. brown /'biauvn/—['bavn], and bring /'bim/—['bin]). Regarding Naoki’s
productions of /fi/, C2 deletion only occurred in the word friend(s) /'fienz/—['fens].
Aside from these examples and a few other inaccurate outcomes, Naoki’'s productions at
/bi/, /ki/, /g1/, and /f1/ were mostly adult-like. We can thus claim that he had

generally acquired these clusters by 02;00.17. As for the /pa/ cluster, Naoki only made
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four attempts, two of which were recorded at 01;11.05 and which resulted in full deletion
(propeller /pia'pelai/— ['pelou]), and the remainder two were accurate, both made at
02;02.05 in the word present. Because of the scarcity of the data, we cannot judge when
Naoki acquired this cluster; the data merely suggest acquisition of this cluster by

02;02.05.

6.2.2 /t1/ and /da/

Naoki's attempts at the /t1/ and /di/ clusters were unstable throughout the recorded
period, also with occasional C2 substitutions. For /ti/, C2 substitutions sometimes
occurred at the same time as other errors, such as with C1 substitution and/or vowel
epenthesis. Regardless of other errors, or the words in which they occurred, C2
substitutions were mostly with [w] (e.g. truck /'tiak/—['twak]), with a substitution which
was sometimes seen in the singleton /1/ in onset position as well, as described in
section 3.5.2. In addition to C2 substitution, vowel epenthesis occurred eight times in the

word train, out of nine occurrences in total (e.g. /'tiem/ - ['fuwer]).
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Figure 38: Naoki’'s productions of /ti/ cluster in word-initial onset position in English

The accuracy of Naoki's productions increased toward the end of the recorded period.

We can infer from this that he had acquired /ti/ cluster in word-initial onset position by

02:04.21.

Concerning the /di/ cluster, Naoki only attempted it six times in total throughout the

recorded period. While four productions were accurate, all of which were made at

02;04.07 in the word drink, Naoki showed the same C2 substitution pattern as we saw

with /t1/ once at 02;02.26, where he substituted the C2 /1/ to [w]: dragon

/'dizegen/—['dwaegen]. Naoki made another attempt at 02;05.29, where he deleted C2:

drive /'diarv/—['darv]. Overall, because of the scarcity of the data, it is hard for us to

judge whether Naoki had acquired the /di/ cluster or not during the recorded period.
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6.2.3 /61/

In contrast to all of the other C+liquid clusters, Naoki’'s attempts at the /61/ cluster

predominantly showed C1 substitutions.
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Figure 39: Naoki’'s productions of /01/ cluster in word-initial onset position in English
Out of the 17 attempts in total, C1 substitution occurred 13 times, with [f] as the primary
substitute (e.g. three /'01i:/—['f1i:]). Naoki also reduced the cluster to [f] at 02;05.03
(three /'61i:/—['fi:]). These two patterns confirm that there was a tendency for Naoki to
substitute [0] to labials, considering that he was also substituting the singleton /6/ in
word-initial position to [p], as described in 3.2.3.2. In sum, Naoki was still developing

/01/, with noticeable issues with the place of articulation of /6/.

6.2.4 Summary of obstruent+i (excluding s-initial) clusters

In summary, Naoki was proficient at producing /ba/, /ki/, /gi/, and /fi/ clusters.

However, his productions of the /ti/ cluster showed inconsistency with C2 substitutions
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to [w] and occasional vowel epenthesis, and his /61/ cluster showed C1 substitution
with [f] throughout the recorded period. In the next section, we describe Naoki’s

development of obstruent+w clusters

6.3 Obstruent+w (excluding s-initial) clusters

Concerning obstruent+w clusters, Naoki made attempts at /tw/ and /kw/ only four
times in total. He attempted /tw/ once at 02;01.22, and /kw/ three times between
01;01.05 and 02;02.26, all of which were accurate. However, because of the scarcity of
data, it is difficult for us to judge when Naoki actually acquired the target clusters. In the

next section, we turn to Naoki’s attempts at s+consonant clusters.

6.4 s+consonant clusters

Naoki’s productions of s+consonant clusters showed developmental patterns different
from the other clusters described above (e.g. Barlow 1997 and Goad & Rose 2004 for
similar observations in the context of monolingual first language acquisition). In his
development of /sp/, /st/, and /sk/ clusters, there were C1 deletions observed until
later in the recorded period. Unlike the other consonant clusters described above, where
inaccurate productions mostly occurred in particular words, these C1 deletions occurred
across a range of word forms. Naoki also attempted /sm/, /sl/, /sn/, and /sw/ clusters,
each of which only a few times in total. We thus cannot fully depict his development of

these clusters.
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6.4.1 /sp/, /st/, and /sk/
Naoki's attempted /sp/, /st/, and /sk/ clusters a total of 104 times. In these

productions, there were occasional C1 deletions. Since Naoki only attempted /sk/ once,

the graph of this cluster is not included in the figure below.
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Figure 40: Naoki’s productions of /sp/ and /st/ clusters in word-initial onset position in
English

The C1 deletions were observed mainly between 02;01.08 and 02;04.21, and, as
mentioned already, occurred across different words, and also in unsystematic ways.
After the period of C1 deletions, his productions were more accurate. With regard to
/sk/, Naoki made only one attempt, at 02;05.29, in which he deleted C1 in the word sky
(/'skar/—['kar]). From these results, we can claim that Naoki had acquired /sp/ and /st/

clusters by at least 02;05.29, while no conclusion can be drawn for /sk/ clusters.

6.4.2 /sm/, /sn/, /sl/, and /sw/

Naoki attempted /sm/ and /sl/ clusters four times each, and /sn/ and /sw/ clusters
twice each. His productions of /sm/ and /sn/ clusters displayed vowel epenthesis, once

in /sm/ at 02;05.03 (small /'smal/—['samal]), and also once in /sn/ at 02;00.17 (snake
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/'sneik/—['saneik]). The remainder of the productions of these clusters were accurate.
With regard to /sl/ and /sw/ clusters, Naoki showed C2 substitutions. He only made
attempts at /sl/ in the word sleep(ing). He made three out of these four attempts at
02;03.17, one resulting in an accurate production, one with C2 deletion, and the last one
with C2 substitution to [w]. He made another attempt at 02;04.07 with an accurate
production. Concerning his attempts at the /sw/ cluster, Naoki made one accurate
production at 02;00.17, while there was a C2 substitution to [v] at 02;02.26; swimming
/'swimin)/—['svimi]. Overall, we lack data for these clusters, but based on the available
occurences, we can tentatively conclude that Naoki was still in his developmental stage

for s+sonorant clusters.

6.4.3 Summary of s+consonant clusters

In summary, Naoki acquired /sp/ and /st/ clusters during the course of the observation
period, after showing unsystematic C1 deletions at first, while he made few attempts at
the other s+consonant clusters, which he generally did not produce accurately. In the

following section, we summarize Naoki’'s productions of complex onsets.

6.5 Summary of complex onsets in word-initial position in English

In summary, Naoki showed proficiency in most of the clusters that had sufficient data,
while he had difficulties producing /t1/, in the form of C2 substitution, and /61/, in the

form of C1 deletion, as shown in the table below.
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Table 10: Timeline of Naoki's development of complex onsets in word-initial

onset position in English
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Unlike his productions of singleton onsets, the earliest point Naoki showed acquisition
was in the middle of the recorded period, at 01;11.26 for obstruent+1 clusters. He then
acquired more than half of obstruent+1i clusters, /ki/, /g1/, /f1/ at 02;00.17, /bi/ at
02;02.26, and /t1/ at 02;04.21. These clusters were then followed by two s+consonant
clusters, specifically /sp/ and /st/, at 02;05.29. While he generally showed later
acquisition of onset clusters than singleton onsets, Naoki did not show consistent
patterns such as the deletions and voicing errors observed in singleton codas. In the
next section, we turn to our description of Naoki’'s development of coda-onset

sequences in Japanese.

7. Coda-onset sequences in Japanese

In this section, we discuss Naoki's development of geminates and nasal+consonant
sequences. For geminates, he showed consistent patterns of degemination, also with
voicing and/or substitution affecting some target consonants. Concerning
nasal+consonant sequences, Naoki showed C1 deletion consistently, which bears
similarity to the deletion pattern we saw in his productions of singleton codas in word-

final position.

7.1 Geminates

Degemination affected all of the geminates Naoki attempted, in particular in the context
of geminate plosives. Naoki also showed a combination of degemination and voicing
occasionally in his attempts at geminate plosives and affricates. In his attempts at nasal
geminates, he showed both degemination and substitution, which occurred especially

frequently in his productions of /mm/, produced as [w].
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7.1.1 Obstruent plosives

Regarding obstruent plosive geminates, Naoki attempted /pp/, /tt/, and /kk/ 383 times

in total. Until 02;04.21, Naoki predominantly degeminated these targets.
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Figure 41: Naoki’s productions of geminates of obstruent plosives in Japanese

In addition to degemination, Naoki also showed voicing errors, similar to what we saw in
singleton obstruents in word-final position (e.g. /atta/—[ada] ‘found it’). However, aside
from these issues, the place and manner of articulation in his productions were generally
accurate. Geminate production became more accurate toward the end of the recorded
period, as Naoki showed a high number of accurate productions at 02;07.00. We thus

conclude that Naoki had acquired /pp/, /tt/, and /kk/ by this age.

7.1.2 Fricatives

Turning now to geminate fricatives, Naoki only attempted [(f], showing accurate

productions in more than half of the few forms he attempted.
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Figure 42: Naoki's productions of geminate of /{{/ in Japanese

At 01;10.08 and 01;11.10, Naoki only produced the cartoon character’'s name Resshii,
for which there was one accurate production, and the remainder showed degemination
(/reffi:/—[refi:]). At 02;04.21 and 02;05.03, he produced this target geminate
accurately five times in total. We can thus conclude that Naoki had acquired the
geminate /{{/ in Japanese by this age or before, something we cannot verify precisely

due to data scarcity.

7.1.3 Affricates

Naoki attempted the affricates [tsts] and /ttf/ twice and 196 times, respectively. Similar
to what we saw in his attempts at geminate plosives, he was mostly accurate in the
place and manner of articulation of the target geminates, but displayed difficulties with

voicing and geminate duration.
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Figure 43: Naoki’s productions of geminates of affricates in Japanese

Throughout the recorded period, Naoki produced the word kotchi ‘here’ more than half
the time in his attempts at /tftf/, with both accurate and inaccurate productions seen in
this word in unsystematic ways. Regarding degemination and substitutions, observed 38
times in total, Naoki mostly substituted /t{tf/ to [3] and [d], 17 times and 10 times
respectively. From these results, we consider that Naoki was still in his developmental

stage for geminate affricates.

7.1.4 Nasals

Naoki made attempts at [nn], [mm], and [nn] nasal geminates 199 times in total. Apart
from frequent degemination, consistent with the patterning of other geminates, Naoki
produced instances of degemination and substitutions 29 times during the recorded

period.
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Figure 44: Naoki’s productions of geminates of nasals in Japanese

Unlike the voicing errors previously observed in geminate obstruents, Naoki frequently
changed the manner of articulation when attempting the target nasal geminates. For
example, out of the 29 occurrences of degemination and substitution, Naoki substituted
/mm/ with [w] 18 times. This occurred most of the time in the cartoon characters’
names of Anpanman (/ampamman/ - [apawa]) and Kareepanman
(/kare:pamman/—[korupawa]). However, we do not consider this as a lexical
exception, considering that Naoki predominantly attempted these words and another
character’s name Baikinman throughout the recorded period, and we observed both
accurate productions and degeminations in these words. We rather assume that this
substitution was caused by the process of compounding the words
anpan/kareepan+man (red bean bun/curry bun+hero).* More generally, we can claim

that Naoki was still in his developmental stage of nasal geminates in Japanese.

4 Whether this substitution was directly related to compounding in this form cannot be verified.

93



7.1.5 Summary of geminates

In summary, Naoki showed a consistent degemination pattern in all types of geminates.
In his attempts at obstruent plosives, it was a predominant pattern. He also showed
degemination and voicing patterns for obstruent plosives and affricates. This indicates
that although he had issues with the length of gemination and voicing errors, he had
already acquired the place and manner of articulation of these consonants. Concerning
nasals, in addition to the consistent degemination pattern, Naoki tended to substitute
[w] for /mm/. This, unlike geminate obstruents, shows a change in manner of
articulation, which we assume was caused as part of a process of word compounding.
Overall, Naoki ended up acquiring obstruent plosive geminates, as well as /{{/, an
allophone of /s/. In the next section, we turn to Naoki's development of

nasal+consonant sequences.

7.2 Nasal+consonant sequences

For nasal+consonant sequences (i.e. /n/+consonant), Naoki attempted [mp], [mb],

[nt], [nd], [n3], [nY], [gk], and [gg]. Overall, he showed more C1 deletions than

accurate productions, also with occasional C1 substitutions.
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Figure 45: Naoki’'s productions of nasal+consonant sequences in Japanese

The deletion of C1 in coda position shows parallels with the predominant pattern of
deletions Naoki displayed in his attempts at singleton codas, described in section 4.6.
Concerning C1 substitutions, this process took the form of C2 gemination most of the
time. For example, at 02;02.05, Naoki produced [pp] twice in his attempt at [mp];
Anpanman /ampamman/ - [appama] (a cartoon character). From these results, we
consider that Naoki was still in his developmental stage of nasal+consonant sequences

in coda-onset position in Japanese.

7.3 Summary of coda-onset sequences in Japanese

In summary, Naoki’'s showed consistent degemination in his attempts at geminates, and
C1 deletion in his attempts at nasal+consonant sequences. The table below shows

Naoki’'s overall developmental pattern of the geminates.
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Table 11: Timeline of Naoki’'s development of geminates in Japanese

Again, in addition to degemination, a pattern of voicing was often seen for obstruent
plosives, while degemination and substitution was the frequent pattern in his attempts at
nasal geminates. The former indicates that Naoki already had mastered the place and
manner of articulation of obstruents, while latter can be related to a compounding
process in a specific word. Given these inaccurate productions, Naoki acquired
geminates of obstruent plosives and /{f/ quite late in the recorded period, at 02;07.00
and 02;04.21 respectively, while he was in his developmental stage for the remainder of

the target geminates.

Concerning nasal+consonant sequences, the predominant C1 deletion pattern is
consistent with the deletion pattern Naoki showed in his attempts at singleton codas,
which confirms that he had major issues producing codas whether in singleton positions

or as part of heterosyllabic clusters.

96



wn (] N~ o < <) Lo o © M~ [e] [Te) © N~ N~ — [82] (o] o
i N o P o o o — N — o o N — o N (@) N o
~ N~ [ee] (2] (] o — — — o — N N ™ < < o [Tl N~
o o o (@) o — — — — o o o o o o o o o o
— - - — — P b - b N N N N N N N N N N
o o o o o o o o o o o o o o o o o o o
g VI Vi VI VI VI
o S1 v v D1 D1 D1 D1 | VAR D1 D1 | VAR
g D1 D1 D1 D1 D1
Table 12: Timeline of Naoki's development of coda-onset sequences in
Japanese

The C1 deletion as a dominant pattern lasted until the end of the recorded period, which
indicates that Naoki was still in his developmental stage of the target sequence. In the

next section, we move on to our description of coda-onset clusters in English.

8. Coda-onset clusters in English

Similar to nasal+consonant sequences in Japanese, described in 7.2, Naoki showed C1
deletion as a dominant production pattern in coda-onset clusters in English. We again
associate this to the deletion pattern he produced in word-final codas. In addition to this,
Naoki displayed occasional C2 deletions in his attempts at nasal+consonant clusters,

and vocalization and voicing errors in liquid+consonant clusters.

8.1 Obstruent+consonant clusters

For obstruent+consonant clusters, Naoki attempted /pt/, /ts/, /dn/, /kt§/, /kn/, /sf/,

/sm/, and /dst/,® with a total of 58 attempts. C1 deletions were the leading pattern until

02;04.21.

5 Naoki also attempted /ps/ 33 times, most of which were accurate throughout the recorded period.
However, considering that 29 occurrences were in the exclamation whoopsie, which is similar in nature
to an onomatopoeia, it is difficult to judge whether Naoki truly acquired the target phonology or if it is
the product of lexical exception (see also section 3.6 about this word). Thus, /ps/ is not included in our
analysis.
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Figure 46: Naoki’s productions of obstruent+consonant clusters in coda-onset position in
English

From 02;05.03 onward, Naoki started to show accurate productions only. This suggests

that he had acquired obstruent+consonant clusters in coda-onset position by this age.

8.2 Nasal+consonant clusters

Naoki attempted /mb/, /ns/, /nd/, /ni/, /gk/, and /gg/ for nasal+consonant clusters,

38 times in total.
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Figure 47: Naoki’s productions of nasal+consonant clusters in coda-onset position in
English

Beside the consistent C1 deletion pattern, Naoki also occasionally showed C2 deletions,
particularly in /mb/ and /ng/ (e.g. /'sambadi:/—['samai]). Considering these results,
we conclude that he was still in his developmental stage of nasal+consonant clusters in

coda-onset position in English.

8.3 Liquid+consonant clusters

Naoki attempted /1f/, /lm/, /la/, /ap/, /2t/, /ad/, /ik/, /it/, /1s/, and /an/ for
liquid+consonant clusters. Aside from C1 deletion, as seen previously, we observed

occasional C1 vocalization or voicing of C2 in his productions of these clusters.
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Figure 48: Naoki’'s productions of liquid+consonant clusters in coda-onset position in
English

We observed C1 vocalization in /1f/, /lm/, /11/, /1p/, and /in/, where the first
consonant was substituted to either [u] or [1] (e.g. /'paipsl/—['toups]). Furthermore,
Naoki showed a voicing error, similar to that seen in singleton obstruents in coda
position, where C2 voicing occurred when the consonant was a voiceless obstruent,
specifically /1p/ (once out of five attempts), /it/ (twice out of nine attempts), and /if/
(once out of one attempt). From these results, we consider that Naoki was still in his

developmental stage of liquid+consonant clusters in coda-onset position in English.

8.4 Summary of coda-onset clusters in English

In summary, Naoki showed C1 deletion as a predominant production pattern for all the
coda-onset clusters in English, which is consistent with his productions of singleton

codas and nasal+consonant sequences in Japanese, as presented in the table below.
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Table 13: Timeline of Naoki’'s development of coda-onset clusters in English

Also, specifically in his attempts at liquid+consonant clusters, Naoki showed C1
vocalization and C2 voicing, the latter of which resembles the voicing errors he showed
in singleton obstruents in coda position. By the end of the recorded period, Naoki had
only acquired obstruent+consonant clusters, at 02;05.03. This concludes our description
of Naoki’s development of coda-onset clusters in English. We now move onto the next

chapter, where we summarize all the descriptions, and briefly discuss our main findings.
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Chapter 5: Discussion

1. Introduction

In this chapter, we summarize the main findings from the previous chapter, and offer a
discussion of Naoki’'s developmental patterns. As we will see, Naoki’s phonological
development, especially in syllable codas, appears to have been largely affected by the
phonological constraints of Japanese. This is in contrast with the fact, noted in section 2
of Chapter 4, that Naoki showed slightly higher productivity in using English words than
Japanese words in the recorded sessions; his behaviours are indeed suggestive of a

Japanese monolingual child who was learning English as a second language.

2. Summary of observations

In this section, we summarize the main observations from the previous chapter. First, for
the singleton onsets in word-initial position, Naoki generally showed adult-like
productions in both languages throughout the recorded period. The exceptions were
particularly those obstruents which are attested only in either of the languages, such as
/¢/ and [ts] in Japanese, and /v/, /6/, and /8/ in English. His attempts at these
consonants generally showed inaccurate productions, or yielded too few data to draw
any reliable conclusion. Aside from these and a few other consonants, Naoki had

acquired most of the consonants during the recorded period.

Concerning Naoki’s attempts at singleton codas in word-final position, he showed two
noteworthy behaviours in English: deletion and voicing errors. With regard to deletion,
we observed them across all manners of articulation. As for voicing errors, Naoki

particularly showed devoicing of target voiced obstruents. Concerning his attempts at
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nasal codas in Japanese, he also showed frequent deletions. By the end of the recorded

period, he had only acquired approximately half of the target consonants in this position.

Turning to complex onsets in English, Naoki was generally proficient at them, similar to
his general performance at singleton onsets. He only showed difficulty with producing
/t1/ and /61/, and he also showed occasional C1 deletion in s+consonant clusters.
However, he acquired most of the target clusters during the period documented in the

corpus.

With regard to geminates in Japanese, Naoki showed generalized degemination and
also voicing errors, similar to what we saw in his attempts at singleton codas in English.
Overall, he acquired geminates of obstruent plosives only. As for coda-onset sequences,
he showed C1 deletion as a predominant pattern, consistent with his productions of

singleton codas.

Finally, for coda-onset clusters in English, C1 deletion was again a predominant pattern,
similar to his productions of word-final codas. He also showed errors in voicing, a

general pattern affecting his productions of obstruent codas across all positions.

From these results, it is evident that deletion was a major issue in coda position, in both
of his target languages. As discussed in 4.6 of Chapter 4, this deletion pattern was more
prominent when the target phone in coda position was a non-nasal consonant.
Furthermore, as our consideration of productions in context within the utterance showed,
Naoki displayed more deletions when the target codas were in sentence-medial position

when followed by another consonant, or sentence-final position.
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3. Discussion

At first glance, we had a general impression that Naoki was an English-dominant
bilingual child. The main reason for this came from the fact that he appeared to be more
productive in English than in Japanese, as we saw in section 2 of Chapter 4. Also, he
showed more accurate production of singleton onsets in English. However, looking at his
productions of singleton codas, we began to question this assumption; we saw
constraints related to the Japanese phonological system affecting his productions of

coda consonants in English.

Recall that we saw deletions in almost all the coda consonants in English, and also in
Japanese nasal codas. Also, Naoki substituted nasals /n/ and /1/ in English to [N] very
frequently. These results suggest an effect of the phonological constraints of the
Japanese coda. This can be rationalized by the concept of prosodic licensing discussed
by 1t6 (1986) in her analysis of Japanese phonotactics. In short, all phonological units
belong to a higher prosodic structure, where they must conform to specific constraints in

order to be licensed and, thus, phonetically realized in spoken forms.

It6 and Mester (1993) further analyzed issues in prosodic licensing in Japanese, where
they describe a constraint which disallows phonological units with a consonantal place
of articulation to be realized in coda position. Because of this, /N/ is the only possible
consonant to appear in this position, as it is suggested that it is a placeless consonant
(e.g. Itd 1986; Nasukawa 1998). In light of this, Naoki’'s productions of coda consonants

in both of his languages suggest a transfer effect from Japanese to English, given that
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the target phones in coda position were frequently deleted, despite the lack of restriction

on place or manner of articulation in coda position in adult English.

Further evidence of Naoki’'s application of Japanese phonological constraints could be
seen in the fact that Naoki showed fewer deletions when a target coda consonant was
followed by a vowel. This is indeed possible given that a word-final coda can be
resyllabified in the onset of the following word, thereby escaping constraints on coda

licensing.

These deletion patterns observed in coda position were also similar to those found in
Japanese monolingual acquisition. Typically, monolingual Japanese children delete /n/,
with occasional lengthening of the preceding vowel, in the early development of this
consonant (e.g. Kazama 2000; Ota 2003). As such, these deletion patterns Naoki
showed in codas in English partially match the developmental pattern of /n/ by
monolingual Japanese children, although we did not observe vowel lengthening before

codas in Naoki’'s productions.

In contrast, by comparing Naoki's coda development with that of English monolingual
children, we also see an effect of delay in his acquisition of some English obstruents.
Recall from section 2.3 of Chapter 2 that we looked at the development of word-medial
codas of a Portuguese-French learning child from the study of Almeida et al. (2012). In
this study, despite the fact that French monolingual children acquire almost all
consonants in this position at the same time, the child acquired plosives later than the

other consonants. Almeida et al. suggest that this is an effect of the child’s Portuguese
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phonological constraints, as plosives are not allowed in coda position in this language.
Therefore, the child’s development of plosives in French was delayed. Similar to this, we
suggest that Japanese coda constraints caused Naoki’'s delayed acquisition of English
voiceless plosives and voiced obstruents. While monolingual English-learning children
generally acquire voiceless plosives first, followed by voiceless fricatives and nasals,
voiced obstruents, and finally liquids (Bernhardt & Stemberger 1998; Kehoe & Stoel-
Gammon 2001), Naoki did not acquire voiceless plosives nor voiced obstruents during

the documented period.

Together, these observations suggest that Naoki was more akin to a monolingual
Japanese child who was learning English as his second language; another interpretation
would be that he was learning both languages in parallel, however with a clear

dominance effect coming from his Japanese system.

4. Limitations and conclusion

Through this thesis, we are contributing to research on child phonological development
in a multilingual context. Building on the recorded and partially transcribed corpus
documenting Naoki's development of his Japanese and English languages originally
contributed by Dr. Mitsuhiko Ota to the CHILDES and PhonBank databases, we
completed the transcription work on this corpus, in both languages, which we are now
returning to the database as an augmented version of the original contribution. In
addition to this empirical contribution, our data descriptions offer a starting point not only
for the hypotheses we formulated based on these descriptions, in particular about

prosodic licensing, but also about the origins of some idiosyncrasies noted in the data,
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for example about lexical exceptions to the main patterns observed. However, much
work remains to be done in the development of our initial hypotheses, some of which
would require further explorations of the corpus data. For example, while we observed a
transfer effect from Japanese to English and delayed acquisition of English obstruents in
coda position, we could not find clear evidence of acceleration, fusion, and/or different
order of acquisition. An investigation into the presence or absence of these interaction
patterns is left for future work. Furthermore, it would have been more useful to compare
Naoki to monolingual learners of Japanese and of English. This unfortunately
transcends the scope of this thesis, but the interested readers could look at the studies
of Ota & Ueda (2007) and Ota (2015) for Japanese monolingual development, and
McLeod, Doorn & Reed (2001) and Howard (2007) for English monolingual
development. Finally, this is a case study, where only one participant was observed.
Therefore, we cannot generalize all aspects of our analysis to other bilingual or child
second-language learners. Nonetheless, this thesis offers a demonstration of how
multilingual corpora can be analyzed within the context of PhonBank, through only
minimal annotations of the corpus data. It is our hope that these contributions will serve
as a useful stepping stone for further empirical and theoretical research in Japanese-
English language acquisition studies, as well as more general research in phonology,

language acquisition, and multilingualism.
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