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ABSTRACT
THE ACQUISITION OF CONSONANT CLUSTERS
BY JAPANESE LEARNERS OF ENGLISH:
INTERACTIONS OF SPEECH PERCEPTION AND PRODUCTION
BY

MIEKO SPERBECK

ADVISER: PROFESSOR WINIFRED STRANGE

The primary aim of this dissertation was to investigate the relationshyed&®ispeech
perception and speech production difficulties among Japanese second language (L2)
learners of English, in their learning complex syllable structures. Jsgpaldearners
and American English controls were tested in a categorial ABX dis@tion task of
nonsense words sequences (e.g., /sparsbpani/) and included /sp, sk, pl, ki, bl, gl, spl,
skl/ clusters. In the second study, production data on these same contrastdlectszic
by employing the delayed imitation task where speakers were asked to pitoslterget
words in a short sentence. Productions were evaluated by American Entgisérésin
addition, the Versant test, a short test of English fluency by phone, was admhister
see how Japanese participants’ present English fluency level would eowelatheir
performance on the current experiments.

Results of the perception experiment showed that overall accuracy by the
Japanese group was significantly poorer than for Americans (Median = 71 % and 100%

correct, respectively). Certain clusters were harder than others for Sapiateners.



Specifically, overall accuracy in the /bl/ clusters was significdotly(Median = 63%
correct). The production experiment demonstrated that, as was the case with the
perception experiment, the American group showed a ceiling effect for alaype
consonantal sequences. In contrast, the Japanese group’s performance wastbonsiste
lower (Mean = 64% correct). Specifically, Japanese participants haalityfforoducing
the voiced stops # + | tokens (e.g., A¥ani/) accurately. Interestingly, the major errors in
these clusters were deletion of schwas. Corelational analyses betwssptiperand
production performance were conducted. Overall, the Japanese group’s perception a
production was correlated (rho = +7.8% 0.01, one-tailed). Additionally, overall
Versant test score was correlated with perception performance 100470,p < 0.01)

and production performance (rho = + 0.683; 0.01).

These results suggest that there is a link between L2 perception and L2 production
at phonotactic level of acquisition. However, a picture of such link is much more
complicated, as suggested by great variability among Japanese padigeaformance.
That is, the current study suggests that inaccuracy in L2 production is a prbduct
interactions among inaccurate L2 perception, motor constraints of unfanujiearses

of phonemes, and learners’ individual differences in English fluency skills.
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CHAPTER 1. INTRODUCTION
Late second language (L2) learners have a strong tendency to trab&form
syllable structures into native ones in producing L2 speech. For example, Japanese

speaking learners of English often break up English consonantal clusters bggreser

vowel [w] (e.g., [su.puw.las.shua] for “splash”. A period in the parenthesis stands for a

syllable boundary). In Japanese phonology, consonantal clusters are not allowed and only
single consonants are allowed as syllable onsets. Only the moraic nasafist ppart of
geminate serves as a coda. In contrast, English allows for much more ebedplic

syllable types. English word initial onsets may involve up to three consonants and

English coda clusters may include up to four. Since complex onsets are notlallowe
Japanese, an English word such as “splash” cannot be mapped into a single syllable.
These loanwords with epenthesized vowels are often interpreted as beingedupdrsi

first language (L1) phonotactic restrictions. That is, Japanese speadifg nonnative

syllable forms in order to conform to their native ones.

The primary aim of this study was to investigate acquisition of L2 syllable
structure in both perception and production by late learners of English whose native
language was Japanese. Investigating both perception and production of L2 syllable
structure may be key to understanding the systematicity underlyingin2isa
behaviors. That is, the current study investigates whether accented productidns of
syllable structure are due to the inaccurate perception of phonotacticgiy dteucture.
Interwoven with these issues is the concephafkednessan contrast to theories that
focus on L1-L2 phonetic/articulatory interactions. That is, another goal of ttentur

study is to investigate whether L2 learners’ overall performance iegtern and



production will be reflected in different degrees of difficulty predicted byketaress

theory or by phonetic interaction theories.



CHAPTER 2: OVERVIEW OF SYLLABLE STRUCTURE
21. Basc Syllable Structure

The evidence of the syllable as the phonological domain is abundant. As per
Kenstowicz (1994), the following reasons seem to serve for the legitimaoy syltable
as a basic unit of perception and production:

First, the syllable is a natural domain for the statement of many phonotactic

constraints. Second, phonological rules are often more simply and insightfully

expressed if they explicitly refer to the syllable. Finally, several phgraab

processes are best interpreted as methods to ensure that the string of ptadnologic

segments is parsable into syllables (Kenstowicz, 1994, p. 250).

Among several models of syllable-internal structure, the “binary-bragetith
rime” model seems to be the best representation of syllable structwa§BE995). In
this model, the syllable is seen as containing an obligatory nucleus, preceded by an
optional consonantal onset and followed by an optional consonantal coda. The majority
of languages contain the following basic syllable structure: CV, VC, V, an@, CV
(Kenstowicz, 1994). An additional element is called a rime, which includes a nucteus a
a coda. Rhyme often serves as an important unit in poetry or in language games.

Syllable structure and syllabification comprise the basics of syllabtey.
Interwoven with these basic concepts is the concept of the mora. The mora, a unit of
phonological weight, helps us to understand different types of syllables. A ligitilsyll
consists of one mora while a heavy syllable consists of two morae. For inSkarice,
meaning “mosquitoes” in Japanese, has one mora while “ka:” with a long vowel,
meaning “car” in the Japanese loanword, has two morae. Such differena&soare

expressed in Japanese syllabary orthograpgdand’. Eachkanacharacter represents one

mora. Thus, [ka] has orkang “7>", while [ka:] requires an additional hyphen-like



symbol for the second mora7*—". These long vowels are spelled differently in
hiragana by adding a second vowel. For instance, “[ka:san]”, meaning “mother” in
Japanese, is spelled a& % = A" in hiragana, the second character stands for a second

vowel. Thus, the mora is an essential rhythmic unit in Japanese (Shibatani, 1990).

Concerning the issue of the acquisition of nonnative consonantal sequences,
looking into how a L2 word is syllabified in L1 provides a key to understanding the
mental representation of L2 learners, especially those who are at tHestagi of
acquisition. The accentedness of L2 learners often reflects the trantfeir afative
syllabification to the target language. Hence, Japanese-speaking leafaeghisii might
apply a unit of mora for syllabifying English complex onsets and codas.

2.2. TheSonority SequencePrinciple

In the standard version of generative phonology, the creation of a syllable is
regulated by the Sonority Sequencing Principle (the SSP), which statesnibiatysrises
toward the nucleus of a syllable and lowers away from it (Clements, 1990). Each
phoneme can be categorized in terms of a sonority scale where low vowels aterednsi
the most sonorous, followed by mid vowels, high vowels, flaps, laterals, nasals, voiced
fricatives, voiceless fricatives, voiced stops, and voiceless stops (Hogg andiyyicC
1987, p. 33).

One of the examples where the SSP plays an important role is found in the issue
of the reduplication of the prefix for the perfect tense, “CV(e)”, in Ancient Greek
(Kenstowicz, 1994, p. 264—-269). According to Kenstowicz, when the sonority of the
initial stem is lower than that of the second one, the initial consonant is copied when

adding the prefix (e.g., ‘#Kopha” for /klopra/). However, such reduplication does not



occur if consonant sequences lack a rising sonority toward a nucleus. Thus, Kenstowi
analyzes that the initial phoneme, /k/ in /ktona/ is not copied as “*ke-ktona” but rather
appears as “e-ktona” because /kt/ is against the SSP. Hence, as per Ker{d@8vy;

this example shows how the SSP is related to the mechanism of reduplication in this
language. However, a fair number of exceptions to the SSP has been reported and thus,
Blevins (1995, p. 211) argues that the SSP should be considered as “the preference
conditions of the syllable”. For instance, a clear violation of the SSP is found ih /sp, s

sk/ of English complex onsets. Sonority of voiceless stops is lower than /s/, agdordin

the sonority scale described by Hogg and McCully (1987).

Related to the SSP, a Minimal Sonority Distance (MSD) parameterrgotrer
minimal sonority distance between two phonemes of a complex onset in a given
language. For instance, English does not necessarily require a large Idistarace
between two phonemes and thus, allows several kinds of consonant sequences. On the
other hand, Japanese with a smaller setting of the MSD allows single consoe#t ons
only. To summarize, the role of the syllable as a unit of analysis in phonolagy sze
be indisputable. However, the issues of the SSP, the internal structure of the sytidbl
the syllabification are still ongoing debates among phonologists.

2.3. Markedness

The term “markedness’ has been used in various ways in linguistic research.
Markedness is related to frequency of a linguistic structure in langoagesworld and
is often applied to predict relative difficulty in acquisition (see Eckman, 2008 for
reviews). Marked linguistic forms are less frequent and considered to be toarde

acquire. With respect to syllabic onsets, a simple onset, Consonant + Vowelténereaf



CV), is classified as less marked than more complex ones such as CCCWelia g
language allows complex syllable types, it also allows the simple Cab&yl(e.qg.,
Cairns and Feinstein, 1982). Hence, tri-consonantal (hereafter, CCC) onsetmaied
as more marked than bi-consonantal (hereafter CC) onsets.

Research in L1 acquisition often reports that young children show stronger
preference toward CV syllables than consonant sequences in production (Martohardjono,
1989). Concerning the acquisition of consonant clusters, young children tend to produce
CC clusters more accurately than CCC clusters (Gierut and Champion, 2001; Smit,
1993). With respect to the acquisition of CC sequences in English, markedness depends
on the sonority distance between two phonemes of a complex onset. For instance,
complex onsets such as /bl/ (e.dplotw”) are considered as more marked than /pl/ (e.g.,
“play”). The sonority distance between /b/ and /I/ is smaller than that of /p/ amtd/
voiced stops are more sonorous than voiceless stops and thus, closer to laterals in
sonority. The studies that have explored sonority-based markedness are reviewed in
Chapter 4. These studies have often tested whether universally more markeddinguist

structures are harder to acquire than less marked ones regardless of learners



CHAPTER 3: THEORIES OF CROSS-LINGUISTIC SPEECH PERCEPTION
AND PRODUCTION

3.1. TheContrastive Analysis Hypothesis and the Markedness Differential
Hypothesis

The first theory to account for L2 learners’ relative difficulty iarteng L2
speech sounds was called “Contrastive Analysis Hypothesis (CAH)”. Thalagdaim
of the CAH is that the errors made by L2 learners are all due to the imieddrem
their native language. To quote the main hypothesis:

The Contrastive Analysis Hypothesis

We assume that the student who comes in contact with a foreign language will

find some features of it quite easy and others extremely difficult. Thoseriem

that are similar to his native language will be simple for him, and thoserdkeme

that are different will be difficult (Lado, 1957, P. 2; cited in Eckman, 1996, P.

196).

In short, the CAH predicts that L2 structures that are similar to those ol the L
should be easier to acquire whereas the structures that are different frerafthbs
should be more difficult to acquire. However, several studies have shown that this CAH
not explanatorily adequate by itself (e.g., Broselow, 1983). Not only is tieuDAable
to account for many errors that are not simply a result of L1-L2 differencealsbuhe
hypothesis cannot predict what types of errors systematically occugdrdearners.

Seeking a better explanation than the CAH of the difficulties that L2desaface,
Eckman (1977) proposed the Markedness Differential Hypothesis (MDH). To quote:
The Markedness Differential Hypothesis

The areas of difficulty that a language learner will have can be predictbd on

basis of a systematic comparison of the grammars of the native langugge (NL

the target language (TL), and the markedness relations stated in universal
grammar (Eckman, 1996, P. 197).



As is the case with the CAH, the MDH assumes that L2 difficulty is predectabl
on the base of structural differences between the L1 and the L2. HowewdDithes
advanced theoretically by adding the critical concept of “markednesat.iglthe degree
of difficulty among L2 structures directly corresponds to the degree d&edraess. For
instance, in Japanese, both voiceless stop-liquid and voiced stop-liquid clusters are not
allowed. The CAH would predict that both are equally difficult since these two consonant
clusters do not exist. The MDH would further predict that voiced stop-liquid clusters
more difficult than voiceless stop-liquid clusters since the former is marieech

These theories based on L1-L2 structural differences do not predict difficulty
based on articulatory-phonetic similarities between L1 and L2. For instaedglDH
will predict that difficulty in acquiring such sequences as /pl/ and /pr/ i<eeghéo be
the same among Japanese-speaking learners of English because the sstamty di
between /pl/ and /pr/ is equal. Phonetic/gestural differences betweerhEriglisd /I/ are
not taken into considerations. That is, the theory does not accommodate effects of
phonetic/gestural differences of L2 (e.g., English /r/ and /I/) in referenick ¢Japanese
Irl).

3.2.  Perceptual Assimilation Model

Best's Perceptual Assimilation Model (PAM) has been developed to account for
perceptual difficulties thataivelisteners face from a Direct Realist perspective (Best,
1995). This model assumes that articulatory gestures are perceptual psifoitispeech
perception. PAM predicts how listeners will perceive nonnative contrasts lngplveres
on the basis of the articulatory/phonetic similarities of nonnative segmentsv® na

phonological categories. It should be noted that PAM was further developed into PAM-



L2 (Best and Tyler, 2007) to accommodate the issues of cross-linguistiptpmrce
amongmore experiencet2 learners.

L2 speech segments are perceived in several patterns relative to the native
language. For instance, in the two-category (TC) assimilatiorrpadiecrimination of
L2 speech sounds is assumed to be excellent. In this pattern, contrasting L2 ptones ar
assimilated to two different L1 categories. In the case of the catggodness (CG)
difference assimilation pattern, discrimination is expected to be medera¢ry good. In
this pattern, contrasting L2 phones are assimilated to the same L1 cabegaljfer in
their perceived goodness as exemplars of the native category. That isdnesesya
better instance of the L1 category than the other. In the single cat&gyragsimilation
pattern, contrasting L2 phones are both assimilated as equally good or poor exemplar
a single L1 category and thus, discrimination of these segments is agsumeeckery
poor. In the uncategorized-categorized (UC) pattern, discrimination of comgrb&t
phones is expected to be very good since the “uncategorizable” segmentiigepease
nonnative. Further assimilation patterns include an uncategorized (UU) pattera, whe
both L2 phones are uncategorizable within the native language inventoryulifot
discrimination depends on how close they are articulatorily to each other and to the
listener's L1 segments. Lastly, in the nonassimilable (NA) pattertinangion-native
category is assimilated to the listener’'s phonological space at alhasmdobth are
perceived as nonspeech sounds.

Numerous studies of the perception of nonnative phones have provided evidence
consistent with the PAM'’s predictions (e.g., Best, McRoberts, and Goodell, 2001).

However, the model has rarely been tested on phonological structures larger than a



segmental level of representation. Chang, Hong, and Hallé (2007) tested Taiwanes
Mandarin speakers on perception of non-native consonant clusters. TaiwaneserMandar
speakers were asked to identify and discriminate pairs of Englisth amsats; CCV
(e.q., “blow”) and CVCV (e.g., “below”) where the second consonant was always a
liquid, /I/ or /r/. Since consonant clusters are not allowed in their L1 phonology, Chang et
al. predicted that Taiwanese Mandarin listeners would show a SC pattern alaéissim
That is, these speakers would perceptually assimilate non-native CCV intoC@xe
Results were divided into groups of good and poor performers; participants in the former
group showed ceiling effects for both tasks. Results of the latter group showed that
overall performance on the discrimination task was relatively good (mearaegc
93%; Table 4, p.798). However, overall performance on the identification task was
poorer, although still above chance in this group (mean accuracy = 61%). Inteyesting|
33% of CVL words (e.g., “below”) and 21% of the CVR words (e.qg., “correct”) @apl
p.798) were identified as complex onsets. In other words, phonologically legalesylla
structures in listeners’ L1 were not necessarily parsed as they wareg @nd colleagues
concluded that listeners’ phonotactic knowledge alone could not account for thetse resul
and suggested that the unit of perception might be influenced by the Chinese Phonetic
Symbol System where 1-3 phonetic symbols represent one Chinese charactet, In shor
the predicted assimilation pattern, the SC pattern, was observed among Hanipaipis
although it was not necessarily due to listeners’ repair process into thgironology.
3.3.  Speech Learning Model
Flege (1995)’s Speech Learning Model (SLM) was designed to account for the

difficulties which more experienced L2 learners might fageraducinglL2 speech

10



contrasts. Compared to PAM, the model is more explicit about the relationship between
L2 speech perception and production. Similar to PAM, SLM also predicts perceptual
assimilation patterns based on L1-L2 phonetic interactions. According to SLM, the
process called “equivalence classification” is at work in perceivingegfhents. L2
phones that are similar to L1 phones are initially assigned to existing L1tghone
categories. Even though L2 phones are acoustically different from thetdldsghones,
they may be perceived as instances of a L1 category, resulting entadt perception
and production.

An important assumption about the L2 learning process in SLM is that the same
perceptual learning abilities used for acquiring L1 are available dearmer’s lifespan
and thus, learners’ phonetic categories will keep evolving as a function of language
exposure and experience. Moreover, the model hypothesizes that L1 and L2 phonetic
categories share a common phonological space, resulting in their influeacimgther.
This “bi-directionality” hypothesis between L1 phones and L2 phones was codfinme
Flege’s 1992 study. Examining the production of /u/ among Dutch speakers who were
learning English as a second language, results showed that learnerstipnsdoicl2
phones also affected production of L1 phones. English /u/ is phonetically more fronted
than Dutch /u/. When Dutch speakers’ English proficiency advanced, productions of their
native /u/ became more fronted.

Lastly, SLM hypothesizes age-related limits in the ability to produce Lechpa
a native-like fashion. That is, early learners tend to produce L2 sounds moreedgcurat
than late learners. This hypothesis has been tested and supported by teliesalFor

instance, Flege (1991) examined production of the word-initial English /p, t, k/ by native

11



speakers of Spanish who had learned English as adults or as children. Results showe
that early learners produced these English stops with the similar VOT aaluesive
monolingual English speakers (53 ms; see Figure 1, p. 399) did. In contrast, laeslearn
produced them with shorter VOT values (33 ms), which was intermediate between
monolingual Spanish speakers (18 ms) and monolingual English speakers (51 ms).

To summarize, SLM claims that the more similar L2 phones are to L1 phones, the
more difficult they are to acquire since L2 learners cannot perceive theddés and
continue to categorize them as the existing native phones. Paradoxicallgétes tgre
differences between L1 and L2 phones, the easier it is to eventually abguii2
phones since L2 learners can perceive the differences and establish g@nesater the
L2 phones. Moreover, as L2 learners gain more experience with L2 phones, they may
come to discern the differences between the L2 and L1 phones, resulting in less
accentedness in production.

3.4. Automatic Selective Perception Model

A recent theoretical framework proposed by Strange (2009) is called the
Automatic Selective Perception Model (ASP). ASP focuses on the percepticail ikt
that L2 learners face in learning new segments and sequences. Like PRNBKES a
direct realist approach. That is, speech perception involves “an active, informat
seeking process” (Strange, 2009). According to ASP, the online processing of native
phonetic contrasts is automatic in adult monolingual listeners. Native phonetigstentr
are perceptually differentiated by over-learned “Selective Perddptudines”. In
contrast, perceptual differentiation of nonnative phonetic contrasts requires more

attentional resources. Specifically, ASP proposes that the mode of percepaon diff

12



depending on interactions of stimulus types, task demands, and perceivers’ knowledge
(Strange, 2009). Two modes of speech perception are proposed: a phonological mode and
a phonetic mode. In the phonological mode, perception is accomplished via automatic
“Selective Perceptual Routines” and the detailed phonetic differencestahe primary
focus of perception. In the phonetic mode, however, an act of perception requires more
attentional resources as a result of focusing on phonetic details and thus, is less
automatic. ASP hypothesizes that naive listeners utilize the latter mastemmlg for
nonnative speech contrasts. As SLM proposes, ASP predicts that cross-langudge speec
perception might improve over time but further points out that L2 speech perception in
late learners mageverbe as automatic as L1 speech perception.

For instance, Ito et al., (2007) tested whether non-native American English (AE)

vowel contrasts were difficult to discriminate for adult late Japaneseelsanf English.

A speeded-ABX discrimination task was employed and 8 AE vowigls:{, «:, a:, A, U,
w:] were embedded in \gpdisyllables. Thirteen contrasts included control pairs that
were Two-Category (TC) assimilation pairs for Japanese listemehsas { vsa:] and

psychoacoustically similar Single Category (SC) pairs suct: &s &:]. Accuracy and

(relative) reaction times were the dependent measures. Results shawedivieaAE
listeners performed consistently better than Japanese counterparts larehttiein times

across types of vowel contrasts varied relatively little. In contrgsanése listeners’

overall performance on the SC contrasts such:as fe:] was less accurate and their

relative reaction times significantly slower even on correct tri@isofher contrasts such

as fvse], [a: vsa], and ke: vse], discrimination accuracy did not differ between
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Japanese and AE listeners (82%, 88%, and 90% correct, respectively for Japaudse g
but reaction times on correct trials were slower for the L2 listenerse Tasslts

reflected the predictions made by ASP. Slower reaction times among Jajstrases|
were interpreted as reflecting L2 learners’ non-automaticity of pgoceof non-native
vowel contrasts despite the fact that the overall performance on some cordisasts w
relatively good.

To summarize this chapter, the CAH predicts that L2 acquisition of all English
complex onsets would be equally difficult for Japanese speakers, since Japanese
phonology only allows a simple CV. The MDH would further predict that CC onsets with
smaller sonority distances would be harder than those with larger sonoatyceist
between the two consonants, since the former is more marked than the latteawithi
framework of generative phonology. In contrast, according to the PAM, the Sidviha
ASP model, predictions would be made based on the L1/L2 articulatory-phonetic
similarities and differences between the segments and sequencesetéaqad English.
For instance, consonant clusters including AE liquids /r-I/ which are known to be very
difficult for Japanese L2 learners to perceive and produce, might be egpditii@illt,
even in combinations with voiceless stops. The ASP would further predict thaterelati
perceptual difficulties would be influenced by interactions of perceivenguage
experience, stimulus materials, task types, and situations of listening.dill spierest
here is that ASP is explicit about the importance of L1-L2 phonotactic influence
perception of non-native contrasts. In the current study, Japanese listereskeal to
discriminate consonantal clusters from structures with unstressed vaweéeh the

initial and subsequent consonants (C&CaCV; CCCVvsCaCCV). Even though
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CoCV is phonotactically legal in their L1, ASP predicts that the schwa might not be

necessarily parsed in the same way as native English speakers would do.
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Chapter 4: CONSTRAINTS ON PRODUCTION AND PERCEPTION OF
L2 SPEECH PHONES

4.1.  Second Language Production of Nonnative Syllable Structure

Studies of the production of L2 syllable structure have often been focused on the
concept of sonority-based markedness that was described in the previous cleapter (e.
Broselow and Finer, 1991; Broselow, 1995; Broselow, Chen, and Wang, 1998; Cardoso
2008; Carlisle 1997, 1998, 2006; Eckman 1977, 1981, 1991, 1996, 2004; Hancin-Bhatt
and Bhatt, 1997; Major, 1996). These studies tested whether universally more marked
linguistic structures are harder to acquire than less marked ones, esgarfdiearners’
first language. On the basis of empirical studies, Eckman revised his MDH as t
Structural Conformity Hypothesis, which states, “the universal genatialns that hold
for primary languages hold also for interlanguages” (Eckman, 1991, p. 24).

Eckman (1991), for instance, examined L2 learners’ productions of three sets of
related onsets: /spr/, /sp/, and /pr/; Istr/, Ist/, and, /tr/; and /skr/, /sk/, arich&r/
selection of these stimuli was based on the Resolvability Principle, which ‘state
language has a consonantal sequence of lengtteither initial or final position, it also
has at least one continuous subsequence of lemdtin this same position” (Eckman,
1991, p. 25). Participants were Japanese, Cantonese, and Korean whose first languages
do not allow initial consonant clusters. The tasks that participants performed included
reading words from a list, eliciting a word from pictures, and having a catwersvith
native speakers of English. Results showed that the error rate was edrvatht
markedness. That is, participants had more difficulties in producing marked segjuenc

(e.g., /spr/) and thus, the author concluded that the Structural Conformity Hypothgsis
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confirmed.

With respect to the acquisition of CC sequences among L2 learners, Broselow and
Finer (1991) also reported that more marked structures were harder to dtajuiess
marked ones. Production of six types of complex onsets by Japanese and Korean-
speaking learners of English were examined: [pr], [br], [fr], [pj]..[H]]. Based on the
markedness principle of sonority, Broselow and Finer predicted relativeuttijfto
increase from least marked to most marked: [pj]-[pr]-[bj]-[br]-[ff]. Participants were
first asked to learn the pseudo-words that began with these six types of cocbastars
and then to produce them. The production data were transcribed by native speakers of
English. Results showed that the more marked clusters had higher egdhaatéhe less
marked ones for both language groups. The authors concluded that universal markedness
of sonority applied to the production of L2 syllable onsets.

However, Davidson (2001) and in her subsequent studies (2006; 2007) has shown
that markedness of sonority failed to account for L2 production difficulties of
consonantal sequences. For instance, Davidson (2006) tested 20 English speakers on
production of pseudo-Czech words. These words began with, /s/, /z/, v/, or [/ and
combined with stops and nasals. Two stimulus conditions were created: CC conditions
(e.q., /zlano/) and GC conditions (e.g., &bano/). English speakers were visually
presented with a target word, asked to listen to two repetitions of the word, andtrepeat
into the microphone. The pattern of production accuracy was /s clusters/ (97%) correc
followed by /f clusters/ (60% correct), /z clusters/ (39% correct) and gtecki (22%
correct) (Davidson, 2006, p. 113, Figure 2). Results of each sequence type showed that

markedness alone could not account for production constraints on nonnative sequences.
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For instance, both /zn/ clusters and /vn/ clusters have sonority distance of 1. Holeever
accuracy didn’t reflect such markedness. That is, /zn/ clusters were produced
significantly more accurately than /vn/ clusters (56% and 31%, respecidahdson,
2006, p. 113, Figure 3). Such results were also true for the /f/ + obstatbat/v/ +
obstruent contrasts.

Davidson (2006) showed further that acoustic characteristics of schwdednser
between the first two consonants differed depending on the two conditions (e.qg., /zbano/
vs/zabano/). Regardless of consonantal context, the mean durations of epenthesized
schwa were significantly shorter than those of lexical schwa. Additigrath F1 and
F2 midpoint values of epenthesized schwas were consistently lower thahdekiva.
Davidson interpreted these results from the viewpoint of the Articulatory Phonology
(Browman and Goldstein, 1992). That is, vowel epenthesis in CC clusters was not due to
speakers’ intentions to modify illegal sequences into legal ones but rather“desttral
mistiming”, a failure to overlap two consonants (Davidson and Stone, 2004, p. 167-169).
Hence, Davidson'’s studies on the production of nonnative sequences suggest that the
articulatory constraints in producing nonnative sequences should be taken into
considerations.

4.2.  Second Language Per ception of Nonnative Syllable Structures

The following section first reviews the perceptual studies of development of L1
phonotactics by infants, which will provide insight in understanding constraints of
acquisition of L2 syllables. Then, perceptual studies of phonotactics on adult L2Zdearne
are discussed; including what sort of errors they make in encountering nonnative

sequences of segments.
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4.2.1. Speech Perception of L1 Syllable Structure by Infants

Studies of infant speech perception of phonotactic structure have demonstrated
that infants show sensitivity to the structure and organization of their L1 souarhpatt
during the latter half of the first year (Friederici, & Wessels, 1998&pe & Aslin,
2005; Jusczyk, Friederici, Wessels, Svenkerud, & Jusczyk, A., 1993; Jusczyk, Luce, &
Charles-Luce, 1994, Kajikawa, Fais, Mugitani, Werker, and Amano, 2006). For example,
Jusczyk and colleagues (1993) tested whether English-learning infants ahe Dutc
learning infants aged 6 and 9 months had knowledge of phonetic and phonotactic
properties of their L1, using a looking preference task. Dutch words are soridaglish
wordsprosodically(stress-timed) but diffgghoneticallyandphonotactically English
does not allow phonetic sequences such as [kn] or [zw] to begin syllables, whereas Dutch
does. English allows [d] in syllable-final position while Dutch does not (Jusczyk et al
1993, p. 405). Thus, the stimulus materials included words that were not allowed in
listeners’ L1 in terms of its phonetic and phonotactic structure. Results showéd that
month olds did not show any preference for words that occurred in their L1 whereas 9
month olds showed significant preferences for them. In a follow-up experimentlustim
materials were low-pass filtered to remove most of the phonetic and phonotactic
information but left prosodic properties intact. Neither group of infants showed a
preference for L1 words; this confirmed that the results were not due to prosodic
properties of words but rather, to their phonotactic structure.

Kajikawa, Fais, Mugitani, Werker, and Amano (2006) suggested that infants at
the age of 6 months are already sensitive to surface input patterns in their bkydn T

Japanese, there is a well-known phonological phenomenon called “vowel-devoicing”
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where high vowels tend to be devoiced when they occur between voiceless consonants.

Thus, two forms of the surface input patterns are available for a word suckaas “si

(deer)”; one is with voiced [i] and the other is with devoicéd [i

English and Japanese monolingual infants at ages 6, 12, and 18 months were
tested on discrimination of these types of words using the habituation-switdigpara
In this paradigm, recovery of looking to a switch stimulus was interpreted asighowi
that infants could discriminate the switch stimulus from the habituated stimelsts. T
stimuli were three nonsense wordsek neeks andneekusuln English, all three
nonsense words are phonotactically legal and distinct. In contrast, in Japeedsand
neekare illegal underlying word forms, although they are “possible formsemt
speech, derived by vowel devoicing from canonical formskustandneeky
respectively” (Kajikawa et al., 2006, p. 2280). They hypothesized that Japaagsed
infants might not be able to discriminate betwaeaksandneekustsince they might be
treated as variants of the same word. Results showed that discriminaticecgan the
neeks-neekustontrast remained difficult regardless of infants’ age (70-75% of infants
who showed recovery of looking time in the test items). In contrast, discrimination
improved linearly for English-learning infants (70% at 6 months, 80% at 12 months, and
90% at 18 months; see Figure 2, p. 2281). Kajikawa and colleagues speculated that
Japanese-learning infants could not discriminate variants that were not phoabyacti
distinct and thus, suggested infants’ sensitivity toward the phonotactic statuoé sur
input in their L1.

4.2.2. Speech Perception of L2 Syllable Structure by Adults

Perceptual studies in the past have revealed that L2 learners’ inaccurate
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production of phonetic sequences in the target language is often a result of inaccurate
perception of nonnative speech forms (see Strange, 1995; Strange and Shafer, 2008, for
reviews). With respect to the perception of syllable structure, past studieshoave
that L1 phonotactic properties seem to bias perception of nonnative phoneme sequences
(e.g., Altenberg, 2005; Dehaene-Lambertz, Dupoux, & Gout, 2000; Dupoux, Kakehi,
Hirose, Pallier, & Mehler, 1999; Dupoux, Pallier, Kakehi & Mehler, 2001; Fais,
Kajikawa, Werker, & Amano, 2005; Hallé, Segui, Frauenfelder, & Meunier, 1998; Kabak
and Idsardi, 2007; Sperbeck and Strange, 2008). In other words, perception research has
shown that L2 input is not necessarily parsed in a native-like manner by h@rkear

First, studies have shown that L2 listeners have a tendency to perceptually
assimilate illegal phoneme sequences in L1 to legal ones (Dehaene-lzaoedux,
and Gout, 2000; Dupoux, Kakehi, Hirose, Pallier, and Mehler, 1999; Dupoux, Pallier,
Kakehi, and Mehler, 2001; Fais, Kajikawa, Werker, and Amano, 2005; Hallé, Segui,
Frauenfelder, & Meunier, 1998; Kabak and Idsardi, 2003; Pitt 1998). For instance, Hallé
and colleagues (1998) investigated how French speakers perceptualljesadimtegal
clusters (/tl/ and /dl/) into legal ones (/kl/ and /gl/). This perceptual dagon pattern
was observed in both a transcription task (Experiment 1) and a forced-choice
identification task (Experiment 2). Results of the transcription task showedfreatd
/tl/ items were transcribed as /gl/ or /kl/ 85% of the time. On the other hankliegiars
were transcribed correctly 100% of the time (Hallé et al., 1998, p. 594).

Dupoux, Kakehi, Hirose, Pallier, and Mehler (1999) tested Japanese listeners’
perception of consonantal clusters that occurred word-medially (&ge/)YaUsing a

categorial ABX discrimination task, two types of contrasts were testeghbenthesis
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contrast (e.g.,dbge-abugg and a vowel length control contrast (e.@blige-abuugg,
the latter being phonologically distinctive in Japanese. Japanese particiadtthhee
stimuli “ABX” and responded whether “X” was the same as “A” or “B”. Ressshowed
that Japanese participants had more difficulty with the epenthesis contmasitththe
vowel length contrast (16%4s 4% errors, respectively). Dupoux et al. interpreted these
results as showing that Japanese listeners perceabed ‘as the perceptually-modified
form, “abwy€’. That is, the authors claimed that the modification of L2 syllable structures
occurs at the level of L2 speech perception.

Such perceptual biases have also been reported in studies that test’listeners
knowledge of rhythmic properties in on-line speech processing (Bradley, Sitabaz-
& Garcia-Albea, 1993; Cutler, Mehler, Norris, & Segui, 1986; Cutler, & Otake, 2002;
Mehler, Dommegues, Frauenfelder, & Segui, 1981; Otake, Hatano, Cutler, & Mehler
1993). The major method of these studies is a Target Item Detection task steeerdi
are asked to respond to the particular target item promptly as well astelycaiter
detecting it. The hypothesis behind this method is that, if the detection of taeitany
is relatively easy, the miss rates should be lower and the response timesh®uld be
shorter. For instance, Mehler and colleagues (1981) examined the role of nédivie syl
structure in word segmentation among French speakers. The authors hypothesjzied t
the stimulus words were segmented according to their syllabic structiwsesh@dld be
faster when the target phoneme sequence matched with the first segsytabéd of the
stimulus word. The stimuli included 5 pairs of French nouns sharing the initial three
phonemes (CVC) (e.g., such as (/pal/). In one member, the CVC sequence formed the

first syllable (e.g., /pal.mier/) whereas in the other, the final C was théafrtbe second
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syllable (e.qg., /pa.la.ce/). Participants were presented with tret saftables written on

cards, listened to the stimulus, and responded as soon as they detected the target in the
word. Results showed that RTs were faster when the targets matched wythathie s
structure. For example, /pa/ in /pa.la.ce/ was detected faster than indpgg3%2 ms/s

371 ms) and /pal/ in /pal.mier/ was detected faster than in /pa.la.ce/ (388R#&mS).

Thus, the authors concluded that French speakers used a syllable-based strpgsgphin s
processing.

The use of language-specific syllabic units in speech segmentationrtines fu
demonstrated by Otake and colleagues (1993). The purpose of their study was to see
whether a rhythmic category such as the mora in Japanese would play a rolehn spee
segmentation by native speakers. In the first experiment, eight pairs nédapaal
words were selected; within each pair, the initial and final morae werkciaen
However, the second mora was either nasal consonantal coda (dlghj tar a CV
mora beginning with [n] (e.g., “tashi”). Participants were instructed to listen for the
target item (written in alphabetic script) and to press a response key asdbeyn
detected the target. Predictions were made differently for a syllgbtghesis and a
mora hypothesis. According to the syllable hypothesis, authors predictécMhargets
(e.g., “ta”) should be easily and quickly detected in CVCVCYV (e.gnjska’) but harder
in CVNCV words (e.g., “thishi”), since the target is a part of the syllable in CVNCV
words. On the other hand, according to the mora hypothesis, there should be no
differences in accuracy for spotting CV targets in both CVCVCV and CVNGMsv

since the targets match with the first mora. Likewise, the detection oft@giits in
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CVNCYV words should be accurate, but RTs might be longer for this case since thee targe
correspond to the first two morae.

Results showed that Japanese speakers used a mora-based strategy in word
processing. As predicted by the mora hypothesis, Japanese participastsitessvere
low for spotting CV targets in two types of words; CVCVCV and CVNCV as welbbas f
detecting CVN targets in CVNCV words. Their RTs were fast for deg€bV targets
regardless of types of words but slower for CVN targets in CVNCV wordsr@g-ig& 2,
p. 265). In their subsequent experiment, French speakers were tested with the same
materials. Results showed that there were no significant differencesuiraeyg for
detecting CV targets in CVCVCV and CVNCV words. However, unlike Japanese
speakers, there were differences in RTs for spotting CV words. RTs for Gistargre
slower for CVNCYV than for CVCVCV words (Figure 7 & 8, p. 278). These results were
interpreted as being compatible with the syllabic segmentation stiategysed for
French speakers. Thus, Otake and colleagues provided further evidence that naive adult
listeners may apply their native rhythmic units for segmenting L2isvo

Fais, Kajikawa, Werker, and Amano (2005), however, suggest that listeners do
not rely on phonotactic knowledge alone in perception. They investigated whether
Japanese listeners perceive stimuli primarily in terms of phonological knowdedge
terms of acoustic differences in differing contexts. These authors asthahatl
phonotactics alone guided perception, Japanese listeners would perceive word-final

vowels regardless of whether the vowel was fully realized (eegk) or devoiced (e.g.,

neeky even though word-final high vowels have a tendency to get devoiced in Japanese.

On the other hand, if acoustic form played a major role, listeners should onlydhear

24



vowel when it was actually present in the signal, regardless of the contexénsSens

words that contained a vowel (e.g., neeku faj)kand those that lacked a vowel (e.qg.,

neek [ni:k]) were created as test items. A category goodness-ratingagaemployed. In
this task, each participant was asked to rate how good the stimulus was on thelscale of
(bad) to 7 (good).

Results showed listeners’ sensitivity toward the acoustics of the forms. For
instance, even though /k/# meekwas an acceptable surface form due to the word-final
devoicing rule, it was rated significantly lower than /ku/#@eku In addition, mean
ratings for the nonsense words that ended with a single consonamdekpwere
varied. For instancéeekwas rated significantly higher th&eet suggesting that /k/# in
neekwas an acceptable surface form while /t/# was not. If phonotactic knowledge alone
guided listeners’ perception, mean ratings should be equally low for all wordsutvi
final voiced vowel.

Finally, a recent study by Berent, Steriade, Lennertz, and Vaknin (20074) teste
whether perception of onset clusters was affected by the universal makefine
sonority. Three types of contrasts based on markedness were tested: son®(gygise
“bwif-bowif”), sonority plateaus (e.g.btif-bodif”), and sonority falls (e.g. IBif-12bif”).
Participants were native speakers of American English, whose phonologyal adew
any of these consonantal sequences, and native speakers of Russian, whose phonology
allows all these clusters. Berent and colleagues hypothesized that gaoudantifying
onset clusters would correlate with the markedness of onsets. That is, the ratelof vow
epenthesis would be higher for the more marked onset clusters|@fy). tHan the less

marked ones (e.g.bhap’) since the sonority fell in the former type of clusters. The task
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was a forced choice identification task where listeners selected whathauditory
stimulus had one syllable or two syllables by pressing the button.

Results showed that the overall percent correct for the three typestefslus
reflected universal markedness of sonority among native speakers of Enlgéisis, Bs
the markedness increased, the accuracy rate fell. The overall perceat w@is about
60% for sonority rise, 30% for sonority plateau, and 15% for sonority fall, respectively
(Berent et al., 2007, p. 604, see Figure 1). Such effects of markedness were alsd obtaine
in the AX discrimination task where listeners had to respond whether two stimyli (e.g
“Ibif —lebif’) were the same or different. Berent et al. interpreted these resutisvaag
that markedness of sonority operates in perceiving non-native onset clusters.

To summarize this section, infant studies have revealed that in the firsif yea
life, infants start showing sensitivity to L1 phonotactic structure as weédl gariations in
surface input patterns. Adult studies have established that L1 phonotactic knowledge
seems to bias the perception of nonnative phonemic sequences. Phonotactically illegal
sequences in L1 tend to be perceptually assimilated to legal ones by &ehadtréis
Studies of on-line speech processing have shown that word segmentation is abemmpli
in a language-specific way using syllables and other rhythmic. laissly, the
perception of nonnative initial complex syllable onsets might be influenced by sadiver
markedness of sonority principles.

4.3. Studiesof Perception-production Link among Adult L2 Learners

In general, perception of L2 speech segments is considered to precede production

of those phones. Perceptual training studies on nonnative segments have shown that, with

effective training techniques, perception of L2 segments by adult leaarensprove
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significantly (e.g. Lively, Logan, & Pisoni, 1993; Strange and Akahaneadanml997;
Sperbeck, Strange, & Ito, 2005) and the improvement of perception may lead to
improvement of production without any explicit articulatory training (e.g.dBva,
Pisoni, Akahane-Yamada & Tohkura, 1996).

However, a mismatch between perception and production abilities in L2
acquisition has also been reported. For instance, Sheldon and Strange (1982) showed that
Japanese participants’ accuracy of production of English /r/ and /I/ exicéesiieability
to accurately perceive recordings of their own and others’ productions. Irothecpon
task, both American and Japanese patrticipants produced test words that cortanted /r
/I/ in different word positions. Their productions were then judged by participants. Since
participants were given which minimal pair (e.g., “road”-“load”) would begnéd
before listening to the test item, they had only to decide whether the phonemeatty h
was /r/ or /l/.

Results showed that overall production errors were only 1% for good Japanese
speakers, as judged by American English listeners. In contrast, considedabtkial
differences were reported in terms of perceptual mastery (the gveradint errors in
identification of American speakers’ productions ranged from 5 to 19%; Sheldon and
Strange, 1982, p. 251, Table 2). Furthermore, Japanese listeners demonstrated different
degrees of perceptual difficulty in terms of contexts. “Perceptual difésulvere most
marked for /r/ and /I/ in prevocalic stop + liquid clusters, whereas wordgdostVocalic
Ir/ and /I/ were perceived very well” (Sheldon and Strange, 1982, p. 253-254). This stud
suggests that, unlike the acquisition of L1 speech phones, perceptual mastery does not

necessarily precede production mastery in acquiring L2 segments.
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Contrary to Sheldon and Strange’s findings, Altenberg’s study (2005) of Spanish-
speaking learners of English showed that perceptual ability preceded prodbdtign a
on nonnative consonantal sequences. In Spanish phonotactics, unlike English, initial
clusters beginning with /s/ are not allowed. However, like English, the warak-ini
consonant clusters: /bl, dr, fl, kr/ are allowed (Alternberg, 2005, p. 60). Based on these
phonotactic constraints, two types of consonant clusters were constructed. Quadledas
“ES” in which an initial consonant cluster was legal in both English and Spanish. The
second was called “E*S” where the initial consonant cluster was legal irskgit not
in Spanish. In the perception task, after hearing a stimulus such as [draspaaici
were asked to write down the initial consonantal cluster. Results showed thatrtdike ove
accuracy for both ES nonsense words and E*S nonsense words was about 90%.

In the production task, English real words were used as stimuli, and an elicitation
task was employed. Participants saw pictures and produced the words. Two native
speakers of English served as judges. Results showed more errors on E*S than ES words
in the production task. The mean accuracy for ES words was 96%. In contrast, it was
only 66% for E*S words. Most production errors were word-initial vowel epentHasis
short, this study showed that Spanish-speaking learners of English could pdiegabe i
/sl + C clusters but could not produce them accurately. Altenberg (2005) interpested t
results in terms of articulatory constraints, as suggested by Flegd'§19195). This
study suggested that L2 production is not necessarily due to misperception buhesthe

be due to production constraints.
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CHAPTER 5: METHODS
51. Overview

The current study investigates the production and perception of initial consonant
clusters in English by Japanese late learners of English. Production andiperizeis
were administered to each participant. As past studies of L2 perception{moduc
suggest (e.g., Sheldon and Strange, 1982), the possibility of a mismatch between
perception and production among L2 learners is of interest both theoretically and
practically. There are three possible patterns of L2 perception-productidratteabeen
reported previously: 1) performance on the production task may correlate Wwighly
performance on the perception task; 2) performance on the perception task eatl exc
performance on the production task; 3) performance on the production task will be bette
than performance on the perception task. The first pattern is predicted ifsthedeect
relationship between speech perception and production in acquiring L2 speech phones.
The second and the third pattern are expected if the relationship between [pfigerce
and production is rather weak. The second pattern should be observed if L2 learners’
problems are mainly due to articulatory constraints imposed by the L1 phonology. The
third pattern should be expected if L2 learners’ main problems are their intaccura
perception, but they have learned to produce the structures by means other than auditory
feedback control of performance (i.e., direct articulatory training aitetkmesthetic
monitoring). As previously mentioned, the current study also aims to test markedness
constraints on acquisition of L2 syllable structure, in contrast to the theotiésL&¥
phonetic interactions. If markedness operates in L2 perception (Beren€0il) as

well as L2 production (e.g., Broselow and Finer, 1991), it is predicted that Japanese
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participants will show different degrees of difficulty in perceiving aratipcing
complex onset clusters.

The choice of the stimulus materials was inspired by Eckman’s 1991 study, which
tested the production of sets of related onsets (e.qg., /skr/ - /kr/ - /sk). Hogiage the
production and perception of /r/ is known to be notoriously hard for Japanese speakers
(e.g., Bradlow, 2008), /r/ was avoided in the stimulus materials. The perception of two
sets of related onsets was examined: /spl/, /sp/, and /pl/ and /skl/, /sk/, and /Kkl/.
Additionally, stimulus materials included /bl/ and /gl/ clusters in order t@efeets of
markedness within CC sequences (voiegdoiceless stops).

In order to relate Japanese participants’ L2 experience and mastery on
performance in the perception and production tasks, a test of spoken English proficiency
was administered. The Versant for English test is a useful tool for megadapanese
participants’ current spoken English proficiency (Bernstein, 2009). Theotesists of
several sections where participants are asked to repeat short sentencassiamnse
guestions, build a sentence after listening to words, and answer open questions about
family life or personal choices. The entire test is administeredlbggthe
computerized testing system and usually takes about 15 minutes to complete. The test
score is reported on 20 to 80 point scale. The overall score is calculated on the basis of a
combination of following four divided sections; sentence mastery, vocabulary, fluency,
and pronunciation. Thus, the current study should reveal how L2 learners’ fluency level
correlates with overall performance on the experimental perception and the production
task. It is expected that performance on the production and the perception task should be

higher for those who scored well on the Versant test.
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Each participant completed the perception experiment first. Then, he/she
completed the Versant test. After the brief break, he/she completed the noduct
experiment. Lastly, each participant was asked to fill out a language backgnouind a
usage questionnaire. What follows is a description of the methods for the perception and
production tasks.

5.2. Participants

Thirty native speakers of Japanese (19 female and 11 male; 22 to 52 yrs; Mean =
33 yrs; SD = 6.3) served as the experimental group while five native speéker
American English (3 female and 2 male; 23 to 34 yrs; Mean = 28 yrs) formed tha contr
group (individual data is available in Appendix A for the Japanese group and Appendix B
for the American group). Japanese participants’ mean length of residentgishE
speaking countries was 3.6 years (SD = 4.9; Range = 1 month to 19 yrs and 11 months)
and their mean age of arrival was 29 years old (SD = 5.0; Range = 19 yrs tos39 year
old). In addition, Japanese participants’ information about their daily Enghbgje uthe
overall amount of English use relative to Japanese; the amount of English ussindist
and speaking; the amount of English use in reading and writing was collected via a
guestionnaire and interview. Participants were asked to report each amount as a
percentage. As Table 5 shows, the majority of JP participants reported thadakey s
Japanese and English in about equal proportions. The percentage on reading and writing
in English was slightly higher than that on listening and speaking although both aarie
great deal among individuals. All participants passed a pure-tone heagegiag prior
to the experiment (ANSI standards 25dB HL at 500, 1000, 2000, and 4000 Hz) and were

paid $20 for their participation.
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An additional two Japanese participants’ data were excluded from the study. One
was born and lived in China until 3 years old and the other spent much of her childhood
outside Japan (from 2 to 6 years old in Belgium and from 8 to 12 years old in
Switzerland).

53. StimulusMaterials

A female speaker of American English who was a linguist produced stimulus
materials for the experiment. Nonsense words were of the form /CC(&péni/
/CoC(C)ani/. An unstressed schwa served as the vowel between initial and subsequent
consonants. There were 6 CC contexts (/sp, sk, pl, ki, bl, gl/) and 2 CCC contexts (/spl,
skl/). These target words were produced in a short carrier senteage, “Snow”. Four
tokens of each word were digitally recorded in a sound-attenuated room, using a Shure
(SM48) microphone, which fed through a preamplifier (Earthworks LAB 101) into the
A/D soundcard using SOUND FORGE 4.5 software. The digitization rate was 22.05 kHz
with 16-bit resolution on a mono channel. The speaker was instructed to speak with
normal conversational effort.

Acoustic measurements of the target words were made using PraaniBd&e
Weenink, 2005). The absence of an epenthetic vowel in the CC(C)ani materials (e.g.,
“splani”) and its presence in theC(C)ani stimuli (e.g., “seplani”) were verified.

Durations of the schwa in theoC(C)ani materials were measured. The average duration
of schwa for all cluster types was 38 ms (SD = 11.3, Range = 18-57). In additiomtforma
frequencies of these schwas in th&C(QC)ani materials were measured. Since the vowels
were short and steady, measurements for the first two formants, F1 and &23keerby

highlighting the entire vowel section from a Formant object in Praat @ae T for the
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detailed measurement).

Moreover, the durations of other distinct segments of the target words were
measured. Mean durations of each segment are shown in milliseconds in Appendix C, D,
and E. The measurement criteria for each cluster types were as follows

1. /s + stop/ clusters (/sp, skijie measurement of /s/ began at the onset of frication

and ended at the beginning of silence. The silent gap between /s/ and the
following voiceless stop, which occurs due to the occlusion of the vocal tract, was
also measured. The measurement of voiceless stops was characterized as the
duration of Voice Onset Time (VOT). “The vertical spike marking the teans

burst of stop release” was the onset of the interval and the onset of voicing for the
following vowel marked the end of VOT (Raphael, Borden, and Harris, 1980, p.
131). An example of these measurements is displayed in Appendix F.

2. [stop + |/ clusters (/pl, kl, bl, gl/stop consonants were measured with respect to

VOT. However, the duration of /I/ plus the following vowel was measured as one
segment as it was sometimes difficult to segment between these two phonemes
Measurement began at the onset of the phonation for [I] and ended at the onset of
the nasal murmur, which was depicted as weak intensity in formants on the
spectrogram. Examples of these measurements are displayed in Appamtix G

H.

3. Tri-consonantal clusters (/spl, skiflhe duration of /s/ was characterized as

frication displayed on the waveform. The following silent gap was depicted as

absence of voicing energy on the spectrogram and waveform. The meagureme
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for following /voiceless stops + I/ clusters was taken in the same manner as

section 2. Examples of the measurements are displayed in Appendix I.

Acoustic characteristics of the stimuli should be noted as they serveasamp
cues for the perceptual discrimination task. Since participants’ percepilitedsaare
measured by a categorial ABX task, comparisons of distinct segméntebethe
CVC(C)ani stimuli and the €C(C)ani materials were made. Polka (1991) classified
acoustic parameters as eitdédferentiatingor correlated “Differentiating acoustic
parameters were defined as those acoustic parameters that did not overlap for the
contrasted consonants and thus alone could support category differentiation. Correlate
acoustic parameters were defined as acoustic parameters thatldiftgnécantly in
central tendency for the contrasted syllables, but also had some overlappabdityari
so that, as a single cue, the parameter could not reliably support categoent#ton”
(Polka, 1991, p. 2968-2969). Following Polka (1991), durational differences of each
distinct segment were classified as either differentiating or edecel

5.3.1. Acoustic Characteristicsof /s/ + Stops Clusters

Table 2A shows durations of each distinct segment for the /s/ + voiceless stops
(sC) clusterwsthe /s/ + 4/ + voiceless stops4€) clusters. The durations of /s/ were
significantly shorter in &C/ sequences (Mean = 125 ms) than in /sC/ sequences (mean =
145 ms). Statistically, such durational differences were significatlested by a
nonparametric Mann-Whitney U test of independent groups (z = -2.812, p = 0.005). In
addition, the duration of the VOTs were significantly longer #€/sequences (mean =
46 ms) than in /sC/ sequences (mean = 12 ms) (z = -2.892, p = 0.004) and did not

overlap. However, the durations of silent gap between ## s£quences (mean = 77
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ms) and the /sC/ sequences (mean = 67 ms) overlapped significantly and mears were
significantly different. Thus, three segments: schwa presence/abséffreegtion
duration, and stop VOT values were distinctive acoustic cues for these clusters
5.3.2. Acoustic Characteristicsof Stops+ Laterals Clusters

Table 2B and 2C shows a summary of durational differences of each distinct
segment in stops + laterals clusters: VOT, schwa, [la]. First, the présesemce of
schwa was completely consistent across syllables with both voiced and vasteesss
Second, mean durations of VOT in the voiceless stops + /I/ clusters were longer than
those in the voiceless stopsaf + /I/ clusters (71 mgs48 ms, respectively) but
overlapped slightly. A Mann-Whitney U test showed that distributions of duration
differences were significantly different (z = —-2.656, p = 0.008) and thus, VOT was
regarded as a correlated cue. Statistical significance was not@th$er VOT in their
voiced stop + /I/ tokens (z = —.321, p = 0.748) and distributions overlapped almost
completely for voiced stop + /I/ clusters and voiced stag + /I/ sequences. Thus, VOT
cued syllable structure differences only in voiceless stop contexts. Finalilgpwas
not observed in the durations of /la/; thus, this durational difference was tztegas a
differentiating parameter. A Mann-Whitney U test showed that duratioretehtces of
[la] in voiceless stop + /Wsvoiceless stop +of + /I/ clusters and in voiced stop +VE
voiced stop +d/ + /I/ clusters were significant (z = -2.882, p = 0.004 and z = -2.887, p =
0.004, respectively). To summarize, for voiced and voiceless stop + /I/ clustera, schw
presence/absence was the primary cue, and /la/ duration another diffegiotiati VOT

was a correlated cue (with a little overlap) only for voiceless stops. Thus)ess stop
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contexts could be somewhat more advantageous than voiced stop contexts from a
phonetic perspective.
5.3.3. Acoustic Characteristics of Triconsonantal Clusters

Table 2D shows a summary of durational differences of distinct segment for
triconsonantal pairs: [SCQ@E [soCC]. Neither the durations of [s] frication nor those of
stop silences were significantly different between the [sCC] cluatelshe [sCC]
clusters. However, the average VOTs were significantly longes@kclusters (mean
= 46 ms) than in [sCC] clusters (mean = 16 ms). In contrast, the durations ofrga] we
shorter in [sCC] clusters (mean = 167 ms) than in [SCC] clusters (mean = 185 ms). A
Mann-Whitney U test showed that VOT (non-overlapping) and [la] durations were
significantly different in [SCC] clustenss [soCC] clusters (z = -2.882, p = 0.004 and z =
-1.992, p = 0.05, respectively). These data suggest that two differentiating Qles: V
and schwa are available for differentiating [sS@€]soCC].

To summarize, the acoustic analysis revealed the following: 1) three cues:
frication, schwa, and VOTs were available in the)[S] contexts; 2) for both voiced and
voiceless stop +dfl/ clusters, schwa, and [la] were available as differentiating cues
However, durational difference in VOT values was only seen in voiceless st)ff + /(
clusters. Hence, voiceless stop d)l/(clusters might be easier to differentiate than their
voiced counterparts; 3) with respect to the)[SC] contexts, in addition to the
presence/absence of schwa, other cues such as VOTs and the duration of [la¢meght
as distinctive cues.

5.4. Per ceptual Task Procedures

Participants were tested individually in a sound-attenuated room at the CUNY
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Graduate Center. The perception task was created by the Paradigm betitt&ial lfy

Bruno Tagliaferri, 2008). A categorial ABX task was employed in which paatits

heard three short sentences in a row that contained the target words (e gpafsayow”

— “say sepani nhow” — “say spani now”) and answered whether the third target word was
the same as the first or the second one by pressing a button (the first one isrctrigc
example). The tokens of each word in a triad were different productions so thavdlsere
no physical match between X and either A or B. The inter-trial intervgl\{ias self-

paced. The new trial was set up to start when a participant clicked the desigaeteoipl
the computer screen.

The perception experiment consisted of seven blocks. The first block was for
familiarization and was not scored. Each block contained 32 trials (8 consonastzicl
(/sp, sk, pl, bl, kI, gl, spl, skl/) x 4 combinations (ABA, BAB, ABB, BAA) where A =
CC(C) and B = @C(C). Thus, there were 224 trials (32 trials x 7 blocks) in total; 24
trials (4 trials x 6 blocks) for each comparison were scored. The presentatiotriaiishe
was randomized by the computer program for each participant, thus controlling for
possible order effects.

55.  Production Task Procedures

The stimuli that were used for the perception task also served as stimulus
materials for the production task. There were 8 pairs of nonsense words: #p@ami-s
skani-skani, plani-plani, klani-kslani, blani-»lani, glani-glani, splani-splani, sklani-
soklani/. A delayed imitation task was used to assess production. First, participanats he
a native speaker’s productions (e.g., “®&ni now”) twice (50 ms ISI). Second, they

had to produce the target word in isolation (elglarii’), and then, embedded it in the
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carrier sentence (e.g., “I sadathni now”). The latter was scored in this study. Participants
were aided with the sign that said, “I said ------- now” placed on the glakkén front of
the microphone. No written materials for the target words were given to pantigiin
order to avoid any orthographic effects. All recordings were made in the sound-
attenuated room.
5.6. Transcription Task Procedures
5.6.1. Participants

Two phonetically-trained native English speakers perceptually tiaeddhe
productions. One was a graduate student in the department of Linguistics wbilleethe
was a graduate student in the department of the Speech-Language-Besmngs.
Neither reported any history of hearing problems. They received paymentifor the
participation.

5.6.2. Design and Procedure

The transcription task was constructed in Microsoft PowerPoint. The experiment

consisted of seven blocks. Each block contained 112 trials (16 consonant clusdgrs (/s(

SE)k, pE)l, bE)I, kE)I, g@)I, sE)pl, se)kl/) x 7 speakers (1 American English speaker

and 6 Japanese speakers). Thus, there were 560 trials (112 trials x 5 blocks) in total. Each

block always began with an American English speaker’s productions, followed by 6
Japanese speakers. Within each block, the trials were blocked by speakswilees
clicked the number on the computer screen and heard a stimulus (e.g. dlasatbw”)
through headphones. After listening to each stimulus, they wrote down what they heard
on an answer sheet. The inter-trial interval was self-paced. Participargsllowed to

repeat the audio stimulus if they were unsure of what they had just heard.
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5.6.3. Coding

Each answer was categorized into the following codes: 1) Correct (C) if the
transcribed word matched the target word. All the responses written asstfrgfstop +
/I/ tokens (e.qg., [prani] for /plani/) were included in this category. This isaltheetfact
that production and perception of the English /r-I/ contrast is notoriously hard for
Japanese learners of English; 2) Vowel Deletion (VD) if words weréewritithout a
vowel for the GC(C) tokens (e.g., [spani] forafsani/); 3) Vowel Epenthesis (VE) for the
CC(C)V tokens where words were written with a vowel (e.g., [belani] for /iplani
Segment Change (SC) if the intended consonants were replaced with othefsk@ni]
for /spani/);; 5) Others (O) included any modifications other than the above resego

The cases where more than one error was made were included in this category (e.g

[skani] for /oklani/)

5.7. Predictions

Assuming that markedness operates in L2 perception and L2 production, it is
predicted that CCC sequences will be harder than CC sequences since thadsrmer
more complex linguistic structures than the latter. In addition, based on theysonori
based markedness on CC sequences, performance should be better on voiceless stop + /I/
(hereafter “=V stop + /I/"] clusters than the voiced stop + /I/ (hereaférstop + /I/”)
clusters since the former has larger sonority distance between two plsostrotly
following the minimal sonority distance parameter, the sC clusters areteceth be
more difficult than other CC clusters due to the smaller sonority distangedretwo
phonemes in the initial onsets. Although the status of the initial /s/-clustarsoasplex

onset has been controversial (e.g., Cairns, 2009; Vaux and Wolfe, 2009) since these
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clusters do not follow the Sonority Sequencing Principle, it is assumed here thaas ther
no structural distinction between /s/- and non-/s/ clusters, following thesemafyBoyd
(2006).

In contrast, different predictions were made from theories that take irgardcc
L1-L2 articulatory-phonetic interactions (hereafter, L1 phonetic imenfze hypothesis
as named by Monteleone, 2009). For instance, consonant clusters including English
liquids /r-I/, which are known to be very difficult for Japanese L2 learners toiyeiaed
produce, might be especially difficult, even in combinations with stops. Thus, it was
predicted that Japanese participants would have more difficulty perceivingaahutipg
all stops + /I/ clusters than [sC] clusters. Among the clusters contaifimy &top + /I/
clusters might be more difficult than =V stop + /I/ and [CCC] clusters, edlyan

perception since the former has fewer distinctive acoustic cues than theTlagt&/ OT

cue is not available in +V stop +¥i§+V stop + &/ + /Il comparison. In addition, there

shouldn’t be any difference in relative difficulty between -V stop + /I/ &€J]
clusters since both cluster types have the same types/numbers of acoustieacues
distinctive cues and one correlated cue.

To summarize, based on the markedness, CCC clusters are predicted to be harder
than CC clusters. Within CC clusters, the following is the predicted relatficuldy
from the most to the least marked: sC (2) > +V stop + /I/ (4) > -V stop + WH&de the
number in parenthesis represents the sonority distance between two phonent@sgacco
to Hogg and McCully (1987). In contrast, the L1 phonetic interference hypotheses predi

that sC clusters are less difficult than all other clusters contaihiMyithin the clusters
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with /I/, the predicted relative difficulty based on phonetic distinctivenessfdlaws:

+V stop + /I/ > -V stop + /I/ = CCC.
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Chapter 6: RESULTS
6.1. Resultsof Perception Experiment

First, overall discrimination accuracy for the Japanese (hereaftemdR)e
Americans (hereafter, AE) groups was compared. As predicted, overabhagcofr
perception by the JP group (Mean = 72%, Median = 71%, Range = 56-96%) was poorer
than for the AE group (Mean = 99%, Median = 100%, Range = 96-100%). There was far
greater variability in the JP group (SD = 16.03) than in the AE groups (SD = 2.46);
individual data is available in Appendix J for the AE group and Appendix K for the JP
group. However, all but one JP participant performed more poorly overall than the worst
AE participant.

Next, the scores on the 8 contrasting syllable structures for AE and JP groups
were computed. As Table 3 shows, the AE group showed ceiling effects fqreslidiy
consonantal sequences (Median = 96-100% correct). In contrast, the JP group’s
performance for all eight consonant types was consistently lower &nleds3-79%
correct) although a few JP individuals performed at or near ceiling on soesedlyp
syllable structures.

Since the AE group’s performance was at ceiling on all stimulus tyjgés;-w
group comparisons were performed only for the JP data. Figure 1 plots the median, inter
guartile ranges, and total ranges of discrimination scores (percentcaom®ss the eight
types of clusters for the JP group. As can be seen in these box and whisker plots, there
was great variability in individual performance on all eight clustezgyverall
accuracy was the highest for /sp/ clusters (Median = 79% correct) and fonvidét

clusters (Median = 63% correct).
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A nonparametric repeated measures Friedman test (Siegel anthGat888)
was conducted using ranked differences among these eight types of clustaestT
revealed that JP listeners’ performance differed significantlyusten types)2 (7df) =
18.21,p = 0.011). Percent correct scores were then grouped by the complexity of initial
onsets: CQ/sCCC. In this analysis, the scores for voiced stop + /I/ clusters were
excluded since they didn’'t belong to CCC. Overall accuracy was numerically fogher
CC clusters than CCC clusters (Median = 75% correct and 69% correcttikespec
however, a Wilcoxon signed-ranks test revealed that this difference wdatstically
reliable across participants significant (z = —1.0#%,.298). Note also that JP listeners’
performance on the CCC sequences was more variable (SD = 18.99), compared to those
of CC sequences (SD = 14.50).

Within CC cluster types, the perception scores were further grouped into three
different cluster types: “sC (= /sp/ and /sk/)”, “=V stop + /Il (= /pl/ dd’/and “+V
stop + /I/ (= /bl/ and /gl/)". A Friedman test revealed that JP listeperformance
differed significantly across these three types of CC sequeyfc€xlf) = 12.25p =
0.02). Pairwise comparisons using a Wilcoxon signed-ranks tests revealed thatdieer
significant differences between -V stop + /I/ and +V stop + /I/ (z = -p.26001) as
well as between +V stop + /I/ and sC (z = -294,.003). However, there was no
significant difference between sC and -V stop + /I/ clusters (z = 49238312). This
shows that, within CC conditions, +V stop + /I/ clusters were significantl mhifficult
than other clusters.

To summarize, the perception experiment clearly demonstrated that édlpémes

L2 learners of English have difficulty perceiving complex syllable onsetsreRugts
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showed that there was no difference in discrimination accuracy betweengIItC
clusters or between s other CC clusters. The observed order of relative difficulty was,
thus, from easy to difficult: sC easier than -V stop + /I/ and CCC easietthstop +
/I/. Hence, relative difficulty based on the sonority-based markednesonfasned only
for the comparison of -V stop + /I/ and +V stop + /I/ clusters.
6.2. Resultsof Production Experiment
6.2.1. Overall Performance

Inter-rater reliability was 94% between two judges (29 discrepaneyg cas of
480 JP speakers’ productions and 1 discrepancy case out of 80 AE productions) on the
presence/absence of a schwa between first and subsequent consonants. Among the 29
discrepancy cases, the two judges disagreed more on the productions of two JP speakers
(6 cases for JP12 and 5 cases for JP30; see Appendix L for the proportion of
disagreements among individuals). However, no specific type of clustited/imore
discrepancy cases than others (see Appendix M for frequency of disagreerdleistdry
types). These discrepancy cases were thus regarded as incorrect prediasenhon the
assumption that such productions were less intelligible than the ones that both judges
scored as correct.

As predicted, overall production accuracy showed ceiling effects férEhe
group (99% accuracy). There was only one error found for a /gl/ cluster due to the
discrepancy between judges on the presence/absence of a vowel. In contitzest])For
group, overall production accuracy was 64% (308 correct out of 480 tokens; individual
data can be found in Appendix N1 and N2). The 16 stimulus types were divided into 2

large groups: the CC(C) types and the&(CC) types. It was originally predicted that the
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JP group would repair the CC(C) tokens by inserting a vowel in order to conform to
native syllable structure. Thus, production errors would be greater for theggenseof
each pair.

Contrary to this expectation, overall accuracy was higher for the CC(&)stok
than for GC(C) tokens (83%s45% correct, respectively). Figure 2A shows percent
correct for each CC(C) type. As can be seen, the JP group did relatively preitiucing
all 8 types of CC(C) onsets (77% to 90% correct). The /sk/ clusters were the leas
problematic whereas the /kl/ clusters was the most problematic. Sincetueton data
were in the form of a frequency count (i.e., either “accurate” or “inatE)r#he chi-
square was chosen to examine whether there was a significant differencebeehed
frequencies of correct productions of each cluster type. Observed freguaihcoerect
productions (see Appendix O for the detailed tabulation) were grouped by the following
four cluster types: sC (/sp/ and /sk/), -V stop + /I/ (/pl/ and /kl/), +V stop fll/and
/gl/), CCC (/spl/ and /skl/). However, the chi-square test revealed no sagnific

differences in accuracy rate among these four cluster typ€3df) = 1.21).

Figure 2B shows the results for each type &€ (C) syllables. Overall, the

production accuracy was lower inC(C) tokens for all eight syllable types (range = 33-

63%). Visual inspection of this figure shows that the JP group made more errors on the

+V stop +o + | clusters. As was the case for the CC(C) tokens, the eight consonant

contexts were grouped into four cluster types (see Appendix O for the tabulaiion):
(/sop, ok/), =V stop + &/ + /Il (/pal, kal/), +V stop + &/ + /I/ (/bal, gal/), and GCC

(/sopl, okl/). A chi-square test yielded no significant overall differen@e3df) = 2.16).
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Another way to examine the production data was to examine the differences in

production accuracy, grouping the CC(C) and th€(C) tokens for 8 syllable clusters:
SP (/sp, sp/), SK (/sk, sk/), PL (/pl, pl/), KL (/kl, kal/), BL (/bl, bol/), GL (/gl, /),
SPL (/spl, spl) and SKL (/skl, skl/). For this test, a “correct” score was tabulated when

a participant produced both words of each pair correctly (e.g., /spani/ gpahi/gor the

“SP” score; see Appendix P for the detailed tabulation). A chi-square test aitgdrtd
reveal any significant differences among the eight syllable tygg3df) = 10.41).

Finally, scores were grouped into four cluster types: SC @ppsk, sk/), -V
stop + L (/pl, pl, ki, kal/), +V stop + L (/bl, bl, gl, gol/), CCC (/spl, spl, skl, 9kl/). The
observed frequencies of the correct productions of both the CC(C) andG(€&)@okens

were tabulated and submitted to the chi-square test (see Appendix Q for the detailed

tabulation). For instance, a correct production was tabulated if a participant prdouice

“SC” types correctly: /spani/,dpani/, /skani/, and #&ani/. A series of 2 x 2 chi-square

tests, performed to determine whether there was a difference in acaarany these 4
cluster types, revealed a significant difference between theopvtst and the SC
clusters 42 (1df) = 7.95p < 0.01) only. These results suggest that, for the JP group,
productions of the SC clusters were the least problematic, while those of thep+Vlst
clusters were the most problematic.
6.2.2. Typesof Errors

As previously mentioned, the JP group performed relatively well on delayed

imitation of the CC(C) tokens. In fact, there were only 41 errors out of 240 Cak€H)st

No error types seemed to be more prominent than others (14 cases of epenthess, 11 cas

46



of segment change, and 16 cases of discrepancies, respectively). Hovaharidtbe
noted that 3 JP participants made more errors than others (5 errors for JP7,férerrors
JP15 and JP30) in producing these CC(C) tokens (see Appendix N1 for the individual

data).
In contrast, the JP group produced more errors ond@¢€Q} tokens. There were
131 errors in total. The majority of errors were vowel deletion (100 cases jn Tdtate

seemed to be no differences in occurrence of other error types in@i€)2okens (9

cases of segment change, 9 cases of others, and 13 cases of discrepancy; see Appendi
N2 for the individual data). With respect to vowel deletion, 13 JP participants exhibited a
strong tendency to delete the intended schwa in 8@ tokens in more than 50% of
the tokens (see Appendix R for the proportion of vowel deletion among individuals).

Vowel deletion occurred the most for thel/lsyllables (18 cases), followed by thel/g

and /spl/ contexts (15 cases each; see Appendix S for the proportion of vowel deletion
by each consonant context). In order to see whether there were effectsarftgheson
production accuracy, frequencies of vowel deletion were tabulated and submitted to a
chi-square test. The test showed no significant differences in frequency ovighthe e
consonant clusterg? (7df) = 10.15). However, the general tendency to delete a vowel in

the initial onset seems to have occurred in the +V stop #/ tokens more often than

the rest of three cluster types.
6.2.3. Productionsof Intended /I/
Recall that transcriptions of [r] for intended /I/ were scored as “cdfarciP

productions. Although the productions of /I/ were not a main focus of the current study,
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the frequency of producing [r] was examined to see whether it was reldtezitowel

deletion phenomena seen in the productions of #&C) tokens.

With respect to the productions of /l/, inter-rater reliability was 90%.€Tlvere
34 discrepancy cases out of 360 tokens containing /I/ where one judge transcribed the

intended /I/ as [r] or [w] while the other judge heard it as [I]. The overall propoofi

productions of [l] for the intended /I/ in both CC(C) anelOC tokens was only 54% (195

out of 360 tokens). These results suggest that almost half of the productions of the
intended /I/ by JP speakers were heard as [r] by American English Isstener

With respect to the CC(C) tokens, 44% of the intended /I/s were produced as [r]
(e.q., [prani] for /plani/; see Appendix T for the frequency of the [r] productions by
cluster types). The [r] replacement seemed to have occurred more frequé@iC
contexts (18 cases for /spl/ and 17 cases for /skl/; see Appendix U). A one-saimple ¢
square test was performed to see whether the /r/ replacement variadasiggificross
cluster types. The test showed no significant differences over 6 consongarsahith
intended /I/ 42 (5df) = 4.75p = .447) or 3 cluster typeg4(2df) = 4.38p = .112). Thus,
there appeared to be no interaction of the /I/ production errors and consonant cluster

types.

Table 4 shows the summary of the production errors on syllables containing

intended /I/ in GCC tokens. Almost half of the tokens were produced without a vowel

(78 out of 180 tokens). Among them, 40 tokens were produced with [r] (e.g., [prani] for

/pelani/). The observed frequencies of such cases seemed to be especially-kighop

+ /ol + /Il and GCC syllable types (15 and 17 cases, respectively). A one-sample chi-

square test was performed to see the effects of cluster type on obseguethfies of
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vowel deletion plus replacing [r] for the intended /I/. The test showed no significant
differences across six cluster typgs (6df) = 4.40p = .493) or 3 cluster typegZ(2df)

= 3.35,p =.187). These results suggest that JP speakers’ tendency to delete a vowel and
to replace /I/ with [r] did not interact with cluster content or its complexity

Additionally, it should be noted that the frequencies of the [r] replacement for

both CC(C) and &C(C) were not normally distributed among individuals. The average

frequency of the [r] replacement was 5.5 among 30 JPs (SD = 3.95, range = 0-12).
Specifically, almost half of the JP speakers exhibited a strong tenderibg foy
replacement (see Appendix V for the observed frequencies of the [r] replacenoeigt a
30 JP speakers).
To summarize, JP speakers showed a strong tendency to produce intended /I/ as

[r] for CC(C) tokens (44% of all tokens). In addition, the JP speakers often deleted a

vowel and produced either [I] or [r] for theC(C) tokens (43% of all the tokens). In

other words, the JP speakers’ productions of clusters with the intended /I/ were often

transcribed as either [stops + 1] (e.g., [brani]) or [s + stop + 1] (e.g., [Pknagardless

of the presence o8/in the target stimuli.

The following results were revealed in this section: 1) AE productions were
accurately transcribed as the intended utterances by both judges (99 ébmaarall); 2)
JP productions were judged to be incorrect much more often (64 % correct overall); 3)
for JP speakers, there were significantly more errorsa@{© tokens than on CC(C)
tokens (45% and 83% correct, respectively); 4) among the four cluster types’ Sp
+ LI/, +V stop + L, and CCC, the productions of the +V stop + L clusters were the most

problematic for the JP group while those of the SC clusters were the least @atab|8&n
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almost half the productions of intended /I/ were heard by native listeneistsvjever,
there were no apparent interactions with syllable structure errorsgé)itafividual
differences in production accuracy across the 30 JP participants were observed.
6.3. Correations between L 2 Perception and L 2 Production

In order to investigate whether JP participants’ overall performance on the
perception task was associated with their production performance, Spearmarndenk
correlations were performed. Overall percent correct scores on the parcapi
production tasks served as the variables. Figure 3 shows the scatterplot ofjribepls
overall performance. The correlation was positive and relatively strong (+0078,p <
0.01, one-tailed), with over 60% of the variance accounted for. This result shows that
perception performance was highly predictive of production performance.

6.4. Correationsof Overall Perception and Production Performance with

English Experience and Proficiency

Spearman rank order correlations were performed to determine how JP
participants’ language experience and proficiency were associatethwiit overall
performance on the perception and production tasks. Overall percent correct on the
perception and production tasks were again chosen as performance variables. Two
separate sets of correlation analyses: one with perception performanite ather with
production performance were computed. This section reports the results in thefpllow
order: 1) correlation between JP participants’ LOR and their perception andtmoduc
performance; 2); correlation between JP participants’ self-reportedrdaraf L2 use and
their perception and production performance 3) correlation between JP parsicipant

Versant test score and their perception and production performance.
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6.4.1. Correationswith Length of Residence (LOR)

JP participants’ overall performance on the perception task did not correlate
significantly with their LOR in an English speaking country (rho = + 0.883,The
correlation of LOR with performance on the production task was significant (rho =
+0.325,p < 0.05) but only moderate (only 11% of the variance accounted for). See
Appendix W and X for the scatterplots. In the present study, Japanese partitipahts
was not systematically sampled. Whereas LOR varied from 1 month to 19 years, ther
were 13 participants who had resided in English speaking countries less tlaaraf.tiie
time of testing. One possible explanation for the lack of correlation betweearedapa
listeners’ performance and their LOR might have been due to the small saegte s
those with longer LOR. However, the great variability in performancest@nt arrivals
argues against this hypothesis.

Another explanation might be due to differences in the amount of exposure to
native English among those with shorter LOR. Specifically, two partigdd/18 and
JP29; see Appendix A for individual data) had 80% accuracy for both perception and
production tasks despite the fact that they had resided in the U.S. less than 1 wear. The
participants reported that they had had considerable exposure to native speajists’ En
while they lived in Japan. Thus, in the present study, LOR might not serve as a good
index for English conversational experience.

6.4.2. Correlationswith L2 Use

Recall that the majority of JP participants reported that they spokes3apamd

English in about equal proportions (Median = 50%; see Table 5). The percentage on

reading and writing in English (Median = 90%) was slightly higher than thastenihg
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and speaking (Median = 80%) although both varied a great deal among individuals.

Spearman rank order correlations of the overall amount of English use with
performance on the perception task (rho = — 0.154) and production task (rho = — 0.161)
were non-significant and very low. Correlations of the amount of reading and wimiting
English with performance on the perception task (rho = + 0.185) and production task
(rho= + 0.067) were positive but, again, non-significant and very low. The correlation of
the amount of speaking and listening with performance on the perception task (rho =
- 0.129) was also negative and low. However, there was a moderate negative amorrelati
of the amount of speaking and listening with performance on the production task (rho =
—. 338,p < 0.05). An inspection of individual subject data suggests great variability in the
self-reported amount of listening and speaking. For instance, there were 1u&Sits
who attended private language schools in the New York City area. Despite thetfact tha
their daily English experience at school must have been similar, the satfed amount
of listening and speaking varied from 25 to 100% (SD = 27.39). These data suggest that,
in the present study, the self-reported amount of English usage might not segaods a
index for accounting for overall performance in both perception and production task.

6.4.3. Correlationswith Versant Test Perfor mance

As mentioned earlier, each JP participant completed the Versant test via
telephone. Table 6 shows the summary statistics for the Versant testasd¢beedP
group. Overall, JP participants’ abilities to understand and speak Englishonsréered
as low-intermediate (Median = 45 points). The following is the description for tHose w
score at 45 points;

“Test-taker can handle short utterances using common words and simple strbctiures
has difficulty following a native-paced conversation. Pronunciation may soasehot
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be intelligible; test-taker speaks slowly and pauses, but can convey basiatibn to a
cooperative listener.” (http://www.ordinate.chm

The Versant test score was further subdivided into four types of English skill
sentence mastery, vocabulary, fluency, and pronunciation. As Table 6 shows, the mean
score for each skill ranged from the low 40s to the low 50s. Specifically, JRpzants
overall fluency was evaluated as rather low (Median = 42 points), charadtagZan

irregular speech rate and some disconnected phrases” (http://www.omimhtés was

the case for the overall performance on the current perception and the prodisison t
the Versant test scores were also highly variable across JP partieipaniggested by
the high standard deviation and ranges.

Figure 4 illustrates the relationship between overall performance on teanVer
test and performance on the perception (A) and production (B) tasks. The correlation of
the overall Versant score with production performance (rho = + 0p638,01) was
slightly higher than those with perception performance (rho = + 0p4<©@,.01).

Separate Spearman-rank order correlations were performed to deteimuhefithe

four English subtests scores were associated most strongly with perferaranc
perception and production tasks. All correlations were positive. However, m@ther |
correlations of some subtests with the overall performance on the perceptioetask w
observed (rho = + 0.394 for fluency skill and + 0.398,0.05 for pronunciation skill,
respectively). The correlations of fluency and pronunciation skills withativer
performance on the production task were higher than those with the perceptiohdask (r
=+ 0.541 for fluency skill and + 0.493 for pronunciation skill, bpt0.01). Stronger
correlations were found between vocabulary skills and overall performance on the

experimental tasks (rho = + 0.528 with perception and + 0.657 with productiom voth
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0.01) as well as sentence mastery skills and the overall performance omskegehio =

+ 0.544 with perception and + 0.656, with productimsthp < 0.01). In short, the overall
Versant scores were correlated with both production and perception scoresigvith sl
stronger correlations of production scores with measures of English spokermgngua
proficiency. Specifically, overall vocabulary and sentence mastery skiks nvost

highly correlated with overall performance on the two tasks. These findingssslyat

those who performed well on the perception and the production tasks had larger English
vocabularies and good command of syntactic structure.

The following is the summary of the findings on the correlations of the JP
participants’ language background and proficiency with their performance in the
experiment: 1) only the production scores were correlated significantiyL®R; 2) the
self-reported amount of English use was not correlated significantly thir ei
production or perception scores; 3) overall Versant scores were corretpididatly
with overall performance on both production and perception tasks. Specifically,
vocabulary and sentence mastery subscores predicted overall performameénan t

experimental tasks, with 31% to 45% of the variance accounted for.
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CHAPTER 7: GENERAL DISCUSSION
7.1. Resultsof the Perception Test and their Implications

Results of the perception experiment clearly showed that JP listeners had
difficulty accurately perceiving complex syllable onsets. Overaligscy by the JP
group was significantly poorer than that of the AE group. Specifically, tépdis
showed most difficulty perceiving +V stop + /I/ clusters. In contrast, oveealbrmance
on sC clusters was relatively good for the JP group. Overall performancesiap-V /I/
and CCC cluster types was intermediate.

One possible explanation of the observed order of difficulty in the current data
would be that the syllable structure of sC clusters is linguisticallgréift from other CC
clusters. As mentioned earlier, the status of the /s/ in English initial dresetzeen
controversial. Some say that /s/-clusters have the same branching onset esnapihex
onsets (e.g., Boyd, 2006) while others claim that the initial /s/ is not a part ofetn ons
(e.g., Kenstowicz, 1994). Specifically, Vaux and Wolfe (2009) propose that the/sfitial
is “an appendix”, directly connected to the higher prosodic nodes (however, see Cairns,
2009 for his critique of Vaux and Wolfe and his analysis based on Cairns and Feinstein’s
[1982] syllable structure theory). Suppose that the initial /s/ in /spani/ Fo&maix.

Then, the remaining syllable structure is CV for /s.pa.ni/ and CCV for /s.pla.ni/. Thus
/s.CV/ might be structurally more complex than /CV/, a syllable with thplsionset but
less complex than /CCV/, a syllable with the branching onset. If so, the precktitive
difficulty based on the /s/ as an appendix theory might be as follows: /V/ EGMCV/

> /CCV/ > [s.CCV/. This analysis would accommodate the current perceptaafd4i

clusters in the JP group, yet it wrongly predicts sCC clusters as the miasitdiff
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Perhaps, regardless of differences in the remaining syllable struftarrtha initial /s/,
what listeners have to pay attention to is whether there is a schwa betiarehCsfor
both sC and sCC clusters under the current paradigm (L. Davidson, personal
communication, April 9, 2010).

Another possible account might be derived from a consideration of listeners’ L1
phonetic realization rules. Vowel devoicing in Japanese phonology is a well-known
phenomenon. In general, Japanese high vowels /i/ and /u/ are devoiced when surrounded
by voiceless consonants (e.g., Kondo, 2005). Suppose that Japanese perceptually

epenthesize a devoiced vowel between /s/ and the following voiceless stop in eS,clust
as suggested by Dupoux et al (1999). If so, perceptual discrimination betopam//s
heard as “sepani” with a voiced vowel and /spani/ heard as “supani” with a devoiced
vowel might have been relatively easy for Japanese listeners. Alorigéhid argument,
discrimination of sSC@s<CC (e.g., /splan¥s/soplani/) clusters should also be easy,
since again, listeners could differentiate them on the basis of a wsidegtoiced

perceptually-epenthesized vowel. However, overall performance ons§&CC clusters
was lower than that on s@ C clusters, arguing against this hypothesis. The presence

of the liquid in the sSC@sCC clusters may have prevented them from attending to the

nature of the vowel between the /s/ and stop. As some JP participants informed the
experimenter, Japanese-speaking learners of English are often awerie difficulties

in perceptually discriminating English /r/ and /I/. The presence of the toasy
difficult” liquid might have distracted some JP listeners, even though it wasvoived

in the contrastive cues for the syllable types.
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With respect to discrimination accuracy between -V stop + /I/ and +V stop + /I/
clusters, the predictions made by both markedness and L1 phonetic interference
hypotheses were consistent with the results. According to the former hypotesis, t
sonority distance between two phonemes plays a major role in perceptualidesoom
The sonority distance between the initial two phonemes was smaller iop-V &f
clusters than their voiceless counterparts and thus, more marked. However, from a
phonetic perspective, the availability of distinctive acoustic cues in thelistuas also
reflected in these results. Specifically, =V stop + /I/ clusters had anaditorrelated

VOT cue whereas for +V stop + /I/ clusters, VOT values almost complateNapped
for the contrasting CCVs CoCV tokens. In the current experiment, the mean VOT
values of voiceless stops in the stimuli were categorized as a “correlatdaecause of
a slight overlap in durations (mean VOT range = 55-96 ms for the /pl ansMNDT

range = 37-56 ms for thedlpand kol/).

Whether this VOT cue accounted for the better discrimination performance on -V

stop + 6) + /I/ distinctions remains to be determined. Ito and Strange (2009), who

explored effects of listeners’ L1 on word segmentation (e.g., “dadpng” vs*“ keep
stalking”), reported that Japanese L2 learners could not take advantage of the VOT stop
cue for word segmentation (aspirated for syllable initial stops — unaspicatstops

following /s/). One can speculate that the difference in VOT values in thelesscstop
stimuli used in the present experiment might not have been perceived as abstineti

by the Japanese listeners. In other words, the additional VOT cue in the —V/Btop +

stimuli might have beenot salient enougfor Japanese listeners. If so, this phonetic
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realization difference cannot account for the better perception of sydi@btture

differences in GY)C stimuli with initial voiceless stops.

A recent study by Riney, Takagi, Ota, and Uchida (2007) reported that the mean
VOT values of Japanese word-initial voiceless stops: /p, t, k/ ranged from 28.5 ms to 56.7
ms. Preliminary acoustic results of the productions analyzed in the presgntestealed

that Japanese speakers did not make a distinction in VOT values when producing /plani/

vs/palani/. The mean VOT values for /plani/ was 54wvagd6 ms for /plani/. Such

durational differences were not statistically significant (z = -1.331, p = .188%, Th
production, Japanese apparently did not produce the allophonic variations in VOT
(aspiration) that native English listeners make for initial voicelegs gt voiceless stops
following /s/.

Interestingly, there is yet another possible account of perception of consonant
clusters, which might be relevant to the current study. Fleischhacker &@tfs¢d
cross-linguistic tendencies to “split” stop-liquid clusters but “reseivedtive-stop

clusters based on several perceptual experiments. For instance, nativie §pegisers

were asked to perform a similarity-rating task on CG#CoCVC comparisons using a
7-point Likert scale (7 as the most similar). Results showed that Englskespeated

[plaK] vs[palak] pairs as more perceptually similar (mean rating = 5.36) than [g$ok]
[sotok] comparisons (mean rating = 3.10). In discussing this study, Zuraw (2007) stated,

“Fleischhacker assumes that splitting a cluster at a stronger petdeptlacreates a
smaller perceptual departure from the unsplit original” (p. 281). That is, “eja&at

break” is stronger in stop-liquid sequences because formant structures arénstrong
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liquids whereas it is weaker in fricative-stop sequences because of the alffentant
structure (i.e., silent gap) (see Zuraw, 2007, p. 280-281 for a summary of Fleiscishacke
study). Thus, according to Fleischhacker (2005), cross-linguistically, spdedier a

strong tendency to modify fricative-stop clusters by prothesis (e.@inegsp “Spain”). If

the perceptual break account is also true for Japanese listeners in thestudgrithe

[plani - pplani] comparison must have been perceptually similar to each other.

To summarize, contrary to the results of past research that have demonstrated
effects of universal markedness in L2 perception (Berent et al., 2007), the predicti
made by markedness in the present study were not generally confirmed. Only one
prediction concerning the comparison of -V stop ¥3HV stop + /I/ cluster types was
supported. The results of the current perception experiment suggest that phonetic
distinctiveness might have played a major role in perception of non-native consonant
clusters. The observed order of perceptual difficulty among JP listenezasst than
-V stop + /I/ equal to CCC easier than +V stop + /I/ was consistent with thetpesli
made by L1 phonetic interference hypotheses.

7.2  Resultsof the Production Test and their Implications
JP speakers’ productions were judged by native English listeners agacor

much more often than AE speakers’ productions (64%99% correct, respectively).

Among the four cluster types, the most errors were found on +V stopltdiusters

whereas the least errors were found om)<=(clusters overall. Most of all, JP speakers

productions were heard as making significantly more errorss@{@ tokens than on

CC(C) tokens (45% and 83% correct, respectively).
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Recall that the current production study employed the delayed imitationrtask. |
this task, participants were asked to produce the target word after the praseftat
auditory stimuli as models. No orthographic aids were provided. Thus, JP participants’
production errors might have been due to their misperception of the target stimuli.
Peperkamp and Dupoux (2003), who explored the loanword adaptation mechanism, states
“a good approach to obtain ‘clean’ loanword data” is to present nonce words auditorily
and ask them to produce what they heard (Peperkamp and Dupoux, 2003, p.369-370).
The approach in the present production study was this “clean” form of loanword
adaptation. If L2 production is a mirror image of L2 perception as suggested by
Peperkamp and Dupoux (2003), relatively good performance on non-native CC(C) tokens
might have been because some JP patrticipants were able to perceive CC(@eseque
accurately. In contrast, poorer performance o€ (C) tokens might have been due to
their misperception as CC(C) structures. Consequently, these integoretati the
current production data based on Peperkamp and Dupoux (2003) would obscure the
claims that L1 phonological knowledge constrains L2 perception. Dupoux et al. (1999)
suggested that Japanese speakers’ strong tendency to add a vowel between consonant
sequences in production originates in their perception, which is influenced bilheir
phonotactic knowledge. Repairing CVCV syllable structures (legal inft@)GCV
structures (illegal in L1) contradicts this phonological process. Howewatigdles not
necessarily deny perceptual effects. In other words, JP speakers’ moducirs might
not have been due to their repair strategy. Then, why would some JP speakers repair

CoC(C) tokens as CC(C)?
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As Strange (2009) claims in her ASP model, to predict perceptual difficulties in a
phonetic mode of processing, one needs to consider the specific phonetic realfations
target segments, which vary as a function of the phonetic and prosodic conthixhn w
they are produced, as well as the register and rate of speech used bykéesspba
schwas in our current stimuli were short and unstressed. Thus, it is possible that thes
schwas were not parsed by Japanese listeners in the same manner as&k tigte
despite the fact that the target stimuli had the legal syllable structutepinonology.

Hence, as Chang et al. (2007, p. 800) suggested, L1 phonotactic constraints might not be
the only “decisive factor” in perception and production of non-native consonant
sequences for the current study.

Another possible account would be that AE judges did not hear JP speakers’
epenthesized schwas in CC clusters as “V” even though there was a d&hgesture
between the initial and the second consonant. Davidson (2007) points out that “degraded”
schwas might not be transcribed as vowels by native English speakers. In heug@Q7 st

AE speakers were asked to transcribe pseudo-Slavic words. Of interestsdrew AE

speakers transcribed th@Ctokens (e.g., 7xaba/). The schwas in these items were
called “transitional” and were shorter in duration than those of lexical sqd®aBsvs

68 ms, respectively; Table 1, p. 265). The results of the transcription task showed that the

C°CVCYV tokens were often transcribed as [CCVCV]. In a subsequent AX diseatim
task, listeners often confused clusters and clusters with transitionalss¢hsuch

confusion occurred for the AE judges in the current study, it is possible plaateie

produced “transitional schwas” (e.g.?lgmi])” in intended CC clusters, but they were
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nevertheless transcribed as “correctly” not containing a vowel (e.gd ags#blani] or
[brani]).

A recent study by Davidson and Shaw (2009) shows the complicated nature of the
link between native English speakers’ perception and production of nonnative sequences.
In their study, English speakers were asked to perceptually discrirbetsteen CCV
clusters (e.qg., /spano/¥ a variety of modified clusters such as an epenthesis (e.g.,
/sopanol), prothesis (e.gaspano/), and C1 deletion (e.g., /pano/). Results showed that
English listeners’ perception was affected by the type of initial consdhaninstance,

English listeners showed perceptual confusion between&GECV structures, a
prothetic modification, for fricative-stop clusters. On the other hand, for sbpp-st
clusters, English listeners’ perceptual confusion occurred on both the prothetic
modifications (e.g., /tkano/ stkano/) and the epenthetic modifications (e.g., /tkano/ -
ltokano/). These data show that English speakers do not necessarily perceivevgn-nati
clusters as they are, and that the phonetic details of the consonants affectdtué typ
perceptual confusions made.

Preliminary results of acoustic analysis on /spani/ asphrs/ tokens show that,
as the transcription data revealed, some JP speakers “deleted” the schplatetpm
/sopani/ tokens (N = 11). That is, there was no voiced vocalic segment visible on the
spectrograms of the productions. Interestingly, a comparison of the metorduch
visible segments in productions by the JP and the AE groups showed that the consonant
sequences were not always produced with the same temporal structure.dhaeinstth
respect to the intended /spani/ tokens, the durations of the silent gap betweeatitsi fr

offset and stop burst onset were longer on average for the JP group (mean = 97 ms) than
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for the AE group (mean = 70 ms). The mean durations of /s/ and VOTs were samilar f
two language groups. However, there was great variability in JP speatagisttions
(Range = 5-49 ms for JP speakers’ VOTSs). These preliminary resultsstiggehe JP
speakers might have inserted “unvoiced schwa” between [s] and [p], as indicated by t
longer period of silence. That is, some JP speakers may have repaired olfesgedant
sequences by epenthesizing unvoiced schwa. However, AE judges transcribed these
productions as CC because they did not perceive a voiced vowel between the first two
consonants. Additionally, a strong tendency to de-aspirate the voiceless stofss biter
JP speakers might have affected AE judges’ transcriptions. That is, in émealo$ an
aspirated stop, AE listeners heard /s/ + unvoiced vowel + de-aspirated stop steps/
clusters. These preliminary acoustic results suggest that, even thoughiprsdoicsC
tokens by the JP group were perceived as “correct” (around 90%), they were not
produced in a native-like manner. Follow-up studies comparing native listenergntsy
with the acoustic structure of the productions will be needed to further determiriaeénow
L2 speakers produced non-native syllable structures and how specific production
deviations led to perceived misproductimsscorrect” productions. In addition,
productions by Japanese speakers of these syllable types when presented with
orthographic representations of the target syllables will be needed to tedtheapa
production and perception difficulties in the present study. In the next section, the link
between perception and production is discussed further.
7.3  ThelLink between L2 Perception and L2 Production
Flege’'s Speech Learning Model explicitly mentions the link between L2

perception and L2 production, claiming that the accuracy in L2 perception alffects t
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L2 production. For instance, Flege, Mackay, and Meador (1999) tested ItaliashEng
bilinguals on production and perception of English vowels and demonstrated that there
was a significant correlation between these two abilities. The cuesuits further

confirm such a relationship in the acquisition of L2 phonotactic structures. Thera w
strong correlation between overall perception and production accuracy by {hea&sesda

L2 learners. The correlation between perception and production performanaisevas
reflected in the observed order of difficulty for the two experimental tagkgasier than

-V stop + /Il and CCC which were easier than +V stop + /I/. However, unlike thesresul
of past studies on L2 phonotactics (e.g., Dupoux et al., 1999), the results of the current
study show that the inaccuracy in L2 production is not necessarily due to the
phonological repair process. That is, L2 learners with a limited L1 syliabéntory do

not always repair L2 CCV clusters into productions that are heard as CM@Wusts, as
shown in the current JP participants’ productions of CCVCV items (perceivedrastc
87% of the time).

As discussed briefly above, preliminary results of acoustic analysisetbtanne
cases of transitional unvoiced schwas in /s/ + stop clusters, which would indieptera
process that was not perceived by native listeners. Other examples wereofostog f+
/I/ clusters. For instance, a Japanese production of intended /glani/ wasliezhas
[glani] by native speakers of English and thus, was scored as “correct”. Hotever
spectrogram showed about 40 ms of voicing before [l] whereas that of a native AE
speaker did not (see Appendix Y for JP4 and Appendix Z for AE4’s production of
[glani]). These “transitional schwas” in consonant clusters are probably tiyestaral

mistiming” (Davidson, 2006), and though undetected as vowels, might lead native

64



listeners to hear the consonant clusters as “correct” but “accented.” rRalie-up
work asking native listeners to judge the accentedness of the Japanese prodikttions w
shed light on the extent to which differences in gestural timing of consonant clusters
affects native language perception. These examples demonstrate th&itibeship
between L2 perception and L2 production is a complicated one. Does it mean that these
transitional schwas occurred because of JP speakers’ difficulty in tinsty e in
unfamiliar consonant sequences (motor constraints), rather than their eysoerof
the intended structures? Future research is needed to tease apart thecosltatiugions
of misperception and production mistiming on L2 production patterns. If the former
factor seems more dominant, L2 learners of English need more training on improving
their perception. If the latter factor is dominant, L2 learners need marmgan
articulatory temporal coordination.
7.4  Individual Performance and English Experience/ Proficiency

Following Jenkins’ Tetrahedral Model (Jenkins, 1979, cited in Strange 1992),
Strange (1992) states that the outcome of a study is a result of interactions among
variables such as participants, types of tasks, and types of mateitalse¥gect to
variability among subjects, the following four variables are typically meetl in studies
of L2 phonological learning: L1 experience, L2 experience, age, and “tatetT@ble
1, Strange 1992, p. 200). The first three variables are often measured in terms of
participants’ AOA, LOR, and self-reported amount of L1/L2 use. In genersl, it
assumed that, as AOA increases, L2 production/perception performance vedskec
(e.g., Munro, Flege, & MacKay, 1996) and the less L2 is used, the less ac&irate L

perception/production will be (e.g., Flege, MacKay, & Meador, 1999). However, mixed
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results have been reported with respect to LOR. Some research showed nasignific
correlations between LOR and L2 perception/production (e.g., McAllister, 200t&) whi
others have demonstrated positive correlations between these variablese@eg., F
1988).

Japanese patrticipants in the current study were considered “laterseaf
English (mean AOA = 29 years old)” who had passed the so-called “asepsitiod”
for learning L2. Some researchers infer that such a period ends around the eges12 y
(e.g., Lenneberg, 1967) or even before the age 12 (e.qg., Flege, 1988), while others doubt
the existence of such a period based on “exceptional late L2 learners” whi eative-
like performance (e.g., loup, Boustagi, El Tigi, & Moselle, 1994). In the custady, no
significant correlations between AOA and overall perception performamoe(
— 0.245) or AOA and production performance (rho = — 0.233) were found, confirming
that, when past the sensitive period, AOA does not predict L2 perception/production
performance. A replication of the current study with those whose AOA wergegoun
might further reveal whether AOA serves as a predictor for acquiring phacedlagits
larger than segments. However, as Moyer (2009, p. 160-161) points out, AOA might be,
nonetheless, an unreliable measure of L2 experience since “socio-psycdlologi
orientation factors (e.g., motivation, attitudes toward the target languagéneght be
different, depending on whether one is exposed to L2 at an early age oeabgdat
Those who are exposed to L2 at an early age might have different attitudes ttoava
language “culturally and socially” (Moyer, 2009, p. 161). Thus, it is unclear whether
AOA or “socio-psychological orientation factors” play a major role.

With respect to effects of the self-reported L2 use on overall perforgnance
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correlations of the overall amount of English use with performance on the percapkion t
(rho = — 0.154) and production task (rho = — 0.161) were non-significant and very low.
As mentioned earlier, large individual differences in reporting the amouu wdée on a
daily basis were observed (Median = 50%; Range = 5-97%). Japanese participants wer
asked to indicate the amount of L2 use in percentage but some participants might have
been conservative while others might not have. This variability in the self-réporte
amount indicates the difficulty in accurately measuring this variable. Htreself-
reported L2 use might not be a good index to account for L2 experience in the current
study.

Concerning effects of LOR on performance in the two tasks, there was no
significant correlation between JP participants’ overall performandeeoperception
task and LOR (rho = + 0.218g). The correlation of LOR with performance on the
production task was only moderate (rho = +0.328,0.05; only 11% of the variance
accounted for). Flege and Liu (2001) suggested that the “quality” of L2 input baght
different for students non-student participants. In their study, LOR was strongly
correlated with overall performance only for participants who were in a schbogsse
the time of testing. Another Spearman rank order test of the present datafmasque
to determine whether there was a difference in the strength of the conzlagitween
overall performance and LOR for studeshon-students. In the current study, there
were 9 participants who were non-students and 19 participants who were students at t
time of testing. The data of 2 participants (JP18 and JP29) who reported that they had had
considerable English exposure to native speakers while living in Japan wieideexc

from this analysis. The results for those who were in school showed that tfieiva®
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significantly correlated with performance on the perception task (rho = + @.510.05)

but not with performance on the production task (rho = + 0§3%5).05) For non-

students, neither perception or production performance correlated significahtlyQ®

(rho = -0. 234 and +0.135, respectively) but the small sample size might have affected
the outcome. Non-significant correlations between overall performanceCGiRddr
non-students suggest that the amount of L2 input might have been different between
students and non-students, which are consistent with the findings of Flege and Liu
(2001). Future research with systematic sampling of participants’ LOR: foigher

clarify such relationships.

Finally, the Versant test appeared to be a promising index to assesakegsiea
English conversation skills. Overall scores on this test, as well as all foscsrds,
pronunciation, fluency, vocabulary, and sentence mastery, were correfpitdéidantly
and strongly with overall performance on both production and perception tasks.
Specifically, vocabulary and sentence mastery sub-scores predictelll pedoamance
on the two experimental tasks most strongly. Of particular interest hetteeare
correlations between vocabulary and performance on the two experimental te$ks. S
strong correlations between vocabulary size and L2 perception/production isesansist
with the claims made by PAM-L2 (Best and Tyler, 2007), which suggest thazéhefsi
the L2 vocabulary affects L2 perception. Bundgaard-Nielsen, Best, and(2Q0£)
recently demonstrated that JP listeners’ overall performance on idditifiead
discrimination of Australian English vowels was highly correlated withiteec their
L2 vocabulary; those who had larger English vocabularies showed better perfoonance

the perception tasks. However, vocabulary size may not be a direct cause in imgPoving J
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participants’ perception or production skills. Rather, it may indirectly infledr2c
perception/production because those who have large vocabularies are probably those
individuals who actively seek additional L2 input by reading in L2 and/or listenib@.to
Thus, L2 learners’ amount of reading and listening will be reflected in their
perception/production abilities, as well as in their knowledge of the lexicon.
7.5. Conclusions

The main goal of the current study was to investigate how L2 perceptiom relate
to L2 production in acquisition of non-native consonant sequences. The second goal was
to examine what constraints (i.e., markednedsl/L2 phonetics) were at work in this
process. Japanese participants clearly showed difficulty perceiving ahetiprg English
complex syllable onsets. The observed order of relative difficulty was morestamtsi
with the predictions made by a L1 phonetic interference hypothesis. The results
demonstrated that the JP group had less difficulty perceiving/producplgdstop
clusters than other clusters containing English /I/. Second, among clusteaming /I/,
overall accuracy on voiced stop + /I/ clusters was significantly lower, withffeoedtice
in performance accuracy between voiceless stop + /I/ clusters and /sétessistop + /I/
clusters. In contrast, relative difficulty based on the sonority-based nmaded/as
confirmed only for the comparison between voiceless stopvs Vidiced stop + /I/
clusters. Contrary to the predictions made by markedness constraints, thace was
significant difference between GG CCC clusters or between sC clusters and other CC
clusters. These findings suggest that markedness cannot, by itself, accoelatife
perception difficulty of English complex onsets.

Great variability among Japanese participants was also observeahtvess
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scores served as a reliable measurement of English fluency in the JP graificafipe

in accordance with the PAM-L2, those who scored high on vocabulary on the Versant
test did well on the two experimental tasks, which suggest that the amount and quality of
L2 input by reading and listening influence L2 learners’ perception and production
acquisition patterns.

Lastly, another important finding of the current research was that thasra ink
between L2 perception and L2 production in acquisition of L2 phonotactic structures.
However, although productions of CCVCV tokens were, by and large, heard as accurate
by native listeners, their productions were not necessarily accent-ggeekminary
acoustical measures of these productions suggest, longer periods oflsgteveen /s/
and stops for sC clusters might have been due to “devoiced vowel epenthesis”. Moreover,
there might have been transitional schwas in other CC clusters, which weréectgdie
by AE listeners. Hence, the picture of L2 perception-production link is not a simple
matter. Future research with acoustic analysis of L2 productions, in comparison wit
native productions will further reveal which factors (i.e. misperceivingisarticulating)

are more dominant in production of non-native clusters.
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Table 1

8. TABLES

Acoustic measurement of schwas in the /£+C(C)/ stimuli — mean duration (in ms)
and formant frequencies (in Hz).

Cluster type Mean duration (Range) Mean F1 (Range) Mean F2 (Range)
Isop/ 24 (23-26) 514 (511-519) 1860 (1842-1887)
/sok/ 33 (31-37) 456 (452-464) 1950 (1906-2031)
Ipall 30 (18-46) 611 (532-729) 1263 (1230-1328)
Ikal/ 48 (36-57) 684 (651-738) 1346 (1306-1407)
/bal/ 44 (42-45) 620 (693-636) 1322 (1278-1368)
gal/ 52 (49-56) 640 (601-669) 1452 (1425-1485)
Isopl/ 30 (25-33) 493 (484-503) 1758 (1719-1790)
/sokl/ 45 (41-49) 502 (474-516) 2020 (1986-2050)
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Table 2

Summary of duration differences across four contrast types. D = diftgnegtacoustic
parameters, C = Correlated acoustic parameters, NS = nonsignificarardiéfe

A. /sl + voiceless stopwvs /s/ + b/ + voiceless stops

Duration (ms) Mean Range Mean Range Parameters
Frication 145 (132-153) 125 (113-132) C
Schwa 0 29 (23-37) D
Silence 67 (53-85) 77 (60-98) NS

VOT 12 (7-18) 46 (41-50) D

B. Voiceless stops + /Ivs  Voiceless stops #//+ /l/

Duration (ms) Mean Range Mean Range Parameters
VOT 71 (55-96) 48 (37-56) C
Schwa 0 39 (18-57) D

[la] 196  (188-203) 241 (218-275) D

C. Voiced stops + /I vs  Voiced stops 4o/ + /I/

Duration (ms) Mean Range Mean Range Parameters
VOT 16 (8-25) 20 (7-35) NS
Schwa 0 48 (42-56) D

[la] 228  (221-237) 257 (246-268) D

D. CCC VS &CC

Duration (ms) Mean Range Mean Range Parameters
Frication 116 (98-130) 115 (101-127) NS
Schwa 0 38 (25-49) D
Silence 74 (54-98) 72 (57-91) NS
VOT 16 (8-23) 46 (37-56) D

[1a] 185  (140-215) 167 (153-174) C
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Table 3

Results of the perception task by each consonant cluster for two language groups
American English (AE) and Japanese (J@)stands for interquartile.

AE Group JP Group
IQ IQ
Mean SD Median Range Mean SD Median Range
sp 100 0 100 100-10p 80 12.48 79 70492
sk 98 2.19 96 96-10( 71 16.89 71 58-88
pl 98 2.19 100 96-100 76 13.64 75 63-89
ki 98 2.19 100 96-100 73 13.45 75 66-84
bl 100 0 100 100-100 64 14.33 63 54-72
gl 98 2.19 100 96-100 70 15.16 71 57479
spl 98 5.37 100 94-10( 70 18.93 67 54493
skl 99 1.79 100 98-10( 74 19.18 71 54-92

73



Table 4

Summary of frequency of the /I/ replacement by three cluster types: = voiceless
stop +o + | and +\bL = voiced stop b + |. Others included all the errors that were not

related to the replacement of the intended /I/.

CoCC Total# Proportion

-VoL  +VolL
Correct (e.g., [pel] 27 19
Replacement with R (e.g.,
[per] 8 4
Deletion-L (e.g., [pl] 12 18
Deletion-R (e.g., [pr]) 8 15

Others 5 4




Table 5

Summary of Japanese participants’ amount of English usage on a daily basipapst
reported these numbers in percentage.

Speaking &
Overall L2 use Listening Reading & Writing
Mean 52 69 78
SD 23.2 29.4 26.2
Median 50 80 90
IQ Range 38-70 50-90 70-96
Range 5-97 5-100 5-100
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Table 6

Summary of Japanese Participants’ Versant Test Score. The score is coompaitecale
of 20-80. 1Q stands for interquartile.

Sentence
Overall Mastery Vocabulary Fluency Pronunciation
Mean 46 47 51 42 45
SD 10.9 10.8 13.5 12.5 10.8
Median 45 45 51 42 46
IQ Range 36-52 39-53 39-58 31-52 34-53
Range 30-67 29-73 22-80 23-71 30-63
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Figure 1

9. FIGURES

Japanese group’s overall percent correct on the perception task by eachygaster t
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Figure 2A

Overall percent correct of the JP group’s production data for the CC(C) tokeunatedal
by AE listeners. Percent correct was calculated by the number of coodatpons
summed over 30 JP participants.
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Figure 2B

Overall percent correct of the JP group’s production data for the CVC(C) tokens
evaluated by AE listeners.
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Figure 3

Scatterplot illustrating the relationship between the JP group’s overadinp@arect on
the perception task and their overall score on the production data evaluated by
transcribers. The line indicates Fit Line for Total.
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Figure 4

A. Scatterplot illustrating the relationship between the JP group’s overatinppearrect
on the perception task and their overall Versant test score.
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B. Scatterplot illustrating the relationship between the JP group’s overahpemrect
on the production task and their overall Versant test score.
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10. APPENDECIS
Appendix A
Japanese Participant Characteristics and Overall Scores of thatVieesg the

Perception & the Production Test. V = the Versant test score; PC = overalhtperc
correct in the Perception Test; PD = overall percent correct in the Production tes

ID Occupation M/F | Age |LOR | AOQA |L2use| V PC PD

JP3 ESL student 33 0;1 33:1| 70 40 57 44

JP18 | College student 27 0;1 27:7| 70 48 90 81

Jp1o | Office worker 39 0;1] 39:6| 90 48 66 50

JP23 ESL student 26 0;2 26:4| 30 36 60 50

JP1 ESL student 37 04| 37:7| 20 35 61 38

JP13 ESL student 25 04| 25:1| 60 50 62 69

JP17 ESL student 33 0;4 33;5| 50 30 76 63

JP15 ESL student 33 0,6 33:1| 30 38 68 44

JpP27 | College student 27 0,9 26:8| 97 39 53 38

JP29 | Grad student 24| 0,9 23.9| 50 62 89 100

Jp22 ESL student 30| 0;1129:2| 50 33 69 56

JP9 Grad student 26 1259 50 38 75 44

JP25 ESL student 27 1126:9| 50 31 75 63

JP5 | College student 28/ L1;1127:3| 50 49 88 88

Jp21 | Office worker 32 13| 31;5| 50 39 76 81

JP30 ESL student 31 1,5/ 29:7| 70 33 61 38

JP14 ESL student 32 2;4/ 304 | 60 52 88 88

JP11 Housewife 42 2;7| 39:7 5 51 72 56

JP24 ESL student 31 3/281| 80 43 57 56

Jpe | College student 22 3;1 19:7 20 44 82 69

JP16 Housewife 37| 311 33:3| 30 59 87 94

JP12 | College student 28 3,6 25:3| 50 34 67 50

JP26 | Grad student 34| 42 30;2| 50 | 46| 68 63

JP20 | Grad student 27 51 22:6 | 80 67 96 69

Jpg | Office worker 37| 610 31:6| 40 55 78 88

JP32 | Office worker 29 8;3| 21:1| 10 36 64 63

JP4 Grad student 37\ 91128:1| 50 66 81 88

Jp31 | Office worker 38| 13,5 24:8| 95 51 66 50

Jp2 | Office worker 41 | 16;11 25 50 65 80 94

T T T T g2z T 22T ZZ| T | 2] ||| 2] 2] 2] 0| Z] ]

JP7 Housewife 52| 19;1033:5| 50 52 59 56
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Appendix B

Characteristics of 5 American Participants

Subject ID | Occupation M/F Age
AE1 Office Worker| M 34
AE2 Grad Student F 25
AE3 Grad Student F 28
AE4 Grad Student M 23
AE5 Grad Student F 32

82



Appendix C

Summary of acoustic measurement data for stimuli - mean duration of ettt dis

segment for the stops + laterals pairs (in ms).

Duration (ms)
VOT

Schwa

[la]

Duration (ms)
VOT

Schwa

[la]

Duration (ms)
VOT

Schwa

[la]

Duration (ms)
VOT

Schwa

[la]

[blani] VS
Mean Range
9 (8-10)
0
228 (221-237)
[glani] VS
Mean Range
23 (21-25)
0
229 (225-231)
[plani] VS
Mean Range
59 (55-65)
0
200 (198-203)
[klani] VS
Mean Range
83 (77-96)
0

191 (188-194)

[blani]
Mean Range
8 (7-9)
44 (42-45)
258 (246-268)
[glani]
Mean Range
33 (31-35)
52 (49-56)
255 (246-264)
[plani]
Mean Range
47 (37-56)
30 (18-46)
257 (241-275)
[lani]
Mean Range
49 (47-54)

48 (36-57)
225  (218-233)
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Appendix D

Summary of acoustic measurement data for stimuli - mean duration of ettt dis
segment for /s/ + voiceless stops pairs (in ms).

[spani] VS [spani]
Duration (ms) Mean Range Mean Range
Frication 139 (132-147) 126 (123-132)
Schwa 0 24 (23-26)
Silence 79 (73-85) 85 (76-98)
VOT 7 (7-8) 44 (41-50)
[skani] VS [skani]
Duration (ms) Mean Range Mean Range
Frication 150 (147-153) 123 (113-129)
Schwa 0 33 (31-37)
Silence 55 (53-57) 68 (60-73)
VOT 16 (14-18) 47 (45-49)
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Appendix E

Summary of acoustic measurement data for stimuli - mean duration of ettt dis

segment for tri-consonantal sequences.

[splani] VS

Duration (ms) Mean Range
Frication 106 (98-116)
Schwa 0
Silence 94 (91-98)
VOT 11 (8-15)
[la] 198 (185-215)

[sklani] VS
Duration (ms) Mean Range
Frication 126 (124-130)
Schwa 0
Silence 55 (54-55)
VOT 22 (20-23)
[a] 171 (140-187)

[splani]
Mean Range
120 (115-127)
30 (25-33)
86 (82-91)
39 (37-43)
163 (153-174)
[sklani]
Mean Range
111 (101-117)
45 (41-49)
59 (57-61)
52 (48-56)
172 (171-173)

85



Appendix F

The figure below shows both the waveform and spectrogram of [skani] exthamted

the sentence ‘say skani now’. Regions are as follows: 1) Fricative duitiSience
duration, 3) VOT.

I TextGrid skani_1 EM English e English - [" |r§|
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Appendix G

The figure below shows both the waveform and spectrogram of [kelani] extremted f
the sentence ‘say kelani now’. Regions are as follows: 1) VOT, 2) Schwa, 3ijobwf

[la].

M TextGrid kelani_3

File Edit Query View Select Interval Boundary Tier Spectrum  Pitch  Intensity Formant  Pulses Help
2
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= 2
1 1 2 3 i
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Total duration 1.155737 seconds
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Appendix H

The figure below shows both the waveform and spectrogram of [blani] extreamte die
sentence ‘say blani now’. Regions are as follows: 1) VOT, 2) Duration of [la].

M TextGrid blani_3

File Edit Query Wew Select Interval Boundary Tier Spectrum Pitch  Intensity Formant  Pulses
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Appendix |

The figure below shows both the waveform and spectrogram of [seplani] edtfemn

the sentence ‘say seplani now’. Regions are as follows: 1) Fricative du@ti®chwa,
3) silence, 4) VOT, 5) Duration of [la].

I TextGrid seplani_2 EM English {United States) g English
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Appendix J

Summary of individual results of 5 AE participants in the perception task.

Mean Median Range SD
AE1 99 100 96-100 1.85
AE2 100 100 96-100 1.41
AE3 100 100 100 0.00
AE4 97 96 88-100 3.96
AES5 99 100 96-100 2.07
Overall 99 100 88-100 2.46
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Appendix K

Summary of individual results of 30 JP participants in the perception task.

Mean Median Range SD

JP1 62 65 46-79 12.9
JP2 80 88 50-96 17.1
JP3 57 56 42-75 11.1
JP4 81 84 58-92 11.6
JP5 88 92 75-96 8.8

JP6 83 84 71-92 7.5

JP7 59 58 46-71 8.0

JP8 78 78 58-96 16.1
JP9 75 75 50-92 15.5
JP11 72 71 58-88 9.2
JP12 67 69 46-79 12.4
JP13 62 63 54-75 7.7
JP14 88 94 67-100 13.3
JP15 68 69 46-96 17.8
JP16 87 94 63-100 14.1
JP17 76 75 58-96 14.9
JP18 90 94 67-100 11.5
JP19 66 63 50-88 12.0
JP20 97 96 88-100 4.0
JP21 76 75 58-88 10.0
JP22 69 69 58-83 8.5
JP23 60 56 42-88 14.7
JP24 57 56 46-71 7.8
JP25 75 77 54-88 10.9
JP26 68 61 54-96 16.3
JP27 53 52 38-71 11.0
JP29 89 94 63-100 12.3
JP30 61 61 46-79 12.4
JP31 66 63 58-79 6.5
JP32 64 65 50-75 8.9

Overall 72 71 38-100 16.0




Appendix L

The proportion of disagreement on the vowel deletion cases in JP participants’
productions.

Participant Fregquenciroportion
JP12 6 0.21
JP30 5 0.17
JP15 3 0.10
JP27 2 0.07
JP18 2 0.07
JP9 2 0.07
JP3 2 0.07
JP1 1 0.03
JP7 1 0.03
JP11 1 0.03
JP13 1 0.03
JP16 1 0.03
JP23 1 0.03
JP25 1 0.03




Appendix M

Frequency and proportion of disagreement between the judges on the presence of a vowel
in the initial onset by each consonant context.

Context Frequencyroportion
sp 2 0.07
sk 3 0.10
pl 1 0.03
Kl 1 0.03
bl 3 0.10
gl 3 0.10
spl 1 0.03
skl 2 0.07

sep 2 0.07
sek 2 0.07
pel 2 0.07
kel 1 0.03
bel 1 0.03
gel 3 0.10
sepl 1 0.03
sekl 1 0.03
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Appendix N1

Results of the transcription on the productions of CC(C) words for the JP group. E stands
for epenthesis; D for deletion; SC for segment change; DA for disagreemeathehe
judges; O for others; R for the transcribed [r] for the intended /I/; R/L or RfW f
discrepancy between the judges.

Subj ect P sk pl Kl bl al spl skl
JP1 R/L R SC, R/L R SC, R R
JP2 E
JP3 R R R R DA R
JP4 E E R/L
JP5 R
JP6 R R
JP7 E E DA E SC R
JP8 R R R
JP9 SC DA R E,R

JP11 E R

JP12 DA DA R R/L R R/L R R

JP13 DA E E R R

JP14 R/L R/L R/L R R/L

JP15 E,R DA R DA R DA

JP16 DA

JP17 R SC R SC R R

JP18 R DA DA

JP19 SC SC

JP20

JP21 R R R R

JP22 R R R

JP23 R/L R/L R/L R/L R/L

JP24 E

JP25 R/L R R/L R SC R/W

JP26 R R R R/L R

JP27 DA DA R R R R R R

JP29 R R R R

JP30 DA E,R DA E,R R R

JP31 R R SC

JP32 R R R R R SC

sp sk pl Kl bl al spl skl
#of Errors 4 3 5 7 6 6 5 5

#of Corrects| 26 27 25 23 24 24 25 25

#of E 2 0 4 3 2 2 0 1

#of D 0 0 0 0 0 0 0 0

# of SC 0 0 0 3 1 1 4 2

#of O 0 0 0 0 0 0 0 0

# of DA 2 3 1 1 3 3 1 2

# of R/L, RIW 0 0 4 3 4 1 3 3

#0of R 0 0 8 12 7 10 16 15
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Appendix N2

Results of the transcription on the productions a€(C) words for the JP group. E
stands for epenthesis; D for deletion; SC for segment change; DA for disagteem
between the judges; O for others; R for the transcribed [r] for the intended./tr R/
R/W for discrepancy between the judges.

Subj ect sep sek pel kel bel gel sepl sekl
JP1 D 0 DA D, R D, R D, R D, R D, R
JP2
JP3 DA D (6] D, R D, R D,R D,R D,R
JP4
JP5 D SC
JP6 D 0O,R D D R SC,R
JP7 SC SC
JP8 R D D R R
JP9 D D D D DA D R
JP11 D D DA D D, R D, R
JP12 DA DA |DA, R/IL R D,R/L | D,R/IL| DA, R/L R
JP13 D R R/L D, R R R R
JP14 D, R/L D,R R
JP15 D SC,R R R SC, R D,R D,R
JP16
JP17 D D R/L R/L R/L R/L D, R )
JP18 D R R
JP19 D D D o] D D
JP20 SC D D D D
JP21 D R SC, R SC
JP22 D D D 0O,R D D, R D, R R
JP23 D D D DA D D D D
JP24 D D D D D D
JP25 D, R/L D,R | DA R/L D, R/L 0
JP26 D D D D D D,R
JP27 D D D, R D, R D, R D, R D, R D, R
JP29 R R
JP30 DA R 0O,R D DA, R D,R DA, R
JP31 D D D D, R/L D D, R/L D, R/L
JP32 D, R D, R D, R D, R O R

sep sek pel kel bel gel sepl sekl
Errors 11 16 16 13 19 20 19 17
Corrects 19 14 14 17 11 10 11 13
#of E 0 0 0 0 0 0 0 0
#of D 9 13 10 10 18 15 15 10
# of SC 0 0 2 0 0 1 2 4
#of O 0 1 2 2 0 1 1 2
# of DA 2 2 2 1 1 3 1 1
#of RIL, RIW 0 0 3 3 3 3 3 1
#of R 0 0 6 9 7 10 14 17




Appendix O

Summary of the transcription results of those who produced both nonsense words in each
cluster type accurately. For instance, JP1 produced both /spani/ and /skani/ in “sC”
cluster type accurately.

Cluster type

sC pl,kl bl,gi CCC sC ml kol bal,gol CoCC
Subject JP1 JP1 JP3 JP2 JP2 JP2 JP2 JP2
JP2 JP2 JP4 JP4 JP4 JP4 JP4 JP4
JP3 JP3 JP5 JP5 JP5 JP7 JP5 JP8
JP5 JP5 JP6 JP6 JP7 JP8 JP7 JP13
JP6 JP6 JP8 JP8 JP8  JP13 JP16 JP14
JP7 JP8 JP12 JP11 JP14 JP16 JP17 JP16
JP8 JP11 JP13 JP12 JPl16 JP17 JP18 JP18
JP9 JP12 JP14 JP13 JP20 JP18 JP29 JP29
JP11 JP14 JP19 JP14 JP21 JP19
JP14 JP16 JP20 JP16 JP24 JP21
JP15 JP18 JP21 JP17 JP25 JP29
JP16 JP20 JP22 JP20 JP29
JP17 JP21 JP23 JP21 JP32
JP18 JP22 JP24 JP22
JP19 JP23 JP25 JP23
JP20 JP24 JP26 JP24
JP21 JP25 JP27 JP26
JP22 JP26 JP29 JP27
JP23 JP27 JP31 JP29
JP25 JP29 JP32 JP30
JP26 JP31
JP29 JP32
JP30
JP31
JP32
Total N 25 22 20 20 13 11 8 8
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Appendix P

Summary of the transcription results of those who produced both CC(C) and
CoC(C) tokens for each consonant type accurately. For instance, JP2
produced both /spani/ ancg&ni/ in “SP” context correctly.

Cluster type

SP SK PL KL BL GL SPL SKL
Subject ID JP2 JP2 JP2 JP2 JP4 JP2 JP2 JP2
JP5 JP4 JP8 JP4 JP5 JP4 JP4 JP4
JP6 JP5 JP11 JP5 JP14 JP5 JP5 JP8
JP7 JP7 JP16 JP6 JP15 JP13 JP6 JP12
JP8 JP8 JP17 JP8 JP17 JP29 JP8 JP13
JP9 JP11 JP18 JP12 JP18 JP21 JP13 JP14
JP13 JP14 JP19 JP14 JP26 JP16 JP14 JP16
JP14 JP16 JP21 JP16 JP29 JP16 JP20
JP15 JP20 JP25 JP18 JP18 JP22
JP16 JP21 JP29 JP21 JP26 JP29
JP18 JP24 JP29 JP29
JP20 JP25 JP31
JP21 JP29
JP25 JP32
JP29
JP30
JP32
Total N 17 14 10 12 8 7 11 10
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Appendix Q

Summary of the transcription results of those who produced both the CC(C) and the
CoC(C) tokens in each cluster type with accuracy. For instance, JP2 produced all the
followings for “SC” type correctly: /spani/,dpani/, /skani/, lskani/.

Cluster type
SC -VL +VL CCC
Subject ID JP2 JP2 JP4 JP2

JP5 JP8 JP5 JP4
JP7 JP16 JP29 JP8

JP8 JP18 JP13
JP14 JP21 JP14
JP16 JP29 JP16
JP20 JP29
JP21
JP25
JP29
JP32
Total N 11 6 3 7

98



Appendix R

The proportion of the vowel deletion cases among JP participants.

Proporti
Participant Frequency on
JP27 8 0.08
JP23 7 0.07
JP31 7 0.07
JP1 6 0.06
JP22 6 0.06
JP24 6 0.06
JP26 6 0.06
JP3 6 0.06
JP11 5 0.05
JP19 5 0.05
JP9 5 0.05
JP20 4 0.04
JP32 4 0.04
JP15 3 0.03
JP17 3 0.03
JP25 3 0.03
JP6 3 0.03
JP12 2 0.02
JP13 2 0.02
JP14 2 0.02
JP30 2 0.02
JP8 2 0.02
JP18 1 0.01
JP21 1 0.01
JP5 1 0.01




Appendix S

Frequency and proportion of vowel deletion by each consonant context.

Context Frequency  Proportion
sep 9 0.09
sek 13 0.13
pel 10 0.1
kel 10 0.1
bel 18 0.18
gel 15 0.15
sepl 15 0.15
sekl 10 0.1
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Appendix T

Summary of frequency and proportion of the /I/ replacement in CC(C) tokens. Others
included all the errors that were not related to the replacement of the intended /I/

-VL +VL CCC Total# Proportion

Correct (e.qg., [pl]) 23 28 15 66 37%
Replacement with R (e.g.,

[pr]) 25 20 35 80 44%

Epenthesis (e.qg., [pel]) 5 3 0 8 4%
Epenthesis-R (e.g., [per]) 2 1 1 4 2%
Others 5 8 9 22 12%
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Appendix U

Frequency of the /I/ replacement by each cluster in CC(C) words. “R-Remat’
means that the intended /I/ was transcribed as [r]. “Epenthesis-R” meaasthata was
inserted between the first two consonants and the intended /I/ was transcribed as [r]
Others included all the errors that were not related to the replacementraetiaed /I/.

pl Kl bl gl spl skl Total #
Correct
(e.g., [pl]) 14 9 14 14 7 8 66
R-Replacement
(e.g., [pr]) 11 14 10 10 18 17 80
Epenthesis
(e.q., [pel]) 3 2 2 1 0 0 8
Epenthesis-R
(e.g., [per]) 1 1 0 1 0 1 4
Others 1 4 4 4 5 4 22
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Appendix V

Frequency of the [r] productions for 30 JPs. Frequency rate was computed for each
participant by dividing the total number of the [r] occurrence by 12 (12 clustédrglAxit

Subject | N of /r/ in CIN of /r/ in CVC Total |Frequency Ralte
JP1 6 5 11 0.92
JP2 0 0 0 0.00
JP3 5 5 10 0.83
JP4 1 0 1 0.08
JP5 1 0 1 0.08
JP6 2 3 5 0.42
JP7 1 0 1 0.08
JP8 3 3 6 0.50
JP9 2 1 3 0.25
JP11 1 2 3 0.25
JP12 6 6 12 1.00
JP13 2 6 8 0.67
JP14 5 3 8 0.67
JP15 3 6 9 0.75
JP16 0 0 0 0.00
JP17 4 5 9 0.75
JP18 1 2 3 0.25
JP19 0 0 0 0.00
JP20 0 0 0 0.00
JP21 4 2 6 0.50
JP22 3 4 7 0.58
JP23 5 0 5 0.42
JP24 0 0 0 0.00
JP25 5 4 9 0.75
JP26 5 1 6 0.50
JpP27 6 6 12 1.00
JP29 4 2 6 0.50
JP30 4 5 9 0.75
JP31 2 3 5 0.42
JP32 5 5 10 0.83

Overall 86 79 165 0.46

103



Appendix W

Scatterplot illustrating the relationship between the JP group’s overadinp@arect on

the perception task and their LOR.

Percepton Score

100

80

G0

40

*

10 12 14
LOR

16

18

20

104



Appendix X

Scatterplot illustrating the relationship between the JP group’s overadinp@arect on
the production task and their LOR
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Appendix Y

The figure below shows an example of transitional schwaolarig produced by JP4.

That is, the schwa was epenthesized between C1 and C2. However, this schwa was not
detected and transcribed as [glani]. Regions are as follows: 1) VOT, 2)tibrzadsi

schwa, 3) Duration of [la].

EN English (United States) mmEnglish (United States) Bl 7 |f||E|

B TextGrid gl1jp4

File Edit Query View Select Interval Boundary Tier Spectrum  Pitch  Intensity Formant  Pulses
2
0534522 0030 |0.623453
02765 : :
o
-0.2326
4000 Hz|
| (B |
H H " 1Nk |
Al Bl
° | | | H i " "
il ATt +, r
! i | ilul
78667 Hz} - - - 3 s ] Lok TP ST w,],l””*l-"‘.\ ] i
ik I J Y J
11 T [ 1) TN 1] ik M +4 )
0 He] "
any
= 2
N BN 3 i
0.052752 | 0.020 0.747818
0531070 |n 531070 Wisible part0.840201 seconds 1 371271| 0008311
Total duration 1.380181 seconds
al in | out | sl ﬂ | j [~ Gioup
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Appendix Z

The figure below shows an example of [glani] produced by AE4. Regions are as follows
1) VOT, 3) Duration of [la].

I TextGrid gl1ae4

File Edit Query Wew Select Interval Boundary Tier Spectrum Pitch  Intensity Formant  Pulses

EEX

0.492406 0.402405
01642 ]

o1
4000 Hz| ‘ 'r

- (TN MO b o
R ‘

Jdddd,

0 Hz|

1/ 4

0.605577
0477260 |0 A7T260 Wigible part 0610722 seconds 1.087982]

Total duration 1 087982 seconds

e | i | ow] sl | | |~ Growe
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