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Abstract

The productions of adult second language (L2) k@rrare often detected as having a
foreign accent by native speakers of the targegguage. However, there is no clear answer
for what kind of problems contribute to L2 leariiéireign accent. This thesis aims to
investigate potential factors behind foreign acceM/e intend to achieve this goal by
examining cross-linguistic empirical evidence of 2 acquisition of Japanese lexical pitch
accent by English learners. L2 prosody has beendfdo significantly influence native
speakers’ auditory impression of foreign accen® prosody also allows us to test cross-
linguistic differences in the function of the kegoasstic correlates of L2 contrasts. In this
thesis we examine FO, which signals both lexic&dhpiaccent and phrasal distinctions in
Japanese, but which signals only phrasal distinstinot lexical distinctions, in English.

For adult L2 learners to achieve target-like praduns, the literature suggests that
three abilities are the key factors: 1) learnehdlity to differentiate the acoustic correlate of
the target L2 contrasts, 2) ability to articuldte ficoustic correlate of the target L2 contrasts
and 3) ability to categorize the target L2 consasThis thesis evaluates all three of these
potential factors. The main contribution of tHigsis is to provide a comprehensive view of
foreign accent, by investigating possible inteatdi between the factors and by examining
the different abilities of the same learners. Aweotcontribution is to provide empirical
evidence for the nature of learners’ problems wiatteign accent during L2 acquisition, by
testing two groups of English learners of Japanesperienced and inexperienced) in
comparison with Japanese native speakers.

The first experiment used intelligibility scoresdamverall FO patterns to quantify the
degree of foreign accent in the learners’ produstiof Japanese lexical pitch accent. The
second experiment showed that the learners’ alititdifferentiate FO contours in a non-
speech context was equal to that of the nativekgpea The third experiment showed that
the learners’ ability to articulate the FO contoir& non-speech context differed from that
of the native speakers. The fourth experiment gbthat although learners were able to
hear the phonetic differences between the targetdr®rasts, due to poor formation of the
target L2 categories and poor lexical assignmeitityalthe inexperienced learners seem to
have greater difficulty than experienced learnet In categorizing boundary items into the
target L2 categories and in assigning the L2 categ®o lexical items.

Overall, the foreign accent of adult L2 learnen@ductions is explained through a
combination of articulation and categorization fmst Importantly, this cross-sectional

study has indicated how learners’ problems witleifgm accent change as they gain L2



v
experience. Whereas experienced learners seeavéognoblems mainly in the articulation
and phonetic realization of the L2 contrasts, tlexperienced learners seem to have mainly
problems in phonetic and lexical-phonological repreations of the target L2 categories in
addition to articulation and phonetic realizationhis study offers both theoretical insights
for the field of L2 speech acquisition research atsb practical insights for the L2

classroom.



Vi

Acknowledgements

The long journey of my postgraduate studies wowoldhave been accomplished without the
tremendous support from so many different peopl&dmburgh, Japan and abroad. First
and foremost, | would like to thank my co-superwgsdDr. Mitsuhiko Ota for his great
passion, sharp thinking and inspirational commemse my MSc study; and Prof. Alice
Turk for her enthusiasm, overflowing scientific kvledge, invaluable advice, and genuine
heartfelt encouragements throughout my study. &aksm thankful to my former supervisors,
Prof. Kensaku Yoshida, who introduced me to th&lfef SLA/Applied Linguistics, and
Prof. Antonella Sorace, who welcomed me to thermational field of SLA in Edinburgh.

My special thanks go to Prof. Bob Ladd, who prodidee with very insightful
feedback regarding FO studies and with the oppityttm be involved in his course. | would
also like to thank Dr. Bert Remijsen for the tuadsion using the MOMEL scripts, Dr. Yi Xu
for sharing his valuable FO script and for his gens support, Dr. Satsuki Nakai and Dr.
Takeshi Ishihara for the great help with the adoushalyses, and Mr. Olaf Dabrunz for
programming the scripts.

| am enormously indebted to the technical staffiaguistics and English Language
for their invaluable support; Michael Bennett fis patience and effort in solving numerous
script problems, Eddie Dubourg for his endless heiln programming and conducting a
series of my experiments, Barry Campbell for stuslipport, and Cedric Macmartin for
comprehensive support. Thanks also go to Katiéétr her administrative help.

It is beyond words how to express my gratitude todatherine Dickie not only for
patiently proof-reading my drafts, with a very lted time, but also for her moral support. |
am so grateful to Saeko and Reiko for their codperavith the recordings and with rating a
massive quantity of data, in addition to our friginig.

| also wish to thank the council members of theadapociety of Scotland and the
Consulate General of Japan for unforgettable egpeeis and precious opportunities in
Scotland. Thanks go to the staff and colleague3apinese Studies for job opportunities
and for their help with finding participants for rexperiments. | would also like to express
my gratitude to the people who participated in nxpeximents: my former students in
Japanese 2 and 4 at Edinburgh University, JETmets and Japanese people in Edinburgh.

My warm thanks go to my dear friends, Batoul Diaid aroko Yamauchi, for
sharing tears and laughter, and especially for thgdport during my sergical operation. |
am also indebt to admirable seniors, Prof. Kasajifraf. Koyanagi, and Prof. Sugawara.

Thanks also go to great colleagues and my spegaids in Edinburgh and elsewhere:



vii
Angela, Kazumi, Michiko, lan, Rosalia, Mariangelésidy, Susana, Takeshi, Evia, Sheila,
Shinobu, Moira, Noriko, Charles, Mika, Miki, Ivaintje, Wouter, Kyoko, Kaori, Koji,
Masaya, Christina (S & C), Christine, Hannele, &tame, Charlotte, Rhona, Clarissa,
Barbora, Vinton, Tareq, Manabu, Takae, Eileen, XiKrances, Anna, Sophy, Minako,
Hajime, Wendy, Mariko, Oliver, Skikoukai mates, Taichi friends, German classmates and
all the others in my heatrt.

Sincere gratitude is expressed to my cousin, Shikyo& Mrs. Sato, Mr. & Mrs.
Ishibashi, Mr. & Mrs. Fujita for their tremendougpport for me and my mother during our
toughest years. Thanks to Dr. Ellis, Dr. Mcintyigy,. Gilchrist, Ms. Wilson, and Dr.
Yamaguchi for their medical support.

Last but not least, | would like to express mycsglethanks to my dearest family,
my parents, Masaji and Katsuko, Tony and Jan, mpdparents, Kenzo and Omie, Yoshie
and Ei, my sisters, Jessie and Rachael, and myggoaflaf, for their constant love, patience
and effort over the years and for the joy of diszong world wonders. Without their moral
and financial support, | would not have been ablgd through the process. This thesis is
dedicated to my family for their love, support amdorgettable and loving memories.

Arigatou!



viii

Table of Contents

DECIATALION. ...ttt e e st e e s e e e 111

Y 0] 1 = ! PP PRSPPI iV

F o [0 11T 1T [ 1T 1= Vi

TaDIE Of CONTENTS ... e e e e e e e e e e s anbeeee s viii

IS A = T | = 1 Xi

IS A T T =P Xii

LISt Of TASDIES. ...ttt e e e e e Xiv

R 1 70 To [0 [ox 1o o P PPPPRPP P 1
11 AIMS OF the tNESIS ...eeiiiiii e 1
1.2 TRESIS OVEIVIEW ...ttt e e e e 8

2 BacKground ... 12
2.1 1 1o o 11 ox 1o o [P 12
2.2 o1 £=1 o ] = Lo oL o | 12
2.3 Difficulty in differentiating the acoustic cetate of L2 contrasts....................... 19
2.4 Difficulty in articulating the acoustic corrédsof L2 contrasts .............cccceeeeeeen. 23
2.5 Difficulty in categorizing L2 CONtrastS...ccccceeooeieeeeiiieiiieeeeeeeee, 29
2.6 The key characteristics of lexical pitch acaerfiokyo Japanese....................... 38

26.1 FO parameters characterizing lexical pitadeatin Japanese.................... 38

2.6.2 Cross-linguistic differences in FO functicetween Japanese and English 42

2.7 Methodological StrategIesS. ...... .. i 47
2.8 ST 101 = oS 55
3  Experiment 1: The ability to produce Japanesiedépitch accent............ccccceeeeennnn. 57
3.1 PartiCiPants ..o ———————aaeeaaaeraaes 61
3.2. MAEETIAIS ...ttt ettt ettt e e e e e e e e e e e e 66
3.3. PrOCEAUIE ...t ettt e e ettt e e e e st n e e e e e e e e e e ans 69
3.4. ANAIYSIS ..ottt eeeeer e ———————————anrrrra——— 70

3.4.1. INtelligibility SCOMES ....uvveieiicmmeme e, 71

3.4.2. SYeTe L=t 1 e= e[ g I 1= T 72

3.4.3. Overall FO Patterns..........oooiii it eenenee e 76
3.5. RESUIS .. 81

3.5.1. INtEIliGIDINItY SCOIES .....eeieiieeei i 82



3.5.1.1. Mean Intelligibility SCOres .......cotomceeeeieiiiii, 82
3.5.1.2. Patterns of misidentification .........cocuuuuuiiiiiiiiiii s 85
3.5.2. Overall FO PAtEINS. .......ueiiiiiieiimmmm e e e e 93
3.6. o U 3] o o PP 100
3.7. SUMMAIY ...ciiiiiiieeeie ettt e smmmmn e n e nrnnnrnes 104
4 Experiment 2: The ability to differentiate FO Gmus .............ccccevvveeeeeiiiiiiiiiiee 105
4.1 PartiCIPANTS ... nnne 106
4.2 L] = 106
4.3 PrOCEOUIE ...ttt ettt s nensnnnes 107
4.4 ANAIYSIS & RESUILS ....eeeiiie ettt rrreee e eees 110
4.5 DISCUSSION. ...ttteiieee e e ettt e e e e e e e e e ettt e e e e e e e e bbb e e e e e e eesnn e e e e e e e e e e ans 111
G ST [ 10 =Y 112
5  Experiment 3: The ability to articulate FO COMBIU...........uuuueniiiiiiiieiiieeeeee e e e i 113
5.1 PartiCiPantS ........coooei i ————————————————— 117
5.2 IMAEETIAIS ...ttt ettt e e ettt e e e e e e e e e e e e s e ae e 117
5.3 [ o ToT=To (U =TT PPRPPP 119
5.4 ANAIYSIS ... eeeee e ————————————————— 120
54.1 ACOUSHIC INtErVAl CHItEIIA. . ...ceeiiieiiiiiiie e 122
55 RESUILS ... 124
551 Overall FO patterns. ........oooo e 125
5.6 DISCUSSION. ...t s enennnne 131
57 SUMMATY ... ettt e ee e s een e eeenneeeeeeeeenees 138
6  Experiment 4: The ability to categorize Japaeseal pitch accent contrasts........ 140
6.1 ABX task with canonical tokens ... 148
6.1.1 PartiCIPANTS. .....eeeiiiiiie e 148
6.1.2 Y LT = PR 148
6.1.3 [ (0 Tot =T o [ S 149
6.1.4 RESUILS. ... 150
6.1.5 DISCUSSION ...etieeieeiiiiiiit ettt e e e sttt e e e e st e e e e e e s s rnnnneeaeeeas 150
6.2 ABX task with stimuli on a continUUM .........eeevviiiiiiiiiiiiiee e 152
6.2.1 PartiCipants. ... 154
6.2.2 IMAEETIAIS ...eeeiieeeeiiiite ettt e e e e e e e e e eee s 154
6.2.3 PrOCEAUIE ...ttt ettt e e e e e rnnnneeeeeeas 157
6.2.4 RESUILS. ... 158
6.2.5 DISCUSSION ....eiiieieeiiiiiiit ettt e e e e et e e e e e e s e e e e e e s s s rnnnneeaeeeas 173



6.3 Label assigning task ..............oooi e 177
6.3.1 PartiCIPANTS. .....eeieieiei e 179
6.3.2 Materials
6.3.3 Procedure

6.34 RESUIS....ee e
6.3.5 Discussion
6.4 Relationship between intelligibility scores aradegorization ability ............... 193
6.5 DISCUSSION. ...t e nennnnne 200
6.6 SUMMATY ... eee ittt ettt ee e eees e e e ne s ne e neeeeeeeeenees 205
7 Production reSultS reVISItEA ...........oiiieeeeeriiiiiiieeee e 206
7.1 Production results reViSited .............ceeecceerviiiiiiiiiiee e 211
7.1.1 Intelligibility scores revisited........ o oeeeeeiiieiieee e 214
7.1.2 Overall FO patterns revisited ... eeeiiieiiiinieie e 219
7.1.3 Non-speech production revisited .........cccceeeeveeeiiiei e @2
7.2 DISCUSSION. ...tttteetee e ettt e e e e ettt e e e e e e e e st e e e e e s e esbe e eeeaeeeeas 238
7.3 ST 101> o 245
8  General discussion & CONCIUSION ...........coeeemmeieiiiee e e e e e 248
8.1 Summary of the findings and diSCUSSION ..cccccceeooeiiivviiiiiiiiiiieeeeeeeeeeeee, 248
8.2 Further improvements in the experimental design..............ccccvvviveieeeinnnes 257
8.3 UM ISSUBS ... e 259
8.4 (@] 141113 o] o IR 261
Appendix A: Questionnaire for English speaking s ...............ccooovvivvviiiiiiieiieeneee 266
Appendix B: The non-equidistance algorithm by Dalar(R009)..........cccceeeriieiaeeiaeneeeneenn. 267

Appendix C: Difficulties in quantifying the threeoustic parameters (i.e., FO peak location,
degree of FO fall and FO range) in the productiatacnd details of attempted analyses .. 269
Appendix D: Pilot study: three novel diacriticg fdiciting Japanese pitch accent

productions. 286

BIDlOgrapRY . ... 287



Xi

List of Diagrams

Diagram 3.1 Schematic illustration of three acceyges for a disyllabic word using

Diagram 6.2 Visual stimulintenemo) showing each diacritic on top of the word. ....... 180



Xii

List of Figures

Figure 3.1 Onset of the initial Nasal.........ccccviiiiiiiii e 75
Figure 3.2 Creaky phonation at the end of uttexdot...............oocciiiiiiiiiiiiiiieeeee 75
Figure 3.3 Example of utterance final /o/ withotgaky phonation...............cccceeveeeenn. 76
Figure 3.4 Breathy phonation at the end of UBEED/ .............cooooiiiiiiiiiiiiiiie e 76
Figure 3.5 The mean intelligibility scores of $meech productions............ccccccceeeeenns 84
Figure 3.6 Misidentification patterns, where NEipeAl (top) & A2 (bottom) were
identified aS AD.........ooiiiii e 87
Figure 3.7 Misidentification patterns, where NEeXf_(top) & A2 (bottom) were identified
AS AD. i —————— e e e e e e e ettt ettt e e e e e e e e e e aaaaas 88
Figure 3.8 Misidentification patterns of NEInexXf2 AS AL.........ocooeveiiiiiiiee e 89
Figure 3.9 Misidentification patterns of NEexp A2AL.............cceeeeeiiiiie e 90
Figure 3.10 Misidentification pattern of NEINeXpLAS A2. .......coeeiieeiiieeiiieeieee e 91
Figure 3.11 Misidentification patterns of NEexp AdA2. .......ccccooiiviiiiiiiiieiiee oo s 91
Figure 3.12 The average FO patterns of NJ indaligpeakers. ............ouvveevvvvvvvnnnnnnsimm 95
Figure 3.13 The average FO patterns of NEexp iddal speakers............................... 91..
Figure 3.14 The average FO patterns of NEinexjvidal speakers. ...........ccccvvvvvvvvvinnnns 99
Figure 5.1 Creaky phonation at the end Of /aleeeec.....evveeeeiniiiiiiiiice s 123
Figure 5.2 Example of /a/ without creaky phonaoiding ...............ccccceeveeeeiniiiiiiim 124
Figure 5.3 Breathy phonation at the end of /al..............ccviiiiiiiiiii e 124
Figure 5.4 The average FO patterns of NJ individpaakers. ............cccccceeeiiiiiiinnn. 126
Figure 5.5 The average FO patterns of NEexp iddalispeakers. ...........cccccvveveeeeinnnne 8§12
Figure 5.6 The average FO patterns of NEinexpriddal speakers. .........c.ccccceeeiriiineeenn. 130
Figure 6.1 The mean percentage of Al reSpONSEBHD SEP. .....evvvvvrrrrrrrermriiiiiinniinnnn 160

Figure 6.2 ABX individual performance for partiamts who were excluded from the probit
= = ] U 166
Figure 6.3 Mean percentage of Al responses to €ap, excluding eight participants. . 169
Figure 6.4 Mean labeling accuracy (%) and thedstechdeviation of the three groups. ... 184
Figure 6.5 Mean labeling accuracy (%) and standakdation for the three groups without
the eight non-categorical participants.187Figude 7T he average FO patterns of
NJ individual SPEAKEIS......ccoiii i 223
Figure 7.2 The average FO patterns of NEexp iddai speakers excluding one non-
categorical PartiCiPaNt. .............vvueuiirceeeeeeeeeeeerrrerrerrrrrrrrrr i ——————— 224

Figure 7.3 The average FO patterns of NEinexpviddal speakers excluding three non-



categorical PartiCiPaNtS. ..........cvvvveivieeiiieeeeeeeeeeieeererer e ——————— 225
Figure 7.4 The average FO patterns of non-categddE participants............cccccccvnnnnnnee 228
Figure 7.5 The average FO patterns of NJ indilids@eakers in their non-speech
PrOQUCTIONS. ...ttt ettt e e e e e e e e e e er s 231
Figure 7.6 The average FO patterns of NEexp iddai speakers excluding one non-
categorical participant in their non-speech prodmst ..................cccceeeeeeenn. 232
Figure 7.7 The average FO patterns of NEinexpviddal speakers excluding three non-
categorical participant in their non-speech prodmst ..................ccccveeeeeenn. 233
Figure 7.8 The average FO patterns of non-categloNE participants in their non-speech

010 11T 4o 1 1= 237



Xiv
List of Tables
Table 3.1 Characteristics of English speakingigipeints (NEinexp and NEexp learners). 65

Table 3.1 Characteristics of English speakingigipeints (NEinexp and NEexp learners). 65

Table 3.2 Test items (Al indicates accent on itse $yllable, A2 indicates accent on the

second syllable and AOQ indicates unaccented) ..., 67
Table 3.3 Warm-up items (30 WOITS) ......... o eeeeeeeeeraiaiiiinreieeeeeeeesasnreeee e 69
Table 3.4 Schematic illustration of the locatidrite FO peak alignment...................... 8.7

Table 3.5 The mean percentage of times that Japap#ch accent produced by the
participants was identified as intended by natigEsS. ...........ooocvvvvivieieeennnnns 83
Table 6.1 The mean percentage of times that thiipants matched thé®¥stimulus to the
correct member of the AB pair. .........coooe e 150
Table 6.2 Log value and absolute value of thetionaof the FO peak alignment for each
] (=] o J TSP P PP 157
Table 6.3 Mean and standard deviation of the stopkcategory boundary (CB) among the
LU R LTI 0 (00T o1 PP 167
Table 6.4 Individual scores on the ABX task udimg canonical tokens..................oee... 173
Table 6.5 Stepwise multiple regression analysisneming the relation between
intelligibility and the four categorization abibs.......................cccce, 196
Table 6.6 Stepwise multiple regression analysishaut the eight non-categorical
participants examining the relation between ingiddility and the four
categorization @bilitieS. ........cccoeeiiie s e 197
Table 7.1 The mean percentage of times that &apapitch accent produced by the
participants were identified as intended: inteblitiiy scores with non-categorical

participants eXCluded. ... s 216



1 Introduction

1.1  Aimsof thethess

Learning another language often requires tremeneffas for adult learners. Learners need

to acquire a wide range of linguistic featureshe target language in order to master the

language, including grammar, semantics, phonolpggnetics and pragmatics. One of the

most challenging areas for adult second languaggl@darners, however, is known to be L2

speech production (e.g., Major, 2001; Sheldon &r&je, 1982).

It is widely observed that L2 adult learners oftace great difficulty in learning some

L2 contrasts. Non-target like L2 production iseoftdetected as ‘foreign accent’ by native

speakers. Even for fluent L2 speakers, foreigremicis easily detectable in their speech by

native listeners of the target language. The na&im of this thesis is to investigate the

factors behind foreign accent in the adult L2 spesuisition of prosodic contrasts, using

cross-linguistic empirical evidence. What couldibe explanation for foreign accent?

To explain the general speech production mechanges language, a number of

models have been proposed (e.g., Dell, 1986; Le{889; Levelt, Roelofs & Mayer, 1999;

Liberman, 1996). The models differ in many wayscls as the processing order, the

processing type, the intermediate units, the nurobenit levels, and whether they include

feedback systems. However, these speech modeisteemgree on three main components



involved in the speech production mechanism: imrotess, output process and mental

representation. In brief, the input process ingslperceiving phonetic signals. The output

process involves phonetically realizing the sigremsspeech. Then there is also the stored

mental representation, which is related to theitgbib associate phonetic signals with

phonetic representations and the ability to retrimtevant information from phonological or

lexical representations when we implement speeBlven though these models are not

proposed as a language learning model for L2 spaeghisition, the abilities that are related

to these three components have also been founa toruial for L2 speech acquisition

regarding foreign accent. For adult L2 learnersathieve target-like productions, the

literature suggests that three abilities are thefletors: 1) learners’ ability to differentiate

the acoustic correlate of the target L2 contrasickvis related to input process (e.g., Polka

& Werker, 1994; Werker & Tees, 1984), 2) learnatility to articulate the acoustic correlate

of the target L2 contrasts, which is associated wilitput process (e.g., Esling & Wong,

1983; Kerr, 2000), and 3) learners’ ability to gpteze the target L2 contrasts, which is

related to mental representation of the targetgoates (e.g., Best, 1995; Flege, 1995; Flege,

Bohn & Jang, 1997).

According to the literature, one possible explarafor foreign accent focuses on the

input process. Since the learners are adults ke hlready mastered a complete set of L1



sounds as a sound system, L2 learners may havedessptual sensitivity to the relevant

acoustic correlates of non-native sounds, and sy tmay have more difficulty in

differentiating the acoustic dimensions which aimguistically irrelevant in their L1.

Another possible explanation has a focus on oytpatesses. L2 learners seem to have a

problem in articulating target L2 contrasts, preabiy due to lack of practice in using the

relevant motor control skills. A further possitjlfocuses on mental representation. In this

view, foreign accent could stem from a problemategorizing target L2 sounds. As we will

discuss later, categorization ability can be deamsmafd into three elements: linguistic

perception, categorization and lexical assignmemguistic perception refers to the ability

to perceive the phonetic difference in the targgchntrasts and classify each token into the

appropriate L2 category. Categorization refersthe ability to associate the phonetic

patterns with the target L2 categories, somettiag)is related to phonetic representations of

the categories. Lexical assignment refers to thilityato assign L2 categories to lexical

items, which is related to lexical-phonologicalnieatations of the categories. A problem in

categorization could be due to cross-linguisticfedénces as well as cross-linguistic

similarities. However, by learning to associate thlevant acoustic information with the

target L2 categories and to associate the L2 caegwith lexical items in the L2, learners

may be able to form phonetic and lexical-phonolabiepresentations of the L2 target



categories.

In this thesis, we aim to account for foreign at¢cenadult L2 learners through

evaluating these three potential factors. Prevgiudies have focused on one of the three

potential factors but not on a combination of thesdtiple factors. However, it is important

to evaluate the potential interactions between ehésctors in order to deepen our

understanding of the issue of foreign accent in ltRespeech acquisition. Hence, by

examining different but related abilities in themsalearners, we aim to evaluate these three

potential factors to see how far these factors egplain the foreign accent of adult L2

learners. As a secondary aim, with a cross-sedltiapproach, we intend to provide

empirical evidence of whether or not the naturdeafners’ problems with foreign accent

changes as they gain L2 experience.

The following methods will be used in order to @i these goals. This thesis will

examine cross-linguistic empirical evidence of t2eacquisition of one aspect of Japanese

prosody by English learners, namely Japanese legitzh accent. We will also test two

groups of English learners of Japanese — expedeand inexperienced — in comparison

with Japanese native speakers. We will exploiptdsody for the insights that it can give us

into the issue of foreign accent. Thus far in stadif foreign accent, the main attention has

been paid to L2 segmental contrasts. Howeverhanatrucial area for the issue of foreign



accent is L2 prosody. Prosody has been found goifiantly influence the auditory

impression which native speakers of the targetdagg make of an L2 speaker’s accent.

Moreover, the area of L2 prosody allows us an dafgc/aluable means of investigating

foreign accent in L2 prosodic acquisition, sincegadic variables (such as stress, length or

pitch) tend to play a cross-linguistically diffetewle between languages while at the same

time retaining significant cross-linguistic simitigs. Only a limited number of studies have

so far investigated L2 prosody in relation to fgreiaccent (e.g., Flege, Munro & Mackay,

1995; Mennen, 1998; Mennen, 1999; Mennen, 2004abhay 1997).

The key acoustic correlate of Japanese lexicah@tzent is fundamental frequency

(FO). In Japanese, FO has a lexical function, ihat distinguishes lexical items, unlike in

English, where FO by itself does not have the fioncof distinguishing lexical items. In

both Japanese and English, however, FO has a pliuastion, namely, of distinguishing

intonation patterns. To learn L2 intonation patsesuch as for questions or statements, L2

learners need to form the phonetic categories @firitonation patterns and also make the

association between the target FO patterns witlattget function. However, to learn lexical

pitch accent, L2 learners need to go beyond thid, @so learn the arbitrary connection

between the categories of the accent types andlegicial item in the L2. Therefore, the

acquisition of Japanese lexical pitch accent cstaray English learners can provide a good



testing ground to illustrate the cross-linguistifedlences between learners’ L1 and L2.

Specifically, in cases like Japanese lexical pi#cbent, a key acoustic correlate of an

L2 contrast differs from the L1 in one of its fuiacts while sharing another function with the

L1. This offers great potential for shedding ligitthe issue of foreign accent. In such cases,

the linguistic function of the key acoustic cortelaof the L2 contrasts may not be

completely foreign to the L2 learners, since thisp aise the shared function in their L1, yet

they still need to learn the different functiontlbé acoustic correlate as it is employed in the

target L2. To be able to signal the functionafettdnce, L2 learners need to learn that the

target L2 categories are acoustically similar te #guivalent L1 categories but yet play a

different linguistic role. To aim at target-likeqductions, the learners may therefore need to

be able to hear the phonetic difference of the &2gories within the range of the L2, not

within the range of their L1. However, the leameray have problems in doing so because

they can hear only the phonetic difference whigmais the function in their L1. In addition,

target-like productions may require the L2 learnterbe able to (re-)associate the relevant

phonetic information with each of the target L2egatries from the association that they

have for their corresponding L1 categories. Sitlee association between the phonetic

patterns and the L1 categories are closely linketthé L1, the learners may have problems

in taking the same phonetic information and assiogjat with the target L2 categories.



They may also need to learn new labels for theetat® categories. Ultimately, the

learners may also need to understand associateimgén the L2 categories and their roles

in the L2 that are different from their L1, in ord® achieve native-like productions.

Moreover, motor control skills or phonetic implertegions that are required to signal target-

like L2 contrasts could be specific to the L2 fuot Thus, the cross-linguistic difference of

FO function between Japanese and English allowe sked light on potential problems for

English learners of Japanese when they make thigifunal difference in their productions

of Japanese lexical pitch accent: whether the érarmave problems in perceiving the

relevant phonetic signal, in phonetically realizitige signal, or in forming phonetic and

phonological representations to link these two.

By examining our experimental data, this thesigeskks the following six questions:

1) whether or not native speakers of English sham-target-like patterns when their

productions of Japanese pitch accent are compatkdhese of native speakers of Japanese;

2) whether or not native speakers of English hawablpms in perceptually differentiating

the target FO contours; 3) whether or not Engligdakers have problems in articulating the

target FO contours; 4) whether or not English spealhave problems in categorizing

Japanese lexical pitch accent contrasts, with oategion considered in terms of its three

components, linguistic perception, categorizatiod exical assignment, 5) whether or not



these three factors can explain the non-targetdiogluction patterns of English speakers;

and 6) whether or not the production problems ajliEh speakers change as they gain L2

experience.

To answer these questions, we first examine thdustions of English speakers in

terms of the auditory impression of native spealofrdapanese (i.e., intelligibility scores)

and overall descriptions of their FO patterns imparison to Japanese speakers’ productions.

We then move on to the evaluation of each of theetlpotential factors related to foreign

accent. A more detailed overview of the thesjwr@svided in the following subsection.

1.2 Thesisoverview

The chapters of this thesis are organized as fsllow

In Chapter 2, we review the previous studies arifm accent which motivate this

study, including a presentation of how foreign atedness has been assessed in the

literature. We also review the three factors whielve been suggested to lie behind foreign

accent; 1) problems in differentiating the primagpustic correlate of the target L2 acoustic

contrasts, 2) problems in articulating the primacpustic correlate of the target L2 acoustic

contrasts, and 3) problems in categorizing theetatg@ contrasts. We then describe the key

characteristics of lexical pitch accent in Japar(ese Tokyo Japanese) and also the cross-



linguistic differences in FO function between Jasnand English. In the last section of

Chapter 2 we describe the methodological stratagied in this study.

There are then five chapters covering the expettisnenwhich the same groups of

learners were tested in different ways. Chaptere3ents the production experiment, where

imitations of Japanese lexical pitch accent produbg native speakers of English are

compared with those produced by native speakedsypdnese. Two groups of learners are

tested, differing in the amount of L2 experiencee.(i experienced and inexperienced

learners). The comparisons between the groupsrinst of intelligibility scores and the

descriptions of overall FO patterns allow us to meixe whether or not the learners’

production patterns show non-target-like (i.e.efgn accented) productions, and how they

are different from native speakers’ patterns. adcheof the subsequent chapters, different

factors of interest related to foreign accent avestigated.

Chapter 4 presents a perception experiment usingspeech stimuli (i.e., FO

contours which are extracted from canonical tokefislapanese lexical pitch accent

contrasts). This experiment helps us to evaldaektent to which it is plausible to suggest

that learners’ foreign accent problems are dueiffculties in differentiating the acoustic

correlate of the target L2 acoustic contrasts atsgfdahe input process.

Chapter 5 presents a production experiment usgiagsame non-speech stimuli as
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were used in the perception experiment in ChapteFle overall FO patterns produced in

the non-speech imitations by the English learndrdapanese are compared with those

produced by native speakers of Japanese. Thisslis to examine whether or not learners’

problems in their speech productions are relatethéar ability to articulate the acoustic

correlate of the target L2 acoustic contrasts asgfdhe output process.

Chapter 6 presents three perception experimenishwaim to examine three

different aspects of learners’ categorization gbfli.e., linguistic perception, categorization

and lexical assignment). The first perception expent uses canonical tokens of Japanese

lexical pitch accent contrasts, and allows us &mdse whether or not the learners are able

to hear the difference between the tokens andassify the target item into the L2 category

based on similarity judgments. The second peroeptixperiment uses stimuli on the

relevant continuum. It allows us to test the leashability to categorize the target L2

contrasts and to diagnose whether the learners foaveed phonetic representations of the

L2 categories by associating the phonetic inforamativith the L2 categories. The third

perception experiment involves assigning labelsprdvides us with a means to examine

whether or not the learners have problems in asgjgine L2 categories to a lexical item

and allow us to diagnose whether the learners hirened lexical-phonological

representations of the L2 categories.
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Chapter 7 builds on the findings of Chapter 6, istiewill be shown that a subset

of the learners who had problems in classifyingruaauy items (categorization) and also

were not able to assign the L2 categories to Iédiems (lexical assignment) seem to have

problems with phonetic and lexical-phonologicalresgntations of the target L2 categories.

These learners tended to show different patteom the rest of the group members. Hence,

Chapter 7 re-discusses the whole results that fgarel to be related to the learners’ foreign

accent after excluding these learners. This hedp® specify the learners’ problems behind

foreign accent and allows us to evaluate the piatienteraction of the factors further.

Chapter 8 presents a summary and general disousktbe findings obtained in this

study, with a focus on evaluating which factor faectors) is best related to foreign accent.

We then discuss the conclusion which this thesimesoto. Lastly, the chapter ends with

some further issues for future studies.
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2 Background

2.1 Introduction

In this chapter, the background information whicbtivates this study is presented. First,
the issue of foreign accent is described. Nextehissues that could be associated with
foreign accent are introduced. Then, the key dtaratics of Japanese lexical pitch accent
(Tokyo Japanese) are presented in terms of thdidunof FO, and also in terms of cross-

linguistic difference between Japanese and Englishstly, a methodological overview of

the data collection of this research is provided.

2.2 Foreign accent

What is foreign accent? Foreign accent is usuddcribed as the perceived degree of non-
nativeness of L2 learners’ speech productions,darethe overall impression of the native
speakers of the target language. It has a grgairtance not only because it could be used
as a means to measure the fluency of the learbetsalso because of its relation to other
factors, such as age of arrival (e.g., Flege, Binds Bialystok, Mack, Sung & Tsukada,
2006), L2 experience (e.g., Flege, Bohn & Jang7198bciolinguistic variation (e.g., Major,
2001), speaking rate (e.g., Hirata, 2005; Munr®8)®r social distance (e.g., Al-Issa, 2003;

Schumann, 1976). In addition, other factors that discussed to be relevant to foreign
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accent; gender, motivation, length of residenceidwhs often used as an index for the

amount of L2 experience), formal instruction in €assroom, the amount of L1/L2 daily

use, and language learning aptitude (e.g., musalaidity or mimicking ability) (see Piske,

MacKay & Flege, 2001). As we can see, foreign atdms been widely discussed and

investigated in the field of L2 speech studies.wieer, no straightforward answer to the

question about the factors behind foreign accetit eonclusive evidence has emerged so far.

More specifically, no clear answer has been foumdvhat is contributing to non-target-like

productions of L2 learners.

Foreign accent is often measured as an overalt@aydmpression given by native

speakers of the target language in terms of ‘igibllity’ or ‘comprehensibility’ (e.g.,

Derwing & Munro, 1997; Major, Fitzmaurice, Bunta Balasubramanian, 2002). Various

other methods of evaluating L2 learners’ foreigeestedness have been also used in the

literature. One method is to transcribe learnpreductions in order to compare them with

the target productions (e.g., Catford & Pisoni, @9 Neufeld, 1988; Yang, 1996).

Alternatively, acoustic measures of the acousticetate of the target L2 contrasts can be

used as a means of identifying the criterion farign accent. For example, in case of

vowel contrasts, the movement of the first andgbeond formant (F1 and F2) have been

measured as the acoustic correlates of vowel haigtitfrontness in both languages (e.g.,
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Bohn & Flege, 1997; Barry, 1989; Flege et al., 1991 case of stop contrasts such as /t/-/d/
(e.g., Flege & Efting, 1987) or /p/-/b/ (e.g., Ga$884), VOT was measured to assess the
degree of foreign accent as the acoustic correfateicedness in L1 and L2.

These methods of evaluating L2 learners’ produstioaive had varying degrees of
success. Although the transcription method coeldbéneficial, it requires special skill that
needs to be trained. However, in everyday lifegeiffn accent can easily be detected by
untrained listeners without such skills. Hence, titanscription method may not capture the
overall auditory impression of learners’ productiowhich native listeners of the target
language experience. In addition, it has been @dsated out as a problem for this method
that transcription systems are not always condistenoss languages (e.g., Flege et al., 1997;
Yang, 1996). For these reasons, using the trgotsxrimethod for assessing foreign accent
may not be appropriate. Alternative methods faeasing the degree of foreign accent in
the existing studies can be generally classified fwo types; intelligibility measurésnd
acoustic measures. Auditory judgements by nafpaalsers, i.e., intelligibility ratings, are
very informative as they reflect the overall immies of non-nativeness which native
speakers experience when they hear learners’ spweductions. This is the essence of

foreign accent. However, the disadvantage of ligtkility measures is that they could

! By ‘intelligibility, | intend to mean whether orot the target token can be identified by the native

speakers of the target L2 as intended.
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allow researchers to overlook distinctions which tarners may be phonetically realizing

in their productions (but which may not be appafesrn the judgments of native speakers).

On the other hand, the advantage of acoustic messsithat they do allow researchers to

capture specific details of the phonetic differengelearners’ productions of the target L2

contrasts. Although acoustic measures also redquameed skill for analyses, this method

allows us to evaluate the degree of non-nativebpgs®mparing the acoustic differences that

are not affected by the auditory judgment on a@mgss. Nonetheless, it is possible that

acoustic measures may not fully reflect native kpesA overall impression. It is possible

that learners’ productions are intelligible yet g@ved as having foreign accent. This

foreign accentedness may stem from phonetic differe in their productions that are not

fully target-like. For these reasons, both inggtility measures and acoustic measures

would mutually fill their weaknesses in evaluatlegrners’ foreign accentedness.

Some studies use only intelligibility scores foe thssessment of production data

(e.g., Borden, Gerber & Milsark, 1983; Rochet, 1,998kamoto, 2003; Sheldon & Strange,

1982) while other studies use only acoustic measenés of the relevant acoustic correlates

of the target L2 contrasts (e.g., Barry, 1989; B&8hAlege, 1997; Gass, 1984). For instance,

Goto (1971) and Borden et al. (1983) used the jugsof native speakers of English as

intelligibility scores for L2 learners (native speas of Japanese in this case), whose task
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was to produce minimal pairs of English words conita either /r/ or /I/. The intelligibility

scores were calculated from the proportion of theral success as to whether each

production of the native speaker of Japanese vetifttd as intended. On the other hand,

Bohn and Flege (1997) acoustically measured thatidurand the formant values of English

vowel contrasts §/-/ee/) produced by the L2 learners (native speakér&erman) and

compared the learners’ values with the values medwby native speakers of English. In

another study, Gass (1984) measured the VOT valaeiiced by L2 learners with different

L1 backgrounds to compare English stop consonantrasts (/b/-/p/). These are some

examples of the studies which used either intdliify scores or acoustic measurements for

evaluating the learners’ productions. Only a féewdes have used a combination of both

types of analysis (e.g., Flege, 1993; Flege, Bohia&g, 1997). For example, Flege et al.

(1997) calculated the intelligibility scores of thearners’ productions of minimal pairs of

English words containings/-/ee/ or /i/-k/ as the criterion. In addition, they measured the

acoustic values of each vowel in terms of duratianyel height and frontness/backness.

Intelligibility scores provide indeed an importagriterion for assessing learners’

production data. As one of the main aims of L2uggitjon is to be able to communicate in

the target language, it is crucial whether or ma& stterance is identifiable by the native

speakers of the L2. However, despite its imposearnt we only measure intelligibility
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scores, we solely rely on the judgments of raten® \are native speakers of the target

language. These judgments have limitations inolydihe fact that they may not be able to

capture more precise details of the data. Therg b®a some minor but systematic

differences which exist in the data but which cdnbe found in the results of the

intelligibility scores. Therefore, although iniglbility scores may be sufficient to

investigate foreign accent, by combining both typésanalysis, it should be possible to

explore and understand the data more accuratelfheashortcomings of the two methods

will be mutually supplemented.

Previous studies have focused on L2 segmentalasintto investigate the issue of

foreign accent (e.g., Flege 1998isterri 1995; Sakamoto 2003; Strange 1995). However,

some studies suggest that a larger role for prosndforeign accent perception than

segments (e.g., Boula de Mreuil & Vieru-Dimules2006; Magen, 1998). Since prosodic

errors are more likely than segmental errors ttuanfice the impression of foreign accent

(Kawano, 1998; Pennington & Richards, 1986), itciear that the investigation of L2

prosodic contrasts as well as segmental contrastsportant for studies of foreign accent.

What is also unique about prosody from the pointiefv of foreign accent is that prosodic

variables such as stress, length or FO tend toglifferent role cross-linguistically. While

both the L1 and L2 of the learners sometimes shia@eacoustic property of prosodic
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information, a different function may be assignedthe acoustic property in different

languages. In this case, learners have to leamntdiaise the relevant prosodic parameter in

terms of its function in L2 to produce and identif contrasts. A failure to do so may

result in foreign accent or poor identification laii

This can be exemplified with FO, which is used othbthe Japanese and English

speech system, yet it plays a functionally diffémete in the two languages. In Japanese, FO

is used for lexical distinction as well as intopatipatterns. Meanwhile, in English, FO is

used to distinguish intonation patterns but noiclixitems. Although FO is used in the L1

English speech system, foreign-accented speeclbdes observed in the Japanese lexical

pitch accent contrasts produced by English spedkegys Hirata, 1999; Toda, 2003). These

studies showed that native speakers of English Q#freulty in producing Japanese lexical

pitch accent contrasts with foreign accent. Therefthe investigation of L2 prosodic

contrasts is a good testing ground for issues i@iga accent, and has the potential to help

us understand the L2 speech learning mechanism ecoanprehensively.

What, then, could be the potential explanation flmeign accent? Let us now

consider three potential factors which have beparsgely investigated in the literature.
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2.3 Difficulty in differentiating the acoustic correlate of L2 contrasts

One possible explanation for L2 speech problemshiess discussed in terms of loss of

perceptual sensitivity, i.e., loss of the abilitydifferentiate sounds which are linguistically

irrelevant in learners’ L1. According to this views a problem in the input process of

speech productions, foreign accent is caused by ddsthe ability to differentiate the

phonetic property which is relevant in the L2,,iemployed to signal L2 contrasts. In the

L1 acquisition literature, children show perceptsehsitivity to native contrasts even before

they can produce these contrasts, and their per@egnsitivity is found to be tuned into the

target phonological system within the first yeallit# (e.g., Polka & Werker, 1994; Werker

& Tees, 1984). Indeed, Werker and Tees (1984) shaivthere is a significant decline in

infants’ perceptual sensitivity, as seen in thditgbio differentiate non-native contrasts,

between 6 and 12 months of age. This suggestshibria is some degree of loss of ability to

discriminate non-native sounds as a function of géerms of acoustic perception. |If

learners are not able to distinguish the relevénanptic property triggering the target L2

contrasts, they may not be able to translate ttometic differences between the contrasts

regarding the phonetic property into linguisticafheaningful units. Hence, it is possible

that adult L2 learners cannot make linguistic didibns between the target contrasts

regarding the phonetic property in their productiofithe target L2 sounds. Alternatively, it
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is also possible that the ability to perceive défeces regarding the acoustic correlate of the

L2 contrasts and the ability to produce these diffiees are independent from each other.

It has also been argued that, due to biologiadaes related to brain plasticity, once

we have lost perceptual sensitivity to non-nativernsls, we cannot regain it, at least after a

certain age around puberty (Lenneberg, 1964). wilicg to the Critical Period Hypothesis

(which hypothesizes that there is a critical perfod learning speech (Scovel, 1969;

Patwoski, 1989)), the chance of adults being ablearn L2 sounds is considerably low, as

they have already lost the perceptual sensitivitjan-native sounds. For example, Goto

(1971) reports poor discrimination ability in addpanese speakers whose task was to

distinguish two English words containing /r/ andl /IThe question therefore arises of

whether or not loss of perceptual sensitivity cdogda good indicator of poor pronunciation

ability reflected in the foreign accent of adult lgarners. Miyawaki, Strange, Verbrugge,

Lieberman, Jenkins & Fujimura (1975) found thatalese listeners who were unable to

discriminate /ra/-/la/ syllables, were able to diminate isolated F3 stimuli taken from these

syllables. Iverson, Kuhl, Akahane-Yamada, Diesbhkura, Ketterman and Siebert (2003)

found that Japanese listeners were more sensaiwdifferences in F2, which is not the

crucial acoustic property, than the relevant déferes in F3 for the English /r/-/l/ contrast.

These studies suggest that even though learneesrivcompletely lost sensitivity to the
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relevant acoustic correlate of the target contastare able to hear the differences between

the acoustic properties, sensitivity to a cert@ioustic property could be influenced by their

L1s and they could be more attentive to a lingeadty irrelevant acoustic property rather

than the actual acoustic correlate of the L2 cshtra

Werker & Tees (1984) found that native speaker€flish could discriminate

extracted consonant parts of Hindi dental and flettostops (i.e., the ejective portion

consisting of the burst and the beginning of tlangition), although not the original CV

syllables. Best, McRoberts & Sithole (1988) alsorfd good discrimination ability of Zulu

clicks by native speakers of English. These figdinndicate that L2 learners have not

completely lost perceptual sensitivity to non-natphonetic properties but that instead a

phonological problem may be involved in the L2 teas’ difficulty. In other words, it is

possible that adult L2 learners are not “acoudyicdgaf”’ to the relevant phonetic property

but “phonologically deaf’. This implies that leans may have a problem in phonologically

associating the acoustic information and the reieliaguistic information in the target L2

since the information of the relevant acoustic prop is masked by other linguistic

information in a linguistic context. Although le&rs may be able to distinguish acoustic

differences between the target L2 contrasts reggritlie relevant acoustic property in a non-

linguistic context where they can focus on thatpprty. However, they may not be able to
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hear the differences once the relevance acoudferaeiices are embedded in a linguistic

context, where it may be difficult for learners fiacus solely on the relevant acoustic

property. If L2 learners maintain perceptual s@rsgi to non-native sounds in the L2, the

perceptual sensitivity account seems less likelgravide a sufficient account of the foreign

accent of L2 learners. It is less plausible whethlthe L1 and L2 share the prosodic

property which signals L2 contrasts while employithge same prosodic property in a

functionally different way. When learners are ligjically familiar with the acoustic

correlate of the relevant prosodic property in ithHel speech system, it is possible that

learners would be sensitive to the acoustic cdeadé the target L2 contrasts regardless of

the degree to which they have acquired the L2. éd@n there is no guarantee that learners

have good acoustic perception ability.

In the case of Japanese lexical pitch accent sitigui by English speakers, for

example, it is not likely that native speakers aofgksh have lost their sensitivity to FO

differences since FO is also used in English.hil ts correct, the problem in the ability to

differentiate the acoustic correlate of L2 consast part of the input process would not be a

plausible explanation for foreign accent. It issgible that English speakers are not as

equally sensitive to the acoustic correlate of dapa lexical pitch accent, i.e., FO, as

Japanese speakers. Alternatively, it is also ptessihat even though English speakers are
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sensitive to phonetic differences of FO in Japarles&al pitch accent contrasts, these

phonetic differences may be masked by the linguistiormation in a linguistic context.

Some L1 acquisition studies show the evidence Emaflish-learning infants become less

sensitive to certain types of FO contours by 9 m®it comparison to infants learning tone

languages such as Chinese or Yoruba as their Lds tarrison, 2000; Mattock, Molnar,

Polka & Burnham, 2008).Hence, it seems profitable to investigate learnaislity to

differentiate the acoustic correlate of L2 consase., FO, where we could put the linguistic

information aside. If the learners still show dbuagood ability to differentiate FO

differences as native speakers in a non-linguisbatext, then we could discard the

possibility that the difficulty is due to lack obiity to differentiate the acoustic correlate of

L2 contrasts.

2.4 Difficulty in articulating the acoustic correlate of L2 contrasts

As part of the output process of speech productibrieas been also proposed that a factor

behind non-target like productions of L2 contrasiay be articulatory or motor processes

(e.g., Esling & Wong, 1983; Kerr, 2000; Mennen, |3me, De Leeuw, Schaeffler &

Schaeffler, 2010; Strange, 2007). According te thaim, L2 learners may have difficulties

in the production of L2 sounds, not because theypaysiologically unable to produce them,
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but because they have not had enough practicepariexce in using the oral/nasal space or
adjusting articulators such as tongue, lips or jawthe way that is required to produce the
target L2 contrast. Hence, it could also be pdsdiat when English speaking learners
produce Japanese lexical pitch accent contrastshwdiverge from the native patterns, this
may be due to imperfect mastery of the articulatmrynotor processes that are relevant for
producing Japanese lexical pitch accent contrasid$,which might be independent of the
linguistic function of FO.

Catford & Pisoni (1970) looked at non-native saaislich as glottal stops or close
back unrounded vowels) learned by native speakeenglish. After providing the learners
with training for articulatory postures and movemsethey found that the learners showed a
significant improvement in the degree of targeélikroduction (73% accuracy) while
another group, which was not given such trainind, bt show such good accuracy in
producing these sounds (32% accurdcihe importance of these results is partly thayth
indicate that it is not impossible for adult L2 rfeers to learn to produce the acoustic
characteristics of non-native sounds when they given articulatory practice which is
relevant to the target sounds. Just as importahtyever, these results suggest that L2

learners were nevertheless having a problem iouating L2 sounds, since their accuracy

2This group had an auditory training instead, whitse learners had to listen to the target sounds
repeatedly. For this reason, these learners aksm $0 have learned how to produce them through the

training, since the accuracy level was not compjetero.
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was no higher than 73%. It seems that the artionlgproblem shown by the learners

manifested itself as divergence from the targetmior their production results (which were

assessed based on how target-like each productep w

More recent studies also provide evidence in suppbithis argument. Thoren

(2006) investigated phonological quantity differemcin Swedish acquired by a native

speaker of Polish (Polish does not exhibit suckindiBons). Thoren’s results showed that

the duration of long and short vowels producedheyrtative speaker of Polish was similar to

that produced by a native speaker of Swedish. Mewehe duration of long and short

consonants produced by the Polish speaker showedtides from those produced by the

Swedish speaker. Moreover, the Polish speakerupestia greater durational vowel ratio

compared to the Swedish speaker. In additioneéselacoustic differences, the timing and

the magnitude of jaw and lip movements used byPbksh speaker tended to be different

from those used by the Swedish speaker when atioglthe target quantity distinctions.

This indicates that the divergent profile of thdevant acoustic correlate of the target

contrasts could be due to learner’s difficultiecontrolling the relevant articulators which

contribute significantly to signalling the targe2 lcontrasts. We should also note that this

study does not provide any evidence that the realibot stem from the learner’s perceptual



26

ability. Therefore, it is still possible that thearner also had a perceptual problem as well as

an articulatory problem.

Lowie and Bultena (2007) also showed that artiomatsettings for individual

articulators are difficult to acquire even for adead L2 learners. They investigated vowel

formants (i.e., F1 and F2) as a reflection of ttiealatory settings of tongue position and lip

shape, in the non-native productions of Dutch adedrearners of English. Their results

showed that the advanced L2 learners exhibitedystazhs which were rated as non-native-

like by native speakers of English. Interestinglgnong those learners who showed foreign

accent, there were some who were also unable ieva&cthe target-like articulatory control

that was measured in their study. On the othed hather learners who showed little foreign

accent used articulatory settings which were simidahe target norms. This indicates that

even as advanced learners, the Dutch speakershaeieg problems with the articulatory

settings for English vowels, and these learners sif®w divergent profile from the target-

norm. Hence, their results imply that the learnersn-native-like patterns in their

productions, perceived as foreign accent, mightdbe to their articulatory problems.

Another important point is that Lowie and Bultenaggest that acoustic analysis of the

acoustic correlate of the target L2 contrasts camded as a way of measuring articulatory

settings. Again, though, this study does not gle\evidence that the result was not due to
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the learner’s perceptual problems, and it couldefioee be possible that the learners had

perceptual problems in addition to their articutatoroblems.

With the recent development in technology, a fewdists investigated the language-

specific phonetic settings by applying ultrasouméges which allows us to examine actual

articulatory settings such as tongue positiongpoptotrusion (e.g., Gick, Wilson, Koch &

Cook, 2004; Wilson, 2006). Wilson (2006) showedtthrticulatory settings such as lip

protrusion and lip narrowing differ across Englislonolinguals, French monolinguals and

English-French bilinguals (Wilson, Horiguchi & GicR007). This implies that L2 learners

may have problems in achieving the target-likecaléitory settings and thus, not be able to

produce native-like tokens.

Taking these pieces of evidence into consideratiompuld appear that articulatory

or motor control problems may also be a sourcehefdifficulties, as well as perceptual

problems, which appear to be reflected in the prodns of English speakers whose FO

patterns diverge from the native norm when prodyclapanese lexical pitch accent.

However, these findings were limited to a small bemof participants and also apply only

in limited cases. Therefore, the question stithaens as to whether or not we can generalize

the suggestion that articulatory/motor control psses are a factor which contributes to the
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non-native patterns seen in the acoustic corretsitéise target L2 contrasts in the learners’

productions.

A related question of interest is to consider whappens when learners may be

familiar with the articulatory demands of the L2dhgh the articulatory demands of their L1.

For example, it is not clear whether or not naipeakers of English are having a problem in

articulating the different FO patterns of the difiet FO contours of Japanese lexical pitch

accent contrasts. Native speakers of English aereioly familiar with producing FO

movements at the phrasal (post-lexical) level tghountonation patterns in English,

something which, from the motor control perspectivey be similar to the production of

Japanese lexical pitch accent contrasts. ThereEmglish-speaking learners may not be

having a problem in articulating FO patterns inirthpeoductions of Japanese lexical pitch

accent contrasts. If we could investigate theicalatory ability to make FO movements by

somehow removing the linguistic function of the€enfovements, and if it happens to be the

case that they have a problem in articulating theseements, it would be possible to

explain the non-native-like FO profile of Englispesking learners by an articulatory

problem as part of the output process of speedatiuptmns.

However, producing FO movements to signal lexitains may yet require slightly

different articulatory/motor processes from prodgdhem to signal intonation patterns. For
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instance, lexical level FO movements may requieedtticulators to be controlled or moved

within a shorter period of time than those at theapal level. This implies that this may also

require different ability to understand the conimettbetween lexical items and phonetic

patterns. It is also possible that the problemEmglish-speaking learners may be entirely

independent from such cross-linguistic differencehe FO function between Japanese and

English. Taking these possibilities into accouhtseems reasonable to first investigate

whether or not the English-speaking learners aletalarticulate FO movements of Japanese

lexical pitch accent when we put aside the linguifstnction of FO in each language. If the

learners are having problems in articulating FO emoents, this in turn suggests the

possibility that the divergent FO profile of Engjlispeaking learners can be attributed to their

articulatory problem.

25 Difficulty in categorizing L 2 contrasts

Another important component of speech productiaésinternal mechanism that connects

the input process and the output process. Some dr@ued that it is not possible for adult

language learners to acquire L2 sounds after malrperiod (e.g., Patwoski, 1989; Scovel,

1969). In their view, it is not possible for aduf learners to form the target L2 categories.

Meanwhile, others maintain that the capacity oflald? learners to learn non-native sounds

has not been completely lost but rather it remanaslifiable (e.g., Best & Strange, 1992;
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Flege, 1995). In other words, they argue that exdhrit learners are still capable of learning

L2 speech to some extent. Among the researchessswpport this view, the problem of

categorization ability has been discussed as therrdiming factor for the non-native-like

productions of L2 learners. That is, accordinghie view, learners’ non-target-like patterns

in L2 speech productions can be explained in teritieir ability to categorize the target L2

contrasts. Hence, according to this view, foreagoent is the reflection of learners’ poor

categorization ability.

To explain non-native-like productions in L2 spgeexquisition, Flege proposed a

working model of L2 speech learning, i.e., the $pdecarning Model (SLM) (Flege, 1995).

This model was developed through a series of eagpisitudies which he conducted with his

colleagues. This model aims at capturing the l22ni|mg mechanism on the basis of the

perceived similarity between L1 categories and la2egories. It predicts that learners

assimilate their L2 inventory (i.e., category mernsb@) to their L1 inventory, especially in

the early stage of learning, when they have litReexperience. The more similar L2 phones

are perceived to be to L1 categories by a learther,more likely these items in the L2

inventory will be assimilated into the L1 inventorjiccording to this model, the problem of

categorization is due to this assimilation proceAs.a result, L2 learners may consider two

categories in the L2 to be one category. Becatigg@soassimilation, learners are not able to
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categorize L2 contrasts into two (or more) différeategories. If they are not able to

differentiate the L2 categories, learners may shmer production ability in terms of

achieving native-like norms for the target consasAs a result, this poor performance in the

learners’ production would be detected as forempeat. However, this model also assumes

that the perceived relation between L1 and L2 ssutidles not remain static and may

potentially change as a function of L2 experienc®nce learners become capable of

perceptually categorizing the target L2 contragitey will also be able to produce the

contrasts categorically. Therefore, the abilitycédegorize L2 contrasts seems to be a good

indicator for non-native-like productions of L2 tears.

Evidence in support of this view comes, for examjlom Rochet (1997). Rochet

tested the ability to produce and categorize Fremgh vowel contrasts, /i/-/y/-lul, in

Portuguese and English speakers as L2 learnereotl: Whereas there are phonologically

three high vowel categories in French, in both iprese and English there are only two

high vowel categories (i.e., /i/ and /u/ but ndf./yThe interesting difference between the

two categories in Portuguese and English was imvleeage F2 value of /y/. The average F2

value of the French /y/ happens to fall within ttaenge of the Portuguese /i/ category,

whereas in English, it happens to fall within thege of the English /u/ category. Rochet’'s

results showed that Portuguese speakers tendexittde and categorize French /y/ as /i,
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and English speakers tended to treat French /ju/am both cases like their own L1s. This

can be taken as evidence that non-native-like L&evgroduction may stem from the

learners’ categorization ability (i.e., the ability hear the difference between the target L2

contrasts and classify the target stimuli into theyet categories). In addition, this also

suggests that learners’ categorization ability roayinfluenced by how the target sound is

perceived in terms of their L1 categories. Fos tféason, Rochet’s conclusion was that

foreign accented productions of L2 learners areqpually motivated, i.e., motivated by the

problem of learners’ phonological representatiotheftarget L2 categories.

To investigate the connection between foreign riceed phonological problems,

Flege, Bohn and Jang (1997) also investigated desirnproduction and perceptual

categorization ability for the English vowel corstis £/-/ee/ and /i/-//. They tested L2

learners of English with different L1 backgroundet{ve speakers of German, Spanish,

Mandarin and Korean). These four languages diffehow native speakers use formant

movement and duration as acoustic cues to disshguowels. For example, Spanish

vowels show less formant movement compared with dlosest English vowels, while

duration does not play a role in distinguishing r8gla vowels. Korean has phonemic

durational contrasts between long and short voweBerman speakers use less formant

movement but more duration variation than Engligagers in differentiating vowels. If
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inexperienced learners classify L2 sounds as instanf the closest L1 sound category, the

use of the relevant acoustic cues in the learnetsivill play an important role in how

learners perceive English vowel categories in teomtheir L1 vowel categories. To test

categorization ability, Flege and colleagues cotetlican identification task by using a

synthetic continuum for each vowel pair, where tmegnipulated the relevant acoustic

correlates, i.e., vowel height and frontness/bas&ne They found that L2 learners’

perceptual categorization ability and their productability were indeed related. More

specifically, the results showed that the non-talige vowel height and frontness/backness

values of English vowels in learners’ speech coodd attributed to the learners’ poor

perceptual categorization for the target contradtee accuracy of the learners’ perception

accounted for 29.8% of the /il{/and 33.5% of thes/-/ae/ production data on average. In

other words, the learners’ perceptual categorinadinility could partially explain their non-

native-like production patterns. This also suggésat the categorization problem may be a

good indicator of foreign accent exhibited by Larleers. Flege et al. also found some

cross-linguistic differences in the learners’ parfance which could have been due to cross-

language differences in the perceived differencevéen their L1s and English. For

example, their inexperienced German speakers peefbrmuch more poorly in producing

and perceiving the difference between the Englisk/aé/ contrast compared to their



34

inexperienced Spanish speakers. Flege et al. medsthat German speakers tended to

identify realizations of Englishe/ and /ae/ as a single L1 vowel category such am@e#/

whereas Spanish speakers tended to identify thee damglish vowels as two different

Spanish vowels (i.e., Spanish /e/ and /a/).

On the other hand, the problem with SLM is thatKeege et al. (1997) point out) it

is difficult to test empirically how learners acllygperceive the relation between their L1

categories and the target L2 categories. It is difficult to predict which L1 category the

learners may perceive to be the closest to thetdr? inventories. Perhaps it is relatively

straightforward to predict the L1 candidate whichemtially falls within the target L2 values

in the case of vowels and consonants where thear@i@coustic correlate(s) seem to be used

in both the leaner's L1 and the target L2. Fotanee, in case of vowel contrasts such as in

Flege et al. (1997)'s study, the movement of thet Aind the second formant (F1 and F2) are

the acoustic correlates in both languages. Ocase of stop contrasts such as /t/-/d/ (e.g.,

Flege & Efting, 1987) or /p/-/b/ (e.g., Gass, 198ADT is the acoustic correlate used in both

the L1 and the L2. The categorization problem setarbe one plausible factor for foreign

accent based on the previous findings. Howevetthéncase of prosodic contrasts like

Japanese lexical pitch accent, it is not so sinplpredict the comparable L1 categories,

since although prosody is employed in many langsiagjee relevant acoustic cues vary
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widely from language to language. Hence, testingliable method itself requires further

investigation. One possible way could be to make of cross-linguistic differences

between the learners’ L1 and the L2 in terms offtimetion of the key acoustic correlate of

the target prosodic contrasts. Moreover, it se@ists feasible to test learners’ categorization

ability in terms of how the learners group L2 sasiito corresponding L2 categories. |If

learners do have a problem in categorizing theetatg@ contrasts, it could potentially be a

problem which may contribute to their non-targ&elproductions.

While the categorization ability account of L2 guation difficulty has been well

supported by experimental findings on L2 segmettatrasts, it has not gone unchallenged.

Several studies have reported that even thougleérhérs’ categorization ability was poor,

the learners nonetheless produced target L2 cesmtvaghout foreign accent, which may

seem to contradict the prediction above. Goto 1@nd Sheldon and Strange (1982) tested

learners’ production based on results from theifgpmance on an identification task where

the stimuli were speaker productions, and learngesteption skills were based on their

ability to identify canonical tokens of both natigpeakers’ productions and their own

productions. The finding of these studies was that learners were able to produce

canonical tokens of English words with /r/-/I/ o@sts which were identified by the native

speakers as intended. Meanwhile, the same learmads difficulty in perceptually
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categorizing the canonical tokens of the targetrests. As Sheldon and Strange (1982)

point out, this result may be restricted to advdric2 learners. In both studies, the Japanese

speakers whose production performance was bettar their perceptual categorization

performance were actually fluent learners of Eglisn other words, the learners in Goto

(1971) and Sheldon and Strange (1982) did not shhewgnificant amount of foreign accent

in producing target contrasts despite having caieggion problems. Hence, these learners

did not seem to have a foreign accent problem. é¥®w many studies report poor

production ability for the English /r/-/l/ contrdsy Japanese speakers (e.g., Kinnaird & Zapf,

2004; Komaki, Akahane-Yamada & Katagiri, 2002) amldo perceptual categorization

difficulty (e.g., Miyawaki et al., 1975; Takagi & &hn, 1995). The categorization ability of

L2 learners might be dynamic in nature and may ldgvduring the L2 acquisition process

along with L2 experience. In this case, we mag fimat experienced learners may be better

able to categorize the target contrasts than tke&perienced learners, due to their L2

experience. Hence, Flege and his colleagues hampoged that the performance of

inexperienced learners who exhibit poor productimght be explained by their perceptual

categorization ability. Unfortunately, the studi®s Goto (1971) and Sheldon and Strange

(1982) did not test inexperienced learners or déelssnced learners. Moreover, the results of

these two studies may imply that once perceptuedgeaization ability reaches a certain
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level in adult L2 learners, there may be a limit beyoridolv it does not develop further. It

might be that learners’ poor production can be @xreld by perceptual categorization ability

up to this level. Meanwhile, as learners’ productapproaches the native norms, it might be

that their perceptual categorization ability canlommger explain their production ability, as

their production ability may continue to developilehtheir categorization ability stops

improving. Therefore, this leaves room for invgation, in order to conclude whether or not

these results are indeed counter-evidence forategarization ability account for non-native

like productions. In addition, this also highlighthe importance of examining the same

learners longitudinally, or else cross-sectionaligis of L2 learners.

Another implication of these results is that we chée test two different kind of

learners’ categorization ability for better undargting of learners’ performance in

categorization tasks. Goto (1971) and SheldonSirahge (1982) used canonical tokens of

the target L2 contrasts, whereas studies like Ro(®97) and Flege et al. (1997) used

synthetic stimuli on a continuum of some relevaobustic correlate of the target L2

contrasts. With a perception task using canonatans, we can test learners’ ability to hear

the difference between the target L2 tokens andstia the target item into the

corresponding L2 category based on similarity judgts (i.e., linguistic perception). On the

other hand, since learners need to predict memipeshthe target L2 categories, a
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perception task using stimuli on a continuum reggitategorization ability that may require

phonetic representations of the categories (is#egorization). In addition to being able to

hear the difference between the stimuli, learneedrto associate the phonetic patterns with

the target L2 categories. This will be discussedariully below in 2.7.

26 Thekey characteristics of lexical pitch accent in Tokyo Japanese

26.1 FOparameterscharacterizing lexical pitch accent in Japanese

To specify what we need to look out for in the camgon between productions of learners

and native speakers, let us now overview the keyst@c characteristics of Japanese lexical

pitch accent that have been found in the literatuk&¥hat is described in this thesis as

‘Japanese’ refers to Tokyo Japanese, the varieighvit considered to be standard Japanese,

and the one which is usually taught as ‘Japanedtd L2 classroom.

In Tokyo Japanese, the number of accent types @sntimber of the syllables

consisting of a word, plus one type (n + 1) (Kubwzo2001). A word can have one pitch

accent, which could be on any syllable, or it carubaccented. For instance, for a disyllabic

word, there are always three accent types (i.teh giccent located on the first syllable, pitch

accent located on the second syllable, and thecenged type). The unaccented type and

the accent type with the pitch accent located @nldst syllable are clearly distinguished

when words are accompanied by a post-positiondicpasuch aga (subject-marker) omo
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(also). The key acoustic correlate of Japanesedegitch accent is fundamental frequency

(FO) and pitch is phonetically realized by FO moeai(Beckman, 1986; Sugito, 1982).

Previous studies indicate that what characterifepditerns in native speakers’ production

of Japanese lexical pitch accent is an FO peakvieltl by a rapid fall (Hasegawa & Hata,

1992; Sugito, 1982). We can decompose this intodl@ments: where the location of the FO

peak of a word is (i.e., FO peak alignment) andtviihe shape of the FO contour is (i.e., the

degree of the FO fall and FO range).

It has been reported that FO peaks in Japanese\aedaligned relative to a landmark

such as the onset or the offset of consonant @opsurthe onset or offset of the vowel. For

instance, Sugito (1982) observed that the FO péak mitch accent in the productions of

native speakers of Japanese tended to occur neheossociated tone-bearing unit but

slightly after the associated tone-bearing unghiHara (2006) also showed that in Tokyo

Japanese, the FO peak of words was aligned wittifgpsegmental landmarks not randomly

but consistently. According to his results, thgmsental landmark for initially accented

words with CVCV structure was the vowel of the setayllable, and the aligned point of

the FO peak was on average 0.3ms from the ondbeafecond vowel where voicing starts.

Meanwhile, when the first vowel is long, the FO kpedignment point was located at

approximately 70% of the duration of the vowel log ffirst syllable. Hasegawa and Hata
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(1992) also confirmed that manipulating FO peakaimn affects Japanese speakers’

perception of pitch accent. These studies inditaethe FO peak of Japanese lexical pitch

accent is systematically organized in native speakspeech and characterizes native

speakers’ FO patterns.

Another FO parameter that characterizes Japaag®all pitch accent is the speed of

the FO movement after the FO peak, i.e., the spédtie falling FO movement. Sugito

(1980) found that in native speakers’ productiodgpanese pitch accented words are

accompanied by a steep FO fall after the FO pétdsegawa and Hata (1988) also found that

FO fall rate is one of the important characterssiit the productions of native speakers of

Japanese. They reported that there is a cornelagtween the FO peak location and the rate

of the FO fall after the peak in Japanese speakecsiuctions of pitch accent. That is, the

later the FO peak occurs, the greater the FO &d.r Based on their production results,

Hasegawa and Hata (1992) also showed that FOdedl also affects Japanese speakers’

perception of lexical pitch accent. This is vemypbrtant when we consider foreign accent

that reflects native speakers’ auditory impressidhey discovered a correlation between the

FO peak location and the FO fall rate after thekpeBhese studies suggest that the steep FO

falling movement is also systematically organizadnative speakers’ speech of Japanese

lexical pitch accent and characterizes native srsak0 patterns.
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One other important FO parameter is FO range. af@e is generally one of the

characteristics of the FO patterns which have e to evaluate the shape of FO contours

(e.g., Beckman, 1986; Ladd, 1997). As FO rangds¢a be widely diverse among speakers,

previous studies have proposed that normalizechR@er values should be used (Earl, 1975;

Ladd, 1997; Rose 1987). This measure can potgnadd a useful dimension to the FO

profile as a means to assess foreign accent, edigebecause the main purpose of the

analysis is to compare the productions of learngtls those of native speakers of Japanese.

We do not know how wide/narrow the FO contour W#l in utterances produced by native

speakers of English. Not having fully learned wiwatlo or how to produce the accurate FO

patterns for Japanese lexical pitch accent, najpesakers of English may over-exaggerate

the rising or the falling of the FO movement, wheaduld yield extremely wide FO range. On

the other hand, it is equally possible that theyuldonot produce enough FO movement

compared to native speakers, which could yield gemgll FO range.

In the literature, other acoustic measures wera diee evaluating L2 learners’

productions of Japanese lexical pitch accent butagarding these three FO parameters. For

example, Hirata (1999) compared the mean FO valtidse two vowels in disyllabic words

with those of native speakers to evaluate the d&amilarly, Toda (2003) compared the

mean FO values of the two syllables in each dibydlavord with those of native speakers.
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However, Sugito (1980) points out that the meanofF(Ghe accent-bearing syllable in

disyllabic words is not necessarily higher thart tfathe other syllable in the productions of

native speakers of Japanese based on her datathi&eeason, approaches which rely on

solely on mean FO the accent-bearing syllable doseem to provide with us an entirely

satisfactory way to capture the characteristiaghefFO patterns. Hence, they do not seem to

be the best criterion for comparing the learnemgdpctions with the native speakers’

productions. To assess foreign accent, howevés vitorth while investigating the overall

shape of FO contours in learners’ productions padase lexical pitch accent in terms of FO

peak location, FO fall and FO range.

With this background, the question which we will go to consider is: What will

happen to these characteristics of overall FO pestte the productions of native speakers of

English when they produce Japanese lexical pitckeraacontrasts? Productions of English

speakers of Japanese lexical pitch accent conaesiavestigated in Chapter 3.

26.2 Crosslinguistic differencesin FO function between Japanese and English

In both Japanese and English, one of the functéi® is to distinguish intonation patterns

such as affirmatives or questions. Affirmative teeces are marked by a relatively flat

overall gradual falling of the FO contour while gtien sentences are marked by a clear
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rising of FO contour towards the end of the sergenéiowever, in Japanese, but not in
English, FO has an additional lexical function: iBQused in Japanese to distinguish lexical
items. As described in the previous section (2,6rilJapanese lexical pitch accent, pitch
(which is phonetically realized by FO movement)tlie only key systematic acoustic
correlate, and other acoustic properties (suchueatidn and amplitude, etc.) do not change
systematically. On the other hand, in Englishssty@itch is not the only acoustic correlate
but one of several acoustic correlates which disiish lexical items (Beckman 1986; Ladd,
1997). Other acoustic correlates such as intergiation, and vowel quality, all are found
to play essential roles as well as pitch. Morepitehas been found that for non-focused
minimal pairs of English words, pitch has minoflitite cue-value (Sluijter & Van Heuven,
19964a; Slujiter & Van Heuven, 1996b).

We can illustrate this cross-linguistic differenisetween Japanese and English in

terms of the function of FO using simple examplésdcn Kubozono (2001, p82).

(1) a pia
b. plgza

) a. g
b. Qi/zfa’?
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The two words in (1) are ‘pizza’ in Japanese (I& @ English (1b). The curve

indicates the FO movement of each word when theypasnounced as a word in isolation.

As we can see in (1), the word has a falling FO enoent in both languages. The curve in

(2) indicates the FO movement of each word whew #ére pronounced as a question. The

overall Japanese lexical pitch, the falling FO oont remains unaffected even in a question

sentence and only the end of the phrase has @ sintour, which is independent of the

lexical pitch (2a). Meanwhile, in the English qties, the pitch of the word is affected by

the intonation pattern and absorbed into a questtonation shown by the rising FO contour

(2b). This example shows how, in the case of Jagmmitch is lexically assigned to a word

and thus, FO has a lexical function. On the olizard, in the case of English, pitch is one of

several available acoustic correlates but it isedtally assigned: FO does not play a lexical

role. Hence, although FO has the function of nmyKinguistic intonation differences both

in English and in Japanese, FO does not have ealekinction in English to correspond to

its lexical function in Japanese lexical pitch adtceMoreover, to acquire Japanese lexical

pitch accent, English speakers need to learn ton fphonetic representations of the

categories by associating the target FO patterrik thie corresponding categories. In



45

addition, the learners have to learn to form leqpteonological representations of Japanese

lexical pitch accent by associating the categoséls Japanese words.

How, then, does this cross-linguistic differencdates to the abilities discussed

earlier as potential factors behind foreign acce8ir?ce FO plays a linguistic role in English,

it is possible that English learners of Japanesg abée to hear differences between the FO

contours in a non-linguistic context, at leastrexperienced learners. In a linguistic context,

one possibility could be that due to the preseriagieer linguistic information, learners may

have problems in hearing differences between Japatexical pitch accent contrasts.

Another possibility could be that although Englisarners of Japanese are able to hear the

difference between Japanese lexical pitch accéens) they may not be able to categorize

the tokens into the target L2 categories. Thidhesause English speakers may have

problems in associating the FO patterns with Jeggatexical pitch accent categories. It is

also possible that the learners may have problenmassigning L2 categories to Japanese

words because they are not able to learn the ctoneoetween the lexical pitch accent

categories and the lexical items in Japanese. ik@tperienced learners, this may be

particularly difficult due to poor phonetic represgtions of the L2 categories for

categorization and poor lexical-phonological repreations of the L2 categories for lexical

assignment. For experienced learners, due to ghneater L2 experience, it is possible that
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they might have formed sound Japanese lexical pitcent categories, and may thus be able

to categorize Japanese words into the target piécant categories to some extent. However,

it might be still difficult for experienced learrseto associate Japanese lexical pitch accent

with a word as they have to learn the associatienhly one.

For the same reason as the ability to hear therdifice between the FO contours, it

is also possible that English learners of Japamaiéde able to articulate the differences

between the FO contours when the linguistic infdromais stripped away. However, the

differences produced by learners might be diffefeorh those produced by native speakers

of Japanese. Moreover, since FO is not the keysticocorrelate in English to mark lexical

items, the difficulty which English speakers hameproducing Japanese lexical pitch accent

could lie in their ability to lexically associataphnese lexical pitch accent categories with a

Japanese word in their phonological representatioAs a result, it is possible that this

difficulty is related to the foreign accentedne$searners’ productions of Japanese lexical

pitch accent. These possibilities are investig#tedugh experimental data in the following

chapters.
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2.7 Methodological strategies

This section provides a methodological overviewhefdata collection of this research. Four

experiments were conducted to investigate poteetjlanations for foreign accent in the L2

prosodic contrasts being acquired by L2 adult lern The first experiment addresses the

question of whether or not L2 learners show nonvadike productions of the target

contrasts. Then, each of the remaining three @xpets addressed a different question:

whether the foreign accent of adult L2 learnerselated to, 1) perceptual sensitivity, 2)

articulatory/motor processes, or 3) categorizatiability. = To investigate possible

interactions between these factors, the same graiuparticipants were tested, namely, two

groups of adult native speakers of English (oneeggpced and one inexperienced) who

were studying Japanese as the L2, and a group p#Endae native speakers for the

comparison (the details of the participants arerilesd in Chapter 3). This cross-sectional

design was used in order to capture the naturbeof.? learners’ problems associated with

foreign accent at different stages of acquisition.

We will now consider each of the four experimentdertaken in this thesis, but for

ease of exposition, we will discuss Experiment d Brperiment 3 (production tasks) first,

before turning to Experiment 2 and Experiment 4dgption tasks). First of all, Experiment
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1 was conducted to demonstrate whether or notribguptions of English-speaking learners

are target-like. In this experiment, we compam lgrarners’ productions data of Japanese

pitch accent contrasts with those produced by eapeakers of Japanese. Comparisons are

made in terms of intelligibility scores and overatloustic patterns of FO contours. To elicit

the productions from the learners, we employednatation task. There is no conventional

way of annotating Japanese pitch accent. A piladys which looked at introducing novel

diacritic systems, showed that English learnerslajpanese seem to have problems in

learning diacritics for the different pitch accentdhereas native speakers of Japanese seem

to be able to learn the introduced diacritics aéteshort practice (the details of this pilot

study are described in Chapter 6 in relation to ohehe perception tasks, i.e., a label

assigning task). In order to exclude a possibiecebf learning a new diacritic system on

the learners’ production patterns, we chose inségaimitation method, where participants

repeated the audio stimuli rather than readingdabolist of target items presented as visual

stimuli. In addition, to avoid any familiarity eift due the groups’ different vocabularies,

nonce words such asene or noma were selected as test items instead of real leix@as.

In Experiment 3, a non-speech imitation task wasged to examine the issue of

articulatory/motor processes. The experimentastoe was whether or not native speakers

of English could articulate the FO contours of Jegs® lexical pitch accent. Participants
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were required to imitate audio stimuli which cotsisof FO contours. These contours were

extracted from natural tokens of disyllabic none@dg such amene or noma accompanied

by a post-positional particle, i.emo (also). The resulting audio stimuli sounded like a

buzzing noise. We employed an imitation metho& $me method as in the speech

elicitation task, since for a non-speech productask, there was no option of a read aloud

task.

Let us now turn to some methodological considenatio relation to the tasks which

are used to test perceptual sensitivity (Experin®rand L2 learners’ ability to categorize

target contrasts (Experiment 4). A commonly usedagigm in the literature on L2

perception studies is the ABX task (e.g., Curtima® & Pater, 1998; Dupoux, Pallier,

Sebastian & Mehlar, 1997; Gottfried, 1984; Fox, 899Another commonly used alternative

is the AXB task (e.g., Dommelen & Husby, 2007; Gu& Pederson, 2007; Mora, 2008). It

has been argued that AXB tasks reduce memory loatpared to ABX tasks because the

target token (X) is presented at an equal durdtiahstance from the two category

representatives (A and B) (e.g., Levy & Strangdd&Gtrange & Shafer, 2008). However,

ABX tasks seem to be simpler than AXB tasks for pueposes of explaining a task to

learners in an experiment. In addition to thiscpcal consideration, we assume that the

distance issue can be resolved by randomizingriéeeptation order of A and B.
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ABX tasks can vary in terms of the materials wipelnticipants are asked to classify,

and therefore taps different aspects of the alititgategorize the L2 contrasts. One option

IS to use the ABX task to categorize canonical mekeThis allows us to diagnose the

learners’ ability to hear the phonetic differencetvieen the target L2 categories and to

classify an item into the corresponding categoriksthis task, a minimal pair of canonical

tokens (i.e., A and B) is presented as two reptasga members of the target L2 categories,

and the target sound (i.e., X) is identical eitteeA or to B. The task is to classify X as an

instance either of the category A or the categaryH&nce, in order to do that, learners have

to be able to hear the phonetic difference betwetrkens and B tokens of L2 contrasts and

classify whether the X token is matched with therAhe B token.

The other option is when the ABX task is used tegarize step-wise stimuli drawn

from a continuum. This task provides us a wayest whether the learners have formed the

phonetic representations of the target L2 categoria this task, the minimal pair presented

is the two endpoint stimuli on the continuum, a® @presentative members of the target

categories (i.e., A and B), and the target soud, ) is one of the step stimuli on the same

continuum. The task is to classify the target Xeto into either the category A or the

category B.
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These two perception tasks are similar in thatath pthe representative members of

the target categories are presented. Howevee ihex crucial difference between them. In

the case of a canonical-token ABX task, the tasgeind is always the same as one of the

two sounds provided as the category representati/ess, it may be possible for learners to

directly compare the sound similarities betweerolen and the representative members

when they try to match the target token with thgeéticategory. However, in the case of a

step-wise ABX task, the target sound is one ofsiiiends on a continuum which is set up to

be related in terms of one acoustic dimension lightyy different from the presented

representative of the target categories, apart fsbran it is one of the endpoints which are

equivalent to the representative members. Thedeameed to predict which L2 category

the boundary items belong tddence, this task allows us to diagnose whethetehmers

have formed the L2 categories as phonetic reprasens. Therefore, a canonical ABX task

can be used for testing linguistic perception gbivhereas a step-wise ABX task can be

used for testing categorization ability; both ofedh are elements of the general

categorization ability.

Another component of the general categorizatiohtglvhich we aim to investigate

is lexical assignment. The two types of ABX tasls not allow us to investigate the

learners’ ability to assign the L2 category to &idal item, something which seems to
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involve lexical-phonological representations of theget L2 categories. Hence, in order to

test the learners’ lexical assignment ability, isaneed another tool. One possible way

could be to provide only one lexical item and neeotitems to represent target L2 categories

to compare with, and ask the learners to assigritéine to its L2 category. This would

remove the option for the learner to classify taggeét stimulus into the L2 category by

comparing the similarities based on the preserniguils, and allows us to test whether the

learners have lexical-phonological representatminthe target L2 categories. A common

paradigm for this kind of perception task is gefigraalled an ‘identification task'.

However, the design used in each study varies ftoly to study, both in terms of the types

of stimuli used and the types of the categories ilead to be selected. Some studies have

used stimuli on a continuum such as vowel or VOTues (e.g., Bohn & Flege, 1997,

Borden et al., 1983) while others used canonidans (e.g., Elseendoorn, 1984; Sheldon &

Strange, 1989). Meanwhile, some studies used wowretonsonants alone as the target L2

categories (e.g., Goto, 1971; Rochet, 1995) whilers used target sounds embedded in

words either by changing the values of the targmvel or consonant value or by using

similar words with the same segmental structurdenk@eping the target vowel or consonant

(e.g., Flege et al., 1997; Gass, 1984). Howewgrpdir purpose, it was an important part of

the ability we aimed to test, that the participamsuld learn a new diacritic system to
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associate with the lexical items. This is also féedint aim from other studies. For this

reason, we designed a label assigning task in dodegst the learners’ lexical assignment

ability.

Let us now come back to our methodological stratégyExperiment 2. This

experiment targeted the issue of perceptual seitgiti To test whether or not English

speakers could hear the difference between FO gmio pairs, a non-speech ABX task was

carried out using audio stimuli which consisted=0f contour extracts. Non-speech stimuli

were used in order to exclude the linguistic infation from natural word tokens.

Participants were required to hear the differetsgereen audio stimuli which consist of FO

contour extracts from natural tokens of disyllabance words such asene or noma along

with a post-positional particle, i.ano (also).

Experiment 4 tested whether or not English spealibty to categorize Japanese

lexical pitch contrasts could explain foreign adeeliness in their productions of these

contrasts. To investigate their ability to catégmrJapanese lexical pitch contrasts, we

decomposed the categorization ability into thregddements, namely, linguistic perception,

categorization, and lexical assignment. We theeefmnducted three different perceptual

tasks; two ABX tasks and a label assigning taskorter to diagnose the learners’ ability to

perceive the phonetic difference between Japae&gel pitch accent contrasts, we used an
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ABX task with canonical tokens of the categorids.order to examine whether or not the

learners have formed the phonetic categories cdnkge lexical pitch accent, we used a

different ABX task with 7-step stimuli on a FO peaignment continuum between accent on

the first syllable and on the second syllable. tlyas label assigning task was employed

where learners were introduced to a novel diacsyistem for Japanese pitch accent and

were asked to assign a label to each token. &Blswas designed to test whether or not

English-speaking learners were able to assign thedtegories of Japanese lexical pitch

accent to a lexical item. Learning a diacritic teys requires the ability to hear the

differences between the minimal pairs and alsaathility to assign labels to each canonical

token by lexically associating a token with theg&rcategory. To be able to assign labels

correctly, the learners must have formed phonetiegories of Japanese lexical pitch accent

contrasts and they also needed to understand tirection between the categories and the

lexical items in Japanese. We assume that the maget-like the phonetic categories

become and the more developed their lexical-ph@icdd representations of the target

categories, the easier it will be for participaiotéearn and assign labels.

As the general procedure of the whole study, theeements were administered

individually in a sound-treated recording studio the Linguistics laboratory at the

University of Edinburgh. The whole battery of expents took approximately one hour for
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each participant. Participants were allowed taceed through the tasks at their own pace

and to take a rest at any point during the experime Each participant took part in the

speech tasks (i.e., Experiments 1 and 4) prioh¢éonon-speech tasks (i.e., Experiments 2

and 3) so that participants would not pay particaldention to pitch contours during the

speech tasks after having been administered thespeech tasks. In addition, to counter-

balance the task effect, among the speech andpemtk tasks, half of the participants took

the perception tasks first and the production tamkd, and the other half took the tasks in

the reverse order. The same participants wereddstroughout the four experiments to

explore foreign accent issue through more compgtierapproach by looking at within-

subject effects. The details of each individugbeskment are described in the following

chapters.

28 Summary

This chapter has presented the background and dwtgical strategies of this thesis.

Foreign accent is one of the main issues in ad2latquisition. So far, there has been no

clear answer for what is contributing to the nomédlike productions of L2 speakers.

Three factors behind foreign accent have been stscliin the available studies on L2

speech acquisition; learners’ difficulty in diffeteting acoustic correlates of L2 contrasts,

their difficulty in articulating acoustic correlateof L2 contrasts, and their difficulty in
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categorizing L2 contrasts. However, while thesgdies have been investigated separately,

they have not been studied in combination in thmesdearners. L2 prosodic contrasts

provide us with a good testing ground where theeeceoss-linguistic differences regarding

the key acoustic correlate between learners’ L1 tedtarget L2, while the L1 and L2

nevertheless share some similarities. In thisysttite L2 acquisition of Japanese lexical

pitch accent by native speakers of English was @ednthrough four experiments to

investigate the factors behind foreign accent. ©hdescribed in the following chapters.
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3 Experiment 1. The ability to produce Japanese
lexical pitch accent

The aim of this thesis is to investigate poterfgators behind foreign accent in L2 speech

acquisition. To discuss the possible factors, in& heed to address whether or not the

productions of the L2 learners are non-native-{ike., show foreign accentedness). If their

productions are indeed non-native-like, then walrteeaddress how they are different from

the productions of the native speakers.

FO has a phrasal function in both English and Jeggnthat is, in both languages,
intonation is used to differentiate between affitives and questions and so on. In Japanese,
but not in English, FO also plays an important roledistinguishing word meanings.
Japanese lexical pitch accent is phonetically zedliby the movement of FO. As we have
seen earlier (see Chapter 2.6), previous studiggestl that lexical pitch accent in Japanese
Is characterised by an FO peak (aligned with reasfmea segmental landmark in the pitch
bearing unit) followed by a rapid fall (Hasegawai&ta 1992; Sugito 1982). As L2 learners
of Japanese, native speakers of English have ta kase acoustic characteristics of FO
systematically, both in terms of the lexical funatiof FO in Japanese as well as its phrasal
function. Learning Japanese pitch accent cont(#stslexical function of FO) can however

be problematic for native speakers of English. <iiering these issues, there are two
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questions that need to be addressed. The firgtiqneis whether or not FO profiles in
lexical items produced by English-speaking learmverge from those produced by native
speakers of Japanese. |If their productions dagiviEom the FO patterns of native speakers,
the second question arises as to what the potéatitrs behind such differences during L2
speech acquisitiocan be.

In this chapter, we aim to provide an answer fer first question, regarding the FO
profiles in lexical items produced by learners omparison to those produced by native
speakers. To answer this question, productiondapfinese lexical pitch accent contrasts
were examined in English-speaking learners andeatpeakers of Japanese. As Japanese
does not mark pitch accent orthographichly, imitation task was used to elicit the intended
canonical tokens of target pitch accent types. eQhe data was collected, both intelligibility
scores and acoustic characteristics for descripdivalysis were adopted as a means of
comparing the productions of the learners with ¢hafsthe native speakers. The criterion of
intelligibility scores is very important as it capts the ‘foreign accentedness’ in the
learners’ productions. Productions by two leamups and a native speaker group were

compared in terms of intelligibility scores basedthe auditory impression of two native

! We initially attempted to train participants tate a novel diacritic system that was designedhfisr
study to elicit their productions. However, itnad out that this learning process itself was diffi

for the learners. This point will be discussediétail later in Chapter 6.
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speakers. The overall FO patterns of each pramtuetiere also qualitatively analysed in

order to make a comparison among the three grooiisyestigate whether or not the overall

FO patterns in the productions of English-speakiagners diverge from those of the native

speakers of Japanese. The three acoustic parameted as the criteria were FO peak

alignment (the location in a word of the FO ped),fall (the degree of the slope) and FO

range (the width of the FO contour).

These three acoustic parameters were selectedeofoltbwing grounds. As we

have seen earlier, previous studies suggest tlatFth peak alignment relative to the

segmental landmarks is the key acoustic correfatapanese pitch accent (Ishihara, 2006;

Sugito, 1982). We do not know whether English-Epealearners are able to produce the

FO contours with a peak at all, or alternatively)ether their contours may have several

peaks instead of one. Even if they can producpdt@rns with the appropriate peak, we do

not know whether the learners can achieve the eytie FO peak alignment relative to the

segmental landmarks like native speakers do. \Weondy find out about this by observing

the overall FO patterns in the learners’ produdioio observe the FO peak alignment point

of the speech imitations, the time-normalized F@kpgoint relative to segmental landmarks

was detected for each utterance.

Additionally, it has been said that the FO peakl@banese pitch accent is followed
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by a rapid fall in FO (Hasgawa & Hata, 1988, 199igito 1980). We don't know

whether we can find any such rapid FO fall in thedpictions of native speakers of English,

and if any, how rapid the FO fall is. We also dui know whether or not the FO contour

patterns in English speakers’ productions will shogreater falling movement than a rising

movement or vice versa. Alternatively, there may be any consistent patterns in the

overall movement of FO. The investigation of theerall FO contours in the learners’

productions will provide the answers for these tjoes.

In addition, FO range is another parameter whicghbdeen used to evaluate the shape

of the FO contours not only in Japanese but alsother languages (e.g., Beckman, 1986;

Ladd, 1997). This measure can potentially addreeraiseful dimension to the FO profile as

we compare the productions of learners with thdsetive speakers of Japanese. We do not

know how wide/narrow the overall FO contour will be utterances produced by native

speakers of English. Not having fully learned wteatdo or how to produce accurate FO

patterns for Japanese pitch accent, native speak&nsglish may over-exaggerate the rising

or the falling of the FO movement. On the othendat is also possible that they do not

produce enough FO movement compared to native speaBy observing FO range we will

be able to answer these questions. To comparghtpe of the FO contours, the normalized

FO range was measured.
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Considering these measures, the following questaasraised. Are Japanese

productions of native speakers of English perceagdon-target-like (i.e., foreign accented)

when native speakers of Japanese hear their prods@t What will happen to the overall

patterns of the three FO parameters in the prashgtof native speakers of English when

they try to produce a set of minimal pairs of Jasanpitch accent contrasts? Do the overall

FO shapes in the learners’ productions diverge fitomse in the native speakers’ productions

regarding FO peak location, FO fall and FO randfethe learners’ FO profiles are found to be

different, how are they different from the natiyeeakers’ patterns? Does the pattern change

during L2 acquisition as a function of L2 experieAc To investigate these matters, an

imitation task was carried out to obtain the prditurcdata.

Firstly, the details of the materials and the pdoces will be described in the

following section. Then, the details of the intghility scores and the acoustic observations

of the overall FO patterns will be explained. baghe results of the imitation data will be

reported and discussed.

3.1. Participants

There were 48 participants in total. None of thseif-reported any speaking/hearing

disabilities. The participants recruited for thiady were 32 adult native speakers of English
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(16 male, 16 female) who were studying JapaneseeatUniversity of Edinburgh at the
time of experimentation. Based on their L2 exparée(i.e., length of residence in Japan and
length of studying Japanese (shown in Table 3d dmtails described below)), learners were
divided into two groups: inexperienced (NEinexpy axperienced (NEexp) learners. In
addition, 16 adult native speakers of Japanesepatiicipated as a control group (8 male, 8
female). The mean age of NEinexp learners was 94283 (SD = 5.9), that of NEexp
learners was 21.4 yearS) = 0.8), and that of NJs was 29.6 yea®® (= 5.9). The
inexperienced learners included students who veevards the end of the second year of the
degree course of the university and those who lesah Istudying Japanese for at least one
and a half years on average. Most of the NEin@gwnlers had never stayed in Japan.
According to the questionnaire completed by thdigipants (see Appendix A), for three
NEinexp learners who had stayed in Japan befoeg, stay was between 4 to 8 weeks either
for holiday or teaching English rather than to h&wemal instruction in Japanese. The
experienced learners, on the other hand, inclutdetests who were towards the end of the
fourth year of the degree course at the same giiyeand who had been studying Japanese

for approximately three and a half years on averadgeey had also stayed in Japan for about

2 Excluding Participant 205, who was a mature sttydiwe average age of NEinexp learners group

was 19.9 years old.
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one year (as part of the degree programme, leaanersupposed to stay in Japan during
the third year to study Japanese at a universitii@f choice). Hence, the NEinexp learners
were not planning to leave for Japan until a fewnthe after the experiments for their year
abroad, while NEexp learners had already come fraok their one year stay in Japan. The
control group of native speakers of Japanese mastigisted of either exchange students
from Japanese universities or postgraduate studenEdinburgh University. All of the
participants were living in Edinburgh at the tinfetloe experiments. For the data analysis,
perception data from all 48 participants was udad, for the production analysis, a
representative sub-set of the production data wad from each group (i.e., recordings from
8 participants were randomly selected from eacligto act as the representatives of each
group).

Table 3.1 provides detailed information for eachgli&h-speaking participant:
chronological age, age when their first formalriastion of Japanese began, length of formal
education of Japanese (LOJ), length of residend@R{Lin Japan, and self-estimated
percentage daily use of Japanese. The length sifleamce (LOR) in Japan between

inexperienced and experienced English speakinicipamts was statistically different(80)

® One NJ was a post-doctoral fellow, one had jusiigated from a postgraduate programme and
one had been staying in Edinburgh with her fanolydne and a half years.
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= 74.68,p < 0.001). The experienced learners had spentetoirg Japan than the

inexperienced learners as a grobyp £ 0.03 yearsSD = 0.05 for NEinexp vsM = 1.00

years,SD = 0.00 for NEexp). The length of formal educatminJapanese (LOJ) between

two English speaking learner groups was also saguifly different {(30) = 9.99p < 0.01).

The experienced learners had studied Japaneser [tragethe inexperienced learners as a

group M = 2.01 yearsSD = 0.60 for NEinexp vsM = 3.66 yearsSD = 0.27 for NEexp).

On the other hand, the self-estimated daily uséapinese at the time of the data collection

tended to be similar between the two grouys=(12.94%,SD = 10.80 for NEinexp vavl =

18.06%,SD = 22.90 for NEexp), although many of NEexp leasriaformally reported after

the experiments that their daily use of Japanesimglthe stay in Japan was much higher

then than in general.



Table 3.1 Characteristics of English speaking participants (NEinexp and NEexp lear ners)

Age of Res.
L2 : Participant Age st%rting in Length of % Usé
experience study’
Japanese Japaf
2.7y(ly
NEinexp 2 19 15 4w  evening 10
class)
3 19 17 None 1.7y 10
4 19 17 None 1.7y 5
5 42 41 None 1.7y 15
2.7y(ly
6 19 17 None evening 15
class)
3.7y(2y
8 20 16 None grammar 10
school)
9 20 18 None 1.7y 15
10 27 25 5w 1.7y 10
11 19 18 8w 1.7y 10
2.7y (1y
12 20 17 None evening 5
class)
13 20 17 None 1.7y 2
14 20 18 None 1.7y 10
15 20 17 6w 1.7y 50
16 19 18 None 1.7y 20
17 19 18 None 1.7y 10
18 19 18 None 1.7y 10
NEexp 1 22 19 ly 3.7y 2
2 21 18 ly 3.7y 5
3 21 18 ly 3.7y 0
4 23 19 ly 3.7y 15
5 21 18 ly 3.7y 85
6 21 18 ly 3.7y 2
9 21 18 ly 3.7y 10
10 21 18 ly 3.7y 20
11 20 17 ly 3.7y 60
13 21 18 ly 3.7y 5
14 22 18 ly 3.7y 20
15 22 18 ly 3.7y 5
16 22 19 ly 3.7y 10
17 22 19 ly 4.0y 25
18 22 18 ly 3.7y 15
21 20 18 ly 2.7y 10

?Res. in Japan: Length of residence in Japan, itkksv@e) and in years (y).
®Length of Study: Length of studying Japanese ufatenal instruction, in years (y).
°% Use: Self-estimated percentage daily use of Zmgan
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3.2. Materials

Audio materials for Experiment 1 were created frihva recording of 12 disyllabic nonce

words (4 words riene, mani, nim& nomg x 3 accent types), each followed by a post-

positional particlano (also), which were produced by a female Tokyo dapa. Disyllabic

words in Japanese are lexically assigned one eéthossible pitch accent types: accent on

the first syllable (Al), accent on the second ®&#aA2) or unaccented (A0). Hence, each

test item in the experiments was prepared in sushyathat each word would carry one of

the three accent types. The test items considtedts of triplets of four disyllabic nonce

words in CVCV structure, as shown in Table 3.2.erEhwere 3 test items for each of the

nonce words, giving 12 items in total. Nonce wowkre used rather than real words in

order to avoid possible effects of word familiarigmong the L2 learners, as more

experienced learners are assumed to have largevdabularies than inexperienced learners.

Additionally, the test items were designed to csinenly of vowels and nasals, so

that FO contours could be observed relatively gagith less variation in the FO trajectory

when participants’ production data is analyzed lwe imitation tasks. Due to their

characteristics, accent on the second syllable (&%) unaccented type (AQ) can be
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distinguished when they are accompanied by a pmsitipnal particle as the difference

between their FO contours are realized with a falhg sound (see Diagram 3.1). For this

reason, a Japanese particteo'(also)’ was attached after each test item and cisengptarget

stimuli.

Table 3.2 Test items (Al indicates accent on the first syllable, A2 indicates accent on the second

syllable and AO indicates unaccented)

Al A2 None

(A0
mene mene mene mene
noma noma noma noma
mani mani mani mani
nime nime nime nime

Diagram 3.1 Schematicillustration of three accent typesfor a disyllabic word using mene(mo)
Each line indicates the FO contour of the worde Tft: a word with pitch accent on the first ajle.

The middle: a word with pitch accent on the fingtable. The right: an unaccented word.

m e n e (m o) m e n e {m o m e n e (m o

Accent on
the 15 syllable the 2 syllable no accent

(A1) (A2) (A0)

Audio materials were used in all experiments. theraudio stimuli, the productions
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of a female native speaker of Tokyo Japanese veemrded in a sound-treated recording

studio at the Linguistics laboratory at the Uniugref Edinburgh. The audio interface was

MOTU 828 mkKll Firewire using a hypercardoid micragple (AKG CK 98) and digitalized at

a sampling rate of 48 kHz with a resolution of 1#8.b Sonar 4 Studio Edition was used as a

recording software programme. A list of the 12 tegns was read aloud in a carrier phrase

(i.e., “Sumimasen mo kudasdExcuse me but please give me as well.)"ethre

times. Subsequently, one of three repetitionsaghdtem including the particlmo ‘also’

was edited to form audio stimuli.

In addition to these test items, 30 basic Japawesds were carefully selected for

a warm-up before the participants attempted the meiording (see Table 3.3). Basic words

were selected from Japanese textbooks which thedesawere using in the course (ICU,

1996; Kano, Shimizu, Takenaka & Ishii, 1999). Warm-up words were also presented in

Japanese orthographbliragana one at a time on a computer monitor along with th

Romanized equivalent and its meaning in Englishll the audio materials were converted

to a sampling rate of 22 kHz with a resolution 6fHdits using CoolEdit Pro 2.1 so that it

matched the Sound Device Object Property in E-Prime



Table 3.3 Warm-up items (30 wor ds)

69

1% syllable (A1) | 2" syllable (A2) | Unaccented (A0)
asa(morning) hiru (noon) ocha(tea)
ame(rain) heya(room) hima(free)
chichi (father) hana(flower) isu(chair)
haha(mother) inu (dog) kuni(country)
ima (now) mise(shop) michi(road)
jisho (dictionary) | netsu(fever) migi (right)
kasa(umbrella) | uta(song) mizu(water)
mado(window) yama(mountain) | sake(sake)
mae(in front of) | yuki(snow) uchi(house)
neko(cat) kagi(key) ue(above)
3.3. Procedure

Participants were tested individually in a sourehted recording studio. The participants

heard two words with minimally different pitch aoteéypes (i.e., the three accent types) in a

sequence through a pair of headphones. They wkeel &s imitate the first speech stimulus

as closely as possible. Two audio stimuli weres@néed so that this task would have a

parallel structure to the other perception taskewill be reported later in this study, i.e., a

non-speech ABX task in Experiment 2 and the spédgX tasks in Experiment 4. They

were allowed to make more than one attempt to imitiae target stimulus if they were not

satisfied with their first attempt. If they did n&knore than one attempt, the final imitation

was used for the analysis. Thirty-six pairs oforeed stimuli were randomly presented over

headphones (4 disyllabic nonce words x 3 accemisty3 presentation orders (AB, BA, and
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either AA or BB)).

The audio interface was MOTU 828 mkll Firewire wsanhypercardoid microphone

(AKG CK 98) and digitized at a sampling rate oflkdk with resolution of 16 bits. Sonar 4

Studio Edition was used as a recording softwargrarame. Participants listened to the

audio materials using a pair of Sennheiser eH2Z&dphones. A computer keyboard was

used to proceed to the next stimulus by pressiag¢turn key. All the instructions were

presented with E-Prime using a computer monitomtathe participants in the recording

booth.

Participants were given a practice session pridhéomain test, in order for them to

familiarize themselves with imitating the stimuhidato allow them more time to ask any

questions. The stimuli for the practice sessiomewdisyllabic nonce words which were

similar to the target stimuli.

Every time the participants produced their imitatmf the first stimulus, they were

asked to press the space bar on the keyboard &r twdproceed to the next pair to be

presented. This allowed the participants to peddlrough the task at their own pace.

34. Analyss

The recording of each participant was digitizea aampling rate of 48 kHz with resolution
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of 16 bits. The recording of each participant wagmented into smaller sound files to

analyze each token of the target stimuli. Thisd@d 36 sound files per participant, each of

which contained one of 36 imitations of the taiiggihs and lasting approximately 1.0 sec.

To assess the participants’ production data, tyesyof analysis were carried out.

One used intelligibility scores based on nativeakpes’ auditory judgments on each

utterance. The other used descriptive analysthebverall FO contours of each utterance:

more specifically, the location of the FO peak, Hiefall and the FO range for each utterance

were qualitatively analyzed based on the overaBlidpe of the contours.

In the following subsections, first, we will exptathe details of the intelligibility

scores. Next, we will describe the segmentatidteréa which we used in the analysis to

capture the phonetic patterns in the productions.

3.4.1. Intdligibility scores

The intelligibility scores are the accuracy rate fiercentages) as to how many of the

imitations of Japanese pitch accent were identifigdhative speakers of Japanese as being

what the speaker intended. This is the key measnme to assess learners’ foreign

accentedness. Each utterance of the test item&lemtified by two raters who were female

native speakers of Japanese. They were askeentifidwhich accent type a speaker was
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producing in each utterance and their ratings weogided with multiple-choice among

the three accent types (A0, A1 and A2). They wadsp requested to guess if unsure (a

forced choice paradigm). The entire data set wdsdrby these two raters. The mean

percentage of times that Japanese pitch accentigeddoy the participants were identified

as intended was calculated as the intelligibildgre. As it turned out to be common that the

learners’ productions were misidentified by the tvaders, the misidentification patterns

were also classified into groups for further anialys

3.4.2. Segmentation criteria

The segmentation criteria used in the analyses Waree proposed by Turk, Nakai and

Sugahara (2006). The spectrogram setting in PR@¥ersma & Weenink, 2005) was set

with ‘view range’ of 0 — 8000 (Hz) and ‘dynamic gl of 55 (dB). Approximately a 1-sec

window was used for placing general boundariestherdvaveform was zoomed into 5-10

ms for more fine-grained segmentation. The segatient points were located at the zero-

crossing point of the waveforms.

The segmentation was conducted manually by lookinthe visual display of the

spectrogram and the oscillogram, and was basedemriteria below. With the aid of a
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PRAAT script written by Xu (2008) with modificatisnof the algorithm by Dabrunz
(2009Y, the overall FO patterns, which are describedviaeleere obtained after segmenting
each audio file.

The segmental boundary was placed based on spebtmdcteristics which can be
easily detected in spectrograms. All the imitatiarf the speech stimuli consisted of a test
item (a disyllabic nonce word) accompanied by atgmsstional particlemo (also). This
yields a CVCVCYV structure consisting of nasals andels to be segmented. The onset of
the initial nasal was marked where the closure weduor the regular cycle of voicing
started. When irregular cycles were observed énbibginning of an utterance, these parts
were excluded from the nasal onset to be analygeplie 3.1). The reason behind this is
that these parts often tend to cause errors inctiegithe FO trajectory of the data and
finding the velocity values, resulting in extremddyge or small values in the subsequent
acoustic analysis. The utterance-medial nasale segmented where the closure occurs as
the onset of the nasal and the release as thet.offEbe utterance-medial vowels were
marked at the beginning of a clear formant pattédfl and F2 as the onset and at the end of
a clear formant pattern as the offset. The offée¢he last vowel of each utterance, i.e., /o/,

tended to end in creaky phonation (i.e., wheretglqiulses are spaced irregularly with a

4 The modification is provided in Appendix B.
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very low FO). When the utterance ended in credkgnption, the beginning of a clear

glottal cycle of the creaky phonation on the wawefavas detected and the boundary was

marked on its zero-crossing point (Figure 3.2) e Tirst clear glottal cycle was chosen rather

than the last because including the glottal cybletsveen the first and the last also tends to

cause errors in calculating the FO values. Whendtfset of /o/ did not end in creaky

phonation, the boundary was placed on the zerssitrgoint of the glottal cycle of the

waveform which corresponded to the end of strongFt@ure 3.3). Some of the utterances

also ended in breathy phonation, (i.e., where Vesseformant structures could be observed

directly after the vowel formant structure). Iede cases, the offset of /o/ was marked at the

end of voicing on the waveform and the voicelegmént structure was excluded (Figure

3.4).



Figure 3.1. Onset of the initial nasal
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Four PRAAT Text Grid tiers were used for the antiota 1 word tier, 2 segmental tiers and 1

landmark tier. The word tier was used to anndtaearget word (with an accent type and the gdartic

mo) (e.g.menelmp On the second tier, the C1V1C2V2 string waskedrto indicate the segmental

structure such as C1 for the first consonant ofdr2he second vowel. On the third tier, the grof

the corresponding segmental composition was markiedg with a number to indicate the syllable

number, e.g.mleln2e2mo. The fourth tier was used to mark the point wheneaky phonation or

breathy phonation started (creaky voice was magaleet” and breathy voice was marked as “v”).
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Figure 3.3 Example of utterance final /o/ without creaky phonation
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Figure 3.4 Breathy phonation at the end of utterance /o/
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3.4.3. Overall FO patterns

Having observed that the learners’ productions agfafese lexical pitch accent indicated

foreign accentedness, the overall FO patterns @ir foroductions were also analyzed to

1.000
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investigate whether their FO patterns also showtaayet-like patterns. To qualitatively
analyze the overall FO patterns, we focus on theradlivpatterns, such as the shape of the
contour where the FO peak located, whether thedroar contains a sharp fall after the
peak, or how wide the FO contour is.

The FO peak alignment value identifies where thegp€8k is located in relation to
the segmental landmarks in each speech imitatiororder to observe the FO peak location
relative to the segments, smoothed FO values in sagmental interval were divided into 10
time-normalized points. The utterances in the apémitation task each consisted of six
segments, which yield six corresponding intervalse(Table 3.4). Thus, there were 60
points for each utterance. The location of théhégy FO in the overall FO contours among
these 60 points was described as the FO peak pdihis allows us to make comparison
between the locations of FO in the speech imitatiand these points were used as the
reference points to describe where the FO occurdédhe FO peak is located at a point
between the *1point and the 20 point, this means that the FO peak aligned withinfirst
syllable of the target disyllabic word. If the p@ak occurs at a point between thé amd
40" point, this indicates that it aligned within thecend syllable. Similarly, if the FO peak
is located at a point after the *4foint and up to the last point, it aligned withire last

syllable (the interval which corresponds to thetipirmo). To detect the time-normalized
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FO values, Xu (2008)’s PRAAT script was used whictomatically saves the trimmed FO

values.

Table 3.4. Schematic illustration of the location of the FO peak alignment

Structure C1 V1 C2 V2 C3 V3

Segment m E n E M o]

Time-normalized | 1----- 10 | 11---20 | 21---30 | 31---40 | 41---50 | 51---60

point 10 10 10 10 10 10

What we expect to see in the native Japanese spépkaductions in terms of the

FO peak alignment is as follows. In words with #eent on the initial syllable (A1), we

expect to see the FO peak occurring early in therarice and aligned with or in the vicinity

of the first syllable. For words with the accentthe second syllable (A2), the FO peak is

expected to occur later in the utterance and alignith or in the vicinity of the second

syllable. In the case of the unaccented words,(&® FO maximum value was considered

to be the FO peak value of AO productions, as mopskO fall is expected in the productions

of AO (unlike the accented types, i.e., A1 and ARJeanwhile, in the learners’ productions,

it is possible that there may be no consistent égkpegarding the accent types, there may

be more than one FO peak, or the location of thpdak may occur unsystematically.
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Next, we describe the FO fall of the contours igittiproductions. As FO patterns

in the productions of native speakers of Japar@mwttb show a rapid fall after the FO peak,

what we are interested in here is the degree liidanovement after the FO peak. Thus, we

looked at the FO fall patterns after the FO peakh@ overall shape. More specifically, as

native speakers of Japanese tend to produce afedpadter the FO peak, we expect to see

the largest fall in an utterance of the accenteti&/A1l and A2). On the other hand, we do

not expect to see such a large fall in the natpemakers’ productions of unaccented words

(A0) as unaccented words are not expected to shelago fall unlike accented words. In

the case of the learners, we may not see a rdpiat fal in their productions as in the native

speakers’ productions. It is also possible thatwesy see a rather extreme fall instead, even

for the unaccented words.

Thirdly, to capture the overall FO shape in theress’ productions, FO range (i.e.,

the general width of the FO contours) is compardth wative speakers. To make

comparisons among speakers possible, the FO viiz¢®n the time-normalized scale were

converted into normalized FO values. In this stugdyscore transforms were used to

normalize the FO values of each contour. Two némaiion methods have been used in the

literature: fraction of range transforms (e.g.,|I&at975) and Z-score transforms (e.g., Rose,

1987). The method of fraction of range transfoirsng way of defining the FO value relative
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to the highest and lowest FO points of each spealdsing Z-score transforms allows us
to describe each data point based on the statigtisaibution of each utterance of an
individual speaker. Although between-speaker wagais considerably reduced by both
strategies, Rose (1987) concluded that the Z-stramsform is more accurate than the
fraction of range transform for normalizing lingtiéstone data. For this reason, we
considered that the strategy of Z-score transfomass sufficient for the purpose of this study.
The formula described in Rose (1987) was u$ggh, = (FO — FOneay/s, Wheres indicates
one standard deviation of the mean FO of all detta groduced by each speaker (Fmean-
In the productions of the native speakers of Jagmnee expect to see a relatively large FO
range for the accented words (i.e., A1 and A2) asdw with pitch accent tend to have a
sharp fall after the FO peak in Japanese. Meapwtlie unaccented words (i.e., AO) will
presumably have a smaller FO range without sutcbepsirop as part of the overall FO shape.
In the case of learners, the overall FO range cbaldelatively wide, or very flat regardless

of the accent types.

® To further investigate the characteristics of fireduction data, attempts to quantify the three
acoustic parameters (i.e., FO peak location, degfd€0 fall, and FO range) were made. However,
when the data was smoothed in order to allow coismas across the large number of speakers
studied here, some unresolved artifacts or distestiwere introduced into the data. Since these
artifacts require further investigation to be reed|, the results are not presented here. None#)ete
is still possible that such details of attempts bara useful contribution to the field. For théason,

the difficulties including the details of the attet®ad data analyses are illustrated in Appendix C.
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3.5. Results

Each of the four data setméne noma, manandnimée showed similar overall FO contour

shapes within each group. For this reasonpntbereset was randomly selected from the four

sets as the representative subset for acoustiealdfyzing the participants’ production

patterns in terms of the selected acoustic measuteshould be noted that one Japanese

speaker'anene(Al) production was excluded from the analysisase it contained a great

deal of creaky voice in the middle of the utterangkich greatly distorted the FO contour

shape. In addition, there were three cases wh&iEiaexp speaker altered the segmental

make-up to a different one such/ageni/.These three cases were also excluded from further

analyses. This resulted in a dataset consistirgjafems produced by the 8 speakers in NJ

group; 72 items produced by the 8 speakers in Ngeoxyp; and 69 items produced by the 8

speakers in NEinexp group.

In what follows, we will first describe the meartslhigibility scores to show the

learners’ foreign accentedness and report misifigation types among each group using the

overall FO patterns to make comparisons betweendtiee speakers and the learner groups.

Secondly, we will present the overall FO patterheach participant to view general patterns

of each group in terms of the three accent typextomine whether the overall shape of their
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FO contours also shows non-target-like phonetitepad.

3.5.1. Intdligibility scores

First, the mean intelligibility scores are descdibe Then, misidentification patterns are

analyzed using the overall FO patterns.

35.1.1. Mean Intdligibility scores

As described in 3.4.1, there were two raters. Theke both native speakers of Japanese.

The inter-rater reliability was 0.75 (Spearman’srefation), which was acceptable. The

means and the standard deviations of intelligibiditores obtained for the Japanese pitch

accent contrasts are presented in Table 3.5.



Table 3.5. The mean percentage of times that Japanese pitch accent produced by the

participants was identified as intended by native judges.

Accent Group Mean Std. Deviation
A0 NJ T ET:
NEexp 96 2(
NEinexp 05 20
Al NJ 104 0q
NEexp 8 39
NEinexp 6] 47
A2 NJ 99 05
NEexp 67 A5
NEinexp 35 48

83
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Figure 3.5. The mean intelligibility scores of the speech productions
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These intelligibility scores were submitted to &ed design ANOVA with Accent

Type (A1, A2 and AQ) as a within-subject factor aabup (NJ, NEexp and NEinexp) as a

between-subject factor. There was a significaninreffect of Accent TypeH (2, 564) =

78.42,p < 0.001]. As we can see in Figure 3.5, every grobfained high intelligibility

scores for AO (nearly 100%). Meanwhile, Al showtieel next highest scores, and A2 was

the lowest among the three accent types. Therealgasa significant interaction between

Accent Type and Groug-[(4, 564) = 32.31p < 0.001]. The overall performance of the
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three groups shows different patterns across treethccent types, as can be seen in

Figure 3.5. Moreover, the main effect of Group \abs® found to be significanE[(2, 282)

= 67.71,p < 0.001]. While NJ's scores were almost perfecbss the three accent types,

post-hoc comparisons using the Tukey HSD test dit that the mean intelligibility scores

of NEexp were significantly lower than that of NMoreover, the mean intelligibility scores

of NEinexp were statistically even lower than NEexXhis tendency was also supported by

the results of one-way ANOVAs. These tests wemdaoted to compare the three groups

regarding each accent type. These results shohagdthere were no significant group

differences in AO. However, the mean intelligityiliscores of all three groups were

significantly different from one another for AE [2, 285) = 28.68p < 0.001] and A2F (2,

285) = 71.83p < 0.001].

3.5.1.2. Patternsof misidentification

As we just saw, the lexical pitch accent producgddtive speakers of Japanese was largely

identified as intended, while those produced byldagners tended to be misidentified more

often, particularly in the case of the pitch acedntargets. To investigate further what cued

the two native listeners to make their decisioes$,us now look at the misidentification

patterns observed in the intelligibility scoresn Wwhat follows, we will describe the
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classifications of the misidentification patterasd in addition, we will demonstrate the

misidentification patterns by examining the FO camtshapes in the learners’ productions.

There were in total 98 cases for NEinexp speakeisc& cases for NEexp speakers

which were misidentified by the two raters. Forthbdearner groups, the major

misidentification type was the accented targetgamdiess of whether the target was Al or

A2. Both were identified by the raters as the geated targets, i.e., AO. This was observed

in 70 out of 98 cases for NEinexp speakers and ut0ob 55 cases for NEexp speakers.

When we look at the FO patterns of these utteraincegure 3.6 and

Figure 3.7, we see interesting patterns. It should be ndtatlthe FO values are

presented in Hz but not as normalized values befimm@othing. There is some similarity to

native speakers’ AO patterns observed in the nabsection (Figure 3.1 in 3.5.2). The FO

contour shape in these misidentified utteranceslsteio be flat and lacking the target

sequence of peak followed by fall. This suggebtt the perception of the two native

speakers might have been affected by these acaiwi@cteristics of FO in the learners’

productions when they were identifying the accgpetof each utterance.
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Figure 3.6. Misidentification patterns, where NEinexp_A1 (top) & A2 (bottom) were
identified as AO.
Each line represents an utterance of a NEinexpkspaehich was misidentified. The x-axis indicates

the time-normalized points. The y-axis indicates FO value (Hz).
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Figure 3.7. Misidentification patterns, where NEexp_Al (top) & A2 (bottom) were
identified as AO.
Each line represents an utterance of a NEexp spedkeh was misidentified. The x-axis indicates

the time-normalized points. The y-axis indicates EO value (Hz).
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The next most common misidentification type fottbtearner groups was that A2
accent was misidentified as A1. There were 220698 cases of this for NEinexp speakers
and 8 out of 55 cases for NEexp speakers. AsewdrsFigure 3.8 and Figure 3.9, the FO
peak in these misidentified utterances tended toirogarlier in the utterances, although not
in every instance. This pattern resembles thedf@m of ALl produced by native speakers,

i.e., a pattern where the FO peak is aligned whighatccent bearing unit, i.e., in the vicinity of

the first vowel.

Figure 3.8. Misidentification patterns of NEinexp_A2 as Al.
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Figure 3.9. Misidentification patterns of NEexp_A2 as Al.
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The remaining misidentification type was when Atent was misidentified as A2.
There were a few cases of this in each learnerpgrasi shown in Figure 3.10 and Figure

3.11. This time the FO peak tends to occur latethie utterances. This pattern also

resembles the FO pattern of A2 as produced by enapeakers, which shows the FO peak

aligned with the accent bearing unit, i.e., ini@nity of the second vowel.



Figure 3.10. Misidentification pattern of NEinexp_A1l as A2.
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To summarize, having observed these patterns, tratwo native listeners of

Japanese were hearing in the learners’ producseesns to be something which is not

random but which seems to be related to some sgsiteacoustic patterns of the FO. More

specifically, the two raters were using the infotiora of the FO peak location most in their

decision. This further indicates that the learmidsnot always have control over this aspect

of FO in their productions. Hence, it is likelyaththis influenced the native speakers’

decision on the non-target-likeness of the leatmpeosluctions. Moreover, the frequency of

the misidentification pattern where the accentegeta are identified as unaccented suggests

that producing the FO contour shape of the A0 actygres might have been easier for the

learners compared to the accented types. Therdfm@dearners might have been using the

AOQ pattern to mark the other two accent types beedliey were struggling to produce the

accented patterns. To investigate in more desaib avhat the participants were producing in

terms of the relevant acoustic correlates of Jagmbexical pitch accent, and to compare the

learners’ productions with the native speakerstipations, now let us move on the results of

the overall FO patterns.
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3.5.2. Overall FO patterns

The following figures represent the overall FO @ats of each participant, averaged
over three repetitions of each test item. Considethe speakers’ variability, the FO values
(Hz) on the time-normalized scale were convertéd imormalized FO values. In this study,
as discussed above, Z-score transforms were usedofmalizing the FO values of each
contour. Figure 3.12 represents the FO contourthénproductions of native speakers of
Japanese for the accent on tfiesgllable (A1), the accent on th&"&yllable (A2) and the
unaccented utterances (A0). Each line indicatestlerage FO contour of a speaker. The FO
values in each figure are not smoothed valuesw@®y of reminder, each segmental interval
was divided into 10 time-normalized points, andstitbhere were 60 points for each utterance,
as shown on the x-axis. As an overall tendene&yAb patterns of Al produced by NJ tend
to have the peak followed by a fall in the firstifhaf the plot, which corresponds to
somewhere between the first vowel and the secondar@ant. For A2, NJ's FO patterns
show that the peak followed by a fall tends todmated in the second half of the plot, which
corresponds to somewhere between the second vowieha third consonant. On the other
hand, we do not see such a peak followed by a shlrm NJ's FO patterns for AO. These
overall tendencies agree with the previous findiogghe productions of Japanese speakers.

As for the degree of the FO fall after the peakhim NJ's productions, the degree of fall for
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the accented types (Al and A2) seems to be obderaal it seems that it is sharper for

A2 than for Al. Lastly, the range of the FO comsofor A2 and A0 seems to be slightly

larger than for Al in the NJ's productions.
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Figure 3.12. The average FO patterns of NJ individual speakers.

Each panel represents Al (top), A2 (middle) and(#ditom). The x-axis indicates time-normalized

points. The y-axis indicates normalized FO values.
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Figure 3.13 represents the FO contours in the ptamhs of the experienced learners

(NEexp) for each accent. Overall, the FO patt@nosluced by NEexp look similar to NJ's

patterns, although NEexp’s patterns seem to shove wariability in each accent type, for

A2 and A0 in particular. NEexp's Al pattern tendshow an earlier peak relative to whole

utterances while NEexp’s A2 pattern seems to hageak later peak relative to the whole

utterances. The general trend of NEexp’s A0 patisralso similar to NJ's AO pattern.

Nevertheless, the A2 pattern of NEexp 14 and th@#@rn of NEexp 1 seem to be different

from the FO patterns of other learners, i.e., theym to be similar to the general patterns we

can generally see in the Al productions. The Rk pecations for the accented targets (i.e.,

Al and A2) in the NEexp’s productions appear slighdter than the peak locations in the

NJ’s productions. Some NEexp show a FO peak fatbly a fall for the unaccented targets

(i.e., AQ). As for the degree of the FO fall aftee peak, NEexp show a similar tendency to

NJ: in their productions, we can see a detectablpdak for the accented targets. However,

the degree of fall for A1 and A2 was slightly lessep than it was in the NJ's productions.

In addition, we can also detect a similar degrefalbfor AO to that for the accented targets

in some of the NEexp’s productions while it wasatieely flat in the NJ's productions.

Meanwhile, the ranges of the FO contours for A2 ABdvere slightly wider than for Al.
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Figure 3.13. The average FO patterns of NEexp individual speakers.

Each panel represents Al (top), A2 (middle) and(#ditom). The x-axis indicates time-normalized

points. The y-axis indicates normalized FO values.

NEexp_normFO_Al

—o—NEexp 1
—a— NEexp 2
NEexp 5
——NEexp 10
—x— NEexp 11
—e— NEexp 14
—— NEexp 15
——NEexp 16

NEexp_normFO0_A2

—o—NEexp 1
—a— NEexp 2
NEexp 5
——NEexp 10
—x— NEexp 11
—e— NEexp 14
—— NEexp 15
——NEexp 16

NEexp_normFO_AO

—o—NEexp 1
—a— NEexp 2
NEexp 5
——NEexp 10
—x— NEexp 11
—e— NEexp 14
—— NEexp 15
——NEexp 16
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Figure 3.14 shows the FO contours in the produstiminthe inexperienced learners

(NEinexp) for each accent. What we see here istllgindividual FO patterns of NEinexp

are much more diverse compared to NJ's patterrns,adso more diverse than NEexp's

patterns. However, we should also notice thatgheeral trend of NEinexp’s A0 pattern is

not completely different from NJ's AO pattern while FO patterns of the accented types, i.e.,

Al and A2 tend to show more diversity. Additiogalthe FO patterns of some NEinexp

speakers seem to resemble those of NJ speaketse NEinexp’s productions, there do not

seem to be large individual differences in the E@kplocation, particularly for A2. The FO

peak locations in the NEinexp’'s productions seembéo later than those in the NJ’s

productions, with more variance than in the NEexjaita. As for the degree of the FO fall,

we can detect some fall for the accented targetgetisas for the unaccented targets in the

NEinexp’s data. Their ranges of the FO contoursA® seem slightly larger than for Al or

AO.
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Figure 3.14. The average FO patterns of NEinexp individual speakers.

Each panel represents Al (top), A2 (middle) and(#ditom). The x-axis indicates time-normalized

points. The y-axis indicates normalized FO values.

NEinexp_normF0_A1

—e— NEinexp 2
—a— NEinexp 4
NEinexp 5
—<—NEinexp 9
—x— NEinexp 10
—e— NEinexp 12
—+— NEinexp 13
—— NEinexp 17

NEinexp_normF0_A2

—e— NEinexp 2
—a— NEinexp 4
NEinexp 5
—<—NEinexp 9
—x— NEinexp 10
—e— NEinexp 12
—+— NEinexp 13
—— NEinexp 17

NEinexp_normF0_AO

—e— NEinexp 2
—a— NEinexp 4
NEinexp 5
—«—NEinexp 9
—x— NEinexp 10
—e— NEinexp 12
—+— NEinexp 13
—— NEinexp 17
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These figures for individual speakers give us aeganoverview of the overall FO

patterns of each group. Overall, the learners sieeshow non-target-like FO patterns in

their productions of Japanese lexical pitch accentrasts regarding the FO peak location

and the FO fall. In sum, native speakers of Jagmmpeoduced the FO movements of each

accent type as expected. As an overall shapesai@urs contained the FO peak followed

by a fall and the peak seems to align with thehpltearing unit in the case of accented

tokens. Meanwhile, the learners’ overall FO patato not seem to be completely different

from the native speakers’ patterns. At least sofhe learners seem to produce their FO

peak in a location similar to the native speakekéoreover, the overall patterns seem to

show a FO peak for the accented targets while @eing a marked FO peak for the

unaccented targets. It is also observable thatetdmaers’ patterns become more similar to

native speakers’ as a function of L2 experience.

3.6. Discussion

The question addressed in this section was wheatherot the FO profiles produced by

English-speaking learners diverge from those preduny native speakers of Japanese. The

data showed that the learners’ FO profiles do idddigerge from the FO patterns in the
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native speakers’ productions. The learners’ dieetd-0 patterns in their imitations of

Japanese pitch accent were compared with nativeke® norms in terms of intelligibility

scores and overall FO patterns. Both analysesaledethat native speakers of English

produce significantly different FO patterns fromtive speakers of Japanese. The overall

results also indicate that L2 experience playedl@ rThe more L2 experience the learners

have, the more native-like their FO profile becorimggroducing pitch accent.

The results of the intelligibility scores showedhttlthe scores of the experienced

learners were lower than those of the native speakat better than those of inexperienced

learners. In other words, the two native speakershe raters judged the productions of

inexperienced learners as showing the most noneailikie patterns compared to the other

two groups. Although both groups of the learndds as well as the native speakers in

producing the unaccented words (AO) in terms ofititaligibility scores, the analysis of the

misidentification types indicated that learnersdeshto overuse the unaccented pattern. The

learners did worse in producing the words with dlseent on the second syllable (A2) than

the words with the accent on the first syllable YAI'hese results imply that the learners

were struggling with producing the accented pagteparticularly A2. If English-speaking

learners do not know how to realize FO curves lierdccented patterns, it might have been

easier for them to produce the unaccented pattémmay have been for this reason that the
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learners tended to use the unaccented pattern freayeently, to compensate for their

difficulty in producing the accented patterns.isltalso possible that as the words with A2

accent type have the FO peak somewhere in the eniofdan utterance, this might have

caused more problems for the learners to find ndfaa aim for where the specific location

of the FO peak is.

The results of the acoustic observations of therally FO patterns showed that the

native speakers of Japanese were making use & tiaracteristics of FO shape (i.e., FO

peak location, FO fall and FO range) in produciagahese pitch accent. On the other hand,

English-speaking learners were not using thesesticotharacteristics as much as the native

speakers of Japanese, although it seems thataimets were trying to differentiate Japanese

pitch accent in their own ways. Although some neas indicated some similarities, the

overall FO patterns in the learners’ productionsemgon-target-like. This divergence was

found to be greater when L2 experience is moretdichi The learners seem to have

problems in producing accented targets by phoribticalizing the location of FO peak and

the degree of FO fall in their productions of Jasnlexical pitch accent. This suggests that

if English speakers are to achieve target-like petidns, they may require more advanced

learning. To indicate the specific locations of #0 peak of the target, or the rapid fall for

the accented targets as well as to indicate thecemded targets without such characteristics
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may have been difficult for learners to learn,tamay be not salient enough to them or it

may require more fine adjustment. Hence, foreigreatedness in the learners’ productions

was also revealed in phonetically realizing Japatedcal pitch accent contrasts.

To conclude, this section provided the answeh&duestion of whether or not FO

profiles produced by English-speaking learners rgiwefrom those produced by native

speakers of Japanese. The data showed that timerga-0 profile was indeed different

from native speakers’ FO patterns in producing dapa pitch accent. The next question to

be answered therefore was how specifically thenkrat FO patterns diverge from the native

norms. This was reported in terms of both auditopasures (i.e., intelligibility scores) and

descriptions of the overall FO contours (i.e., E@lplocation, FO fall and FO range). The

results suggested that English-speaking learnezenie more convergent with the native

patterns as they gain experience of L2. Henceligfngpeakers of Japanese show foreign

accentedness in the productions of Japanese legpiicél accent. We also found that the

English learners of Japanese have difficulty in natizally realizing the FO pattern

(regarding FO peak location and FO fall but notaach for FO range) which is the acoustic

correlate of the contrasts. Now that we have fotivad the learners’ FO profiles diverge

from the native speakers’ profiles, we need to $tigate further to answer the second

question: what the potential factors behind sudferinces during L2 speech acquisition
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could be. In the next four chapters, three pldediactors are investigated in turn to

provide the answer to this question.

3.7. Summary

In summary, this section provided evidence thatvaaspeakers of English produce FO

profiles which are different from those of natiyeeakers of Japanese, and that they show

foreign accent. They crucially differed from na&timorms with respect to FO peak location

and the degree of the FO fall. Moreover, it aleoveed that the learners’ productions of

Japanese lexical pitch accent become less foreigentéed and the learners’ FO patterns in

their productions seem to develop during the L2igition as a function of L2 experience.
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4 Experiment 2: The ability to differentiate FO
contours
In Experiment 2, the issue of perceptual sensjtigitexplored. The question addressed here
is whether or not adult L2 learners are lackingperceptual sensitivity to the relevant
phonetic property which is employed to signal L»gmdic contrasts when this phonetic
property also has a linguistic function in the teas’ L1. More specifically, the following
question is examined: whether or not native spsakérEnglish will be able to hear the
difference between the FO contours in pairs whieh extracted from Japanese disyllabic
nonce words. In a non-linguistic context, it qamssibly allow us to examine learners’
ability to hear the differences between the FO aarst without linguistic information.
Considering that FO has the function of differelimig intonation patterns in English, it is
less likely that native speakers will have lostirtiperceptual sensitivity to FO movements.
In this case, we expect that English-speaking la2nlers will be able to hear the difference
between sounds which consist of FO contour. Howet/es also possible that even though
English speakers are sensitive to phonetic difis¥erof FO in Japanese lexical pitch accent
contrasts, these phonetic differences may be mabkethe linguistic information in a
linguistic context. For this reason, it seems ipabfe to investigate learners’ ability to

differentiate the acoustic correlate of L2 consase., FO, where we could put the linguistic
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information aside. Hence, at this stage, we dokmotw whether it is plausible that

perceptual sensitivity is a good indicator of L2€ign accent in the case of Japanese lexical

pitch accent acquired by native speakers of Englieth answer this question, a non-speech

ABX task was carried out using audio stimuli whansisted of FO contour extracts.

4.1 Participants

Total of 48 participants were tested to examinetidreor not English speakers could hear

the difference between FO contours in pairs. There three groups: two learners groups

(inexperienced and experienced) and a control gobumative speakers of Japanese.

4.2 Materials

Audio materials for Experiment 2 were created frihva recording of 12 disyllabic nonce

words (4 wordsrfene, noma, mani andnime) x 3 accent types (Al, A2 and AQ)) and a post-

positional particlano (also) by a female Tokyo Japanese speaker. TEbeceaidio materials

for the non-speech stimuli task of this experiméing, speech stimuli were manipulated in

such a way that only its FO contour was extractethfthe original recording of the speech

stimuli. This was done using PRAAT. First, theible FO contour was extracted from each

speech stimulus that was sampled at the intervalQ@f sec. Then, the resulting extracted
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output was synthesized into a sound with phonatigpe by generating a glottal

waveform from every point of the FO contour. Aseault, each final output sounded like a

buzzing noise with its duration equivalent to tbithe original recording.

4.3 Procedure

An ABX task using these non-speech stimuli, i.€, éxtracted stimuli, was conducted.

Participants were tested individually in a souredted recording studio. Sets of three audio

stimuli were presented in a sequence at a timee Sdt consisted of non-speech stimuli

drawn from each of the three accent types of timeesaord type. Two were of the same

accent type, and either the first or the secomduitis would be presented again as the third

stimulus. The participants’ task was to judgedach set whether the last stimulus (X), was

the same as the first (A) or the second (B). PFan@le, three non-speech stimuli

corresponding to the FO contours wene(Al)mo, mene(A2)mo and mene(Al)mo were

presented, and then, participants were to indiedtether the last stimuluspene(Al)mo,

was the same as the first stimuloene(Al)mo or the second stimulusene(A2)mo.

Instructions were presented on a computer monitorthie recording booth.

Participants listened to the audio materials thhoagair of headphones and indicated their

response by pressing the appropriate key on a kegthdVhen participants thought that the
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last stimulus was the same as the first stimuheyy tvere asked to press the ‘A key, the

leftmost key on the middle key of the keyboard, amen they thought that it was the same

as the second stimulus, they were requested ts pines'L’ key, the rightmost key. These

two keys were marked with stickers so that theyewdsibly clear. After a practice, the

main test was conducted. Forty eight sets of Fftats combinations were randomly

presented over the headphones, i.e., 4 disyllabiccen words x 3 accent types x 4

presentation orders (ABA, ABB, BAA and BAB).

The interval between each stimulus within a set &&@® sec. The duration of the

interval was based on findings in the literatuRisoni (1973) found that the inter-stimulus

interval affected vowel discrimination accuracy. or Fshort vowels, between-category

discrimination of short vowels was quite high artdbe across the tested 5 intervals

between 0 and 2.0 sec. However, it was relatikigdher between 0.25 and 0.5 sec. Within-

category discrimination was maximum when the irdewas 0.25 sec, and beyond 0.25 sec,

it decreased with increases in the interval betwdenstimuli. Pisoni interpreted these

results suggesting that the duration indicates pifieessing time necessary for auditory

recognition. This suggests that the interval &f €c is the minimum interval for auditory

recognition when both between- and within-categgimnuli are considered. Moreover, his

data shows that between-category discriminationracy of short vowels is high regardless
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of the intervals. Meanwhile, within-category distination accuracy of short vowels

falls to below 60 % when the inter-stimulus intérigabetween 0.5 and 1.0 sec. This also

implies that not only the auditory recognition lalgo more phonetic processing may play a

role in hearing the differences between the painwdi as the interval becomes longer. In

our ABX task using the non-speech stimuli (Experitid), there was only between-category

stimuli comparison. However, we also conduced egp-8tise ABX task which will be

described in Chapter 6 where we examined the wbilitvithin-category stimuli comparison

as well as the ability of between-category stimedimparison. For this reason, both

between- and within-category results of Pisoni wetevant to our study. Considering the

interval of 0.5 sec is the minimum for the auditoegognition and the interval of 1.0 is the

maximum, the intermediate value, i.e., the valueDof0 sec was selected as the inter-

stimulus interval for the task in Experiment 2 (atsb the rest of the perceptual experiments

and the presentation of the production stimuli reggbin the other chapters). In addition, as

personal communications with a few participantsirduthe pilot study, they reported the

interval of 0.5 was too quick and that of 1.0 was long to comfortably carry on the task.

Meanwhile, the interval between each responselagresentation of the next stimulus was

1.0 sec. This duration was selected which was @yapl in the perception task in the

literature such as Flege, Bohn and Jang (1997koring to some feedback, it was a good
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pace for the participants who joined a pilot stofithis study to carry on the task.

4.4 Analysis & Results

The percentage of correct responses of each pamicivas calculated and the means were

compared among the three groups to investigate hehethe performance of the two

learners’ groups differed from native speakers agahese. In general, all three groups

performed quite well. The average accuracy ofgloeip of native speakers of Japanese was

94.7% @D = 0.80), that of NEinexp was 94.7% = 0.71) and that of NEexp was 95.3%

(SD = 0.49). A two-way mixed design ANOVA was condutia which Accent type (Al,

A2 and AQ) was the within-subject factor and Grdijd, NEinexp and NEexp) was the

between-subject factor. No significant main efeot no interaction effects were found.

Thus, the mean accuracy of the participants inihgahe difference between the pairs of FO

contours was not significantly different among theee groups, although a ceiling effect

could have masked a difference. English speakere @able to hear the difference between

FO contours extracted from disyllabic nonce woikls Japanese speakers, and they showed

this ability regardless of their L2 experience.
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4.5 Discussion

The results of Experiment 2 show that native speaké English and native speakers of

Japanese were able to hear the difference equellybatween pairs of sounds created from

the FO contours which were extracted from disylialmnce words. In other words, learners

could hear the differences between FO contours gntloa three accent types as well as

native speakers could when the linguistic informatdf the FO function was not presented.

This means that English-speaking learners werdanhg a problem in hearing the acoustic

differences in the FO contours of the three actgmts. It is also worth mentioning that

there was also no statistical difference betweem larners groups as a function of L2

experience. Therefore, it is less likely that fgneaccent stems from native speakers of

English losing their sensitivity to detect the astbu differences between FO contours.

Overall, it is not plausible to conclude that Esblispeakers’ perceptual sensitivity to detect

FO contour differences has been lost as adult &éhées and that this is what is reflected in

their foreign accent when producing Japanese Iegitzh accent contrasts. Therefore, this

calls for further investigation in order to find alternative account to explain what might be

behind foreign accent phenomena.
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4.6 Summary

In Experiment 2, the learners’ ability of differeting the FO contours was investigated as a

source of foreign accent. The question addreseasliias whether or not native speakers of

English as adult L2 learners could hear the diffeecbetween the FO contours in pairs which

were extracted from Japanese disyllabic nonce wwtdsn the cross-linguistic information

of FO function between Japanese and English is vecho Based on the results of the non-

speech ABX task, native speakers of English seetmt@ high sensitivity to FO contour

differences just like native speakers of Japanétmnce, it seems reasonable to conclude that

the ability to differentiate the FO contours does provide a plausible account for foreign

accent. This possibility is not tenable at leasthe case of Japanese lexical pitch accent

acquired by native speakers of English. Althoughfeund that English learners of Japanese

do not seem to have a problem in acoustic peragptiopart of the input process of speech,

this does not grant that these learners are alaiditulate the FO contours in a non-linguistic

context as part of the output process. It is fsghat the learners are having a problem in

articulating the FO differences between the lexiterhs, and that difficulty is appeared as

their foreign accentedness in their productions.the next chapter, the articulatory/motor

issue is explored as an alternative account fagidor accent in L2 prosodic contrasts by

focusing on the learners’ ability to articulate #@ contours.



113

5 Experiment 3: The ability to articulate FO
contours
Let us now turn to the role of the learners’ apilib articulate the FO contours in the L2
productions. The result of the ABX task using meech FO contours revealed that English
native speakers’ sensitivity to FO contour diffaresis just as good as that of native speakers
of Japanese. This pattern was observed in botbriexged and inexperienced learners.
These results suggest that English-speaking leamere not having a problem in hearing
the phonetic differences between the FO contougsairs when the stimuli are non-speech
stimuli that consist of only the target FO contowithout cross-linguistic difference between
English and Japanese. Therefore, this excludegsassibility that their foreign accent is due
to lack of ability in perceptually differentiatinge FO contours in a non-speech context; this
ability was unrelated to English-speaking learndigérgent FO patterns of Japanese pitch
accent which was revealed as foreign accent.

If the learners are able to maintain perceptuakisigity to a particular phonetic
property (i.e., FO), what could be an alternatiedibd the divergent FO patterns of English-
speaking learners from Japanese speakers’ normsZaWwexamine learners’ performance
more exhaustively by testing the same participanifie next step is to investigate the

possibility that the English native speakers hawablems regarding their ability to articulate
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FO contours.

In this experiment, we will explore the possibilityat articulatory/motor processes

are associated with non-native patterns of thevaglieacoustic correlates. The general aim

of Experiment 3 is to investigate whether the c@msts of articulatory control or motor

processes are making it difficult for adult L2 leers to phonetically realize the acoustic

correlates of the target L2 prosodic contrasts, nvties articulatory/motor aspect of the

phonetic property is disentangled from its lingeisble. Here we make use of the fact that

FO patterns such as FO peak alignment and rapidalFGare found to be the acoustic

correlates of Japanese lexical pitch accent cdst(esy., Hasegawa & Hata, 1992; Sugito,

1982) whereas FO patterns also mark intonatioregegtin both Japanese and English (e.g.,

Beckman, 1986; Ladd, 1996). Putting aside theseliaguistic difference of the FO function,

the more specific question addressed here is whetheot native speakers of English will

be able to articulate the different target FO mosets when they imitate target FO contours

which have been extracted from Japanese nonce w@ylsemoving the linguistic context

from the Japanese nonce words, we consider thdindpgstic function of FO is excluded

and thus, this allows us to examine the learndsgitya to articulate the FO movements

(simply considered as a motor process rather tlantheir linguistic function). If the

learners are able to articulate the different tafg@ movements, the second question is
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whether or not the FO patterns in the productiohsative speakers of English will

diverge from those of native speakers of Japanese.

Now, let us consider possible outcomes. Since/eapeakers of English use FO

linguistically in their L1 in differentiating intaation patterns, it may be that English speakers

will be able to articulate the FO movement of taigmntours without any problems once the

linguistic context is removed from Japanese pitmteat contrasts. In addition, it is possible

that their FO patterns may show a similar patterndtive speakers of Japanese when they

articulate the FO movements without the linguigtiormation of pitch accent. If this was

case, we would be able to assume that native speakd=nglish do not have articulatory

difficulty in producing FO patterns whey they otlgive to imitate FO movement of the target

contours. This would suggest that we can eliminlgéepossibility that articulatory/motor

processes can account for non-native FO patteres whtive speakers of English produce

Japanese pitch accent. This would also leave noora for investigating further into other

potential factors behind the non-target-like FOfifrcof English speakers, such as factors

which may be more directly related to the linguaidtinction of FO.

On the other hand, it is also possible that thelt®snay show that the FO patterns of

English speakers will differ from those of Japangseakers. It could be that articulation of

FO movements even without linguistic context maly stquire specific articulatory/motor
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control for lexical pitch accent which could befeifent from the control used for phrasal

differentiations (particularly because the souréghe FO contours is the lexical items).

Alternatively, it could be that the target patteraxe too difficult to achieve from the

articulatory perspective as the articulatory regmients of FO patterns in Japanese lexical

pitch accent are very specific to Japanese pitcderdc In this case, we may see some

differences between experienced and inexperierethérs as a function of L2 experience.

After having more practice with the phonetic reaian of the different FO patterns in

Japanese through the learning process, the expeddearners may perform more similarly

to native speakers compared to the inexperien@eddes. For these possible reasons, native

speakers of English may or may not be able toidaie the differences of the FO movement

of target contours even in their own ways. Therees may be distinguishing the three

accent types of Japanese lexical pitch accent asistiwhich are still different from the

means in the native speakers’ productions; howekiey, seem to make distinctions within

their means among the three accent types. In sashs, this would imply that native

speakers of English are experiencing articulataffycdlties in producing FO patterns even

without linguistic context. If we could also shdkat such a problem was somehow related

to their foreign accent, this would provide evidefar the possibility that articulatory/motor

processes are a potential factor for explainingdivergence of the learners’ FO patterns
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In order to test these possibilities, a non-speasgttation task was carried out, as

described in the following sections.

51 Participants

The same 48 participants as the previous tasks tested. Recall that there were three
groups: two learner groups (inexperienced and expeed) and a control group of native
speakers of Japanese. Due to time constraings frdgh 24 participants (8 participants from

each group) were randomly selected and analyzed.

52 Materials

Audio materials for this task were the same asetos Experiment 2: FO contours were
extracted from recordings of 12 disyllabic noncerago(4 words ifiene, noma, marand
nime x 3 accent types (pitch accent on tfiesgllable, pitch accent on th&*&yllable and
unaccented)) followed by a post-positional partiole (‘also’), as uttered by a female

speaker of Tokyo Japanese.

As we saw in the materials for speech imitationktas 3.2.2, this speaker’s

productions were recorded in a sound-treated rewpsdudio at the Linguistics laboratory at
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the University of Edinburgh. The audio interfacessMOTU 828 mkll Firewire using a

hypercardoid microphone (AKG CK 98) and digitalizda sampling rate of 48 kHz with a

resolution of 16 bits. Sonar 4 Studio Edition wised as a recording software programme.

A list of the 12 test items was read aloud in aieaphrase three times (the carrier sentence

was, ‘Sumimasen mo kudasa{Excuse me but please give me as well.)").

Subsequently, one of three repetitions of each itectuding the particleano ‘also’ was

edited to form the audio stimuli.

In order to create audio stimuli for non-speechsli tasks, the speech stimuli were

further manipulated in such a way that only thecBfitour was extracted from the original

recording, and synthesized into sound using PRAAXtions. First, the visible FO contour

was extracted from the original sound. Then, tkieaeted FO contour was synthesized into

sound with the pulses algorithm. Each final outpoinded like a buzzing noise with its

length equivalent to that of the original recording

All the audio materials were converted to a sangplate of 22 kHz with a resolution

of 16 bits using CoolEdit Pro 2.1 so that it matthige Sound Device Object Property in E-

Prime.
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5.3 Procedure

Participants were tested individually in a sourehted recording studio. The participants

heard paired stimuli in a sequence through a daireadphones and were asked to imitate

the FO movement of the first non-speech stimullisey were asked to do so by producing a

Japanese vowel /a/ (the description on the mon#ioowed, a Japaneskiragana

orthographic symbol, equivalent to /a/, in orderdemonstrate the sound as part of the

instructions). Two stimuli were presented so that task would have a parallel structure to

the non-speech task in this study, i.e., the n@esip ABX task in Experiment 2. They were

allowed to make more than one attempt if they vmertesatisfied with their first attempt and

if they did, the final imitation was used for theadysis. Thirty-six pairs of FO contours were

randomly presented over headphones (4 disyllabiecemonvords x 3 accent types x 3

presentation orders (AB, BA, and either AA or BB)).

The audio interface was MOTU 828 mkll Firewire wsanhypercardoid microphone

(AKG CK 98) and digitalized at a sampling rate 8fkHz with resolution of 16 bits. Sonar

4 Studio Edition was used as a recording softwangramme. Participants listened to the

audio materials using a pair of Sennheiser eH2Z#aphones. A computer keyboard was

used to indicate to proceed to the next stimuluspbsssing the return key. All the

instructions were presented with E-Prime usingramger monitor facing the participants in
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the recording booth.

Participants were given a practice session prigthéomain test. In order for the

participants to familiarize themselves with the +speech imitation task, and to allow them

more time to ask any questions, the duration ofptlaetice session in this task was twice as

long as that of the other tasks.

After the participants produced their imitationezch stimulus, they were asked to

press the space bar on the keyboard in order teptbto the next pairs to be presented. The

inter-stimulus interval was again 0.7 sec.

54 Analyss

The analysis procedures for this task are basithysame as those for Experiment 1. The

recording of each participant was digitalized atepling rate of 48 kHz with resolution of

16 bits. The recording of each participant wasreaged into smaller sound files. This

yielded 36 small sound files per participant, eatiwhich contained one of 36 imitations of

the target items, each with duration approximately sec. These sound files were then

analyzed in terms of acoustic measures. Annotaiahacoustic analyses were performed

using PRAAT.

The segmentation was conducted manually by lookinthe visual display of the
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spectrogram and the oscillogram based on the ieritedow. With the aid of a PRAAT

script written by Xu (2008), the acoustic measunetsiewhich are described below, were

obtained after segmenting each audio file. Ashi& &nalysis of the production data in

Experiment 1, to capture the overall FO patterms,following characteristics were again of

particular interest for the purpose of this stuB@: peak location with respect to the onset

and the offset of each non-speech imitation, HGafadl FO range.

To observe the location of FO peak in non-speedtaiions, the time-normalized FO

peak point was detected for each utterance. Ttaglslef the time-normalization method are

described in 3.4.3 in Chapter 3. To compare thgeateof FO fall, the fall after the peak was

observed. Lastly, FO range (i.e., the width of tlmemalized FO contours) was compared

among the groups. The advantage for using bottaf@e and maximum velocity is that the

combination of these two values can potentiallym® us a way to dynamically compare

whether English speakers are able to produce d fpifall after the peak when they are

imitating FO movement alone. This point is pafcly relevant for analyzing the imitations

of the non-speech stimuli as in these stimuli tleeeno segmental landmarks other than the

onset and the offset of the utterance as a whafghout segmental landmarks as a cue to

phonetically realize FO patterns, it may be morficdit for both learners and native

speakers of Japanese to aim at the target FO pelge the non-speech imitation task than
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the speech imitation task. For this reason, it meydifficult to compare FO patterns

produced by English-speaking learners with thosenéiyve speakers of Japanese solely

based on the FO peak location. In the followingtisas, we will describe the details of the

acoustic interval criteria and those of each value.

541 Acousticinterval criteria

As in Experiment 1, the acoustic interval critauised in the analyses followed the practical

guide of Turk, Nakai and Sugahara (2006). The tspgiam setting in PRAAT was set as

‘view range’ of 0 — 8000 (Hz) and ‘dynamic rangd’5b (dB). Approximately a 1l-sec

window was used for placing general boundariestherdvaveform was zoomed into 5-10

ms for more fine-grained segmentation. The segatient points were located at the nearest

zero-crossing point of the waveforms.

The segmental boundary was placed based on spebtmdcteristics which can be

easily detected in spectrograms. All the imitatidérthe non-speech stimuli in Experiment 3

was accompanied by the vowel /a/. The onset afida/marked where a clear glottal release

occurred. The offset of /a/ tended to end in oygathonation (i.e., where glottal pulses are

spaced irregularly with a very low F0). When therance ended in creaky phonation, the

last clear glottal cycle on the waveform was de@end the boundary was marked on its
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zero-crossing point (Figure 5.1). When the oftdfefa/ did not end in creaky phonation,

the boundary was placed on the zero-crossing pdithe glottal cycle of the waveform

which corresponded to the end of strong F2 (Fi§u2g. Some of the utterances also ended

in breathy phonation (i.e., where voiceless formstntictures could be observed directly

after the vowel formant structure). In these cadesoffset of /a/ was marked at the end of

voicing of the waveform and the voiceless formanicdure was excluded (Figure 5.3).

Figure 5.1 Creaky phonation at the end of /a/
Creaky voice is marked as “c”.
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Figure5.2 Example of /a/ without creaky phonation ending
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Figure 5.3 Breathy phonation at the end of /a/
Breathy voice was marked as “b".
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55 Reaults

Here we will present the overall FO contour patguroduced by each individual speaker for

each pitch accent types, focusing on FO peak lmeakiO fall and FO range.
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55.1 Overall FO patterns

The following figures represent the overall FO ppalkterns of each participant, which were
averaged over three repetitions of each test it€mreduce the speakers’ variability, the FO
values (Hz) on the time-normalized scale were cdadeinto normalized FO values as in
Experiment 1. In addition, Z-score transforms wesed for normalizing the FO values of
each contour. Figure 5.4 represents the FO canfmoduced by native speakers of Japanese
for the non-speech stimuli created from the worthwain accent on the'syllable (A1), the
word with an accent on thé“syllable (A2) and the unaccented word (AO). Eéinh
indicates the average FO contour of a speaker.

As an overall tendency, the FO patterns in A1 sp@ech produced by the NJ tend to
have a peak followed by a fall within the initiarp of the utterances. The FO patterns in A2
non-speech seem to show a peak in the middle panegoroductions. Meanwhile, in the
NJ’'s A0 non-speech we see a relatively rising dlatFO pattern which does not contain
such a peak followed by a rapid fall, unlike theditterns of A1 or A2. In addition, the FO
ranges for A2 and A0 seem slightly wider than fdr. AHence, the FO patterns in the NJ's
non-speech data seem to show similar patternset@aiterns that we saw in their speech

data in Chapter 3.
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Figure 5.4. Theaverage FO patternsof NJ individual speakers.
Each figure represents the FO patterns in the fimitaof non-speech stimuli from Al (top), A2
(middle) and AO (bottom). The x-axis indicates @éimormalized point. The y-axis indicates

normalized FO values.
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Figure 5.5 represents the FO contours producdtidgxperienced learners (NEexp)
for the non-speech stimuli created from the worthvaach accent type. Overall, the FO
patterns produced by the NEexp look very similatheoNJ’s patterns, although the NEexp’'s
patterns seem to show slightly more diversity camgawith the NJ's patterns. The FO
patterns in A1 non-speech produced by the NEexptaltd to have a peak followed by a fall
within the initial part of the utterances. The [pditerns in A2 non-speech seem to show a
peak in the middle part of the NEexp’s productioMeanwhile, we see a relatively rising or
a flat FO pattern which does not contain such & paléowed by a rapid fall in the NEexp’s
FO patterns of AO non-speech unlike their pattefms1 or A2. Meanwhile, the FO range for

A2 in the NEexp’s non-speech seems to be sliglatyawer than in the NJ's non-speech.
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Figure 5.5. Theaverage FO patterns of NEexp individual speakers.
Each figure represents the FO patterns in the fimitaof non-speech stimuli from Al (top), A2
(middle) and AO (bottom). The x-axis indicates @éimormalized point. The y-axis indicates

normalized FO values.
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Figure 5.6 represents the FO contours producedhbyinexperienced learners

(NEinexp) for the non-speech stimuli created frdra word with each accent type. The

individual patterns of the NEinexp also seem tonshosimilar tendency to those of the NJ.

The overall trend of their patterns show an eapieak followed by a fall in the Al non-

speech productions, a peak followed by a fall mnhiddle in the A2 non-speech utterances,

and more or less flat patterns in the A0 non-speédtwever, the NEinexp’s patterns seem

to show slightly more individual variations thamtNEexp’s patterns. The FO peak locatios

for the accented targets (i.e., A1 and A2) in thli&rexp’s non-speech appear to be slightly

later than in the NJ’s non-speech. In additibe,degree of FO fall for Al in the NEinexp’s

non-speech seems to be steeper than in the NJspeath.



130

Figure 5.6. The average FO patterns of NEinexp individual speakers.
Each figure represents the FO patterns in the fimitaof non-speech stimuli from Al (top), A2
(middle) and AO (bottom). The x-axis indicates @éimormalized point. The y-axis indicates

normalized FO values.
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These figures showing the individual speakers shegoup provide us with a good

overview of the overall FO patterns of each grolrpsum, even in the non-speech imitations,

the FO patterns produced by the native speake¥apzEinese indicated similar FO patterns to

those produced for imitation of the source wor@scerall, the Japanese speakers’ contours

included a FO peak followed by a fall for the nqesch imitations of FO contours extracted

from the accented word. In addition, in the Japargroup, this FO peak and fall seems to

occur within the initial part of the utterancestire A1 non-speech, as in the original Al

word with its accent on the first syllable, whitethe case of the A2 non-speech imitations,

the FO peak and fall tends to occur in the middléhe productions (as in the original A2

word, with its accent on the second syllable). Mdale, both learner groups also seem to

show this tendency in their non-speech productioHewever, the learners seem to show

more individual differences in their FO patternartiihe native speakers. Moreover, even in

the non-speech imitations of the FO contours, we abserved that the patterns become less

diverged as a function of L2 experience, althougheéffect seems to be less strong than in

the speech productions of Japanese pitch acceatvelosin Experiment 1.
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5.6 Discussion

The results of Experiment 3 showed that native lggrsaof Japanese produced acoustic

differences in terms of FO peak location, FO faltl &0 range when they were imitating the

target FO contours alone, i.e., contours taken fileerthree accent types while excluding the

linguistic function of FO. The rationale behina ttask was to remove the linguistic context

so that we can put aside the cross-linguistic diffees in the use of FO between Japanese

and English and test the participants’ ability toquce the acoustic correlates of Japanese

lexical pitch accent more directly. In the nonglinstic context (which in principle allows us

to test specifically the articulation of FO moven®nthe native speakers made use of all

three of the FO parameters. This result agrees thi¢ previous findings obtained in the

speech productions of pitch accent in Japaneseewther FO peak tends to occur in accent

location.

In order to discuss the main question of this olapét us now consider in more

detail how the English speakers performed in thesmeech imitation task. The first of the

two questions addressed in this chapter was whetheot native speakers of English would

be able to articulate (or phonetically realize) thigéerences target FO movements in a non-

linguistic context, i.e., where they had to imitadeget FO contours which were extracted

from Japanese nonce words. As we saw in Figure=gdre 5.5 and Figure 5.6 (which give
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a general overview of the FO patterns producedhleythree groups), the average FO

movements of the learners seem to show similaepeitto those of the native speakers

across the three accent patterns, although the@énexced learners show more individual

diversity. This seems to suggest that the learmegzse also making some acoustic

differences in FO patterns in imitating FO contodepending on the accent type. Based on

the overall FO patterns in their non-speech date the native speakers, both the

experienced and the inexperience learners werar@&mg use of all three FO parameters to

separate the accent types in their non-speechtioméa However, the content of the FO

parameters and their magnitude in the learnerstiymiions showed some differences

relative to the native speakers’ productions. Tagéive speakers of Japanese seem to

differentiate the accent types in the non-speedtaiions in terms of FO peak location and

the degree of FO fall but not so much FO rangee @&xperienced learners showed similar

productions in this respect. Meanwhile, the ineigreed learners might have been making

use of the degree of FO fall in their non-speechm#ok accent types. This may be why the

FO fall in the inexperienced learners’ non-speeata dor the accented target looked sharper

than the native speakers’ non-speech data while fA0rfall tended to be detectable in the

inexperienced learners even for the unaccentedttarg

The relevance of the overall patterns for the qoess that they suggest it is not
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impossible for native speakers of English learniaganese to be able to phonetically

differentiate FO patterns in terms of the threepBfameters, when the linguistic function of

FO is removed. From this point, we are warranteday that the learners do not seem to

have so much difficulty in articulating FO patterirs terms of these FO parameters.

Nevertheless, we should also note that the realdtsshowed some differences between the

learners’ productions and the native speakers’ ymtoins, with more variability in the

learners’ data. Hence, it seems that English é&arof Japanese have some problems in

articulating FO contours in Japanese lexical piédtent, and it is possible that these

differences might have contributed to the non-talige productions of the learners.

Interestingly, even though this was a non-speeskj the results also revealed a role

for L2 experience in terms of the overall FO patser The results suggest that although the

native speakers of English diverge in their norespamitations from the native speakers of

Japanese in the early stage of L2 acquisition, ghdormance of the native speakers

becomes more similar to that of the native speakérdapanese as a function of L2

experience. This implies that some acoustic charatcs which are involved in the FO

patterns in Japanese speakers’ productions are difboalt than others for native speakers

of English to phonetically realize. These resuttply that it may be more difficult for

English-speaking learners to articulate acoustferinces between FO patterns (such as how
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early or how late the FO peak occurs, or how muimBvement there is between the FO

peak and a valley, at least compared to how rdy@d0 peak movement is). It may perhaps

require more motor control or subtle timing of eutatory movements in order to articulate

target-like FO peak location and FO range, compaoethe articulation of target like FO

maximum velocity. Moreover, the results suggeat #s learners gain L2 experience, they

can also learn to articulate phonetic differenagtsvben the three accent types in a way that

is increasingly similar to the native speakers. isTalso implies that English-speaking

learners may have an articulatory or motor corgroblem which may require more practice

in imitating the FO movements, especially in thdéiah stage of L2 learning. Since the

linguistic function of FO was controlled in the rspeech imitation task, the results seem to

suggest that English-speaking learners have tm leamphonetically realize the target FO

patterns, which may involve articulatory demandscWwhare specific to Japanese. Such

articulatory or motor control difficulty might, iturn, partially contribute to the non-target-

like FO patterns in the learners’ speech produst@inJapanese pitch accent contrasts. This

implies that the learners’ articulatory abilitymre closely related to their FO profile in their

speech productions as they gain more practice inHeénce, the non-target-like FO profile in

the productions of the learners can be explainedthsyr ability to produce the FO

movements which yield the target pitch accent emtér At the same time, this does not
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exclude the possibility of other factors such asdtificulty in their ability to categorize

the target L2 contrasts.

Lastly, we should also note that in the absenceegimental landmarks, it might

have been difficult not only for learners but aleo native speakers to imitate the FO

movement of FO contours. This might also havetdethe inexperienced learners’ difficulty

in targeting the native-like FO peak location.isltalso possible that measuring the FO peak

points only from 10 time-normalized points on th@ €¢ontours might have caused some

errors in comparing the group means or even indalidariability within each group. This

might also have been reflected in the inexperierleadners’ slightly divergent FO peak

alignment patterns. Nevertheless, this seems toobdatal to the points that have been

discussed so far.

To conclude, it seems possible that when the igtigufunction of FO was discarded

from the original nonce words, native speakers mglish were capable of articulating the

differences in FO movement for the target FO carst@di non-speech stimuli, when observed

in terms of FO peak location, FO fall and FO rangmwever, it was also found that there are

some differences between the patterns produceldebiearners and the patterns produced by

the native speakers of Japanese. Interestinglypéinformance of the learners does seem to

have been influenced by their L2 experience everihis non-speech task: the FO patterns
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produced by the experienced learners were morelasirto the native speakers of

Japanese than were the FO patterns produced byekperienced learners. What these

results revealed, therefore, is that it is hardxcude the possibility that the non-target-like

FO patterns in learners’ speech productions conoes iearners having articulatory or motor

difficulties in producing the required FO movememts the target contours. It seems

therefore that there may be articulatory settinggclv are specific to the FO parameters in

the phonetic realization of Japanese pitch acaemd, which therefore need to be learned

during acquisition in order for the learner to b®eato distinguish Japanese pitch accent

contrasts. This also suggests that the learneisukatory ability may improve with L2

experience. Importantly, the results also sugtiedtthe learners’ ability to produce the FO

movements in this articulatory or non-speech t&srs to play some role in explaining the

FO profile of their speech productions. At thiagd, it is still too early to draw wide-ranging

conclusions, as the tasks involved articulatoryitgthivhere the cross-linguistic function of

the acoustic correlate of FO was controlled, sd tha learners’ articulatory ability was

investigated in a non-linguistic context. Therefan order to investigate the issue further,

we still need to examine learners’ ability in aglistic context where the ability to translate

the shape into a linguistically meaningful unithi§ is particularly worth pursuing, given

that the overall FO patterns in the non-speechymtiohs of the native speakers of Japanese
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seem to show some resemblance to the same paranretidreir speech productions,

while this tendency among the native speakers gfifinwas less so (and varied according

to L2 experience).

57 Summary

In Experiment 3, the issue of articulatory/motoogesses was explored as a possible means

of accounting for the non-target-like FO pattem&nglish-speaking learners’ productions of

Japanese pitch accent. The first question addraasthis task was to investigate whether

native speakers of English were able to articudateghonetically realize the FO movement of

target FO contours of Japanese disyllabic noncedsvar a non-linguistic context. The

second question addressed in this task was totigaes whether FO patterns produced by

native speakers of English diverge from the pasterhich were produced by native speakers

of Japanese. The results of the non-speech iontask show that English-speaking

learners did tend to produce acoustic differenceseims of the three FO parameters to

distinguish the FO patterns of the accent typesweéver, the patterns of how the learners use

these FO parameters did diverge from the patteroduped by native speakers of Japanese,

particularly the inexperienced learners. Moreowbe FO patterns for the non-speech

productions of the experienced learners appearstidv more overlap with the FO values
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for their speech productions compared to the inegpeed learner group. Such

difference might be reflected as the non-target-H patterns of English-speaking learners’

speech imitations observed in Experiment 1. Thierénce may also reflect learners’

difficulty when native speakers of English are adqg Japanese lexical pitch accent

contrasts. Thus, the possibility that articulatorgtor control problems may be a factor

which contributes to the perception of foreign atcéeaves some room for further

discussion. In the next chapter, the issue ofgoaigation ability (something which can

allow us to look at an aspect of the ability inrguistic context), is investigated as a means

of understanding further the potential factors bdHoreign accent during the acquisition of

L2 prosodic contrasts.
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6 Experiment 4: The ability to categorize Japanese
lexical pitch accent contrasts

In Section 3.2, we observed that the FO profilesdpced for Japanese pitch accent by
English-speaking learners diverged from the prsfilroduced by native speakers of
Japanese. The FO patterns in the learners’ priodsctliffered from the native speakers’
patterns in terms of intelligibility scores and pé€ak location or the degree of the slope of FO
contours in the overall shape. To investigate fdor(s) which may lie behind such
divergent FO patterns, we first examined learnalsfity to differentiate the FO contours
from canonical tokens of Japanese pitch accentrasistas non-speech stimuli (in Chapter
4). The results showed that these English-spedkermers were able to hear the difference
between the target L2 contrasts and to predictniteenbership of the target L2 categories
equally well as the native speakers of Japanedas f€lls us that the English-speaking
learners are not completely lacking in perceptuaisgivity towards the key acoustic
correlate of Japanese lexical pitch accent (i@®).,, $omething which is required as part of the
input process requirements to be able to produgettiike productions. In Chapter 5, we
investigated the learners’ ability to articulate fhitch contours, using a non-speech imitation
task. The results showed that the English-spedkengers diverge from the Japanese native

speakers in their non-speech imitations. This @ut suggests that the learners have a
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problem in articulating the key acoustic correlatdapanese lexical pitch accent as part

of the output process requirements to achieve tikge productions. However, we also

need to take into consideration another requiremdrith learners must meet in order to

achieve unaccented productions in their L2; therivgl mechanism which connects the input

process and the output process. More specificallyare interested in learners’ ability to

categorize target L2 contrasts, and even more figadlyi, we think of categorization ability

as being decomposed into three elements: linguigiception, categorization and lexical

assignment. We found in Chapters 4 and 5 thaEtfgdish learners of Japanese do not have

an acoustic perception problem but have an artionlgproblem. However, from what we

found in Chapters 4 and 5, we still do not know tlibe or not the English learners of

Japanese also have problems in the abilities iebin the internal mechanism that connects

the input and the output process, and if so, whetheiot this problem is related to their

foreign accented production of Japanese lexicahgitcent. Therefore, these are the issues

of interest in this chapter.

In the existing literature, the ability to categeritarget L2 contrasts has been

discussed as a potential interaction between lesirsgeech perception and a problem in the

mental representation of L2 speech. The definiibmwhat is meant by this categorization

ability varies from study to study. However, farrgurposes, it is defined here as the ability
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to perceptually differentiate Japanese pitch cetdgran a way which involves three

abilities: (1) the ability to hear differences beem the L2 contrasts (linguistic perception),

(2) the ability to categorize the L2 contrasts €gatization) and (3) the ability to assign L2

categories to lexical items (lexical assignmenin be able to categorize L2 contrasts, the

learners need to associate phonetic informatioh & categories. Hence, this potentially

requires phonetic representation of Japanese lepiicdn accent categories. To be able to

lexically assign the L2 category, the learners nietéxically associate an item with the

corresponding L2 category. Thus, this potentialtgquires lexical-phonological

representation of Japanese lexical pitch accenégodaes. Moreover, these three

decomposed abilities are related to each otherbeTable to categorize L2 contrasts, first,

the learners need to be able to hear phoneticreliftes between the L2 contrasts. In

addition, to be able to lexically assign the L2egairy, the learners need to have phonetic

representations of the target L2 categories.

The aim of this chapter is to address whether drfaeign accent involves a

problem in the internal mechanism that connectdrthet and the output process of speech

production. We intend to achieve this by invegtigathe learners’ ability to categorize

Japanese lexical pitch accent contrasts (wher@aatation is decomposed into the three

abilities mentioned above, linguistic perceptioategorization and lexical assignment) as a
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determinant factor for non-native-like productionghis will allow us to shed light on

the question of whether or not the interaction leetw the learners’ speech perception,

phonetic representation and lexical-phonologicaresentation of Japanese lexical pitch

accent is a source of their foreign accentednédthough it may not be possible for us to

directly test this interaction or their mental reggntations directly, it is possible to test

learners’ perception ability, and to indirectly @stigate their phonetic representation or

lexical-phonological representation problems byingsrelated abilities. More specifically,

we are interested in whether or not the problem ligin hearing the phonetic difference

between the representative members of the targatat&gories; 2) in categorizing tokens

into the target L2 categories; or 3) in assignihg target L2 categories to lexical items.

Three perception tasks were conducted: an ABX tes#kg canonical tokens, an ABX task

using a continuum, and thirdly a label assignirsicta

The first perception experiment (an ABX task) usasonical tokens of Japanese

lexical pitch accent contrasts. This will allow tesdiagnose their linguistic perception on

whether or not the learners are able to hear tbegilt difference between the tokens and to

classify the target item into the L2 category baeedsimilarity judgments. The second

perception experiment (another ABX task) uses diimu the relevant continuum. This

experiment additionally allows us to test the leashcategorization ability on whether or
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not the learners have formed the target L2 categoriThis could reflect their phonetic

representation of the L2 categories since the &arneed to learn to associate the relevant

phonetic information with the L2 categories. Tldrd perception experiment involves

assigning labels to the tokens. This experimerthén provides us with a means to examine

their lexical assignment ability on whether or tlo¢ learners have problems in assigning

categories to lexical items. This ability couldeet the lexical-phonological representations

of the L2 categories since the learners need to teathe arbitrary connection between each

lexical item and the L2 categories in order toifiuliis task.

These three perception tasks importantly tap differaspects of categorization

ability. In the ABX task using canonical tokene tparticipants hear three representative

members and judge the third token was the samehiéshvone of the first two tokens

representing the two target L2 categories. Tolile 8o do the ABX task using canonical

tokens, the learners have to be able to hear tbagpie difference between the target L2

categories. In the ABX task using a continuum, plaeticipants hear two endpoints of a

continuum which represent the two target L2 catiegoifollowed by one of a stimulus on

the continuum, and categorize the third stimulas the L2 categories. To be able to do the

ABX task using a continuum and show target-likepoeses, the learners need to have

formed the L2 categories of the target contradisthe label assigning task, the participants
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hear one canonical token and allocate the correfspgrdiacritic as a label to each

lexical item. In addition to hearing the phondlifference between the L2 categories and

having formed the L2 categories, to be able toh#olabel assigning task, the learners (as

well as native speakers) need to learn a noveritasystem and assign L2 categories to

lexical items by learning the arbitrary connectibetween lexical items and the L2

categories.

It is possible that learners have problems in ngatfie phonetic difference between

the canonical tokens or the endpoint stimuli oftdmget contrasts that are the representative

members of the target L2 categories. Even if daerlers do not seem to have problems in

hearing the difference between the canonical tgkémsy may still have problems in

categorizing the intermediate stimuli on a contmuuThis might be because the learners

have not formed the target L2 categories at allp@cause although they have partially

formed the L2 categories these categories may timless overlap each other due to the

relation between the L2 categories and the phoidtcmation not being fully learned. 1t is

also possible that these partially formed L2 catiegooverlap with L1 categories. Hence,

this task has a potential to provide us with a wisis of the learners’ phonetic

representation problem of the L2 categories. Méulewif the results of the ABX tasks

show that learners don’t have such a problem,flattthe same time they have a problem in
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the labeling task, this may suggest that their lgroblies in assigning L2 categories to

the target lexical item. This could reflect thaey have not learned, or have not fully

learned, the association between the L2 categaridsthe lexical items. Alternatively, the

reason why they fail to do the labeling task mightproblems in learning the labels. As a

further alternative, it might be a combination otfn

Since there are no explicit labels for Japanesiedepitch accent, the labeling task

is new even to the native speakers of JapanesespitBehis, a pilot study showed that

Japanese speakers performed relatively well innlegrthe novel diacritic system and

choosing the labels that matched the target categdieanwhile, the experienced learners

performed better and also closer to the performaofcaative speakers than the less

experienced learners. As native speakers of Japamieo had to learn the diacritics, the

results of the pilot study imply that the groupfeliénce could be attributed to the difficulty

in allocating the L2 categories to each lexicahiteNative speakers can be expected to have

formed the categories of the target contrasts anchdve fully developed phonetic

representation and lexical-phonological represemtatwhereas learners have to learn to

form the native-like categories and develop thesgrasentations as they learn the L2.

Hence, the label assigning task has potentiakfstirtg the learners’ problem which is related

to lexical-phonological representation of the Leegaries.
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In this chapter, we aim to answer the following stiens: 1) whether or not

native speakers of English are able to hear tlierdiice between canonical speech tokens of

Japanese lexical pitch accent categories and ssifylathe target item into the correct L2

category; 2) whether or not native speakers of iEhghre able to hear the difference

between the stimuli on a FO peak alignment contimwaf Japanese lexical pitch accent

contrasts and categorize each stimulus into tlyetadr2 category; 3) whether or not native

speakers of English are able to learn a noveliladpslystem for Japanese lexical pitch accent

like native speakers of Japanese and to assigmeattacanonical tokens of Japanese lexical

pitch accent contrasts. By answering these thuestipns, we intend to address: whether or

not the problem lies 1) in hearing the phonetifedifince between the members of the target

L2 categories; 2) in categorizing the target L2egaties by associating the phonetic

information with the target L2 categories; or 3agsigning L2 categories to lexical items by

learning the connection between the category amdteim.

First we will explain the details of each of theeth tasks: ABX task with canonical

tokens, ABX task with 7 step stimuli on a continyuand labeling assigning task. We will

then report the results of each task, and finaly,will discuss the findings of these tests of

categorization ability in relation to foreign acten
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6.1 ABX task with canonical tokens

First, we carried out an ABX task using canonicéens to investigate whether or not the

learners are able to hear the difference betweetoltens and to classify the target item into

the L2 category.

6.1.1  Participants

The same 48 participants who took the previousstasire tested. They belonged to the

same three groups as before: two learner grougxgérienced and experienced) and a

control group of native speakers of Japanese.

6.1.2 Materials

Audio materials for this ABX task were the samdhesmaterials used in the production task

described in 3.2.2. The audio materials were etefitom the recording of 12 disyllabic

nonce words (4 nonce wordméne, mani, nim& nomg x 3 accent types) and a post-

positional particlano (also), all produced by a female Tokyo Japaneealss. There were

48 stimuli (12 nonce words x 4 presentation ord&BA, ABB, BAA and BAB). Her

productions were recorded in a sound-treated ragpsdudio at the Linguistics laboratory at

the University of Edinburgh. The audio interfacassMOTU 828 mkll Firewire using a
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hypercardoid microphone (AKG CK 98) and digitalizada sampling rate of 48 kHz

with a resolution of 16 bits. Sonar 4 Studio Emutitiwas used as a recording software

programme. This was the case for all recordingdist of the 12 test items was read aloud

in a carrier phrase (i.eSumimasen mo kudag&ixcuse me but please give me as

well)) three times. Subsequently, one of the thegmetitions of each item including the

particle mo ‘also’ alone was edited to form audio stimuli. #ile audio materials were

converted to a sampling rate of 22 kHz with a natsoh of 16 bits using CoolEdit Pro 2.1 so

that it matched the sound file specification in ti¥ie.

6.1.3 Procedure

Participants performed the task individually incaisd-treated studio. The participants heard

three audio stimuli, A, B, and X, in that sequettt®ugh a pair of headphones. Stimuli A

and B were always canonical speech tokens, andsXigeatical either to A or to BThus,

the participants’ task was to tell if the last stlos (X) was the same as the first stimulus (A)

or the second one (B) by pressing one of two keya keyboard. They were asked to guess

if uncertain. The stimuli were presented in randmher. Once the participants pressed the

key on the keyboard to indicate their decision, riegt set of stimuli were presented. The

inter-stimulus interval was 0.7 sec as in the resitasks.
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6.1.4 Results

The mean percentage and standard deviation ofateagponses was calculated for the three

groups are given in Table 1.

Table 6.1.The mean percentage of times that the participants matched the 34 stimulus

to the correct member of the AB pair.

Group Mean (%) SD
NJ 89 10
NEexp 88 8
NEinexp 84 10

All three groups did well in this ABX task. The maeffect of Group was not significarft [

(2, 42) = 1.20,p = 0.31]. Hence, there was no evidence of anyeudifice in hearing

differences between pitch accent contrasts in eifa@ner groups.

6.1.5 Discussion

The result suggests that English-speaking leardersiot differ from native speakers in

hearing differences of canonical tokens of Japatedeal pitch accent contrasts. These

learners are able to hear the phonetic differeeteden the target contrasts when the stimuli
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are representative members of the L2 categoridsus,Tthis implies that the learners’

divergent FO patterns cannot be attributed to thigiiity to categorize the target contrasts.

We should note that the skewness and kurtosiseofligtributions of the NJ group

indicated that there may have been a ceiling effdc23 and 1.64 respectively). Hence, this

seems to suggest that the task was too easy forathee speakers, and this may be why the

difference between the native speaker group andvtbdearners’ groups was found to be

statistically non-significant.

However, it is possible these learners may hawblpms in a perception task where

they have to hear the difference between and greakenbership of more diverse stimuli

regarding the relevant acoustic information thatidguishes the target L2 categories than

can be captured using this task. Responses totagkhcould reflect whether or not the

learners have learned to form the target L2 categdry associating the relevant phonetic

information with the L2 categories. For this raasthe learners’ categorization ability was

tested further with an ABX task using 7-step stimuhere they have to categorize whether

the target stimulus belongs to the category A oraBd classify each token into the

corresponding category.
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6.2 ABX task with stimuli on a continuum

To categorize the target L2 categories like naspeakers, learners seems to have two

options; either to compute the similarities 1) lymparing the target stimulus with the

presented stimuli using their working memory, obg)comparing the target stimulus with

their phonetic representations of the L2 categorieowever, since computing similarity

judgments places a heavy load on learners, whighlimit their working memory capacity,

they may either be forced to rely on the secondoopi.e., to use their phonetic

representations, or else they may fail to categdhie target stimulus at all (since they may

not have formed target-like L2 categories). Theyrpossibly be because the learners have

not formed the target L2 categories at all, or heeaalthough they have formed the L2

categories these categories overlap each othetodogor association between the phonetic

information and the L2 categories. Hence, a stege-WBX task seems to provide us with a

way of testing the learners’ phonetic representgtimblems.

To investigate whether or not the learners are ablhear the difference of the

stimuli and categorize Japanese lexical pitch accategories like native speakers, we

compared the response patterns of the two learnapg with the pattern of the native group.

First, we investigated whether or not the learrsbiew a native-like categorical function in

their responses to the step-wise ABX task. If tHeynot show a categorical function, this
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may indicate that the learners could only prediet membership of the representative

members (as indicated by the results of the ABX teith canonical tokens) but not that of

the stimuli in the boundary areas. Alternativélys possible that some learners who cannot

show any indication of a categorical function. tlhis case, these learners may not have

learned that there are Japanese lexical pitch acegegories. If they show a categorical

function, we could infer that the learners are dbleategorize the L2 categories based on

their interlanguage categories.

Then, to compare the patterns of the learners thighnative speakers further, we

will analyze the location of the categorical bounydand the degree of slope in the pattern of

a categorical function. The categorical boundadidates the boundary area between the

categories. In the case of native speakers, ttegaacal boundary is located somewhere

between the two endpoint stimuli of the respondtepa Since the learners are learning the

association between the relevant phonetic infoomaéind the L2 categories, it is possible

that the categorical boundary in the learners’ sasps may occur in a different location

from the native speakers’ responses. The degretheofslope suggests how sharp the

distinction between two categories is. The shatiperslope in a categorical function is, the

more seperate the two categories are. For the saas®n as the categorical boundary,

learners may show a shallower slope, which woulicate that the categories that they may



154

have formed are overlapping each other.

6.2.1 Participants

The same 48 participants who took the previousstasice tested, in the same three groups:

two learner groups (inexperienced and experienaad)a control group of native speakers

of Japanese.

6.2.2 Materials

Audio materials for this ABX task were created lsyng one recording ahene(Al) tokens

accompanied by a post-positional partitie (also), produced by a female speaker of Tokyo

Japanese. This recording was one of the canotikains used in the ABX task with

canonical tokens. By manipulating the FO peaknafignt of themenemdA1l) token, 7 step

stimuli on a FO peak continuum were created. Tihie, the first two stimuli among the

three were always either one of the end point dtionuthemene(Al)-meneg(A2) continuum

followed by one of the seven stimuli on the contimu There were 70 stimuli (7-step

stimuli x 5 repetitions x 2 presentation orders ¥ABnd BAX). The details of the FO peak

manipulation are as follows.

A 7-step FO peak continuum was created by shiftivey location of the FO peak
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alignment of themenem(@Al) token, where each end has its FO peak eithéha
midpoint (50%) of the first vowel (V1) or the midpb of the second vowel (V2). These
values were selected based on a pilot study whitdwed that in the initial accented
disyllabic words, the FO peak occurred somewhetevden 42% of V1 and the offset of
C2/the onset of V2: in the case of words with piécicent on the second syllable, it occurred
somewhere in the range from 57% of V2 and up to 289%he following syllable (the
Japanese particlerfo”)’. Then, 7 steps calculated from the log valuesevezeated by
shifting the pitch contour of the Al token horizalht towards the A2 target based on the
calculated FO peak location while fixing both emdghe FO contour. Overall, the stimuli
created in this manner sounded more natural thremetverse case, where the FO contour of
the A2 token was shifted horizontally towards the tArget (see Diagram 6.1). Generally
speaking, the stimuli created by shifting the ent0 contour without fixing the ends and
without changing the contour itself also soundess l@atural compared to the selected
method. When shifting FO peak location, all thgiztd points apart from the two end

points were shifted rightward horizontally. In &duh, a few stylized points next to the end

1 The recordings of the pilot study were segmentatitha FO trajectory was time-normalized using
the MOMEL script (Hirst & Espesser, 1991) with a difitation of the Praat implementation by
Remijsen (2004). The MOMEL script automaticallyestas the FO turning point of the contour. Thus,
it allows us to find where the FO peak alignmentws in each utterance relative to the segmental

landmarks.
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points were adjusted if necessary so that the aontould fit within the two end points

and did not create another peak. During this m®cine degree of the slope between the FO

peak and the following valley was preserved inotigiinal shape as much as possible and

modified as little as possible. Hence, it was ardy the location of the FO peak which was

manipulated in the stimuli used in this task, Habdhe degree of the slope after the FO peak

was slightly modified. Each log value and absolkie of FO pitch peak location referring

to the absolute time scale is provided below (sd#€T6.2).

Diagram 6.1 Schematic illustration of the 7-step stimuli.

A7 'V
(Stepl) (Step )

50% 50%
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Table 6.2. Log value and absolute value of the location of the FO peak alignment for
each step.
The absolute time “0” indicates the onset of eamind file.

Stepl step2 step3 step4 step5 step6 Step7

Log -1.715 -1503 -1.397 -1.291 -1.185 -1.079 -0.973

Abs 0.180 0.223 0.247 0.275 0.306 0.340 0.378

Once the FO peak location was manipulated, theusitiwere synthesized with the

PSOLA method (Pitch-Synchronous Overlap and AddPiaat. The naturalness of the

audio stimuli was verified with five native speakeaf Japanese, who agreed 100% that the

end stimuli could be heard as the intended stimuli.

6.2.3 Procedure

Participants took the task individually in a sourghted studio. The participants heard three

audio stimuli, A, B, and X, in that order using airpof headphones. Then, the task was to

state whether the last stimulus (X) was the sanmtbhedirst stimulus (A) or the second one

(B) by pressing one of two keys on a keyboard wliiehe clearly indicated with stickers.

They were asked to guess if uncertain. The stimalie presented in random order. Once

the participants pressed the key on the keyboaimtiioate their decision, the next set of the

stimuli were presented. The inter-stimulus intemwwas 0.7 sec, the same as the previous
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experiment.

6.24 Results

Here is a brief overview of the result of the stdpe ABX task. To investigate whether or

not the learners are able to predict membershigapiinese pitch accent categories like

native speakers, we compared the response patértiee two learner groups with the

pattern of the native group. First, we investigatgnether or not the overall responses to the

stimuli of the learners show a native-like categalrifunction in the responses. Since the

two learner groups did show a categorical functiona similar direction to the native

speakers but differences in the intermediate stimu then report the location of the

categorical function and the degree of the sloptheif response patterns. In addition, there

were eight participants (mainly from among the jpenienced learners) who did not show a

categorical function. Their patterns will be regedrand the results of the step-wise ABX

task will be revisited without these participar®Revisiting the results after excluding these

non-categorical participants resulted in the inelgmeed group showing slightly more

native-like categorical function than their init@@ttern.

The mean percentage and the standard deviationlafegponses over the 7-step

stimuli to each step for the three groups are ptesein Figure 6.1. Larger percentages
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indicate that the stimulus was identified more wfés Al and less often as A2. Hence,

the point at the top left corner indicates that plagticipants classified a stimulus as Al,

whereas the point at the bottom right corner inggahat they classified it as A2. The

overall patterns of all three groups shift from Aeksponses to A2 responses. This suggests

that the learner groups also seem to show the axdtat function. However, we also see

some differences in the overall shape of the groepn of the two learner groups from that

of the native speaker group, especially for thpaases to the intermediate stimuli. We will

now turn into the details of the similarities ahé differences in their group patterns.
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Figure 6.1. The mean percentage of Al responses to each step.

The x-axis indicates the number of the step orFth@eak continuum. The y-axis indicates
the percentage ahene(Al) responses. Each line indicates the mean pege of Al
responses among each group. The vertical lindsibottom figures indicate +/- 1 standard

deviation.
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As can be seen in Figure 6.1, the experienced &ngfieaking learners were able to

categorize both end stimuli of the FO peak continuas well as the native speakers of

Japanese. This result also agrees with the reBllBX task using the canonical tokens,

presented in the previous section (6.1.4), whezdahrners did not seem to have a problem

in categorizing these tokens. Not only the expexel learners but also the inexperienced

learners showed good categorization ability forotaral tokens, as we saw in the previous

section (6.1.4). It seems that the inexperienesdnkers were also able to categorize the

stimulus at one end of the continuum (i.e., Stepkt)Japanese speakers, whereas they did

less so with the stimulus at the other end (i.pS). Moreover, the overall shape of the

group mean of the two learner groups is differennfthat of the native speaker group. The

inexperienced learner group seems to show a ldsgarécal function, suggested by the

shallower slope, compared to the native-speakenpgend the experienced learner group.

This implies that the categories of the inexpemehdearners overlap each other. The

experienced learner group seems to show a stedmes, ssuggesting more target-like

categorical function than the inexperienced leankut their patterns are nevertheless not

quite the same as the native speaker group. Tiegarécal boundary of NJ, indicated by

50% cross-over point, is located somewhere neaStée 4 stimulus, i.e., the middle of the
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A1-A2 continuum. However, the categorical boundafrypoth learner groups seems to

fall between the Step 2 and the Step 3 stimulugwis located closer to the Al end of the

continuum. This suggests that the learners amr@émg the relevant phonetic information

of Al pitch accent (FO peak location), which théiveaspeakers treat as Al, with the A2

pitch accent category.

In order to statistically compare the learner gowjith the native speaker group in

the percentage aghene(Al) responses, a mixed design ANOVA test was edraut. The

between-subject factor was Group (3 levels) andvili@n-subject factor was Step (7 levels).

There was a significant effect of Stdp (6, 37) = 67.52p < 0.001]. The effect of Group

was also significantH (2, 42) = 7.28p < 0.01]. The interaction between Step and Group

was significantF (12, 74) = 4.81p < 0.001]. This indicates that the performancéepatof

the groups was different over the steps. Posteboagparisons using the Tukey test showed

that the percentage of Al responses of NE&kg 35.7%) was significantly smaller than NJ

(M =51.2%). In other words, NEexp were more likiéilgn native speakers to identify the

stimuli on the FO peak alignment continuum as Afwever, the mean percentage of Al

responses of NEinexpi(= 45.3%) was not significantly different from thatNJ, although

this may be surprising since the difference betwberNEinexp and the NJ groups seemed

substantial from Figure 6.1. It is possible tHa¢ teason for this is because of the large
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variance in the NEinexp’s data. In addition, tin@ tlearner groups’ means were not

statistically different from one another.

In order to further examine the Group x Step irdtioa, one-way ANOVA tests

were carried out to compare the average resporismmof the three groups on each step.

Overall, what we saw in Figure 6.1 was borne ch:learners’ patterns were similar to the

NJ group on the stimuli at the extremes of the ioonim but different on the intermediate

stimuli. The results of the ANOVA tests showed that therees’ responses tended not to be

significantly different in the end stimuli (and semearer to the end) when compared with

the native speakers’ responses. More specificly,average NEexp responses on Step 1

(M =94.4,SD= 8.9), Step 5M = 21.9,SD= 19.1), Step 6M = 11.9,SD= 7.5) and Step 7

(M = 12.5,SD = 14.4) were similar to those of the NJ group §SteM = 90.0,SD = 9.7,

Step 5:M = 34.4,SD = 21.9, Step 6M = 16.9,SD = 18.5, Step7M = 9.4,SD = 12.4).

However, the NEexp group categorized the interntedsimuli, i.e., Steps 2, 3 and 4

significantly more as A2 compared with the NJ gro(ftep 2: NJM = 81.3,SD = 22.2,

NEexp:M = 48.8,SD= 28.7; Step 3: NI =71.9,SD= 19.7, NEexpM = 39.4,SD= 28.4;

and Step 4: NV = 54.4,SD= 27.8, NEexpM = 21.3,SD=15.4).

On the other hand, the average NEinexp respons&sepnl i = 80.6,SD= 19.1),

Step 4 M = 40.0,SD= 15.9), Step 5M = 33.1,SD= 21.5) and Step 8M = 31.9,SD= 25.4)
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were similar to those of the NJ group, but this waisthe case for one of the end stimuli,

Step 7 M = 28.1SD= 26.4), or for the intermediate stimuli Step2 £ 59.4SD= 19.5) and

Step3 M = 43.8,SD= 17.8).

There were also differences in the patterns betweertwo learner groups. There

were significant differences in the responses &@Step 1, Step 4 and Step 6 stimuli. The

NEexp group categorized the Step 1 stimulus morAlasompared to the NEinexp group

and the Step 4 and Step 6 stimulus more as Aaddition, the NEexp group categorized the

Step 7 stimulus nearly significantly more as A2nttize NEinexp groupp(= 0.058).

Overall, this indicates that the learner group$quared similarly to the NJ group on

the stimuli at the ends of the FO continuum bufiedéntly on the intermediate step stimuli.

In particular, the learners tended to categorizeA2sthe intermediate stimuli which the

native speakers of Japanese categorized as Al.eoMer, the results indicate that the

inexperienced learners tended to show less catedgrerformance compared to the native

speakers and the experienced learners. Note howetethis data will be revisited later in

the section, although as will be explained, theralVgicture will not change substantially

(except in one respect, which will be pointed out).

Now let us look at the result of the category ltam and the slope of the

categorical function in the response patterns. fiffd out statistically whether or not the
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learners’ categories are overlapping each othen@oré inclined to the A2 category than

the Al category, probit analysis was conducted.oAgnall of 48 participants, 8 participants

(1 NJ, 1 NEexp and 6 NEinexp) were excluded from gmobit analysis because their

performance did not show 50% categorical cross-én@n one response category to the

other (i.e., they showed chance-level performatieereversal’ pattern, or a random pattern,

as shown in Figure 6.2). Most of these participane., six of the eight participants, were

inexperienced learners.
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Figure 6.2. ABX individual performance for participants who were excluded from
the probit analysis.

Each panel indicates an individual participant'sf@enance. The x-axis indicates the
number of the step on the FO peak continuum. TFariyindicates the percentagenoéne

(Al) responses. Each line indicates the averagjeidtual percentage of Al responses.
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The means and standard deviations of the slopdhendategory boundary (CB) of

each group are provided in Table 6.3. Once thaglat garticipants were excluded, the

probit analysis revealed that the degree of theeslof the categorical function in the

performance of NEexp and NEinexp were not signifiga smaller than that of NJ.

Moreover, the analysis also showed that the cayelpoundary location of the two learner
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groups was not after all significantly shifted h®tAl category compared to that of NJ.

This suggests that if the learners show the caitegoiunction, their performance is not

statistically different to native speakers in terafighe slope and the category boundary of

the function. However, it is important to note tthmost of the participants who were

excluded from the probit analysis were the inexgered learners. This still therefore

indicates that the learners seem to have a prohligimcategorization that involves with

phonological representation of the association betwthe phonetic information and the L2

categories, particularly when their L2 experierscénited.

Table 6.3. Mean and standard deviation of the slope and category boundary (CB) among

the three groups.
Slope CB
Mean SD Mean SD
NJ -0.55 0.45 3.54 0.92
NEexp -0.59 0.64 2.95 1.12
Neinexp -0.26 0.25 3.44 0.53

Following the results of the probit analysis, it iew important to investigate

whether or not the results would differ in the iaditanalysis once these eight participants

were excluded who did not show a categorical fumctiegarding the FO peak alignment

continuum. Hence, the data from the ABX task wvilie 7 step stimuli were reanalyzed
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excluding these participants. Figure 6.3 providlesmean percentage of Al responses

among the three groups after excluding these gighticipants (1 NJ, 1 NEexp and 6

NEinexp). These results suggest that the initemlults were indeed influenced by the

responses of these eight participants. As merdi@aglier, six out of eight participants who

were excluded were the NEinexp learners. For riiséson, we see the difference in the

pattern of the inexperienced learner group. Inukg6.3, we see a more categorical

performance from the NEinexp than was seen in Eigu2 above. To test this difference

statistically, a mixed design ANOVA test (Group te[® and one-way ANOVA tests (Group)

were conducted.
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Figure 6.3 Mean percentage of Al responses to each step, excluding eight
participants.

The x-axis indicates the number of the step orFth@eak continuum. The y-axis indicates
the percentage ahene(Al) responses. Each line indicates the mean pege of Al
responses from each group. The vertical linehénkiottom figure indicate +/- 1 standard

deviation.
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A mixed design ANOVA test, where the between-subfactor was Group (3

levels) and the within-subject factor was Stepefiels), showed the same tendency as in the

initial analysis. There was a significant effe€tStep F (6, 29) = 193.89 < 0.001]. The

percentage of Al responses significantly decreasdlle FO peak alignment shifted from the

Al target to the A2 target. The effect of Groupsvedso significantf (2, 34) = 5.45p <

0.01]. The interaction between Step and Group faasd to be significantH (12, 58) =

2.58,p < 0.01]. This indicates that the performancegoatbf the groups were different over

the steps. Post-hoc comparisons using the Tulstystewed that the percentage of Al

responses of the NEexp (= 36.2%) was significantly smaller than NM € 50.8%). This

means that the NEexp tended to identify the stimnlthe FO peak alignment continuum as

A2. Meanwhile, the percentage of Al responses Binbkp M = 44.3%) was not

significantly differently from that of NJ. Howevdnoth learner groups’ means were again

not statistically different from one another.

On the other hand, one-way ANOVA tests on each among the three groups

revealed some differences which seem to reflectesdifierent response patterns in the

NEinexp between Figure 6.2 and Figure 6.3. Theameeresponse patterns of the NEinexp

became more similar to those of the NJ once thieiperienced learners who showed non-

categorical responses were excluded. A signifid#ference between the NEinexp and the
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NJ was only found at an intermediate stimulus,Step 3 stimulus. The NEinexp group
categorized the Step 3 stimulus more as M2=(46.0,SD= 15.1) than the NJ groupi(=
72.0,SD = 20.4). Meanwhile, the results of the NEexp stibee same tendency; their
responses were similar to the NJ’s for the endutifSteps 1, 5, 6 and 7) whereas the
NEexp categorized the intermediate stimuli (i.eepS2, 3 and 4) more as A2 than the NJ.
We should also note that the difference betweentwloelearner groups also disappeared
once the eight participants were excluded. Thisashthat the response patterns of the
inexperienced learners became closer to thoseeofidtive speakers once we excluded the
outliers who did not show categorical function e tstep-wise ABX task. Nevertheless,
their response patterns were also not distinguistfadim those of the experienced learners.
Considering the responses to the end stimuli enRB peak continuum, there is
another important point to make. The NEexp groidipad well as in the ABX task using the
canonical tokens. The end stimuli on the continuama supposed to be equivalent to
canonical tokens of the Al and A2 tokens of theadape pitch accent typesThe results of

the two tasks agree in the case of the NEexp grotipe NEinexp group also performed

2 The stimuli were created by shifting the FO peaatmn of the contour of the Al token horizontally
towards the A2 target from the midpoint (50%) oé tlirst vowel and the midpoint of the second
vowel (see 6.2.2). For this reason, strictly speg@kthe two end stimuli were not exactly the same

the canonical tokens.
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similarly in categorizing the Step 1 stimulus aeytldid in categorizing the canonical

tokens. However, the NEinexp group performed diffidly from the NJ group in their

categorization of the other end-point stimulus, Step 7. The NEinexp responded to Step 7

as A2 less than the NJ. Hence, there was a mibnmatthe results between the two tasks

when the NEinexp group is considered. Interesgirmice the eight participants who did not

show a categorical function in the ABX task usihg 7-step continuum were removed for

the follow-up analysis, the difference betweenitignexp and NJ group in the responses to

the Step 7 stimulus also disappeared. For thisoredt was reinvestigated whether or not

the eight participants who were excluded from tiko$v-up analysis also performed poorly

in categorizing the canonical tokens of the targi@huli (i.e., the ABX task with the

canonical tokens). The individual data is providedable 6.4. Among these people, five

participants show relatively good categorizatioilitsoof the canonical tokens (i.e., within

one standard deviation from their group mean).y@mlee participants including one NJ did

poorly on the task (NEinexp6, NEinexpl8 and NJ3t. may be that the very poor

performance of the two NEinexp learners influente NEinexp group result. Apart from

these three participants, overall, most of theghtgbarticipants were not doing poorly in

categorizing the canonical tokens of Japanese pitchnt contrasts. One-way ANOVA tests

(3 levels) also indicated that there was no sigaift difference among the three groups
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when these eight participants were excluded. Asa$athe result of this ABX task is

concerned, NJ3 seems to be an outlier as a nageaker. Thus, another one-way ANOVA

test (3 levels) was carried out without his datblowever, this also did not bring any

statistical difference among the three groupgd, 40) = 1.46p = 0.25]. These results are

the same as the whole data with these participafitsthis suggests that these participants

were not necessarily unable to categorize the dealoiokens, the mismatch result between

the two ABX tasks might have also related to astgartially the difficulty of this task.

Table 6.4. Individual scores on the ABX task using the canonical tokens.

Group NJ NEexp NEinexp
Participant| 3 10 18 2 6 10 14 13
% 62.5 83.3 64.6 72.9 66.7 89.6 97.9 79.2

6.2.5 Discussion

The results of the previous task, the ABX task githre canonical tokens of Japanese pitch

accent contrasts (6.1), showed that the abilitgat®egorize the target canonical tokens did

not seem to be a problem for the English-spealeagnlers. The result of the current task,

the ABX task using the 7-step stimuli, also palfialgreed with the result of the ABX task

using the canonical tokens, in that the same lesiel not have a problem in identifying
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the end stimuli of the FO peak continuum in thiskta The inexperienced learners

initially showed a mismatch between the two tagigmrding the end stimuli. However, once

the six participants who did not show a categorfieattion in the step-wise ABX task were

excluded from the inexperienced group, the groug&ults agreed with those of the ABX

task with canonical tokens. The follow-up analyeidicated that this might have been due

either to the two inexperienced learners who peréat poorly on the ABX with canonical

tokens, or the task difficulty of the 7-step ABXska considering that the inexperienced

learners did not have problems in categorizing nerab tokens. As far as the endpoint

stimuli are concerned, the learners in both grodios not seem to have a problem in

categorizing the target tokens, although the resalso revealed that some of the

inexperienced learners were having a problem iegraizing the endpoint stimuli.

The results of the step-wise ABX task using the pge@dk continuum (6.2) also

indicated that the English-speaking learners temchdve problems in categorizing the

intermediate stimuli. This may be related to th@ionetic representation of the Japanese

lexical pitch accent categories. The finding thia¢ learners tended to identify these

intermediate stimuli more often as A2 than as Asgluly suggests that the learners had

associated with A2 categories an earlier FO peedtilon than the native norms. Additionally,

the less categorical function of the inexperieneagners compared to native speakers seems
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to suggest that the learners’ A1 and A2 categodes overlapping each other.

Interestingly, when non-categorical participantgevexcluded, the mean response patterns

of the inexperienced learners became more simdathbse of the native speakers of

Japanese. However, the inexperienced learnemgomes patterns were not different from

those of the experienced learners whose resportersawere different from the native

speakers’. This suggests that those who showedlegarical function perform similarly to

the native speakers of Japanese in terms of thieyabi associate the FO information with

the L2 categories, while also leaving open the ipdig that the inexperienced learners are

still learning to develop this categorization akili This view is further supported by the fact

that the most of those who were excluded for nawshg the categorical function were

inexperienced learners. These results suggestwhan native speakers of English are

required to categorize stimuli for which they ndedaccess phonetic representations of

Japanese lexical pitch accent, they perform as agethe native speakers of Japanese, but

these results also suggest that they only becomabta of doing so with increased L2

experience. Nonetheless, the results also impliedit is still difficult for the learners to

associate the phonetic information with the L2 gaties to form the target L2 categories.

The reason why more inexperienced learners sedmaue had problems with the

step-wise ABX task could be that (due to lack of &&perience) they had not fully
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BCBED

developed the phonetic representation of Japa

I pitch accent categories that

associates the phonetic information and the caegjor Because these under-developed

target L2 categories in their phonetic represematvill be a poor resource for the learners

to refer to, it may be that the inexperienced leesrhad no choice but to directly compare

the similarity between the presented stimuli areltdrget stimulus, as this does not require

them to access phonetic representations of the dtBgories. Meanwhile, the native

speakers were able to access their phonetic repietiems more easily and to categorize the

stimuli into the L2 categories (assuming that thtegories of the target contrasts are fully

formed as part of their phonetic representationemithat they are native speakers of the

target language). This also seems to be why tAmdes had problems in categorizing

intermediate step stimuli. As the intermediatenati were acoustically different from the

representative tokens, it may be that this madwoite difficult for the learners to do the

comparison than the endpoint stimuli. This coutdelxplained by the suggestion that they

might have failed to achieve native-like categdita Alternatively, it is possible that the

learners’ interlanguage categories of Japanesé pitcent, which have been formed by

associating the FO peak information and the L2gmates, largely overlap each other. For

this reason, their responses to the stimuli tHaiithin the overlapped area were not clearly

distinguishable one from the other.
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What these results suggest is that the native speak English may still have a

problem in learning the association between thgé&#k information and Japanese lexical

pitch accent categories while developing the tat@etategories. From this point, we begin

to have evidence in favor of the possibility thhe tlearners’ problem may lie in their

categorizing ability, as an explanation for theedgent FO patterns in their productions. In

order to produce the native-like FO profile, L2rteers may first need to form the target L2

categories, by associating the relevant acoudfiicritation of Japanese pitch accent with the

L2 categories. Therefore, this test of categanmaability can potentially be a reasonable

factor to indicate foreign accent.

6.3 Labe assigningtask

The results of the two ABX tasks have showed thajlih-speaking learners are able to

hear the differences between the target categandsto group the Japanese pitch accent

contrasts. However, they are having some problemen it comes to the ability to

categorize the L2 categories, as required in ifieng the 7-step stimuli, where the learners

have to have a formation of the target L2 categoriEhis ability possibly requires phonetic

representation of the L2 categories since the é&rarmeed to associate the phonetic

information with the L2 categories. However, whag still don’t know from the results of



178

these two tasks is whether or not this also mdaatsthe English-speaking learners have

learned to be able to assign L2 categories to déxtems. For lexical assignment of

Japanese lexical pitch accent categories, the deameed to learn both the connection

between the target categories and the relevantgbicanformation, and also the connection

between the L2 categories and lexical items. iff i correct, then this presumably requires

L2 experience. Even if the learners have not kecito form the categories of Japanese pitch

accent, they may still be able to hear the diffeesnbetween samples belonging to the

different categories by directly comparing the préged stimuli. Other learners might be

able to categorize Japanese lexical pitch accaayodaes. Nevertheless, the same learners

may have a problem in assigning a label to the &t2gories, or being unable to lexically

associate an item with the L2 categories due ta f@dacal-phonological representation of

the target categories. To investigate this furthiee next task, i.e., a label assigning task,

was conducted.

This task was originally designed for the purpadeeliciting productions of

Japanese pitch accent contrasts, i.e., by indgcéti@ required accent types through a system

of diacritics. To elicit productions from partieipts, our challenge was to find a way to

present Japanese pitch accent with some kind oéhigie. We selected one set of diacritics

for this study based on a pilot study (see 6.3&3.this was a new diacritic system for all
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participants, the label assigning task was develdheough the process of designing

training for participants to learn the set of ditics so that they would match each diacritic

with the target pitch accent category which it esented. Unfortunately, after piloting, we

reached the conclusion that the task was not deifab collecting learners’ production data.

However, it brought us a very insightful dimensies a by-product: a dimension which we

Nnow use as a measure to investigate the degrehith the L2 learners’ ability to assign L2

categories to lexical items.

6.3.1 Participants

The same 48 participants who took the previousstagke tested, in the same three groups

as before: two learner groups (inexperienced apérganced) and a control group of native

speakers of Japanese.

6.3.2 Materials

Audio materials for the labeling task were credtedh the recording of 12 disyllabic nonce

words (4 wordsrhene, mani, nim& noma x 3 accent types) and a post-positional particle

mo (also) which were produced by a female Tokyo Japarspeaker, as described in the

ABX task with canonical tokens in 6.1.2. There ev&6 stimuli (12 nonce words x 3
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repetitions). Each audio stimulus was embeddedinvian carrier sentence, i.e.,
Sumimasen___ X mo kudasa{Excuse me but please give me___ X ). There were
also visual materials for this task. The tripldt @ach test word followed by the
postpositional particleno (also) was written in Japanese orthograptisagana, with one of
three non-conventional diacritics on top of the dvoExamples of the visual stimuli with the
diacritics can be seen in Diagram 6.2, usimenemo A square bracket{ ) is placed on top
of the pitch accent bearing unit: the first syléabf the target word in the case of the accent
on the first syllable (Al), and the second syllailehe case of the accent on the second
syllable (A2). For an unaccented word (A0), a sktmight line T ) was placed on top of
the second syllable. Although the L2 learners veengposed to be capable of reading and
writing in Japanese orthography as part of theurs® requirements for the first year, the

Romanized equivalent of each word was also providethe benefit of the learners.

Diagram 6.2. Visual stimuli (menemo) showing each diacritic on top of the word.

menemdAl) menemdA?2) menemdAO0)

pht »ht  »hb

This set of diacritics was selected for three reasd-irst of all, this diacritic system
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is used in a pronunciation dictionary of Tokyo (&tard) Japanese published by NHK,
the Japanese national broadcasting organizatid@B8J195econdly, some Japanese textbooks
also use this diacritic system for teaching lear@w to pronounce Japanese words. The
textbooks which are used for the Japanese coutst dJniversity of Edinburgh (ICU,
1996) also use this diacritic system and therettoedearners were likely to be familiar with
it. Lastly, the result of a pilot study comparitigee possible diacritic systems indicated this

line/bracket method to be the easiest to learnAppendix C}.

6.3.3 Procedure

After the two ABX tasks, participants took the Iahsesigning task individually in a sound-
treated studio. Their task was to select one ethiree visual stimuli with its diacritic which
matched what they heard as the audio stimulusémtiddle of the carrier sentence. At the
same time, they also had to learn the novel diagitstem for Japanese pitch accent. In
order to learn the system, they heard one canotikah of the audio stimulus embedded in

the carrier sentence through a pair of headphomg¢slao saw the set of three visual stimuli

% The original purpose of this pilot study was tsttehich of the three diacritic systems would be th
most effective for eliciting learners’ productionsihus, the performance that | describe here was
specific to the participants’ production. Althoutite learners performed similarly on the line/betck
system and the point system, to avoid confusioh thié stress marker, | chose to use the line/btacke

system.
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on the computer monitor. They were asked to inditheir choice by pressing one of
three keys on the keyboard (clearly indicated wsiibkers). They were asked to guess if
uncertain. Feedback was given after each resgoraid learning the target diacritic system.
Thus they were taught to learn the diacritics thatch the three Japanese pitch accent types
through feedback. If their response was correct, then positive fieett (a message saying
‘correct!’) was presented. If the response wa®rirect, the correct visual stimulus was
provided as the correct answer.

The three Japanese pitch accent categories wémadueed using three basic
Japanese words representing target pitch accees:tgpha (tea) as an example for an
unaccented word (AOasa(morning) as for a word with the accent on thstfayllable (A1),
and hiru (noon) as for a word the accent on the seconaldgli(A2). A post-experiment
interview confirmed that all the learners were fiZaniwith these words. Each accent type

was introduced one by one within a sentence whiehl¢arners could also understand;

4 There were originally two between-group conditionsterms of how Japanese pitch accent was
introduced in the instruction. As briefly descidbas a further issue in Chapter 8, the purpose of
having two conditions was to test whether or net larners performed the task better when it was
introduced as relating to intonation patterns thara matter of lexical distinctions. Under oneugro
condition, the diacritic system was introduced lksstrating the three pitch accent types which
distinguish word meaning in Japanese. Under tierogroup condition, it was introduced as
illustrating three different intonation patternSince the results obtained from the experiment were

difficult to interpret, the details are not repatia this thesis.
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‘Ocha 0 nomimasyl drink tea.).’, Asa mo nomimasyl drink tea in the morning, too.).’,

and Hiru mo nomimasyl drink tea at noon, too.).” They were adviseddoall these three

words as a resort if they become unsure duringa$le During the instructions, three audio

examples for each accent type were also presesied nonce words with the carrier phrase

as examples of what they should expect to hedreimtain session.

Prior to the main session, they had a practicei@esshich was designed to be

longer than the practice in the other tasks tonalloeem to familiarize themselves with the

task. There were 9 items to practice, which madkegractice session approximately twice

as long as the practices in other tasks. In amgithere were 5 more extra items to practice

at the beginning of the main session to allow themractice again after they had asked any

questions they had.

6.3.4 Results

The mean percentage of correct responses andahéastl deviations for the three groups

are presented in Figure 6.4. As we can see, ba#xpl and NEinexp achieved better than

chance level performance. However, the performarfidéEexp seems to be slightly lower

than that of NJ, and NEinexp scored lower than NEex
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Figure 6.4. Mean labeling accuracy (%) and the standard deviation of the three

groups.
Each bar represents each of the three groups. efftbebars indicate +/- 1 SD.
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80 —|_
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NJ NEexp  NEinexp

To compare the three groups’ means statisticalbyyeaway ANOVA was carried out
in which Group (NJ, NEexp and NEinexp) was the leemvsubject factor. The test showed
that there was a significant difference among tiree groupsH (2, 40) = 4.23p < 0.05].
Post-hoc comparisons using the Tukey test indictiiat the mean score of the NEinexp
group M = 73.6%,SD = 20) was significantly lower than that of the §fdup (M = 90.9%,
SD= 10) but the mean score of the NEexp gradp=(79.6%,SD = 17) was not statistically

lower than that of the NJ group. There was noiiaamt difference between the two learner
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groups. In addition, the NJ group showed a tengddowards a ceiling effect; the

skewness of their distribution was -0.75 and thedsis was -0.91. This suggests that the

label assigning task might have been too easyh®mM] group. This might have led to a

smaller difference between the native speaker grg the learner groups than might

otherwise be expected.

To examine further, the data was reanalyzed &ftetuding the eight participants

who did not show the categorical function in thet@p ABX task. As the label assigning

task also requires the ability to hear the diffeeshetween the target canonical tokens and to

match a token with the target category, the resuthe labeling task might have also been

influenced by these participants. Figure 6.5 shthesmean labeling accuracy (%) and the

standard deviation of the three groups after exatudhe eight participants. A one-way

ANOVA test (3 levels) was conducted. What was fouvas that once these eight people

were removed, the mean score of the NEinexp grbup 79.8%,SD= 18.1) was no longer

statistically lower than that of the NJ grouy € 91.1%,SD = 10.2). In addition, as in the

initial analysis, the mean score of NEexp groMp=82.3%,SD = 14.0) was not statistically

lower than that of the NJ group. There was alsatatistical difference between the means

of the two learner groups. Meanwhile, when we carag the mean performance of the

learners who did not show the categorical functiothe 7-step ABX task with that of the
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native speakers, it showed that these learnersrpagfl significantly more pooriyM =

49.9%, SD =12.6) than the native speaketq18) = 7.06,p < 0.001). This interestingly

suggests that even inexperienced learners, ongebimome capable of categorizing fine-

grained tokens, are able to assign labels to ed@nt We can also consider NJ3, whose

performance on the 7-step ABX task seemed to makeah outlier of the NJ group. His

performance on the label assigning task was relgtiyood, with accuracy at 88.9%. A one-

way ANOVA test (3 levels) was carried out withould\to confirm whether or not his result

had a significant impact on the group differendde result of this test did not change from

the result of the initial analysis: again, thereswvaasignificant difference between the NJ and

the NEinexp but not between the NJ and the NEexp.
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Figure 6.5. Mean labeling accuracy (%) and standard deviation for the three groups
without the eight non-categorical participants.

Each bar represents one of the three groups. effbebars indicate +/- 1 SD.
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6.3.5 Discussion

The results of the labeling task showed that thpeBgnced learners were capable of

assigning a novel label to Japanese pitch accentasts just as well as the native speakers.

On the other hand, the results also showed thdahéxperienced learners were less accurate

than the native speakers in giving a label to #rget lexical pitch accent contrasts. This

indicates that the inexperienced learners diffemfrexperienced learners in the extent to
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which they can assign the categories to lexicahsteand the extent to which they can

learn the labels. This may be because the leafmare not fully learned to lexically

associate an item with the Japanese pitch acctagarées.

It is interesting that we observed this group défece in the labeling task since the

native speakers also had to learn a novel dia@ytitem for this task just like the learners.

In fact, some of the native speakers commented #fte experiment that they had never

previously encountered the labeling system usdtiéntask. We should also note that the

group difference seems to diminish as L2 experiénceeases. In addition, a significant

difference between the three groups also disapgearee the non-categorical participants

were excluded. The majority of these participantye inexperienced learners. These

results indicated that English-speaking learnecoime capable of learning a novel diacritic

system as a function of L2 experience by developihgir lexical-phonological

representation of Japanese lexical pitch accent.

Taking the results of both the ABX tasks into actpwve see another interesting

point. The inexperienced learners were also abléhdar the difference between the

canonical tokens of Japanese pitch accent conaastell as the native speakers of Japanese

and also the experienced English-speaking learnBignetheless, the same inexperienced

learners were not able to assign labels to thdemsoas well as native speakers. As the
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ABX task showed that the inexperienced learnersdcear the differences between the

canonical tokens, their problem in the labelink teannot be attributed to the ability to hear

the differences between the target canonical tokdBased on the result of the step-wise

ABX task, it appears that the problem for the irerignced learners was that they have not

fully formed the categories for Japanese pitch @icbg understanding the relation between

the target categories and the phonetic informatidimis implies that some inexperienced

learners cannot identify the member of the targé¢gory like native speakers as they are

still learning to form the categories of Japanesehpaccent. Thus, this might account for

why it was more difficult for the inexperienced fieers to assign a correct label to each

token compared to the experienced learners whohaag more developed target categories

through their greater L2 experience.

Furthermore, the further analysis also showed ttatlabel assigning performance

of some of the inexperienced learners is equivdtetitat of the native speakers of Japanese.

Interestingly, these learners happen to be the sa@e who showed the categorical function

in the 7-step ABX task. In other words, those eas who showed good categorical

function were also able to assign a label to eh from the target three categories. By the

same token, these results also indicated thahtheerienced learners who did not show the

categorical function in the step-wise ABX task afdwmwed themselves unable to do the
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label assigning task like the native speakers padese. Nevertheless, from the ABX

task with canonical tokens, we know that all bub f these learners were able to hear the

differences between the canonical tokens of Japgpitsh accent contrasts. These findings

lend more support to the possibility that they nimy having a problem in the phonetic

representations, and lexical-phonological reprediemts of Japanese lexical pitch accent

categories, i.e., forming the target L2 categobgsbeing able to associate the phonetic

information and the L2 categories, and by beinge dbl lexically associate a target token

with the corresponding category.

If we adopt the SLM proposed by Flege (1995), we speculate that the reason

behind the inexperienced learners’ problem coulkHzeen that they were assimilating L2

categories into the closest L1 category. For exemghe English speakers could have

perceived Japanese lexical pitch accent contrastseimg similar to English lexical stress

contrasts such as English fore-stressed ‘pernmotifih and end-stressed ‘permit’ (verb). FO

is the key acoustic correlate for Japanese lexitelh accent, whereas for English it is only

one of several relevant acoustic cues for Englestichl stress (as along with duration,

intensity or vowel quality (Beckman, 1986)). Givelre shared acoustic correlate, i.e., FO,

the English speakers might have assumed that theate®jory of Japanese Al pitch accent

(pitch accent on the first syllable) was like tloeefstressed ‘permit’ (noun) category (stress
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on the first syllable), and equally they could hagsumed that the category of Japanese

A2 pitch accent (pitch accent on the second sylablas like the end-stressed ‘permit’

(verb) category (which has the stress on the sesyltable). Since English does not have

unstressed words, the learners might have assiilataccented Japanese words to either of

the English categories depending on which categloey find more similar. It is also

possible that the English speakers might have gtdéhtion to the other acoustic cues which

are used in English stress, such as duration ensity. Thus, they might have perceived the

two Japanese pitch accented categories to bernolaisto each other, and assimilated them

into just one of the English stress categories.usThhey might have been unable to

categorize pitch accented words in Japanese. Haownese suggestions remain tentative as

we do not know whether or not English speakersatogive Japanese lexical pitch accent as

English lexical stress among all their L1 categarid his therefore highlights the empirical

challenge of how to reliably test how native speakef English perceive the relation

between Japanese pitch accent categories and lEmsgless categories, as an issue which

remains open as a topic in need of future invettiga

Taking into consideration the cross-linguistic eiffince between Japanese and

English regarding the function of FO, there is Arotpossible explanation for the English-

speaking learners’ non-target-like FO patterns.thdgh FO is not used in English for
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making lexical distinctions, FO has a significaplerin distinguishing phrasal intonation

patterns in both Japanese and English. For thisore it is more likely that while the

function of FO will belinguistically registered for native speakers of English as asll

native speakers of Japanese, it may nolekieally registered in case of English speakers.

Thus, the native speakers of English might havenh@gable to associate the phonetic

information and Japanese pitch accent categorggsomassociate the target categories with

lexical function. We can speculate that this maywhy the learners failed to form the

categories of the L2 target contrasts. In thdah#ttage of learning, learners tend to rely on

their L1 system, and thus the tendency may alssirbager in inexperienced learners than in

experienced learners. But once the learners teaunderstand these associations, then they

may be able to form the L2 categories of Japanitsle @ccent. This could also explain the

difference between the experienced learners anthéxperienced learners observed in our

data.

To summarize, the label assigning task showedtiea¢xperienced learners are able

to learn a novel labeling system for Japanese déxiitch accent and assign categories to

lexical items like native speakers of Japanesewdver, some of the inexperienced learners

were having a problem in assigning a label to thtegories of Japanese pitch accent,

although others were not doing significantly poodgmpared to the native speakers.
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Interestingly enough, these learners who had diffjcwith label assignment were also

the learners who were unable to show the cateddtination in categorization in the step-

wise ABX task. This may therefore provide evideticat the inexperienced learners are

having a problem in matching a target token witle th2 category in their lexical-

phonological representation of Japanese lexicahpgiccent, since we assume that due to

lack of L2 experience their L2 categories are ndlyfdeveloped by understanding the

connection between the phonetic information andveeh the L2 categories and lexical

items. Hence, it seems possible that this difficuhight have contributed to their non-

target-like FO profile in their productions of Japae pitch accent, which may be perceived

as foreign accent by native speakers. Having geme results, we will now turn in the next

subsection to investigate the relationship betwestegorization ability and intelligibility

scores.

6.4 Relationship between intdligibility scores and categorization ability

Now let us consider the relation between categtioizaability and the learners’ non-target-

like FO patterns in their productions of Japandasehmccent. In Chapter 3.2, we saw that

the English-speaking learners produce non-target HO profiles which differed from the

native speakers of Japanese in terms of the aydit@asurements and the overall FO
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patterns. The results indicated that the nativeakgrs of Japanese responded
systematically to the acoustic patterns producethbyparticipants and the non-native like
FO profile was perceived as foreign accent. Hetiwe relationship between categorization
ability and foreign accent as measured by intddliy scores merits closer inspection.

To investigate the relationship between the iigfibillity scores and categorization
ability, one stepwise multiple regression analysés carried out between the intelligibility
scoré and the three sets of categorization results the. ABX task with canonical tokens,
the ABX task with 7-step stimuli and the label gagig task). The dependent variable was
the average intelligibility score on each speecbdpction for each individual speaker.
There were four independent variables, drawn frdm tesults obtained from the
categorization tasks. Two of the four independemiables were the average percentage of
correct responses for each participant for the ABXk with canonical tokens, and the
average percentage of correct responses for eatitigent for the label assigning task. For
the two remaining independent variables, the si@bee and the category boundary value of

each participant obtained from the ABX task witht@&p stimuli were used.

5 As in the production analyses, the intelligibiliscores of eight participants were used as the
representatives of each group (24 in total). Fautrof the eight participants who did not show the
categorical function in the step-wise ABX task (XgelO, NEinexp 2, 10 and 13) happened to be also

included.
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The regression analysis is presented in Table 8\& are particularly interested
in RRandAR? values. The value ¢€indicates how much variance in the intelligibilggore
is explained by the variance of the significanteipendent variable. The value &R
indicates the additional amount of variance of thelligibility score explained by the
variance of another significant independent vaeabhterestingly, the result showed that the
average intelligibility score of each participargncbe mostly explained by the average
percentage of correct responses of the label dsgigask and the canonical ABX task. The
percentage of correct responses in the label asgigask accounted for 38.6% of variance
in the intelligibility score |§ <0.01). In addition to the variance of the lab&digning task,
the variance of the canonical ABX task accounted 14.9% of the variance in the
intelligibility score ¢ <0.001). In contrast, the results also showedrbéher the variance
of the slope value or the category boundary valfiethe step-wise ABX task can

meaningfully account for the variance of the inggiility score.
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Table 6.5 Stepwise multiple regression analysis examining the relation between
intelligibility and the four categorization abilities.
The B-values indicate unstandardized coefficientdie SE B-values are standard errors of the B-

values. The Beta-values indicate standardizedicimefts.

B Std.Error B Beta

Step 1

Constant 0.17 0.19

Label assigning 0.78 0.23 .62**
Step 2

Constant -0.51 0.34

Label assigning 0.59 0.23 AT*

ABX canonical 0.95 0.41 A42*

Note R?= .39 for Step 1[(<.01); AR? = .15 for Step 21(<.001). *p <.05, ** p <.01.

Some different patterns emerged when the eightcpahts who did not show

categorical function in the step-wise ABX task werecluded from these analyses. In

particular, as we saw above, the results of thellalsigning task changed significantly

when these eight participants were excluded preiljou As the variance in the label

assigning task was found to significantly expldie variance in the intelligibility score in

the present regression analysis, it is of inteteste whether or not excluding these

participants also changes the result of the regnesmalysis. To test this, another stepwise

multiple regression analysis was conducted witlibaese eight participants. However, the

result turned out to be very similar to the initethalysis and did not yield significant
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differences (see Table 6.6). The variance of tiielligibility score can largely be

explained by the percentage of correct responsdgdébel assigning task, which accounted

for 38.6% of variance in the intelligibility scorg@ <0.01). In addition to the variance

explained by the label assigning task, the variaridbe canonical ABX task accounted for

12.8% of the variance in the intelligibility scqie<0.01).

Table 6.6 Stepwise multiple regression analysis without the eight non-categorical
participants examining the relation between intelligibility and the four categorization
abilities.

The B-values indicate unstandardized coefficienthie SE B-values are standard errors of the B-

values. The Beta-values indicate standardizedicimefts.

B Std.Error B Beta

Step 1

Constant 0.25 0.17

Label assigning 0.69 0.20 .62**
Step 2

Constant -0.44 0.36

Label assigning 0.50 0.21 A5%

ABX canonical 0.96 0.45 40*

Note R?= .39 for Step 1[(<.01); AR? = .13 for Step 2[(<.01). *p <.05, **p <.01.

In addition, when only these eight participantsraveexamined, none of the

independent variables could statistically explaim tariance of the intelligibility score. This
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result may not be surprising considering that thesa learners among those participants

performed poorly on the label assigning task coegpdao native speaker whereas the one

native speaker showed relatively good performancehe task. Moreover, when the one

native speaker was excluded from the analysissig@ficance of the canonical ABX task

variance disappeared. This also may not be alswising as he did perform very poorly on

this task and this might have influenced the result

It is striking that the foreign accentedness of IEhgspeaking learners regarding

Japanese pitch accent as perceived by native ggeaik@apanese can be accounted for by

these two types of categorization ability in theceetion tasks. The significant result of the

variance of the ABX task with canonical tokens shdhat the learners’ ability to hear the

difference between the target canonical tokenstheil ability to match each token to the

corresponding category helps to predict how nonsaalke their productions sound to

native speakers of that language. What is ever imberesting is that the significant result

of the variance of the label assigning task indisahat the learners’ ability to match each

target token to the category in their mental regmétion and their ability to learn the labels

are able to a great extent to account for the doreiccentedness perceived by native

speakers. Furthermore, it is very noteworthy thate than 50% of the variance in the

intelligibility score can be explained by the comdtion of the variance of the canonical
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ABX task and the label assigning task. Hences passible to interpret this result as

showing that it is at least potentially reasonahk the mental representation of Japanese

pitch accent categories is a factor which substtipthelps to account for the L2 learners’

non-target-like production patterns as detecteddtive speakers of the target language.

On the other hand, the results also showed thatahiance of the slope and of the

category boundary of the step-wise ABX task were significantly able to explain the

extent to which foreign accentedness is detectethliye speakers. However, the step-wise

ABX task can be considered to test an ability whgintermediate between what is tested

by the ABX task with canonical tokens and the latgetask. The step-wise ABX task tested

categorization ability requires linguistic perceptiability tested by the ABX task with

canonical tokens, while the labeling task requitagyuistic perception ability and

categorization ability along with lexical assignrebility. For this reason, the overall

results can be interpreted as showing that a rahg® learners’ categorization ability makes

an important contribution to perceived foreign aatceThis is noteworthy in that it is not

only the phonetic aspects of the L2 learners’ petidns which native speakers physically

hear but also their phonological aspects whichvaapeakers apparently cannot directly see,

which seems to influence how the native speakethetarget language assess the foreign

accentedness of L2 learners.



200

6.5 Discussion

To investigate the factors behind foreign accemted perception tasks were conducted.

Three specific questions were addressed: 1) whethaot native speakers of English are

able to hear the difference between canonical $pedens of Japanese lexical pitch accent

categories and to classify the target item into ¢beect L2 category; 2) whether or not

native speakers of English are able to hear tHerdiice between the stimuli on a FO peak

alignment continuum of Japanese lexical pitch accentrasts and categorize each stimulus

into the target L2 category; 3) whether or notveaspeakers of English are able to learn a

novel labeling system for Japanese lexical pitdeaclike native speakers of Japanese and

to assign a label to canonical tokens of Japamedeal pitch accent contrasts. By answering

these questions, we aimed to address whether aa pobblem in the interaction between

learners’ speech perception, phonetic representatial lexical-phonological representation

of Japanese lexical pitch accent is involved ireifgm accent. More specifically, we were

interested in whether or not the problem lies 1h@aring the phonetic difference between

the members of the target L2 categories; 2) ingoaieing the target L2 categories by

associating the phonetic information with the targ2 categories; or 3) in assigning L2

categories to lexical items by learning the conioedbetween the category and the item.
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The ABX task using the canonical tokens of Japampish accent revealed that

both the experienced and inexperienced learners algle to hear the differences between

the tokens just as well as the native speakerapdnkse. Thus, we were able to answer the

first question: native speakers of English were dablhear the difference between canonical

speech tokens of Japanese pitch accent contradtsoaclassify the target item into the

correct L2 category. This suggests thereforeEmafish learners of Japanese do not seem to

have problems in hearing the phonetic differendevden the representative members of the

target L2 categories.

Regarding the second question, the results oftther dBX task using the 7-step FO

peak alignment continuum showed that the learnen® viaaving more difficulty with the

intermediate stimuli on the continuum, i.e. theesf categorization which is related to the

ability to associate the phonetic information withe L2 categories. In addition, the

inexperienced learners showed by their less catajdunction that they had more problems

than the experienced learners in categorizing tlstéisauli. However, after removing the

participants who did not show a categorical funci® in total, who mainly consisted of the

inexperienced learners), the performance of theairimy group of inexperienced learners

shows much more similarity to the native speakpesformance. This indicates that once

learners become capable of associating the phoinéticnation with Japanese pitch accent
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categories and formed the target L2 categories, peeformance can also become closer

to the native speakers’ performance. Overall réselts indicated that some native speakers

of English were not able to categorize stimuli dfGapeak alignment continuum of Japanese

pitch accent contrasts like native listeners inttheey seem to have a problem in

categorization. However, the results also sugipastthe learners become capable of making

this categorization as their L2 experience increagmssibly by relating the phonetic

information and the L2 categories. Hence, natpgakers of English seem to have problems

in associating the phonetic information with thegéd L2 categories until they gain enough

L2 experience. This suggests that their problem laain their phonetic representation of

the target L2 categories.

Meanwhile, as for the third question, the labeligisag task showed that the

experienced English-speaking learners were abléedon a novel labeling system for

Japanese pitch accent like native speakers of @apaand associate a lexical item with the

L2 category, whereas some inexperienced learnenes mat. However, when the participants

who did not show categorical function in the stepenvABX task were excluded from the

analysis, the difference between the native spealiad the inexperienced learners also

disappeared. This suggested that the learnerswehe able to associate the key phonetic

information with the L2 categories were also aldeatsign categories to lexical items.
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Otherwise, some native speakers of English sedmaue problems in lexical assignment.

Hence, this suggests that the learners seem to lbgial-phonological representation of

Japanese lexical pitch accent categories.

Considering these results together, they seemggesti that some English learners

of Japanese tend to have a problem in their cadtegimn ability and lexical assignment

ability, especially in the initial stage of leargito form L2 categories. The results seem to

suggest that their problems are related to phomepeesentation and lexical-phonological

representations of Japanese lexical pitch accdagaades. If the learners do not have the

target L2 categories and/or are unable to lexiddiytify the items, they may not be able to

retrieve the necessary information to implementdbgut. Therefore, this could result in

foreign accent. In Chapter 5, where the learnamtaied the non-speech stimuli, we

observed that they also have a problem in artitygahe key acoustic correlate of Japanese

lexical pitch accent as part of the output processiirements for achieving target-like

productions. Hence, in addition to phoneticallglimation problem in the speech, both an

articulation problem and representation problenmrmséo be contributing to the learners’

foreign accent. However, at this stage, we do kmmtw whether the learners have an

articulation problem and a phonetic realizationbpem as part of the output process but not

a representation problem, or whether an articuigtimblem, a phonetic realization problem
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and a representation problem are all related ragafdreign accent. Since the results

of the three perception tasks in this chapter atdid that phonetic representation and

lexical-phonological problems for the experiencearhers seems to be less problematic than

for the inexperienced learners, the nature of ttoblpm may also change as the learners

gain L2 experience. Hence, we will investigate ibsue further in the next chapter.

The view that the source of the foreign accentraflish learners of Japanese seems

to be a mental representation problem was furthyeparted by the results obtained from the

regression analyses. When we investigated théaeship between categorization ability

and foreign accent as revealed in the learnergiymtions, it was found that L2 learners’

categorization ability, i.e., linguistic perceptjorategorization, and lexical assignment, all

contribute to predict foreign accent as detectednative speakers. Another important

finding was that it was mainly a combination of tbarners’ ability to assign the L2 category

to a lexical item and their ability to hear thefeliénce between the tokens, that can account

for foreign accentedness (approximately half of tlaiation in the perceived foreign

accentedness score). Therefore, this indicatéghbanteraction between speech perception

and lexical-phonological representation problemshef L2 categories seem to play a very

important role in explaining learners’ foreign actness.
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6.6 Summary

In this chapter, we investigated whether or notriba-target-like FO profile of the native

speakers of English can be attributed to theiritgbib categorize Japanese pitch accent

contrasts. To test the learners’ ability for limgjic perception, categorization, and lexical

assignment, three perception tasks were carriedaauABX task using canonical tokens, an

ABX task using a 7-step FO peak continuum and al lassigning task.

The overall results suggest that some L2 learnave problems in categorization

ability and lexical assignment ability which candmen as a function of their L2 experience.

The results also provided support for this intetgdien in that a combination of the learners’

categorization abilities is found to be able to lakp foreign accentedness (i.e., lexical

assignment and linguistic perception).

In the next chapter (Chapter 7), we further pursie question of potential

interactions, by re-analyzing the speech and needp productions from the point of view

of mental representation problems raised in thégtdr.
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7 Production results revisited

The main aim of this thesis is to investigate fassfactors behind the foreign accent
observed in the productions of the L2 learnersthis chapter we further explore potential
interactions between the various factors whichtggothesized to be involved in foreign
accent, i.e., the nature of learners’ problemsChiapter 6 we re-analyzed earlier data from
the perspective of phonetic representation problanaslexical-phonological representation
problems of the L2 categories (specifically, wearedyzed the speech productions discussed
in Chapter 3, which revealed foreign accent ana afglicated a phonetic realization
problem, and the non-speech productions discugsedhapter 5, which showed that an
articulation problem was a possible factor)n this chapter, we aim to investigate whether
the learners have an articulation problem and/ph@netic realization problem (as part of
the output process) which is independent of reptesen problems (part of the internal
mechanism between the input and the output proggsse whether learners have a
combination of these problems.

We achieve this aim by re-analyzing the data, eholy the learners who indicated

! Since our data showed that a problem of lack odeg#ual sensitivity does not seem to be related to
foreign accent (discussed in Chapter 4), this fast@as excluded as a possible factor behind foreign

accent, and therefore the data is not re-analyeeal h
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problems with the representation of Japanese lexitah accent categories. We

consider that participants have a phonetic reptagen problem if they showed a non-

categorical function in the step-wise ABX task, ame consider that participants have a

lexical-phonological representation problem, orrabfem in representing L2 categories, if

they showed difficulty in the label assigning taskie can infer from the step-wise ABX that

the learners who had a non-categorical functiorehaoblems in making the association

between the phonetic patterns of Japanese lexical @ccent and the target categories. We

can further infer from the label assigning task tha learners have problems in making the

association between Japanese lexical pitch accamgaries and Japanese words.

Considering these results regarding their categtioiz ability, we diagnosed that the

learners who showed a non-categorical function nasetal representation problems.

The results of the previous chapters (Chapter 35nddicated that Japanese lexical

pitch accent, as produced by inexperienced learmeas more foreign accented than that

produced by the experienced learners. In additiom, showed that the inexperienced

learners seem to have more articulation problerdsphonetic realization problems than the

experienced learners. We also provided evideratethie foreign accent of the learners is not

predicted by any lack of perceptual sensitivitys¢dissed in Chapter 4). These results

suggest that even though the learners are not etehpllacking in perceptual sensitivity
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towards the key acoustic correlate of Japanesedepitch accent (i.e., F0), they still

have problems in manipulating FO to achieve taligetproductions.

For the learners to achieve productions withowtitpr accent, we assume that there is

another important mechanism: something which casrtée input and the output processes.

Thus, in order to understand the internal mechari$nthe relation between linguistic

perception, categorization and lexical assignmew, also investigated the learners’

categorization ability with Japanese lexical pitattent contrasts. This was discussed in

Chapter 6, where we found that the English learoérdapanese do not seem to have a

problem in hearing the differences between theetatgkens of Japanese pitch accent and

classifying them into the target L2 category. Hoere we also saw in Chapter 6 that once

the learners need to predict membership of catelgomndary areas, or lexically assign the

L2 categories to an item, they seem to have a enoblThis suggests that the learners have

problems in the ability to categorize Japanese#txitch accent contrasts, and to assign the

categories to Japanese words. This crucially esplhat some native speakers of English

have a problem in phonetic representation and dkxbonological representations of

Japanese lexical pitch accent categories. Siredetirners who did not show a categorical

function were mostly the inexperienced learnerds tresult also indicated that the

inexperienced learners have more of a representptimblem than the experienced learners.
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We reasoned that because of the cross-linguisfiereince in FO functions, English

learners of Japanese might have problems both saciding the phonetic patterns that

characterizes Japanese lexical pitch accent céésgand the target categories, and in

learning the link between Japanese lexical pitcbemic categories and lexical items in

Japanese. This makes it difficult for the learnerdorm the appropriate categories for

Japanese lexical pitch accent. As the learnerslgaexperience, however, we predict that it

is possible for them to be able to form L2 categ®nivhich will be closer to the native

categories, even if they are not completely ndike- Thus, we do not intend to suggest

that the learners who show a categorical functien'@oblem-free’ in terms of their mental

representations, but only that relative to the oategorical learners, they must be assumed

to have much less of a problem in representiagalyet categories.

There are four possible scenarios for the naturg¢heflearners’ problems behind

foreign accent that we can draw our conclusion frdfirst, we examine whether non-target-

like patterns are observed in the speech productbthe learners who showed a categorical

function. If the speech productions of these leesrindicate native-like patterns, then we

can conclude that the non-target-like productidmas tve discussed in Chapter 3 were due to

the learners with representation problems, andetber that representation problems could

be a key factor for foreign accent; more specifigghonetic representation and lexical-
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phonological representations of the L2 categoriedlternatively, if the speech

productions of these learners still indicate nagetlike patterns, then we can conclude that

they have a phonetic realization problem (and sinudation problem if they also show non-

target-like non-speech productions), and theretioae these could be factors behind foreign

accent independently of representation problemshird possibility is that the learners who

indicated representation problems also have a picomealization problem (and an

articulation problem if they also show non-targké&lnon-speech productions); in this case

we would need to examine whether representatioblgmss are the main problem for them,

or a combination of representation problems, a ptionrealization problem and an

articulation problem. Lastly, in the case that tharners who indicated representation

problems happen to show that they do not have @nablin phonetic realization and/or

articulation, this could provide further evidenbatta phonetic realization and/or articulation

problem could be factors behind foreign accentpeteently of representation problems.

It is also important to keep in mind that in the@yous chapters we found that the

learners who seem to have representation probleere wostly inexperienced learners,

while the experienced learners seem to have relgtigss of representation problems. This

implies that the nature of the problem behind fgmeficcent can change during L2 speech

acquisition.
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7.1 Production resultsrevisited

The results in Chapter 6 indicated that the ovepalterns of the learner groups were

influenced by the patterns of the individual leasn&ho showed a non-categorical function

in the step-wise ABX task. Since these non-caiegblearners were mostly from the group

of inexperienced learners, the tendency to shovworacategorical function seems to be

particularly evident in the case of the less exgraréd learners. We saw the difference not

only in the step-wise ABX task but also in the ladmsigning task. As we have been arguing,

considering the nature of these tasks, this diffegeseems to reflect phonetic representation

and lexical-phonological representation problem3agfanese lexical pitch accent categories.

In addition, the regression analysis in Chapteu@gsested that the variance in the

intelligibility scores (as a criterion for foreigaccentedness) was significantly explained by

the variance in the categorization ability. Ingiegly, the preliminary analyses reported by

Flege et al. (1997) also indicated that most laarméno did not show a categorical function

in their step-wise perception experiment did natdpice a significant amount of difference

of acoustic correlate between the target. In ottends, their results indicate that learners’

ability to show a categorical function seems taddated to the foreign accentedness of their

productions. It is possible that the foreign atedness in the learners’ speech productions
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(discussed in Chapter 3) was a characteristic o$ghlearners who showed a non-

categorical function.

To find out whether or not the English-speakingneas who indicated a categorical

function show target-like productions of Japanefiehpaccent, we first reanalyze the

learners’ productions of speech imitations. Takimgjr categorical function as an indicator

of relatively sound phonetic representations aritéd-phonological representations (even if

not entirely native-like), we will be able to diagge whether these learners do or do not have

a phonetic realization problem independently of problems with the phonetic and lexical-

phonological representation of the L2 categories.

If it is the case that the learners do not havenalependent phonetic realization

problem, this would suggest that non-target-likedoictions are due to the patterns produced

by the learners who did not show a categoricaltfancand that learners have representation

problems as a factor behind foreign accent. iff ihe case that the learners do seem to have

an independent phonetic realization problem, then will need to investigate further

whether or not the learners who showed a non-cetegdunction have a phonetic problem

in addition to representation problems. If the1ategorical learners also have a phonetic

realization problem, this could suggest that thetdis behind foreign accent are of a

dynamic nature. Since these learners were malmyiriexperienced learners, we could
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interpret such a finding as showing that in thdyestage of learning, a combination of

representation problems and a phonetic realizgioblem is what gives rise to their foreign

accentedness. However, in the later stage of ilggrithe learners may have a phonetic

realization problem independently of representafimblems. Alternatively, if the learners

who showed a non-categorical function do not hapdi@etic problem, this could provide

evidence in support of the view that representapiosblems and a phonetic realization

problem can be independent of each other as soofckseign accent. This would also

underscore the dynamic nature of the factors befingign accent, as it would suggest

representation problems for the early stage ohlagrand a phonetic realization problem for

the later stage.

Among the participants who showed a non-categoffigattion in the step-wise

ABX task, four learners were included in the idipaoduction analysis; one NEexp (NEexp

10) and three NEinexp learners (NEinexp 2, 10, 8% can consider the production data of

these four learners to be representative of allléheners who showed a non-categorical

function in the ABX task, in order to see whethry difference emerges when we compare

their results with the initial results. We themefavent back to the speech data and the non-

speech data that were discussed in Chapter 3 aapt&€h5. In order to find whether the

results yield any difference in the analyses witld avithout the participants who did not
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have categorical functions in the step-wise ABXtage look at the intelligibility score

and the overall FO patterns. After excluding than-gategorical participants, we first

compare each result of the three group comparisdnNEexp and NEinexp) to that of the

initial production results (i.e., with all parti@pts included). Then, each result of the

comparisons between only the non-categorical leared the native speakers are compared

with the initial production results.

7.1.1 Intdligibility scoresrevisited

First of all, we examined whether or not the leegsngho indicated a categorical function

show foreign accentedness in terms of the inteiligi scores. When we reanalyze the

intelligibility scores, the overall picture remaitise same as was indicated in the initial

analysis. The learners who showed a categorigadtifon also indicated non-native-like

patterns in their productions.

In the initial analysis of the intelligibility scer different patterns were found

between the three groups across the three acqeed {gee 3.2.4.1). We found that the NJ

performed nearly perfectly across the three actygrets on average whereas the NEexp had

lower scores than the NJ, and the scores of thadXfgi were even lower than those of the

NEexp. In addition the learners were similar to the NJA® but they performed more
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poorly on Al and even more poorly on A2 comparethéoNJ.

In the reanalysis, when the non-categorical pauditis are excluded, we find that

these patterns are still observed. The mean anmtia@td deviations of the intelligibility

scores after excluding the non-categorical pawditip are presented in Table 7.1. According

to a mixed design ANOVA (Accent (3 levels) x Gro(®levels)), there was a significant

interaction p <0.001) as well as the main effects of Accegnt@.001) and Grou(<0.001).

The post-hoc comparisons showed that the meattigitidity score of the NEexp was lower

than that of the NJ, and that of the NEinexp wasnelower than that of the NEexp.

Regarding Accent, for AO, the mean intelligibiliscores of the NEexp and the NEinexp

were just as high as the NJ. However, on the aeddgpes (Al and A2) the learners had

lower mean intelligibility scores than the NJ, markarly in the case of NEinexp (and lower

in the case of A2). This indicates that it was endifficult for the learners to achieve target-

like productions on the pitch-accented words comgao the unaccented words.
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Table 7.1 The mean percentage of times that Japanese pitch accent produced by the
participants were identified as intended: intelligibility scores with non-categorical
participants excluded.

The left: provides the results obtained after ediclg the non-categorical participants. The right:

provides the results of the non-categorical pauéiots.

Group results after
excluding the non-

categorical participants Non-categorical participants
Accent N Mean SD Accent N Mean SD
NJ A0 96 96.35 18.13 Non-cat A0 48 88.54 31.35
Al 96 100.00 0.00 Al 48 62.50 45.55
A2 96 99.48 5.10 A2 48 26.04 42.51
NEexp A0 84 97.62 15.34

Al 84 88.69 31.39
A2 84 73.21 42.11

NEinexp A0 60 97.50 10.99
Al 60 53.33 49.46
A2 60 40.00 47.66

When we reanalyze the misidentification patterhs, averall picture also remains

the same as in the initial analysidccording to the initial observation of misidentition

patterns in 3.2.4.1, for both learner groups, tlagommisidentification type was the accented

targets (i.e., A1l and A2) (70 out of 98 cases ffier NEinexp and 40 out of 55 cases for the

NEexp). The learners’ productions of both accemdegets were typically identified as the

unaccented targets (i.e., AO) by the native Japmafiseners. When the non-categorical

participants are excluded, this same tendency wa abserved. There were 57 cases of

misidentification for the NEinexp and 26 casestfa NEexp.

In the initial data, the next most common misididtion type was that the
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learners’ productions of A2 accent was misiderdifées A1 (22 out of 98 cases for the

NEinexp and 8 out of 55 cases for the NEexp). Wihennon-categorical participants are

excluded, this remains the same: 21 cases of A2 wisidentified as Al for the NEinexp

and 6 cases for the NEexp. It is possible thateamers might have associated FO patterns

that have an earlier peak location than the napaakers’ location with the A2 category of

Japanese lexical pitch accent. Hence, it may baea particularly difficult for the learners

to produce target-like FO contours for A2.

Thirdly, in the initial data, misidentifications the opposite direction (i.e., where Al

accent was misidentified as A2) occurred in onfig\a cases. This too remained the same

when the non-categorical participants were excluded

These patterns suggest that it was difficult fog thative speakers of English to

imitate FO contours in their productions of thegirJdapanese pitch accent. In particular,

where to aim to locate the FO peak, and how fashake a falling contour, seem to pose

problems for the learners.

It should also be noted that this pattern of reswias also the case when the non-

categorical learners were compared as a groupth@iNJ group. The mean intelligibility

score on their A2 productions was even lower thhat tof the NJ. The major

misidentification type was also the accented tar@get., AL and A2) (13 cases for the non-
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categorical NEinexp and 14 cases for the non-catajdNEexp). However, in the case

of the non-categorical learners, there were onljew cases where A2 accent was

misidentified as Al. These patterns further supgiee view that it was difficult for the

native speakers of English to imitate FO contouthigir productions of the target Japanese

pitch accent. The problems of where to locateRBigpeak and how fast to make a falling

contour seem to be even more problematic for thesecategorical learners compared to the

other learners.

Hence, the overall results suggest that regarddésshether or not the learners

indicate categorical function in the categorizattask, the degree of foreign accentedness

perceived in their productions, and the misidectifion patterns on how their productions

were perceived, tend to remain very much the saifés means that the English-speaking

learners who indicated a categorical function adbow non-target-like productions of

Japanese pitch accent in terms of the intelligib#icores. Therefore, we can interpret this

result as suggesting that even though the leaseems to have little problem with the mental

representations of L2 categories, they neverthedessn to show foreign accentedness in

their productions. This, in turn, suggests thatdkerall FO patterns may also be non-target-

like, not only in the productions of the learnerdhwepresentation problems but also the

productions of the learners with lesser represiemtgtroblems. If they show non-target-like
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FO patterns, this suggests that the learners haheretic realization problem regardless

of the learners’ degree of representation probleftise L2 categories.

7.1.2 Overall FO patternsrevisited

Following the results of the intelligibility scorese now examine whether the overall FO

patterns in the productions of the learners whaveltioa categorical function also show non-

target like FO patterns. The reanalysis describetis subsection shows that these learners

did indeed show non-target-like FO patterns inrtlspieech productions of Japanese pitch

accent.

The initial analysis of the overall FO contourswsbd that three groups had different

patterns across the three accent types (see 3.2\6/e focus on the overall patterns, such as

the shape of the contour where the FO peak isddcathether the FO contour contains a

sharp fall after the peak, or how wide the FO conts. Overall, for the accented targets, the

learners’ FO patterns showed more variability i ltbcation of the FO peak, and how fast the

FO fall is; for the unaccented targets, their patitins have wider FO range compared to the

native speakers’ productions. These tendencies stesnger in the FO patterns produced by

the inexperienced learners.

To recap what was reported in 3.2.5.1 regardingotiezall FO patterns, in the NJ's
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productions, the FO peak location for Al occurredlier than A2 (as expected). A

similar pattern was observed in the NEexp’s pradast Meanwhile, in the NEinexp’s

productions, the FO peak location was not difféedetl with large individual differences,

particularly for A2. The FO peak locations for thecented targets (i.e., A1 and A2) in the

NEexp’ productions appear slightly later than tiealplocations in the NJ's productions, and

the FO peak locations for Al in the NEinexp’s pratibns seems later than those in the NJ's

productions, with more variability than in the Npéxdata.

As for the degree of the FO fall after the peakhim NJ's productions, the degree of

fall for the accented types (Al and A2) seems toesegnizable and it was even larger for

A2 than for A1l. This tendency was similar in th&dXp’s productions. However, in the

NEexp’s productions the degree of fall for A1 and was slightly less steep than it was in

the NJ's productions.

Lastly, in the NJ’s productions, the ranges of B@econtours for A2 and A0 were

slightly wider than for Al; this trend was also ebged in the productions of both the learner

groups.

The results of the reanalysis are as follows.uiéigr.1 reproduces from Chapter 3

the FO contours of the NJ, presented here agaicdmparison. The subsequent figures

represent the FO contours in the productions ofiléamer groups after the non-categorical
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participants were excluded (NEexp learners in Eigu and NEinexp learners in Figure

7.3). Since only one learner was excluded from Nigexp group for showing a non-

categorical function, the overall FO patterns & NEexp are similar to what we saw in the

initial data. Thus, here we focus on the NEinexjaiga. In the case of the NEinexp, once

the non-categorical participants are excluded,nt&idual differences seem to be reduced

(particularly in the A2 productions) but the ovéf@d contours still indicate more variance

compared to the NJ group and also compared to Hexpigroup. The FO peak location for

the accented targets (i.e., A1 and A2) still shamdividual differences and the FO peak

seems to occur slightly later in the NEinexp’s prctibns compared to the NJ's productions.

The degree of FO fall after the peak for A2 in Miginexp’s productions remains less steep

than that in the NJ's productions. The steepnésiseofall for Al in a few of the NEinexp

seems to be similar to what we see in the NJ'symtiahs but overall, the NEinexp group

shows wide variance among the learners. Meanwttite patterns of AO show individual

differences in the NEinexp’s productions but thentt seems not too different from the NJ's

productions. In addition, the patterns of the &Gge in the NEinexp’s productions remains

the same as in the initial analysis; the rangdb®#0 contours for A2 and AO were slightly

wider than for Al in the NJ's productions. Thigygasts that even when extreme cases are

excluded, the inexperienced learners seem to shwesvgent patterns in their productions



222

regarding FO peak location and the degree of tiagacontour after the FO peak. This

indicates that regardless of whether or not thenkya show a categorical function, they

seem to show non-target like FO patterns. Hemigctn be interpreted as implying that the

learners seem to have a phonetic realization pmobiegardless of the degree of their

problem in the phonetic and lexical-phonologicgtresentation of Japanese pitch accent

categories.
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Figure 7.1. The average FO patterns of NJ individual speakers.
The panels represent Al (top), A2 (middle) and B6ttom). The x-axis indicates time-normalized

points. The y-axis indicates normalized FO values.
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Figure 7.2. The average FO patterns of NEexp individual speakers excluding one
non-categorical participant.
The panels represent Al (top), A2 (middle) and B6ttom). The x-axis indicates time-normalized

points. The y-axis indicates normalized FO values.
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Figure 7.3. The average FO patterns of NEinexp individual speakers excluding
three non-categorical participants.
The panels represent Al (top), A2 (middle) and B6ttom). The x-axis indicates time-normalized

points. The y-axis indicates normalized FO values.
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Since we now know that the learners tend to shom+tamet-like FO patterns in

production even if they indicated a categoricalction in the step-wise ABX task, we need

to investigate further whether or not the learngh® showed a non-categorical function

have non-target-like FO profiles. Thus, we turrwnim the non-categorical participants.

Figure 7.4 represents the FO contours in the ptathgcof the non-categorical NE learners.

When only the non-categorical learners are compaittdthe NJ group (as shown in Figure

7.1 above), the overall FO patterns of these learsiegow individual differences. When we

focus on each accent type, some learners seenodoqa the shapes as if they were similar

to the target norms in terms of the FO peak looatile steepness of the FO fall and/or the FO

range. However, when we look more closely, inghadluctions of two learners (NEinexpl13

and NEexpl0), the three accent types are not disshed from each other in terms of the

FO shapes. In addition, in the productions of M&p2, the only distinction that is very

evident is between accented and unaccented talyts A1 and A2 were produced as Al,

and they differed from AQ. It could be that trésuiner has problems either in having two L2

categories instead of three, or in associatingRbigattern with the target Japanese pitch

accent category. Meanwhile, it is only in the praiibns of one of the non-categorical

participants (NEinexp10) that the overall FO paiseseem to resemble the shape of the target
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norm of each accent type (overlooking minor differes). It is possible that this
participant is an exceptional case who has reptasen problems but is still able to show
target-like FO patterns in his speech productioAfiernatively, it is possible that he had a
problem in understanding the step-wise ABX taskha@ugh it may be difficult to generalize
these four learners’ patterns due to the limitethimer of the learners in this analysis, this
tentatively shows that (apart from the one paréotp the non-categorical learners tend to
show non-target-like FO profiles in their produaso There is a tendency for the non-
categorical learners to show patterns which divdrgen the target in terms of FO peak
alignment. Based on this tendency, we interprat the learners who have representation
problems also have a problem with phonetic reatinafs they attempt to implement FO
contours in the productions of Japanese pitch accemntrasts. In addition, there is an
indication that representation problems of the afegories may be related to their phonetic

realization problem.
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Figure 7.4. The average FO patterns of non-categorical NE participants.
The panels represent Al (top), A2 (middle) and B6ttom). The x-axis indicates time-normalized

points. The y-axis indicates normalized FO values.
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7.1.3 Non-speech production revisited

So far in this chapter, we have found that regarllef whether or not they showed a

categorical function in the categorization task, lgarners seem to show foreign accent. We

interpreted this result as suggesting that in theyestage of learning, a combination of

phonetic representation and lexical-phonologicabbfgm of the L2 categories and a

phonetic realization problem can contribute tortlieieign accentedness. In the later stage

of learning, the learners may have a phonetic zatidin problem independently of

representation problems. To understand the pessitdractions of the problems associated

with foreign accent, we now turn to investigate thlee or not an articulation problem plays

a role in contributing to foreign accent regardlegsvhether or not the learners showed a

categorical function in the categorization taskccérding to the results of the reanalysis of

this section, the learners tend to show differebtpBtterns in the non-speech productions

from native speakers.

As we saw in Chapter 5, the FO patterns of the fddiys non-speech productions

resembled the characteristics of the patternswilasaw in their speech productions: earlier

FO peak for Al, later FO peak for A2, steep fallcantour after the peak for the accented

targets, and relatively flat FO contour for the coented target. In the initial analysis of the

non-speech imitations, the overall FO patterns gred by the English-speaking learners
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were much more similar to those produced by thévaatpeakers than their speech

productions (see 5.5.1). However, some differem@e also revealed between the learners

productions and the native speakers’ productionsnethough this was a non-speech

imitation task where linguistic information was nawolved. In addition, we saw more

variance in the learners’ FO patterns than in tdeghbup. To recap what we presented in

5.5.1, the FO peak of Al non-speech produced byNtieexp and by the NEexp occurred

later than that produced by the NJ. The FO fadirahe peak in the A2 non-speech produced

by the NEexp was slightly less steep than thatywed by the NJ. The shape of the A0 non-

speech produced by the NEinexp appeared to be dilfter or having sharper fall than that

produced by the NJ. In addition, the FO rangetheftwo accent types (Al and A2) in the

non-speech of the NEinexp were slightly narrowantthose in the non-speech of the NJ.

Even when the non-categorical learners are excluthed differences seen in the

initial data continue to exist. Figure 7.5 reproesithe initial FO contours in the productions

of the NJ and is presented here again for comparidde figures which follow it show the

FO contours in the productions of the two learneougs once the non-categorical

participants were removed from the analysis (NEeguners in Figure 7.6 and NEinexp

learners in Figure 7.7). More variability in theatners’ data, particularly in the NEinexp’s

group, can be seen.
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Figure 7.5. The average FO patterns of NJ individual speakers in their non-speech
productions.
The panels represent Al (top), A2 (middle) and B6ttom). The x-axis indicates time-normalized

points. The y-axis indicates normalized FO values.
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Figure 7.6. The average FO patterns of NEexp individual speakers excluding one
non-categorical participant in their non-speech productions.
The panels represent Al (top), A2 (middle) and B6ttom). The x-axis indicates time-normalized

points. The y-axis indicates normalized FO values.

NEexp_normF0_Al non-speech_wo

—e—NEexp 1
—=— NEexp 2
NEexp 5
—x— NEexp 11
—e— NEexp 14
—+— NEexp 15
——NEexp 16

NEexp_normFO_A2_non-speech_wo

—o— NEexp 1
—=— NEexp 2
NEexp 5
—x— NEexp 11
—e— NEexp 14
—+— NEexp 15
——NEexp 16

NEexp_normFO0_AO_non-speech_wo

—e— NEexp 1
—=— NEexp 2
NEexp 5
—x— NEexp 11
—e— NEexp 14
—+— NEexp 15
—— NEexp 16




233

Figure 7.7. The average FO patterns of NEinexp individual speakers excluding
three non-categorical participant in their non-speech productions.
The panels represent Al (top), A2 (middle) and B6ttom). The x-axis indicates time-normalized

points. The y-axis indicates normalized FO values.
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Figure 7.8 represents the FO contours in the ptazhsof the NE learners who

did not show a categorical function. When only tlo@-categorical learners were compared

with the NJ group (Figure 7.5), the overall FO @atts of these learners show individual

differences apart from AO patterns. If we consitther participant labeled NEinexpl13, it can

be seen that, just as in the speech production itagke non-speech task, the FO shape of

this participant is not differentiated for the thraccent types. Considering NEinexpl0, the

overall FO patterns of this participant’s non-spepmductions seem to resemble those in the

non-speech productions of the NJ when minor diffees are set aside. In addition to his

speech data, this further supports the possibiidy he may be an exceptional case, or found

the step-wise ABX task too difficult.

The patterns of NEexpl0 and NEinexp2 are also wazothmenting on. Although

the FO patterns in NEexpl0's speech production® wet distinguished among the three

accent types, in her non-speech productions thpafi@rns seem to be similar to the target

shape. This suggests that her problem may nat bdiculating the FO contours of the target

pitch accent types. Instead, because of reprdagangaroblems, she may have difficulty in

translating the phonetic information into speechaifinguistically meaningful way. The

phonetic realization problem that we saw in herespedata could also be due to this

representation problem. Meanwhile, for NEexp2halgh the FO patterns in his speech
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productions were distinguished, at least betweeratitented types and the unaccented

type, in his non-speech productions the FO pattamsng the three accents seem to be no

different from one another. It is possible that imgght have been confused by the

requirements of the non-speech task. In this desepay not have an articulation problem.

If his speech production pattern was at chancedesfeperformance, it is possible that he

has an articulation problem. Overall, these foearhers who indicated to have

representation problems of the L2 categories terthve an articulation problem. However,

an articulation problem is not necessary for exjitgj their foreign accent. Although it is

tentative, the results seem to suggest that remassn problems of the target categories

could be a major problem for these learners. Hewatiis needs further research to confirm.

These results of the non-speech productions seanggest that some learners have

an articulatory problem regardless of whether drthey showed a categorical function in

the categorization task. The results also showatl @ few learners might be capable of

articulating the primary acoustic correlate of Jags® pitch accent, even though they may

have representation problems. For those learnkeoshave little representation problem, an

articulation problem could be the key problem fugit foreign accentedness in addition to a

phonetic realization problem. Although this re@sifurther investigation, for those learners

who have representation problems, their major grobbehind foreign accent could be
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rooted in representation problems, or in a comhbmnabf representation problems, an

articulation problem and a phonetic realizationgbem.
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Figure 7.8. The average FO patterns of non-categorical NE participants in their non-
speech productions.
The panels represent Al (top), A2 (middle) and B6ttom). The x-axis indicates time-normalized

points. The y-axis indicates normalized FO values.
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7.2 Discussion

The aim of this chapter was to investigate possitikractions between the factors which lie

behind foreign accent in the acquisition of Japaresical pitch accent. More specifically,

we investigated whether the learners have an &tion problem and/or a phonetic

realization problem as part of the output procaesependent of representation problems of

Japanese lexical pitch accent categories (paheointernal mechanism linking the input and

the output processes), or whether learners haeenhioation of these problems. In order to

achieve this, we re-analyzed the data of the pusvichapters, excluding the learners

indicated that they had problems in categorizatiod in lexical assignment by showing a

non-categorical function in the step-wise ABX tasid difficulty in the label assigning task

(as discussed in Chapter 6). These learners sebavéoproblems in the ability to categorize

Japanese lexical pitch accent categories, and sigrashe categories to lexical items in

Japanese. This implies that these learners hawemefibh representation and lexical-

phonological representation problems. We re-exathithe speech production data which

showed that native speakers of English show foraigrentedness (discussed in Chapter 3),

and the non-speech data we showed that the leaatmrsseem to have a problem with

articulating the target FO contours (discussedhapfer 5). In these two previous chapters,



239

the results indicated that Japanese lexical pitcterg produced by inexperienced

learners was more foreign accented than that pemtbyg the experienced learners and have

an articulatory problem and a phonetic realizapooblem. Based on the findings from the

categorization tasks (discussed in Chapter 6),itleeperienced learners seem to have

problems with the representation of Japanese pitcknt categories, certainly relative to the

experienced learners, who, although they are ndegéy identical to the native speakers,

seem to have relatively few mental representatioblpms.

In this chapter, to understand the nature of éhenlers’ problems, first, we examined

whether non-target-like patterns are observed énsfteech productions of the learners who

showed a categorical function in the step-wise ABXk. Overall, the reanalysis of the

speech data indicated that the English-speakingdes seem to show production patterns

which diverge from the native Japanese productibotf) in terms of the intelligibility score

and in terms of the overall FO patterns, regardigssvhether or not they showed a

categorical function. The learners generally seeimave problems with productions of the

accented targets, particularly with items wheregiteh accent is on the second syllable. It

is possible that it is difficult for English speakédo learn where to aim at the location of the

FO peak, or how steep the FO fall is, in orderigoa Japanese pitch accent. As a group, the

learners who seem to have representation probléniseo.2 categories have even lower
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intelligibility scores than the learners who didt madicate representation problems. In

addition, the productions of the learners whosegmical function was not categorical

showed large individual differences in the oveFdl patterns. Hence, we cannot conclude

that non-target-like productions that we discuseedhapter 3 were due to the learners with

representation problems, or that representatioblg@nts could be the fundamental factor for

foreign accent. Instead, the results suggestttigatearners who have few representation

problems seem to have a phonetic realization pnolkat could be a factor behind foreign

accent.

To investigate whether the learners who seem te liew representation problems

also show non-target-like non-speech productiorsreanalyzed the non-speech data. The

reanalysis of the non-speech data also indicatscthidar tendency, although the overall FO

patterns in the learners’ non-speech production® weore target-like than the patterns in

their speech productions. The productions of thgliEh-speaking learners seem to diverge

from the native Japanese productions in terms ef dherall FO patterns regardless of

whether or not the learners showed a categoricattion. Although the experienced

learners did show some divergence from the natigemg, they showed much less

divergence from the native target than either thexperienced learners or the non-

categorical learners. Nonetheless, the resultssdlewed that some non-target-like patterns
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are to be observed, especially in the inexperiereathers’ productions. Thus, the

results suggest that the learners who have fewemngilt and lexical-phonological

representation problems of the L2 categories sedmave an articulation problem that could

be a factor behind foreign accent.

We then examined whether the learners who indicagpresentation problems also

have a phonetic realization problem (and an adteuh problem if they also show non-

target-like non-speech productions). This was itkeorto address whether a representation

problem is the main problem for them, or whethegirttioreign accentedness is rather a

combination of representation problems, a phomnetidization problem and an articulation

problem. We found interesting patterns in thevittlial cases of the four learners who seem

to have representation problems (manifested by tiwi-categorical function). NEinexpl3

did not distinguish FO patterns among the accgrgd\either in the speech imitations or the

non-speech imitations. In her case, we diagnobatl ghe seems to have representation

problems as well as an articulation problem anchanptic realization problem regarding

foreign accent. NEexpl10 also did not distinguiShpgtterns among the accent types in the

speech imitations. However, she seems to distiigkd patterns among the accent types in

the speech imitations, even though the patterlissetbw some divergence from the native

patterns. It is possible that she was not abiet&pret FO information phonologically due
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to poor formation of the target L2 category, atstemot enough for her to be able to

associate the FO information with Japanese pitaerdccategories. Hence, this can be

interpreted that her problem with foreign acceninyastems from representation problems,

and in addition she may have a phonetic realizgtimblem. Meanwhile, NEinexp2 seems

to distinguish the accented targets from the unmdedetargets in his speech imitations,

although he did not distinguish FO patterns amdmgy dccent types in the non-speech

imitations. This possibly implies that the targettegory (such as the accented and the

unaccented categories) is emerging for him. § ihference is correct, his problem may

also be due to a combination of factors: a phometdization problem and representation

problems. In that case, it may be that if he dilunderstand the non-speech task, he would

have been unable to make the distinctions in the-speech imitations. The case of

NEinexpl10 needs further thought. NEinexpl0 shovpditerns which are relatively similar

to the target norms in both his speech and nonesppeoductions, even though these FO

patterns still show some divergence from the tapgdterns. Alternatively, if his speech

results were merely coincidence, then this suggblatshe also has an articulation problem

with a combination of the two other problems. lis lcase, it seems that his foreign

accentedness is due to representation problemihislfs correct, the results of NEinexpl0

can provide evidence that an articulatory probleptianetic realization problem can be
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independent of representation problems. Howevteis ialso possible that he is an

exceptional case, since his mean intelligibilitprecwas actually relatively good (88.8%) in

spite of the fact that he does seem to have ramasm problems. Another possibility is

that in his case, it might have been due to thie diiculty that his response pattern was

showing as a non-categorical function. Overathalgh this interpretation needs further

investigation to generalize due to the limited nembf cases, the results of these four

learners seem to reflect the transitional stagéwdmn a phase where the learners have a

combination of problems (i.e., an articulation peol, a phonetic realization problem and

representation problems) and a phase where theeksamainly have an articulation problem,

or a phonetic realization problem.

Therefore, the results from the re-analyses ofsimech and the non-speech data

seem to suggest that the learners who showed gocii@ function may have not so much

representation problems of Japanese lexical pitckrd categories (since at least they seem

to have formed enough L2 categories to be abless@a the target category to an lexical

item) as an articulation problem and a phonetitizatgon problem. This suggests that an

articulation problem and a phonetic realization bpgon could occur independently of

representation problems and give rise to foreigremaic Particularly, this seems to be the

case at a later stage of L2 learning. Meanwhile, results also indicate that the learners



244

who showed a non-categorical function do seem ve hepresentation problems as well

as an articulation problem and a phonetic reabimapiroblem. Regardless of whether or not

they showed representation problems of the targeatdtegories, the learners showed foreign

accentedness in their productions. We can spectian that categorization ability and

lexical assignment ability of the target L2 catégercould assist the experienced learners to

achieve more target-like productions than the ieg®nced learners. The learners need to

associate the FO patterns that characterize trendagp pitch accent categories and the target

categories, and to associate Japanese pitch amtegbries with words in Japanese. These

abilities seem to require phonetic representatéomslexical-phonological representations of

Japanese lexical pitch accent categories. Hentearticulation problem and a phonetic

realization problem may not be completely indepahdd representation problems for the

early stage of L2 learning.

Taking all these results into account, it seems @lthough both groups of learners

have representation problems of Japanese lexiteth giccent categories and a phonetic

realization problem and/or an articulatory problEmsome extent, the experienced learners

may have mainly a phonetic realization problem miagiculatory problem which might be

independent of the representation problems of thedtegories. These results also imply

that the inexperienced learners have a combinatiorthese three problems with the
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possibility that representation problems are thfpmelement among them. Although all

these problems seem to play a role in explainiegehrners’ foreign accent, the divergence

between their production and categorization abgitmight be more separate issues for the

experienced learners, while they might be moreetjo®lated for the inexperienced learners.

7.3 Summary

In this chapter, in order to investigate potenidéractions between the factors which are

suggested to be behind foreign accent, the pramtuactata from Chapter 3 and the non-

speech data from Chapter 5 were reanalyzed. Weiegd whether or not the learners who

showed a non-categorical function in the step-wiBe task revealed any patterns which

differed from the original results, when considesegharately as a group in their own right.

This was particularly important as it offers to yide us with an explanation of what the

learners’ problems are and how these problemsetaed to each other. The results showed

that the learners who did not indicate categorfigattion, who were mostly inexperienced

learners, were having a problem in associating ghenetic information with the L2

categories, and in associating the L2 categoridéls kexical items in the L2. This seems to

imply that their phonetic representations and kebjahonological representations of the L2

categories have not fully developed, due to lack ®fexperience. The reanalysis of the
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production data in this chapter also showed andtheortant finding. The learners

showed patterns which diverged from the target namd they also showed great individual

differences in both their speech productions amir thon-speech productions. This tended

to be shown consistently, independent of the probhdth categorical function. However,

the learners who did not show a categorical functeem to have more problems, although

there were exceptional cases. It would seem thiatdifference should be interpreted as

showing a role for mental representation problefrieetarget L2 categories. Moreover, the

results also indicated that there is a functioh@fexperience on the nature of the learners’

problems regarding foreign accent. The importamlication of this is that the experienced

learners may have more phonetic realization problemarticulatory problems which might

be independent of representation problems of thedt2gories, whereas the inexperienced

learners may have more representation problems gtherthree problems.

To summarize, the reanalysis of the speech andspeeeh imitations indicated that

from the point of view of representation problertig learners are also having a phonetic

realization problem or articulatory problem. Calesing these results, it seems to imply that

not only mental representation problems but alsphanetic realization problem or

articulatory problem provide an explanation for tieergent profiles of the learners, and

thus can potentially explain foreign accent. Meexp it seems that the nature of the
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problems regarding foreign accent may change dutirg.2 speech acquisition. The

results also implied that the proportion of how mwé these problems can explain foreign

accent may change as the learners gain L2 experienc
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8 General discussion & Conclusion

8.1 Summary of the findings and discussion

This section summarizes the crucial patterns réiggrthe acquisition of L2 pitch accent
contrasts which were observed in the experimerdatd dbtained from English learners of
Japanese in order to evaluate the possible fao#tnisid foreign accent.

As stated in Chapter 1, this thesis had two god@lse main goal was to evaluate the
three factors which have been suggested as pdtempéanations of foreign accent in the
acquisition of L2 prosodic contrasts. The threeppsed factors were: 1) problems in
differentiating the acoustic correlate of the taige contrasts, 2) problems in articulating the
acoustic correlate of the target L2 contrasts, 3ngroblems in categorizing the target L2
contrasts (i.e., linguistic perception, categoraraiand lexical assignment). The secondary
goal of this thesis was to examine whether or het mature of L2 learners’ problems
associated with their foreign accentedness changeglL2 acquisition as a function of L2
experience.

With these goals in mind, this thesis addressedjgestions: 1) whether or not the
production patterns in Japanese lexical pitch @gemduced by native speakers of English
show non-target-like patterns when compared withsg¢hproduced by native speakers of

Japanese; 2) whether or not native speakers ofdbnigave problems in differentiating the
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target FO contours; 3) whether or not English speakave problems in articulating the

target FO contours; 4) whether or not English spealhave problems in categorizing

Japanese lexical pitch accent contrasts in termimgidistic perception, categorization and

lexical assignment, 5) whether or not these thraetofs can explain non-target-like

production patterns of English speakers; and 6tivdteor not problems of English speakers

change as they gain L2 experience.

To answer these questions, we have observed tleddsition of Japanese lexical

pitch accent by native speakers of English. We@sed that Japanese lexical pitch accent

provides us with a good testing ground, a locusrelteere are cross-linguistic differences

regarding the key acoustic correlate (i.e., FOjvben English and Japanese while there are

nevertheless similarities shared by these two lagegs. To learn L2 intonation patterns, L2

learners need to form the phonetic categories @firitonation patterns and also make the

association between the target FO patterns anthtpet function. However, to learn lexical

pitch accent, L2 learners need to go beyond thid, @so learn the arbitrary connection

between the categories of the accent types and kexdtal item in the L2. We are

particularly interested in cases such as this, a/lackey acoustic correlate of L2 contrasts

differs from the L1 in one of its functions whilbaing another function with the L1, as in

these cases there is great potential for shedijhgdn the issue of foreign accent. In these
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cases, the linguistic function of the key acoustirelate of the L2 contrasts may not be

completely foreign to the L2 learners, since thisp aise the shared function in their L1, yet

they still need to learn the different functiontlbé acoustic correlate as it is employed in the

target L2. This may cause problems for the learmerlearning the phonetic differences

between the target L2 categories which signal théuhction and in associating the phonetic

information with each of the target L2 categori®¥e first investigated whether or not native

speakers of English show foreign accentednessein phoductions of Japanese lexical pitch

accent contrasts (Chapter 3). Since the learndrstibw non-target-like productions, we

were then able to approach the three potentiabfacegarding the issue of foreign accent.

Chapter 3 aimed to answer the first question: wdretir not the English native

speakers’ production patterns in Japanese lexitel pccent show non-target-like patterns

when compared with those of native speakers ofnkea We showed in this chapter that

the inexperienced learners’ productions of Japafegeal pitch accent were perceived as

more non-target-like than the experienced leari®rdhe two native speakers of Japanese

who rated them. We also showed that the overapiditerns produced by the inexperienced

learners showed more variance than those produgettieb experienced learners. These

findings provided us with evidence of the acousti@aracteristics of English speakers’

foreign accent that in their productions of Japariegical pitch accent. The productions of
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the English-speaking learners were non-targetilikeerms of the auditory impression

assessed by the native speakers, and they alscedho@n-native-like acoustic patterns.

Hence, this also provided us with evidence thal lesgperienced and inexperienced learners

have problems in phonetically realizing the tar§ét contours in their productions of

Japanese lexical pitch accent contrasts. Pantigulbased on the overall FO patterns

produced by the learners, they seem to have prabiemhonetically realizing where the FO

peak is and how fast the falling contour is, inesrtb signal Japanese lexical pitch accent.

In Chapters 4, 5, and 6 we conducted a seriegpdrignents on the L2 acquisition

of Japanese lexical pitch accent by native speadkeosder to evaluate the three potential

factors behind foreign accent.

Chapter 4 addressed the question of whether otheohative speakers of English

have problems in differentiating the target FO oams. This was done by conducting a

perception experiment using non-speech stimuli. otder to control cross-linguistic

differences between Japanese and English, linguistbrmation was excluded from the

stimuli: non-speech stimuli were created in suclvay that only the FO contour was

extracted from the original sounds (canonical tekerf Japanese lexical pitch accent

produced by a native speaker of Japanese). Weeshtivat when linguistic information is

controlled, English-speaking learners do not hangblpms in differentiating the target FO
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contours, regardless of their L2 experience. Tiniicates that the learners’ ability to

hear the differences between the FO contours ismd&usible source of foreign accent. In

other words, the suggestion that foreign acceotissed by problems in differentiating the

key acoustic correlate of L2 contrasts cannot expar data. This offers evidence that in

spite of their foreign accentedness, the Englisgakimg learners are not completely lacking

in perceptual sensitivity to FO, the primary acausbrrelate of Japanese lexical pitch accent.

Since FO also has a linguistic function in Englesren though it does not have a lexical

function, it is possible that native speakers ofjlish retain their perceptual sensitivity

towards FO despite the different linguistic funaotiaf FO in Japanese.

In Chapter 5, we investigated whether or not thglih speakers have problems in

articulating the target FO contours. This was dbgecollecting non-speech productions

where the participants had to imitate non-speeichuit We showed that the overall FO

patterns in the productions of the English-speak&agners (in their non-speech imitations)

are relatively similar to those of the native sprakof Japanese when we focus only on the

FO contours. However, we also observed that themées seem to show more individual

differences in their FO patterns than the nativeakprs, particularly in the case of the

inexperienced learners. This suggests that thhedesi ability to articulate the FO contours

may play some role in explaining foreign accenhisTprovides evidence in support of the
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proposal that the learners’ problems with foreigneat can be partially associated with

articulatory or motor control, or lack of L2 prami As our data showed, both groups of

native speakers of English were capable of artitiasome rising or falling of FO contours,

even though the inexperienced learners showed indieidual differences compared to

native speakers of Japanese. Although English kepgahave plenty of practice in

articulating FO contours in English (of course wittiferent linguistic functions, such as

intonation patterns), our findings imply that Esblspeaking learners have to learn to

articulate the target FO patterns which may be iipgo the characterization of Japanese

lexical pitch accent.

Chapter 6 aimed to answer the question of wheatharot English speakers have

problems in categorizing Japanese lexical pitckeiccontrasts. This was done by carrying

out three perception experiments to test three oompts of the learners’ categorization

ability. The first perception experiment used cdoal tokens of Japanese lexical pitch

accent contrasts to test their linguistic perceptobility. This experiment showed that the

English learners of Japanese are able to hear iffezedce between the tokens and to

classify the target item into the correct L2 catggbased on similarity judgments. The

second perception experiment used stimuli on tHevaet continuum to test their

categorization ability. This experiment showedt ttiee learners have some problems in
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predicting category membership for items around libendary of the L2 categories,

which suggests that the learners seem to havegmsbih associating the phonetic patterns

with the L2 categories. This implied that the feas seem not to have formed sufficient

phonetic representation of the target L2 categorits found that this tendency was stronger

in the inexperienced learners than in the expeeignearners. A subset of the learners,

mainly the inexperienced learners (1 experiencaxhér and 6 inexperienced learners), were

unable to categorize the intermediate stimuli om ¢dontinuum. This implied that their

phonetic representations of the L2 categories lkameerlap each other, or that they have not

yet formed L2 categories. With the third perceptéxperiment, which involved assigning

labels to the L2 categories, we examined whethenatrthe learners have problems in

assigning the L2 categories to a lexical item. Témults implied that the learners seem to

have problems in lexical-phonological representetiof the L2 categories. We showed that

whereas the experienced learners managed to lgxissign the corresponding L2 category

to lexical items, the inexperienced learners Btlll problems.

The crucial finding of these three perception expents was that the learners’

ability to categorize Japanese lexical pitch accentrasts seems to play a role as a factor

which contributes to foreign accent. Interestinghore than half of the variance in the

foreign accentedness (53.5%) based on the auditgpsession by the native speakers was
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explained by the variance in learners’ categomzatbility as a combination of lexical

assignment and linguistic perception. The leatnesgcal assignment ability was the

variable which contributed most to their foreigncexttedness as rated by native judges

(38.6%). In addition, the learners’ linguistic peption ability also explained some further

variance in their foreign accentedness (14.9%is €vidence further supports the view that

in order to be able to lexically assign a targetchfgory to an lexical item, learners may not

only need to be capable of hearing the differenbasthey may also need to have formed

the target L2 phonetic categories during their p8exh acquisition. In addition, they need

to learn the arbitrary link between the L2 categ@mand the lexical items. This might have

been the reason why the inexperienced learnersrioad difficulties in lexical assignment

than the experienced learners. Due to lack of;gegence, the inexperienced learners may

have not formed target-like L2 categories as patheir phonetic representations and may

not have learned the connection between the L2jodes and lexical items as part of their

lexical-phonological representations. To form ¢afgke L2 categories, the learners may

need to have representations that associate theephidnformation with the L2 categories,

and to be able to assign labels to each L2 categblganwhile, the experienced learners

may have phonetic representations and lexical-pogieal representations of the L2

categories which are not fully developed but whach nevertheless more similar to target
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representations. Thus, we presented evidencecthagorization ability is associated

with foreign accent, and furthermore shed lighttba specific aspects of categorization

ability that are related to foreign accent in th2 froductions of Japanese lexical pitch

accent.

Having observed that a subset of the learnersialidhow a categorical function in

the data obtained in Chapter 6, and having sedrttibg tended to show different patterns

from the rest of the group members, we turned iapBdr 7 to re-assess the learners’ patterns

discussed in Chapters 5 and 6 after excludingstifiset of learners. We diagnosed that non-

categorical performance in Chapter 6 indicatesidwee of the problem that a learner has in

representing the L2 categories. We addressedubstign of whether the learners do or do

not have a phonetic realization problem and/orréiouation problem, even with a marginal

representation problem. This allowed us to spetifylearners’ problems and to evaluate in

depth the factors which may be associated withidaraccent. After excluding the subset of

non-categorical learners, the learners’ group dadcated that the inexperienced learners

managed to show lexical assignment ability jusivalt as both the experienced learners and

the native speakers of Japanese. This suggest®riba the learners were able to show

categorical performance, even when they were istifkperienced, it is possible that they

were able to form the target L2 phonological categ even if they may not be fully target-
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like. This brought us to an important implicatiamamely that for the experienced

learners, it may be mainly phonetic realizationbtems or articulatory problems which lie

behind their foreign accent, whereas the inexpeédrearners may have a combination of

the three problems, with the possibility that phleneepresentation and lexical-phonological

representation problems are the major element. ¢jethis suggests that the nature of the

learners’ problems behind foreign accent seem smgh during the L2 acquisition of the

target L2 contrasts.

8.2 Further improvements in the experimental design

One improvement in the experimental design couldniexe in the analyses of the

production data (i.e., Experiment 1). In this sfud assess participants’ production, two

types of analysis were carried out: intelligibilégores based on native speakers’ auditory

judgments, and a descriptive analysis of the ovEfakontours in terms of the FO peak, the

degree of FO fall and the FO range. These anabsesan appropriate means of capturing

and comparing the phonetic patterns in the produostiof learners and native speakers,

especially when there have been few studies coeduot compare productions of learners

and native speakers regarding these three FO psmaneHowever, these descriptive and

qualitative analyses also have limitations in pamptout whether or not differences in the
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patterns carry any significance in more concratese Therefore, an attempt to make a

concrete quantitative analysis of these three Fampaters has been carried out. However,

due to difficulties in accurately quantifying thegeoperties of the original data, the

gquantitative analyses of the data are not repadrtalis thesis. The details of the analysis

attempts and the problems in quantifying the resale described in Appendix C. Further

investigation of methods of quantitative methodeetguired. With further improvements in

the accuracy of measurements, experimental designquantitative data analyses such as

those attempted here could potentially provide itk supporting evidence for the findings

in this study and strengthen the arguments further.

Regarding the intelligibility scores, a forced adw®iparadigm was used in this study.

It was important to assess whether or not the tioita of Japanese lexical pitch accent were

identified by native speakers of Japanese as behag the speaker intended. It is also

possible to use a rating scale to investigate #ugeak of foreign accentedness and to explore

intermediate level of foreign accentedness. Thig possibly allow us to further investigate

which factors are contributing to learners’ foreigocentedness during the developmental

process of L2 speech acquisition.

Lastly, another improvement could be made in thellassigning task. One of the

important findings of this study was that the dpilio match acoustic information with
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lexical representations plays a significant roletlie learners’ foreign accentedness.

However, this task was initially a by-product frendifferent task where the aim was to learn
novel diacritics for Japanese lexical pitch acceténce, the methodologies for investigating
this ability have room for further improvementsclsuas separating training and lexical
assignment more precisely. To strengthen the aggtsmin this study, we could also
investigate whether or not training on lexical gesient would reduce the foreign

accentedness of the learners who showed poor l@gsagnment.

8.3 Further issues

One issue which is not clear in our study basetherdata presented here is whether or not
the English learners of Japanese are able to peodiajganese lexical pitch accent like the
native speakers when it is associated with intongtiatterns. It is possible that the learners
are unable to produce target-like productions whR6nis being used with the unfamiliar
function of signaling lexical distinctions. Thealaers may not have completely mastery of
what Japanese lexical pitch accent is due to ladikkcexperience. This tendency may be
stronger in the inexperienced learners who haveentionited L2 experience than the
experienced learners.

The results of the three perception tasks in Chaptshowed that the English-
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speaking learners were having a problem in cateiggriJapanese lexical pitch accent

contrasts. Moreover, the result of the labelirgktavhere we examined the learners’ ability

to lexically map an item onto the correspondingcb®egories, further led us to an important

speculation that the English speakers may be havipigblem in associating the function of

FO in Japanese with Japanese lexical pitch accatd#garies as part of their mental

representation. If the English-speaking learneesevhaving a problem in associating the

lexical function of FO with their interlanguage egories of Japanese lexical pitch categories,

it is also possible that this leads to difficulty phonetically realizing target-like FO in

producing Japanese lexical pitch accent. To preduarget-like FO profile in Japanese may

require the learners to retrieve the informationttanlexical function of FO from their mental

representation. Hence, the ability to associageld¢kical function of FO with the target L2

categories could be a good indicator of the typaarf-target-like FO patterns which native

speakers of English will produce. For this reasdtiough not much attention has been paid

to this ability as a problem of L2 speech acquisitithis could potentially shed light on a

crucial aspect of L2 learners’ ability that coulelhto explain foreign accent more fully.

The importance of the internalizing process of lic@uistic knowledge, such as

when the linguistic function is associated with theyet L2 categories, has been pointed out

as a key aspect of achieving native-like produstionrShehadeh (2003) argues that L2
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learners are having difficulty in the process @éinalizing linguistic knowledge. Swain

and Lapkin (1995) suggest that noticing a probleithhvelp learners to internalize their L2

knowledge and that this process enhances L2 peofigi in general. However, to my

knowledge, there are few studies which have ingattd the problem of internalizing

lexical function of L2 with respect to foreign aate Most probably this is due to difficulty

in testing the internalization process empirically.

If the English-speaking learners are actually @ering the tasks of Japanese lexical

pitch accent as tasks regarding intonation pattevasmay see some difference between two

conditions where the tasks are presented as aaletdsk under one condition and as an

intonation task under the other condition. Morecdfically, we would predict that the

learners may perform better on tasks where Japdegial pitch accent is treated as a

matter of intonation patterns rather than of leliiatinctions. However, this needs to be

investigated further as a future issue.

8.4 Conclusion

The aim of this thesis was to investigate the factmehind foreign accent in L2 speech

acquisition. The main goal was to account forifpreaccent in adult L2 learners through

evaluating these three potential factors, and dwrlary goal was to provide empirical
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evidence of whether or not learners’ problems Wditfeign accent change as they gain
L2 experience.

Regarding the evaluation of potential factors behioreign accent, our findings
from the experiments led us to the following cos@uas. In the acquisition of Japanese
lexical pitch accent by native speakers of Englishere the key acoustic correlate of L2
contrasts (i.e., F0) differs from their L1 in onfdte functions while sharing another function
with the L1, L2 learners do not have problems fifedéntiating the acoustic correlate of the
target L2 contrasts. However, English-speakingnieis do have problems in articulating the
acoustic correlate of the target L2 contrasts, evieen the focus is on purely the articulation
of FO contours without the linguistic informatiorMeanwhile, the learners’ categorization
ability, particularly their lexical assignment atyil which may involve the formation of
lexical-phonological representations, was also fotmbe important to explain their foreign
accentedness. Hence, this study has shown tisatdt a single factor but a combination of
factors (i.e., an articulation problem, a phonegalization problem and a categorization
problem) which is related to foreign accent.

This study has also shown that the problems thatriboite to foreign accent may
change during L2 acquisition. As learners gainenb2 experience, the main source of

foreign accent seems to shift from phonologicalrespntation problems to phonetic
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realization or articulation problems. This suggestportantly, that L2 learners are able

to form their interlanguage phonological categotied are developing towards the target L2

phonological categories as a function of L2 expexée

There are therefore three contributions which shisly offers to the field. The first

contribution is that with a cross-sectional applpaee captured the part of the learning

process where L2 learners’ problems in terms ofifpr accent emerge during L2 speech

acquisition. The second contribution is that bgtitey the same groups of learners

throughout the whole experiments in this study, evaluated the factors associated with

foreign accent in depth. We would like to emphadimat the analysis of multiple factors is

our original and valuable contribution to the fieldJp to now, individual studies have

investigated only a single factor at a time. Hogrewur findings show that there is a great

deal of value in investigating multiple factors, @berwise we are not able to capture the

nature of foreign accent in L2 productions. Thiedtlsontribution is that, by making use of

the cross-linguistic difference in the function afi acoustic correlate which is in other

respects shared between the learners’ L1 and L2shed light on a valuable aspect of

foreign accent in L2 prosodic acquisition. Althduthe linguistic function of the key

acoustic correlate of the L2 contrasts is not cetety foreign to the L2 learners, yet they

still need to learn the different function of tlasoustic correlate as it is employed in the
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target L2. Both the fact that the acoustic coteelshares a similar function in the

learners’ L1 and L2, and the process of learnirg ftinction that is specific to their L2,

could potentially assist the formation of L2 phawgital categories by allowing learners to

make use of their phonetic and phonological repiasiens of the equivalent L1 categories.

These three contributions have significant thecaétmplications for current models

of second language speech learning, including FIE®95)'s Speech Learning Model

(SLM) and Best (1995)’'s Perceptual Assimilation Mb@PAM). The SLM mainly focuses

on experienced learners whereas PAM’s targetsremeperienced learners. However, our

findings suggest that L2 learners seem to havereifit problems in learning L2 contrasts

depending on how much L2 experience they have. céletihe current models need to be

refined in such a way that they can explain theespdearning patterns both of experienced

and of inexperienced L2 learners. Secondly, threeat models focus on perception ability

to predict L2 speech learning process. Howeveamraing to the present findings, it is not

only learners’ perception ability but also otheiliies that seem to be relevant to foreign

accent. It was shown here that articulation abiliwhich may involve language-specific

phonetic settings) was also an important factorféoeign accent, but in current models,

problems which stem from abilities other than pptioem cannot be predicted. This is

therefore another point which needs to be incotpdranto current models. Finally, the
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current models suggest that cross-language phosétidarity between L1 and L2

brings perceptual problems for L2 learners (andefloee, production problems). However,

our findings clearly indicate that English learnefslapanese can benefit from the cross-

language phonetic similarity between English angadase regarding FO in learning

Japanese lexical pitch accent. This is not preditly either SLM or PAM. This therefore

also needs further investigation, along with thesgion of how best to define cross-language

phonetic ‘similarity’ (e.g., Flege et al., 1997; Men et al., 2007). In these various ways,

our findings call for current models of second lkaage speech learning to be amended, in

order to provide a more adequate account of thadgiisition process.

In addition to the theoretical insights for thddief L2 speech acquisition research,

this study also offers practical insights for th2 tlassroom. Some implications of our

findings which can be put into practice include Inogls for assessing the productions of L2

learners, or where to put the focus in pronunaiagicactice in the L2 classroom in order to

improve learners’ productions towards target-likétgrns.

Due to the complex nature of the L2 acquisition #malfactors involved in speech

production and perception, the issue of foreigreatecequires much further investigation in

many different directions. Nevertheless, this aesle constitutes another important step

towards understanding the issue of foreign acceetité acquisition of L2 prosodic contrasts.
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Appendix A: Questionnaire for English speaking learners

LobA

Please fill in the following questions. &/ T7,
Name: Age:__Area of study:
Native language(s): Age when you started learning Japanese;

Have you stayed in Japan? Yes/No
If “yes”,
When how long for what

How long have you studied Japanese? Please be as specific as possible (e.g., Univ.
of Edinburgh 2 years, 5 hours a week etc.).

Where Years Months hours/week
Where Years Months hours/week
Where Years Months hours/week

How often do you use Japanese? Please circle one and specify.

seldom, only in the classroom, sometimes, everyday, others:

(e.g., at work, during the meeting with customers, negotiating with them

at home, watching Japanese films or listening to Japanese music regularly

etc.)

Where when how
How often do you use Japanese with native Japanese speakers (circle one)?

seldom, only in the classroom, sometimes, everyday, others:

What percentage of the time do you use Japanese daily (0~100%)? %
Other foreign language(s) you have studied: how long
how long

Do you have any certificates for Japanese language tests (e.g., Nihongo Nooryoku Tesuto,
Kaniji Test etc.)?

Test Level/Score
Are you able to participate in the 2" session? Yes/No
If “yes”, when is it convenient and when are you away from Edinburgh?
Email:
Tel: :
Have you ever been diagnosed with a hearing impairment? Yes/No
Comments:

HVNRE S TZINET!
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Appendix B: The non-equidistance algorithm by Dabrunz (2009)

# Smoothing that does not expect equidistant points
#
# For each point, the smoothed value is calculbtelboking for points at equal distances around the
# current point and using their values for triargmoothing. If no points can be found at those
# distances, for each point the values of the tearest points are interpolated and used instead.
#
# The algorithm avoids the artifacts created byatinag that is not aware of the point distances. In
# particular, the huge distortions to the derivatethe resulting curve are avoided.
#
# This algorithm applies triangular smoothing ta+eguidistant points.
# The non-equidistant version is (C), devised amglémented by Olaf Dabrunz
# 11/May/2009.
#
procedure Smooth_NED curve_in$ curve_out$ width
Create PitchTier... 'curve_out$' sampleStart saBmmd

for j from 1 to width ; make a
triangular window of size = width
ifj<width/2 + 0.5
weight'j' = j
else
weight]' = width -j + 1
endif
endfor

select PitchTier ‘curve_in$'
smooth_end = Get number of points

for i from 1 to smooth_end ; smooth from ktal
n=0
smoothsample = 0.0
select PitchTier 'curve_in$'
sample_time = Get time from index... i
for j from 1 to width
; there are no points beyond the left or rightitdaries of the
; tier, need to detect that
have_point =1

rawsample_time = sample_time - (round(width / B)Y fO_sample_rate
rawsample_index_left = Get low index froméim rawsample_time
rawsample_index_right = Get high index fromet... rawsample_time

if rawsample_time < sampleStart or rawsamplee timsampleEnd or
rawsample_index_left < 1 or rawsample_indght >
smooth_end
have_point=0
elsif rawsample_index_left = rawsample_indexhtrig
rawsample = Get value at index... rawsamplexntbft
else
rawsample_left = Get value at index... rawsamipidex_left
rawsample_right = Get value at index... rawdanipdex_right
rawsample_time_left = Get time from index...
rawsample_index_left
rawsample_time_right = Get  time from index...
rawsample_index_right
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# quantization rounding errors should not Ipeablem here

rawsample = rawsample_left +

(rawsample_right - rawsample_left) *

(rawsample_time - rawsample_time_left)
... | (rawsample_time_right - rawsample_tineé)|

endif

if have_point
smoothsample += weight'j' * rawsample
n += weight'

endif

endfor
smoothsample /= n
select PitchTier 'curve_out$'
Add point... sample_time smoothsample
endfor
endproc
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Appendix C: Difficulties in quantifying the three acoustic parameters (i.e., FO peak

location, degree of FO fall and FO range) in the production data and details of attempted

analyses

In addition to qualitative analyses of the produetdata (i.e., intelligibility scores and the

analyses of the overall FO patterns reported inp@hnea3), attempts were made to quantify

three FO parameters, namely, FO peak locationedegf FO fall and FO range. However,

some difficulties in accurately quantifying theseperties of the original data require

further investigation. Hence, the quantitative lgses of the data are not reported in the

main body of this thesis. Nevertheless, the detdisuch attempts are described here as it is

still possible that such details can be a usefultrdaution to the field. First, the main

problems in quantifying the three FO parametersdescribed. Then, the details of the

attempted data analyses are reported in terms thoae and results. Lastly, possible

solutions which still require further research suggested.

The aim was to capture overall patterns regardmegthree FO properties in the

productions, and to compare the learners’ patteitisnative speakers’ patterns. In order to

investigate the overall FO patterns in the produngtiwhile ignoring micro-level differences,

the original data needed to be smoothed out. ik@ves some distortions and yields some

artifacts in the data analyses. The main issueshie process are therefore how far to
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smooth out the original FO contours and how to rdrihe errors caused by smoothing

algorithm (the degree of FO fall in particular). ltlough some errors will remain after

smoothing, at least we should be able to calcu#ter errors, and also to make an accurate

quantification of the distortion by the algorithmfigossible, in order that it can be resolved

to some extent with further investigation. To aveuch artifacts from using scripts, it is in

theory possible to manually detect each of theetf® parameters for each utterance.

However, in practice it is not efficient to relylsly on manual detection, considering the

amount of data in this study. To quantify the ¢hF® parameters, the following attempts

were carried out.

Method

FO peak alignment (FO peak location)

To quantify FO peak location, the FO peak was ifledtin relation to the segmental

landmarks in each utterance. As discussed in €h&p¢3.4.3), in order to observe the FO

peak location relative to the segments, smoothedaliies in each segmental interval were

divided into 10 time-normalized points. The utter@s in the speech imitation task each

consisted of six segments, which yield six corresiong intervals (see Table 3.4 in Chapter

3). Thus, there were 60 points for each utteranthe location of the highest FO in the
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overall FO contours among these 60 points was meass the FO peak point. To detect

the time-normalized FO values, Xu (2008)'s PRAATrigc was used; this script

automatically saves the trimmed FO values.

Maximum velocity (degree of FOfall)

As discussed in Chapter 3 (3.4.3), what we areested in is the degree of FO fall after the

FO peak. For pitch accented words, FO patterntenproductions of native speakers of

Japanese tend to show a rapid fall after the F®&, pghereas for unaccented words, FO

patterns does not show such a rapid fall.

To calculate the velocity of each FO contour, X{&008) PRAAT script was

modified and used for the analysis. There weredigps. These steps yielded problems of

artifacts and distortions, although some distogiamere expected due to the nature of

smoothing processes. First, the FO contours wamothed out with a smoothing value of

0.15 (window size 6.7 Hz). With this relativelyde smoothing value, all the micro-level

changes in FO were removed from the FO contoussKggure 1) while preserving the global

pattern of the original pitch data. We also fodimat micro-level changes in FO tend to yield

extremely high velocity values. Thus, smoothing BD contours allows us to capture the

general shape of the contours and the degree ¢&lF0 At the same time, this involved
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compromising the original values, as we can sekeanwo panels in Figure 1.

Figure 1. An example of FO smoothing.

The top figure illustrates the trimmed FO contoafdoe smoothing. The figure below illustrates the
smoothed FO contour of the same utterance. In figines, the x-axis represents the actual time in

seconds and the y-axis represents the frequerggniitones.
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The second step of the calculation was that thammanr velocity after the FO peak

for each utterance was detected individually frown welocity values, and visually inspected

to confirm that the value was correct. The tridagfilter algorithm in Xu’s script was used
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for calculating the velocity to smooth out the FEhours with a smoothing value of 0.05

(window size 20 Hz). However, the velocity contai@picted by his script tended to show

errors around each segmental boundary area in may dehis turned out to be a problem

with the triangular filter algorithm in Xu’s scripthich related to applying the algorithm to

my data in combination with errors induced by otfetors such as creaky phonation.

Whereas the algorithm assumes equidistance betp@eis, this is actually not the case

with the points next to the boundaries, becauseséimpling is applied in each segmental

interval. In some cases the distance betweenwtbepbints near a segmental boundary is

very small, and this yielded extremely large velpeialues. By using the non-equidistance

algorithm written by Dabrunz (2009) (see Append)xaB a substitute for the triangular filter

algorithm within Xu’'s script, these errors were siolerably reduced and thus, Dabrunz’s

algorithm was applied for the velocity calculationthis analysis. Once the velocity values

were calculated, each velocity contour was furdmoothed out with a smoothing value of

0.075 (window size 13.3 Hz). This is illustratedrigure 2. As mentioned earlier, there is a

tradeoff between a large smoothing value and tharacy of measurements (see Hertrich &

Ackermann 1997; Xu, 1999), and therefore, the shingtvalue was as low as possible

while still being sufficient to provide with us tlgtobal shape of the FO contour. However,

this process again accumulates further artifacts.
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Figure 2. An example of velocity smoothing.
The top figure illustrates the velocity contour dref smoothing. The lower figure illustrates the
smoothed velocity contour of the same utteranoeboth figures, the x-axis represents the actoa ti

in seconds and the y-axis represents the velatiggmitones per second.
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As we also reported in Chapter 3 (3.4.3), in ordemake comparisons among speakers

possible, the FO values (Hz) on the time-normalizeale were converted into normalized FO

values using Z-score transforms (e.g., Earle, 1978Je quantified the width of the FO

contours (i.e., difference between the minimum #redmaximum values) in each utterance.

To measure FO range by itself is not a big probleidowever, the above mentioned
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smoothing issues also affect the FO range valuesnaothing changes the original

shape of the FO contours.

Results: Mean FO values

The sound files of thenenedata set were analyzed as representative of théevdada in

terms of their acoustic properties. There were @il€ns analyzed (24 participants x 3

accent types x 3 repetitions) (details are disausse3.5 in Chapter 3). In addition, the

corresponding 216 non-speech tokens in the norchpedtations were analyzed. In this

Appendix, only the speech data analyses are descrill\nnotation and acoustic analyses

were performed using PRAAT as described in Chéapter

FO peak alignment (FO peak location)

The means and standard deviations of the FO pegknant as produced by the native

Japanese speakers and the two groups of the Ilsareepresented in Table 1. The values

are based on the FO peak location expressed asenfsge of the duration of each utterance

based on the time-normalized point in relationite segmental landmarks. To make sure

that the location of the FO peak was correctly ified, special care was taken when the FO

peak locations happened to be the beginning oretiek of the utterance. If the peak
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alignment value is 0%, this means that the FO pmadurs at the onset of the first
consonant, i.e., the onset of the whole utterantet is 100%, the FO peak occurs at the
offset of the last vowel, i.e., the offset of thboke utterance. Figure 3, Figure 4 and Figure
5 represent the mean FO contour of each accentatyjpmg the three groups for reference.
These contour values are the values after trimiomgmove outstanding bumps but before
smoothing. Thus, in these figures, the large buofigee FO contours have been clipped but

the contours still show bumpy curves.

! These values, i.e., the trimmed but not smootheddhtours (as originally designed in Xu (2008)’s
script), were used to detect the locations of Fikpn the time-normalized scale. Xu's purpose was
to detect precise phonetic values for FO peakslwhie as close as possible to the authentic values.
However, for any future analyses with aims simitathis study (i.e., to capture a global view of th
FO contours), if it is technically and practicafigssible to detect the FO peak alignment of théajlo

FO contours, it might be more beneficial to usepefk locations that are detected after the target F
contours are smoothed, in order to avoid the matgirrors that are caused by bumps in unsmoothed

FO contours.
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Table 1. The mean FO peak alignment of each group (%).
The column “Mean (/60)” next to the mean indicates FO peak point on the time-normalized scale

where each segment has 10 time-normalized points.

Accent Mean Std.
type Mean (/60) Deviation
NJ Accent0 75.00 45.00 35.66
Accentl 25.22 15.13 15.57
Accent2 62.15 37.29 4.38
NEexp AccentO 53.51 32.10 41.54
Accentl 21.32 12.79 26.04
Accent2 57.43 34.46 32.44
NEinexp Accent0 51.04 30.63 45.55
Accentl 42.61 25.57 37.03
Accent2 52.46 31.48 35.39

Figure 3. Mean FO contour for AQ.

Each FO contour represents each group’s meanom@wrs are trimmed but not smoothed.
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—a— NEexp_mean A0

NEinexp_mean A0
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Figure 4. Mean FO contour for Al

Each FO contour represents each group’s meanom@urs are trimmed but not smoothed.

—e— NJ_mean Al

—a— NEexp_mean Al
NEinexp_mean Al
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Figure 5. Mean FO contour for A2

Each FO contour represents each group’s meanom@urs are trimmed but not smoothed.

—e— NJ_mean A2

—s— NEexp_mean A2

NEinexp_mean A2

: 4?7???&

The mean FO peak location for A1 produced by NJuwed at 25.2% of the

utterance (using the time-normalized values). Tihdicates that for NJ the FO peak
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occurred within the first syllable, which is theceat bearing unit of A1l. More
specifically, in A1, the FO peak aligned with tH8"time-normalized point, which is 51.3%
of the first vowel (V1). In the case of A2, the aneFO peak occurred at 62.2% in NJ’s
productions. This means that in A2 the FO ped&dated within the second syllable, which
is the accent bearing unit of A2. More specifigaibr A2, the FO peak aligned with the"37
time-normalized point, which is 72.9% of the secaaavel (V2). In the case of AO, the
mean FO peak or the highest FO occurred at 75.0ffeoivhole utterance. This is the™45
time-normalized point, which is within the last Iaydle, which corresponds to the post-
positional particlemo, which is 50% of the third consonant (C3). Thare a few slight
mismatches between the mean FO peak alignmentsvadukable 1 and the mean FO values
in Figure 3, Figure 4 and Figure 5. The main raedso these mismatches seems to be that
marginal errors in individual FO contours (duehie bumps that remained on the FO contours
after trimming) were accumulated, and the meanddkpn Table 3.5 seems to have caused
the FO peak locations to be slightly shifted frdme imean FO figures shown in Figure 3,
Figure 4 and Figure 5.

The analysis of the FO peak alignment showed tiraetgroups produced different
patterns across the three accent types. Accotdirsg mixed design ANOVA (Accent (3

levels) x Group (3 levels)), there was a significateraction effectf{ <0.001) as well as a
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main effect of Accentp <0.001), but the effect of Group was not significaA set of

one-way ANOVAs among the three accent types witach group indicated that the FO

peak for A1 was earlier than AO and A2 in the Nafsductions. The same pattern was

observed in the NEexp’s productions. Meanwhilee thO peak location was not

differentiated in the NEinexp’s productions.

Another set of one-way ANOVAs was also conductedbragnthe three groups

regarding each accent. The only significant déffexe was that FO peak locations for Al in

the NEinexp’ productions was later than the peadations in the NEexp’s productions.

However, they were not statistically different frahe NJ's values. We should also note

large SD values in the learners’ means which ind&&arge individual variability in the two

learner groups. Such variability was observedhia fearners’ individual FO patterns in

Chapter 3 (3.5.2). In addition, the mean FO pedkes in the productions of the NEexp and

those of the NEinexp seem to be lower than theegailu the productions of the NJ.

Maximum velocity (degree of FOfall)

The means and the standard deviations of maximuaotite after the FO peak are presented

in Table 2. As it was the maximum velocity aftbe tF0 peak which was detected, all the

mean maximum velocity values were negative, inthgathat the greatest speed after the FO
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peak was a falling contour. When the FO peak happe occur at the end of the FO

contour, the velocity is zero as there is no follgyvpoint. For these cases, after carefully

checked the contours, the maximum velocity at tie@ipus point was used. This sometimes

showed a positive value, indicating a rising conto\s expected, the mean maximum

velocity in NJ’s utterances of the accented worgs, A1 and A2, showed relatively large

negative values. In contrast, we see a much smalximum velocity value in NJ's

productions of unaccented words, i.e., AO. Mealeylsis can be seen in Figures 3, 4 and 5,

the mean FO patterns in the learners’ productiosr®ess curvy than those in the NJ's. This

tendency appears to be stronger in the mean Finfttle productions of the NEinexp than

those of the NEexp. This indicates that the meagree of FO fall in the learners’

productions is less rapid compared to that in this.N

Table 2. The mean maximum velocity of each group (semitones/second)

Accent Std.
type Mean Deviation
NJ Accent0 -1.54 14.35
Accentl -41.05 12.58
Accent2 -50.22 16.06
NEexp AccentO -13.54 16.13
Accentl -29.99 15.17
Accent2 -28.72 18.25
NEinexp Accent0 -12.42 17.01
Accentl -21.47 19.05
Accent2 -25.09 17.54

The analysis of maximum velocity (i.e., the degoé€&0 fall) also indicated that the
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learners’ patterns were different from the natigeakers’ norms. According to a mixed

design ANOVA (Accent (3 levels) x Group (3 levelsiflere was a significant interaction

between Accent and Group €0.001) as well as a main effect of Accemi<Q.001) and a

main effect of Groupf<0.01). Post hoc comparisons indicated that thgimmum velocity

produced by both learner groups was significaniffernt from that produced by the NJ

(NEexp:p < 0.05; NEinexpp <0.001) but the learner groups did not differ freach other.

One-way ANOVAs were conducted among the three ddgpes within each group. In the

NJ’s productions, the maximum velocity for AO wamadler than for A1 and A2, and the

maximum velocity for A1 was smaller for A2. A siani pattern was observed in the

NEexp’s productions but the maximum velocity of s not significantly smaller than that

of A2 in their productions. In the NEinexp's casbge maximum velocity was not

differentiated among the three accent types. Aerofiet of one-way ANOVAsS was also

conducted among the three groups regarding eadmntaccThe results indicated that the

maximum velocity for AO was fastep 0.05) in the learners’ productions than the NJ's

values while the maximum velocity for Ap €0.001) and A2{ <0.001) were slower than

the NJ’s value.
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FOrange

The means and the standard deviations of the Fferare presented in Table 3. The mean

FO range for Al in NJ’s productions seems to bghdlly narrower than that of AO and A2.

The mean FO range of AO and A2 happens to be tne §a NJ’'s productions. Similar FO

range values for AO and A2 is not surprising coasidy that these two accent types show

similar FO contour patterns up to the FO peak. midale, the mean FO range for A1 seems

to be narrower in the learners’ productions comgdcethat in the NJ's productions. The

mean FO range for A2 seems to be wider in the &rarproductions compared to that in the

NJ’s productions.

Table 3. The mean FO range of each group (normalized value with Z-score transforms)

Accent Std.
type Mean Deviation
NJ Accent0 3.62 0.82
Accentl 3.04 0.33
Accent2 3.62 0.47
NEexp Accent0 3.76 0.86
Accentl 3.30 0.48
Accent2 341 0.57
NEinexp Accent0 3.78 0.79
Accentl 3.38 0.67
Accent2 3.61 0.86

In the analysis of FO range, a mixed design ANO®¥ealed that the main effect of

Accent was significantp(< 0.001) but there was no significant main effdoGooup and no

significant interaction between Accent and Groufinother set of one-way ANOVAs (3
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levels) showed that it was only the NJ whose F@eamas significantly different among

the three accent types; their FO range was narrfwek1 than for AO p < 0.001) and A2

< 0.001). On the other hand, the FO range prodbgetie learners did not yield significant

differences among the three accent types.

Overall, regarding the three FO parameters, thalteof the quantitative analyses

indicated similar results to the tendency foundthe qualitative analyses of overall FO

patterns reported in Chapter 3. In short, FO patén the productions of the learners are

non-target like in the following ways: learners ba& less rapid fall after the FO peak

compared to the NJs; learners show great varighilithe mean FO peak location values;

and the learners’ divergence from the NJ pattesngréater when L2 experience is more

limited. This suggests that with further improvements ie #tcuracy of measurements,

experimental design with quantitative data analysesh as those attempted here could

potentially provide us with supporting evidence tioe findings in this study and strengthen

the arguments.

As one of possible solutions to reduce errorsianogbase accuracy, we could limit

the number of the participants (and thus the amdatd), and solely conduct the acoustic

measurements manually. In this case, the limitedber of participants would leave us with

the issue of how far we could generalize the figdin Another possibility is that for any
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future analyses with aims similar to this studg.(ito capture a global view of the FO

contours), if it is technically and practically pdde to detect the FO peak alignment of the

global FO contours, it might be more beneficiause FO peak locations as detected after the

target FO contours are smoothed, in order to atledmarginal errors that are caused by

bumps in unsmoothed FO contours. Another podsilidi to conduct further research on

how to reduce errors from detecting overall FO corg and from smoothing in order to

increase the accuracy of calculating the speeddal. It would be particularly useful to

explore methods of getting rid of the accumulatadrs, and/or methods of dealing with

flattening slope. However, this needs further gidwand further investigation.
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Appendix D: Pilot study: three novel diacritics for eliciting Japanese pitch accent
productions.
The three diacritic systems (accent Stsgllable, accent on"2syllable, and unaccented)

1) line/bracket “ —“/" ="

Fire il hi
2) 1iconic object

Lo¥ e g O {:1" O Q?
3) point “ "

a3 ! i’ Lok el

Results of production performance with three different accent markers

Average errors in production with three accent markers
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50— NNSinexp
0 40—
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