
 
 
 
 
 
 
 

An investigation of factors behind foreign accent  

in the L2 acquisition of Japanese lexical pitch accent 

by adult English speakers 

 

 

Emi Sakamoto 

 

 

 

 

PhD 

The University of Edinburgh 

2010 



 ii  

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

© Copyright 2010 
 
 

by 
 
 

Emi Sakamoto 



 iii  

Declaration 

 

I hereby declare that this thesis has been composed by myself, and the research presented 

herein is my own work, except where explicitly mentioned.  It has not been submitted for 

any other degree or professional qualification.    

 

 

Emi Sakamoto 

December, 2010 

 
 



 iv 

Abstract 
 
 
The productions of adult second language (L2) learners are often detected as having a 

foreign accent by native speakers of the target language.  However, there is no clear answer 

for what kind of problems contribute to L2 learners’ foreign accent.  This thesis aims to 

investigate potential factors behind foreign accent.  We intend to achieve this goal by 

examining cross-linguistic empirical evidence of the L2 acquisition of Japanese lexical pitch 

accent by English learners.  L2 prosody has been found to significantly influence native 

speakers’ auditory impression of foreign accent.  L2 prosody also allows us to test cross-

linguistic differences in the function of the key acoustic correlates of L2 contrasts.  In this 

thesis we examine F0, which signals both lexical pitch accent and phrasal distinctions in 

Japanese, but which signals only phrasal distinctions, not lexical distinctions, in English.   

For adult L2 learners to achieve target-like productions, the literature suggests that 

three abilities are the key factors: 1) learners’ ability to differentiate the acoustic correlate of 

the target L2 contrasts, 2) ability to articulate the acoustic correlate of the target L2 contrasts 

and 3) ability to categorize the target L2 contrasts.  This thesis evaluates all three of these 

potential factors.  The main contribution of this thesis is to provide a comprehensive view of 

foreign accent, by investigating possible interactions between the factors and by examining 

the different abilities of the same learners.  Another contribution is to provide empirical 

evidence for the nature of learners’ problems with foreign accent during L2 acquisition, by 

testing two groups of English learners of Japanese (experienced and inexperienced) in 

comparison with Japanese native speakers.   

The first experiment used intelligibility scores and overall F0 patterns to quantify the 

degree of foreign accent in the learners’ productions of Japanese lexical pitch accent. The 

second experiment showed that the learners’ ability to differentiate F0 contours in a non-

speech context was equal to that of the native speakers.  The third experiment showed that 

the learners’ ability to articulate the F0 contours in a non-speech context differed from that 

of the native speakers.  The fourth experiment showed that although learners were able to 

hear the phonetic differences between the target L2 contrasts, due to poor formation of the 

target L2 categories and poor lexical assignment ability, the inexperienced learners seem to 

have greater difficulty than experienced learners both in categorizing boundary items into the 

target L2 categories and in assigning the L2 categories to lexical items.   

Overall, the foreign accent of adult L2 learners’ productions is explained through a 

combination of articulation and categorization factors.  Importantly, this cross-sectional 

study has indicated how learners’ problems with foreign accent change as they gain L2 
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experience.  Whereas experienced learners seem to have problems mainly in the articulation 

and phonetic realization of the L2 contrasts, the inexperienced learners seem to have mainly 

problems in phonetic and lexical-phonological representations of the target L2 categories in 

addition to articulation and phonetic realization.  This study offers both theoretical insights 

for the field of L2 speech acquisition research and also practical insights for the L2 

classroom.   
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1 Introduction 

1.1 Aims of the thesis 

Learning another language often requires tremendous effort for adult learners.  Learners need 

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

language, including grammar, semantics, phonology, phonetics and pragmatics.  One of the 

most challenging areas for adult second language (L2) learners, however, is known to be L2 

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

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

L2 contrasts.  Non-target like L2 production is often detected as ‘foreign accent’ by native 

speakers.  Even for fluent L2 speakers, foreign accent is easily detectable in their speech by 

native listeners of the target language.  The main aim of this thesis is to investigate the 

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

cross-linguistic empirical evidence.  What could be the explanation for foreign accent?   

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

models have been proposed (e.g., Dell, 1986; Levelt, 1989; Levelt, Roelofs & Mayer, 1999; 

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

processing type, the intermediate units, the number of unit levels, and whether they include 

feedback systems.  However, these speech models seem to agree on three main components 
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involved in the speech production mechanism: input process, output process and mental 

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

process involves phonetically realizing the signals as speech.  Then there is also the stored 

mental representation, which is related to the ability to associate phonetic signals with 

phonetic representations and the ability to retrieve relevant information from phonological or 

lexical representations when we implement speech.  Even though these models are not 

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

to these three components have also been found to be crucial for L2 speech acquisition 

regarding foreign accent.  For adult L2 learners to achieve target-like productions, the 

literature suggests that three abilities are the key factors: 1) learners’ ability to differentiate 

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

& Werker, 1994; Werker & Tees, 1984), 2) learners’ ability to articulate the acoustic correlate 

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

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

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

Bohn & Jang, 1997).       

According to the literature, one possible explanation for foreign accent focuses on the 

input process.  Since the learners are adults who have already mastered a complete set of L1 
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sounds as a sound system, L2 learners may have less perceptual sensitivity to the relevant 

acoustic correlates of non-native sounds, and so they may have more difficulty in 

differentiating the acoustic dimensions which are linguistically irrelevant in their L1.  

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

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

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

view, foreign accent could stem from a problem in categorizing target L2 sounds. As we will 

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

perception, categorization and lexical assignment.  Linguistic perception refers to the ability 

to perceive the phonetic difference in the target L2 contrasts and classify each token into the 

appropriate L2 category.  Categorization refers to the ability to associate the phonetic 

patterns with the target L2 categories, something that is related to phonetic representations of 

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

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

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

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

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

may be able to form phonetic and lexical-phonological representations of the L2 target 
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categories.     

In this thesis, we aim to account for foreign accent in adult L2 learners through 

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

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

to evaluate the potential interactions between these factors in order to deepen our 

understanding of the issue of foreign accent in the L2 speech acquisition.  Hence, by 

examining different but related abilities in the same learners, we aim to evaluate these three 

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

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

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

changes as they gain L2 experience.     

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

examine cross-linguistic empirical evidence of the L2 acquisition of one aspect of Japanese 

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

groups of English learners of Japanese – experienced and inexperienced – in comparison 

with Japanese native speakers.  We will exploit L2 prosody for the insights that it can give us 

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

been paid to L2 segmental contrasts.  However, another crucial area for the issue of foreign 
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accent is L2 prosody.  Prosody has been found to significantly influence the auditory 

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

Moreover, the area of L2 prosody allows us an especially valuable means of investigating 

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

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

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

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

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

The key acoustic correlate of Japanese lexical pitch accent is fundamental frequency 

(F0).  In Japanese, F0 has a lexical function, that is, it distinguishes lexical items, unlike in 

English, where F0 by itself does not have the function of distinguishing lexical items.  In 

both Japanese and English, however, F0 has a phrasal function, namely, of distinguishing 

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

learners need to form the phonetic categories of the intonation patterns and also make the 

association between the target F0 patterns with the target function.  However, to learn lexical 

pitch accent, L2 learners need to go beyond this, and also learn the arbitrary connection 

between the categories of the accent types and each lexical item in the L2.  Therefore, the 

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



 6 

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

Specifically, in cases like Japanese lexical pitch accent, a key acoustic correlate of an 

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

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

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

completely foreign to the L2 learners, since they also use the shared function in their L1, yet 

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

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

target L2 categories are acoustically similar to the equivalent L1 categories but yet play a 

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

be able to hear the phonetic difference of the L2 categories within the range of the L2, not 

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

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

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

phonetic information with each of the target L2 categories from the association that they 

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

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

in taking the same phonetic information and associating it with the target L2 categories.  
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They may also need to learn new labels for the target L2 categories.  Ultimately, the 

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

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

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

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

F0 function between Japanese and English allows us to shed light on potential problems for 

English learners of Japanese when they make this functional difference in their productions 

of Japanese lexical pitch accent: whether the learners have problems in perceiving the 

relevant phonetic signal, in phonetically realizing the signal, or in forming phonetic and 

phonological representations to link these two.   

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

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

productions of Japanese pitch accent are compared with those of native speakers of Japanese; 

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

the target F0 contours; 3) whether or not English speakers have problems in articulating the 

target F0 contours; 4) whether or not English speakers have problems in categorizing 

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

components, linguistic perception, categorization and lexical assignment, 5) whether or not 
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these three factors can explain the non-target-like production patterns of English speakers; 

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

experience.     

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

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

and overall descriptions of their F0 patterns in comparison to Japanese speakers’ productions.  

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

accent.  A more detailed overview of the thesis is provided in the following subsection.   

 

1.2 Thesis overview 

The chapters of this thesis are organized as follows.   

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

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

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

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

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

contrasts, and 3) problems in categorizing the target L2 contrasts.  We then describe the key 

characteristics of lexical pitch accent in Japanese (i.e., Tokyo Japanese) and also the cross-
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linguistic differences in F0 function between Japanese and English.  In the last section of 

Chapter 2 we describe the methodological strategies used in this study.   

There are then five chapters covering the experiments in which the same groups of 

learners were tested in different ways.  Chapter 3 presents the production experiment, where 

imitations of Japanese lexical pitch accent produced by native speakers of English are 

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

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

learners).  The comparisons between the groups in terms of intelligibility scores and the 

descriptions of overall F0 patterns allow us to examine whether or not the learners’ 

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

are different from native speakers’ patterns.  In each of the subsequent chapters, different 

factors of interest related to foreign accent are investigated.   

Chapter 4 presents a perception experiment using non-speech stimuli (i.e., F0 

contours which are extracted from canonical tokens of Japanese lexical pitch accent 

contrasts).  This experiment helps us to evaluate the extent to which it is plausible to suggest 

that learners’ foreign accent problems are due to difficulties in differentiating the acoustic 

correlate of the target L2 acoustic contrasts as part of the input process.   

 Chapter 5 presents a production experiment using the same non-speech stimuli as 
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were used in the perception experiment in Chapter 4.  The overall F0 patterns produced in 

the non-speech imitations by the English learners of Japanese are compared with those 

produced by native speakers of Japanese.  This allows us to examine whether or not learners’ 

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

correlate of the target L2 acoustic contrasts as part of the output process.   

 Chapter 6 presents three perception experiments which aim to examine three 

different aspects of learners’ categorization ability (i.e., linguistic perception, categorization 

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

lexical pitch accent contrasts, and allows us to diagnose whether or not the learners are able 

to hear the difference between the tokens and to classify the target item into the L2 category 

based on similarity judgments.  The second perception experiment uses stimuli on the 

relevant continuum.  It allows us to test the learners’ ability to categorize the target L2 

contrasts and to diagnose whether the learners have formed phonetic representations of the 

L2 categories by associating the phonetic information with the L2 categories.  The third 

perception experiment involves assigning labels.  It provides us with a means to examine 

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

and allow us to diagnose whether the learners have formed lexical-phonological 

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

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

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

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

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

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

accent after excluding these learners.  This helps us to specify the learners’ problems behind 

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

 Chapter 8 presents a summary and general discussion of the findings obtained in this 

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

We then discuss the conclusion which this thesis comes to.  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 which motivates this study is presented.  First, 

the issue of foreign accent is described.  Next, three issues that could be associated with 

foreign accent are introduced.  Then, the key characteristics of Japanese lexical pitch accent 

(Tokyo Japanese) are presented in terms of the function of F0, and also in terms of cross-

linguistic difference between Japanese and English.  Lastly, a methodological overview of 

the data collection of this research is provided.   

 

2.2 Foreign accent 

What is foreign accent?  Foreign accent is usually described as the perceived degree of non-

nativeness of L2 learners’ speech productions, based on the overall impression of the native 

speakers of the target language.  It has a great importance not only because it could be used 

as a means to measure the fluency of the learners, but also because of its relation to other 

factors, such as age of arrival (e.g., Flege, Birdsong, Bialystok, Mack, Sung & Tsukada, 

2006), L2 experience (e.g., Flege, Bohn & Jang, 1997), sociolinguistic variation (e.g., Major, 

2001), speaking rate (e.g., Hirata, 2005; Munro, 1998) or social distance (e.g., Al-Issa, 2003; 

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

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

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

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

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

question about the factors behind foreign accent with conclusive evidence has emerged so far.  

More specifically, no clear answer has been found for what is contributing to non-target-like 

productions of L2 learners.   

Foreign accent is often measured as an overall auditory impression given by native 

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

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

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

literature.  One method is to transcribe learners’ productions in order to compare them with 

the target productions (e.g., Catford & Pisoni, 1970; Neufeld, 1988; Yang, 1996).  

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

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

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

measured as the acoustic correlates of vowel height and frontness in both languages (e.g., 
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Bohn & Flege, 1997; Barry, 1989; Flege et al., 1997).  In case of stop contrasts such as /t/-/d/ 

(e.g., Flege & Efting, 1987) or /p/-/b/ (e.g., Gass, 1984), VOT was measured to assess the 

degree of foreign accent as the acoustic correlate of voicedness in L1 and L2.   

These methods of evaluating L2 learners’ productions have had varying degrees of 

success.  Although the transcription method could be beneficial, it requires special skill that 

needs to be trained.  However, in everyday life, foreign accent can easily be detected by 

untrained listeners without such skills.  Hence, the transcription method may not capture the 

overall auditory impression of learners’ productions which native listeners of the target 

language experience.  In addition, it has been also pointed out as a problem for this method 

that transcription systems are not always consistent across languages (e.g., Flege et al., 1997; 

Yang, 1996).  For these reasons, using the transcription method for assessing foreign accent 

may not be appropriate.  Alternative methods for assessing the degree of foreign accent in 

the existing studies can be generally classified into two types; intelligibility measures1 and 

acoustic measures.  Auditory judgements by native speakers, i.e., intelligibility ratings, are 

very informative as they reflect the overall impression of non-nativeness which native 

speakers experience when they hear learners’ speech productions.  This is the essence of 

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

                                                 
1 By ‘intelligibility, I intend to mean whether or not 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 the learners may be phonetically realizing 

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

On the other hand, the advantage of acoustic measures is that they do allow researchers to 

capture specific details of the phonetic differences in learners’ productions of the target L2 

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

allows us to evaluate the degree of non-nativeness by comparing the acoustic differences that 

are not affected by the auditory judgment on accentedness.  Nonetheless, it is possible that 

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

that learners’ productions are intelligible yet perceived as having foreign accent.  This 

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

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

would mutually fill their weaknesses in evaluating learners’ foreign accentedness.             

Some studies use only intelligibility scores for the assessment of production data 

(e.g., Borden, Gerber & Milsark, 1983; Rochet, 1995; Sakamoto, 2003; Sheldon & Strange, 

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

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

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

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

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

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

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

vowel contrasts (/ɛ/-/æ/) produced by the L2 learners (native speakers of German) and 

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

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

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

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

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

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

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

English words containing /ɛ/-/æ/ or /i/-/ɪ/ as the criterion.  In addition, they measured the 

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

Intelligibility scores provide indeed an important criterion for assessing learners’ 

production data.  As one of the main aims of L2 acquisition is to be able to communicate in 

the target language, it is crucial whether or not the utterance is identifiable by the native 

speakers of the L2.  However, despite its importance, if we only measure intelligibility 
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scores, we solely rely on the judgments of raters who are native speakers of the target 

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

capture more precise details of the data.  There may be some minor but systematic 

differences which exist in the data but which cannot be found in the results of the 

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

investigate foreign accent, by combining both types of analysis, it should be possible to 

explore and understand the data more accurately, as the shortcomings of the two methods 

will be mutually supplemented.   

Previous studies have focused on L2 segmental contrasts to investigate the issue of 

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

some studies suggest that a larger role for prosody in foreign accent perception than 

segments (e.g., Boula de Mreuil & Vieru-Dimulescu, 2006; Magen, 1998).  Since prosodic 

errors are more likely than segmental errors to influence the impression of foreign accent 

(Kawano, 1998; Pennington & Richards, 1986), it is clear that the investigation of L2 

prosodic contrasts as well as segmental contrasts is important for studies of foreign accent.  

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

variables such as stress, length or F0 tend to play a different role cross-linguistically.  While 

both the L1 and L2 of the learners sometimes share the acoustic property of prosodic 
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information, a different function may be assigned to the acoustic property in different 

languages.  In this case, learners have to learn how to use the relevant prosodic parameter in 

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

result in foreign accent or poor identification ability.   

This can be exemplified with F0, which is used in both the Japanese and English 

speech system, yet it plays a functionally different role in the two languages.  In Japanese, F0 

is used for lexical distinction as well as intonation patterns.  Meanwhile, in English, F0 is 

used to distinguish intonation patterns but not lexical items.  Although F0 is used in the L1 

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

pitch accent contrasts produced by English speakers (e.g., Hirata, 1999; Toda, 2003).  These 

studies showed that native speakers of English have difficulty in producing Japanese lexical 

pitch accent contrasts with foreign accent.  Therefore, the investigation of L2 prosodic 

contrasts is a good testing ground for issues of foreign accent, and has the potential to help 

us understand the L2 speech learning mechanism more comprehensively.   

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

consider three potential factors which have been separately 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 problems has been discussed in terms of loss of 

perceptual sensitivity, i.e., loss of the ability to differentiate sounds which are linguistically 

irrelevant in learners’ L1.  According to this view, as a problem in the input process of  

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

phonetic property which is relevant in the L2, i.e., employed to signal L2 contrasts.  In the 

L1 acquisition literature, children show perceptual sensitivity to native contrasts even before 

they can produce these contrasts, and their perceptual sensitivity is found to be tuned into the 

target phonological system within the first year of life (e.g., Polka & Werker, 1994; Werker 

& Tees, 1984).  Indeed, Werker and Tees (1984) show that there is a significant decline in 

infants’ perceptual sensitivity, as seen in the ability to differentiate non-native contrasts, 

between 6 and 12 months of age.  This suggests that there is some degree of loss of ability to 

discriminate non-native sounds as a function of age in terms of acoustic perception.  If 

learners are not able to distinguish the relevant phonetic property triggering the target L2 

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

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

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

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

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

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

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

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

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

Patwoski, 1989)), the chance of adults being able to learn L2 sounds is considerably low, as 

they have already lost the perceptual sensitivity to non-native sounds.  For example, Goto 

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

distinguish two English words containing /r/ and /l/.  The question therefore arises of 

whether or not loss of perceptual sensitivity could be a good indicator of poor pronunciation 

ability reflected in the foreign accent of adult L2 learners.  Miyawaki, Strange, Verbrugge, 

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

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

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

found that Japanese listeners were more sensitive to differences in F2, which is not the 

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

These studies suggest that even though learners have not completely lost sensitivity to the 
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relevant acoustic correlate of the target contrast and are able to hear the differences between 

the acoustic properties, sensitivity to a certain acoustic property could be influenced by their 

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

than the actual acoustic correlate of the L2 contrast.   

Werker & Tees (1984) found that native speakers of English could discriminate 

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

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

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

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

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

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

possible that adult L2 learners are not “acoustically deaf” to the relevant phonetic property 

but “phonologically deaf”.  This implies that learners may have a problem in phonologically 

associating the acoustic information and the relevant linguistic information in the target L2 

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

information in a linguistic context.  Although learners may be able to distinguish acoustic 

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

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

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

property.  If L2 learners maintain perceptual sensitivity to non-native sounds in the L2, the 

perceptual sensitivity account seems less likely to provide a sufficient account of the foreign 

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

property which signals L2 contrasts while employing the same prosodic property in a 

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

correlate of the relevant prosodic property in their L1 speech system, it is possible that 

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

the degree to which they have acquired the L2.  However, there is no guarantee that learners 

have good acoustic perception ability.   

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

example, it is not likely that native speakers of English have lost their sensitivity to F0 

differences since F0 is also used in English.  If this is correct, the problem in the ability to 

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

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

equally sensitive to the acoustic correlate of Japanese lexical pitch accent, i.e., F0, as 

Japanese speakers.  Alternatively, it is also possible that even though English speakers are 
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sensitive to phonetic differences of F0 in Japanese lexical pitch accent contrasts, these 

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

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

sensitive to certain types of F0 contours by 9 months in comparison to infants learning tone 

languages such as Chinese or Yoruba as their L1s (e.g., Harrison, 2000; Mattock, Molnar, 

Polka & Burnham, 2008).  Hence, it seems profitable to investigate learners’ ability to 

differentiate the acoustic correlate of L2 contrasts, i.e., F0, where we could put the linguistic 

information aside.  If the learners still show equally good ability to differentiate F0 

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

possibility that the difficulty is due to lack of ability 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 productions, it has been also proposed that a factor 

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

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

Schaeffler, 2010; Strange, 2007).  According to this claim, L2 learners may have difficulties 

in the production of L2 sounds, not because they are physiologically unable to produce them, 
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but because they have not had enough practice or experience in using the oral/nasal space or 

adjusting articulators such as tongue, lips or jaws in the way that is required to produce the 

target L2 contrast.  Hence, it could also be possible that when English speaking learners 

produce Japanese lexical pitch accent contrasts which diverge from the native patterns, this 

may be due to imperfect mastery of the articulatory or motor processes that are relevant for 

producing Japanese lexical pitch accent contrasts, and which might be independent of the 

linguistic function of F0.   

 Catford & Pisoni (1970) looked at non-native sounds (such as glottal stops or close 

back unrounded vowels) learned by native speakers of English.  After providing the learners 

with training for articulatory postures and movements, they found that the learners showed a 

significant improvement in the degree of target-like production (73% accuracy) while 

another group, which was not given such training, did not show such good accuracy in 

producing these sounds (32% accuracy).2  The importance of these results is partly that they 

indicate that it is not impossible for adult L2 learners to learn to produce the acoustic 

characteristics of non-native sounds when they are given articulatory practice which is 

relevant to the target sounds.  Just as importantly, however, these results suggest that L2 

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

                                                 
2 This group had an auditory training instead, where the learners had to listen to the target sounds 

repeatedly.  For this reason, these learners also seem to have learned how to produce them through the 

training, since the accuracy level was not completely zero.   
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was no higher than 73%.  It seems that the articulation problem shown by the learners 

manifested itself as divergence from the target norm in their production results (which were 

assessed based on how target-like each production was).   

More recent studies also provide evidence in support of this argument.  Thoren 

(2006) investigated phonological quantity differences in Swedish acquired by a native 

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

the duration of long and short vowels produced by the native speaker of Polish was similar to 

that produced by a native speaker of Swedish.  However, the duration of long and short 

consonants produced by the Polish speaker showed deviations from those produced by the 

Swedish speaker.  Moreover, the Polish speaker produced a greater durational vowel ratio 

compared to the Swedish speaker.  In addition to these acoustic differences, the timing and 

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

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

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

contrasts could be due to learner’s difficulties in controlling the relevant articulators which 

contribute significantly to signalling the target L2 contrasts.  We should also note that this 

study does not provide any evidence that the result did not stem from the learner’s perceptual 
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ability.  Therefore, it is still possible that the learner also had a perceptual problem as well as 

an articulatory problem.    

Lowie and Bultena (2007) also showed that articulatory settings for individual 

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

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

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

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

like by native speakers of English.  Interestingly, among those learners who showed foreign 

accent, there were some who were also unable to achieve the target-like articulatory control 

that was measured in their study.  On the other hand, other learners who showed little foreign 

accent used articulatory settings which were similar to the target norms.  This indicates that 

even as advanced learners, the Dutch speakers were having problems with the articulatory 

settings for English vowels, and these learners also show divergent profile from the target-

norm.  Hence, their results imply that the learners’ non-native-like patterns in their 

productions, perceived as foreign accent, might be due to their articulatory problems.  

Another important point is that Lowie and Bultena suggest that acoustic analysis of the 

acoustic correlate of the target L2 contrasts can be used as a way of measuring articulatory 

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

perceptual problems in addition to their articulatory problems.   

With the recent development in technology, a few studies investigated the language-

specific phonetic settings by applying ultrasound images which allows us to examine actual 

articulatory settings such as tongue positions or lip protrusion (e.g., Gick, Wilson, Koch & 

Cook, 2004; Wilson, 2006).  Wilson (2006) showed that articulatory settings such as lip 

protrusion and lip narrowing differ across English monolinguals, French monolinguals and 

English-French bilinguals (Wilson, Horiguchi & Gick, 2007).  This implies that L2 learners 

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

produce native-like tokens.          

Taking these pieces of evidence into consideration, it would appear that articulatory 

or motor control problems may also be a source of the difficulties, as well as perceptual 

problems, which appear to be reflected in the productions of English speakers whose F0 

patterns diverge from the native norm when producing Japanese lexical pitch accent.  

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

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

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

productions.     

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

familiar with the articulatory demands of the L2 through the articulatory demands of their L1.  

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

articulating the different F0 patterns of the different F0 contours of Japanese lexical pitch 

accent contrasts.  Native speakers of English are certainly familiar with producing F0 

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

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

Japanese lexical pitch accent contrasts.  Therefore, English-speaking learners may not be 

having a problem in articulating F0 patterns in their productions of Japanese lexical pitch 

accent contrasts.  If we could investigate their articulatory ability to make F0 movements by 

somehow removing the linguistic function of these F0 movements, and if it happens to be the 

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

explain the non-native-like F0 profile of English-speaking learners by an articulatory 

problem as part of the output process of speech productions.     

However, producing F0 movements to signal lexical items may yet require slightly 

different articulatory/motor processes from producing them to signal intonation patterns.  For 
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instance, lexical level F0 movements may require the articulators to be controlled or moved 

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

require different ability to understand the connection between lexical items and phonetic 

patterns.  It is also possible that the problems of English-speaking learners may be entirely 

independent from such cross-linguistic difference in the F0 function between Japanese and 

English.  Taking these possibilities into account, it seems reasonable to first investigate 

whether or not the English-speaking learners are able to articulate F0 movements of Japanese 

lexical pitch accent when we put aside the linguistic function of F0 in each language.  If the 

learners are having problems in articulating F0 movements, this in turn suggests the 

possibility that the divergent F0 profile of English-speaking learners can be attributed to their 

articulatory problem.   

 

2.5 Difficulty in categorizing L2 contrasts 

Another important component of speech production is the internal mechanism that connects 

the input process and the output process.  Some have argued that it is not possible for adult 

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

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

Meanwhile, others maintain that the capacity of adult L2 learners to learn non-native sounds 

has not been completely lost but rather it remains modifiable (e.g., Best & Strange, 1992; 



 30 

Flege, 1995).  In other words, they argue that even adult learners are still capable of learning 

L2 speech to some extent.  Among the researchers who support this view, the problem of 

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

productions of L2 learners.  That is, according to this view, learners’ non-target-like patterns 

in L2 speech productions can be explained in terms of their ability to categorize the target L2 

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

categorization ability.   

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

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

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

colleagues.  This model aims at capturing the L2 learning mechanism on the basis of the 

perceived similarity between L1 categories and L2 categories.  It predicts that learners 

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

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

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

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

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

categories in the L2 to be one category.  Because of this assimilation, learners are not able to 
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categorize L2 contrasts into two (or more) different categories.  If they are not able to 

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

achieving native-like norms for the target contrasts.  As a result, this poor performance in the 

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

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

potentially change as a function of L2 experience.  Once learners become capable of 

perceptually categorizing the target L2 contrasts, they will also be able to produce the 

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

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

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

tested the ability to produce and categorize French high vowel contrasts, /i/-/y/-/u/, in 

Portuguese and English speakers as L2 learners of French.  Whereas there are phonologically 

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

high vowel categories (i.e., /i/ and /u/ but not /y/).  The interesting difference between the 

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

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

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

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

can be taken as evidence that non-native-like L2 vowel production may stem from the 

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

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

suggests that learners’ categorization ability may be influenced by how the target sound is 

perceived in terms of their L1 categories.  For this reason, Rochet’s conclusion was that 

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

problem of learners’ phonological representation of the target L2 categories.   

 To investigate the connection between foreign accent and phonological problems, 

Flege, Bohn and Jang (1997) also investigated learners’ production and perceptual 

categorization ability for the English vowel contrasts /ɛ/-/æ/ and /i/-/ɪ/.  They tested L2 

learners of English with different L1 backgrounds (native speakers of German, Spanish, 

Mandarin and Korean).  These four languages differ in how native speakers use formant 

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

vowels show less formant movement compared with the closest English vowels, while 

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

durational contrasts between long and short vowels.  German speakers use less formant 

movement but more duration variation than English speakers in differentiating vowels.  If 
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inexperienced learners classify L2 sounds as instances of the closest L1 sound category, the 

use of the relevant acoustic cues in the learners’ L1 will play an important role in how 

learners perceive English vowel categories in terms of their L1 vowel categories.  To test 

categorization ability, Flege and colleagues conducted an identification task by using a 

synthetic continuum for each vowel pair, where they manipulated the relevant acoustic 

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

perceptual categorization ability and their production ability were indeed related.  More 

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

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

perceptual categorization for the target contrasts.  The accuracy of the learners’ perception 

accounted for 29.8% of the /i/-/ɪ/ and 33.5% of the /ɛ/-/æ/ production data on average.  In 

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

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

good indicator of foreign accent exhibited by L2 learners.  Flege et al. also found some 

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

language differences in the perceived difference between their L1s and English.  For 

example, their inexperienced German speakers performed much more poorly in producing 

and perceiving the difference between the English /ɛ/-/æ/ contrast compared to their 



 34 

inexperienced Spanish speakers.  Flege et al. reasoned that German speakers tended to 

identify realizations of English /ɛ/ and /æ/ as a single L1 vowel category such as German /ɛ/ 

whereas Spanish speakers tended to identify the same English vowels as two different 

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

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

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

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

learners may perceive to be the closest to the target L2 inventories.  Perhaps it is relatively 

straightforward to predict the L1 candidate which potentially falls within the target L2 values 

in the case of vowels and consonants where the relevant acoustic correlate(s) seem to be used 

in both the leaner’s L1 and the target L2.  For instance, in case of vowel contrasts such as in 

Flege et al. (1997)’s study, the movement of the first and the second formant (F1 and F2) are 

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

Flege & Efting, 1987) or /p/-/b/ (e.g., Gass, 1984), VOT is the acoustic correlate used in both 

the L1 and the L2.  The categorization problem seems to be one plausible factor for foreign 

accent based on the previous findings.  However, in the case of prosodic contrasts like 

Japanese lexical pitch accent, it is not so simple to predict the comparable L1 categories, 

since although prosody is employed in many languages, the relevant acoustic cues vary 
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widely from language to language.  Hence, testing a reliable method itself requires further 

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

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

the target prosodic contrasts.  Moreover, it seems also feasible to test learners’ categorization 

ability in terms of how the learners group L2 sounds into corresponding L2 categories.  If 

learners do have a problem in categorizing the target L2 contrasts, it could potentially be a 

problem which may contribute to their non-target-like productions.  

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

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

Several studies have reported that even though L2 learners’ categorization ability was poor, 

the learners nonetheless produced target L2 contrasts without foreign accent, which may 

seem to contradict the prediction above.  Goto (1971) and Sheldon and Strange (1982) tested 

learners’ production based on results from their performance on an identification task where 

the stimuli were speaker productions, and learners’ perception skills were based on their 

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

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

canonical tokens of English words with /r/-/l/ contrasts which were identified by the native 

speakers as intended.  Meanwhile, the same learners had difficulty in perceptually 
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categorizing the canonical tokens of the target contrasts.  As Sheldon and Strange (1982) 

point out, this result may be restricted to advanced L2 learners.  In both studies, the Japanese 

speakers whose production performance was better than their perceptual categorization 

performance were actually fluent learners of English.  In other words, the learners in Goto 

(1971) and Sheldon and Strange (1982) did not show a significant amount of foreign accent 

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

did not seem to have a foreign accent problem.  However, many studies report poor 

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

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

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

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

along with L2 experience.  In this case, we may find that experienced learners may be better 

able to categorize the target contrasts than the inexperienced learners, due to their L2 

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

inexperienced learners who exhibit poor production might be explained by their perceptual 

categorization ability.  Unfortunately, the studies by Goto (1971) and Sheldon and Strange 

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

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

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

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

that their perceptual categorization ability can no longer explain their production ability, as 

their production ability may continue to develop while their categorization ability stops 

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

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

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

learners longitudinally, or else cross-sectional groups of L2 learners.   

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

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

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

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

synthetic stimuli on a continuum of some relevant acoustic correlate of the target L2 

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

the difference between the target L2 tokens and classify the target item into the 

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

other hand, since learners need to predict membership of the target L2 categories, a 
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perception task using stimuli on a continuum requires categorization ability that may require 

phonetic representations of the categories (i.e., categorization).  In addition to being able to 

hear the difference between the stimuli, learners need to associate the phonetic patterns with 

the target L2 categories.  This will be discussed more fully below in 2.7. 

 

2.6 The key characteristics of lexical pitch accent in Tokyo Japanese 

2.6.1 F0 parameters characterizing lexical pitch accent in Japanese 

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

and native speakers, let us now overview the key acoustic characteristics of Japanese lexical 

pitch accent that have been found in the literature.  What is described in this thesis as 

‘Japanese’ refers to Tokyo Japanese, the variety which is considered to be standard Japanese, 

and the one which is usually taught as ‘Japanese’ in the L2 classroom.   

In Tokyo Japanese, the number of accent types is the number of the syllables 

consisting of a word, plus one type (n + 1) (Kubozono, 2001).  A word can have one pitch 

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

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

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

the accent type with the pitch accent located on the last syllable are clearly distinguished 

when words are accompanied by a post-positional particle such as ga (subject-marker) or mo 
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(also).  The key acoustic correlate of Japanese lexical pitch accent is fundamental frequency 

(F0) and pitch is phonetically realized by F0 movement (Beckman, 1986; Sugito, 1982).  

Previous studies indicate that what characterizes F0 patterns in native speakers’ production 

of Japanese lexical pitch accent is an F0 peak followed by a rapid fall (Hasegawa & Hata, 

1992; Sugito, 1982).  We can decompose this into two elements: where the location of the F0 

peak of a word is (i.e., F0 peak alignment) and what the shape of the F0 contour is (i.e., the 

degree of the F0 fall and F0 range).   

It has been reported that F0 peaks in Japanese words are aligned relative to a landmark 

such as the onset or the offset of consonant closure, or the onset or offset of the vowel.  For 

instance, Sugito (1982) observed that the F0 peak of a pitch accent in the productions of 

native speakers of Japanese tended to occur not on the associated tone-bearing unit but 

slightly after the associated tone-bearing unit.  Ishihara (2006) also showed that in Tokyo 

Japanese, the F0 peak of words was aligned with specific segmental landmarks not randomly 

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

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

the F0 peak was on average 0.3ms from the onset of the second vowel where voicing starts.  

Meanwhile, when the first vowel is long, the F0 peak alignment point was located at 

approximately 70% of the duration of the vowel of the first syllable.  Hasegawa and Hata 
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(1992) also confirmed that manipulating F0 peak location affects Japanese speakers’ 

perception of pitch accent.  These studies indicate that the F0 peak of Japanese lexical pitch 

accent is systematically organized in native speakers’ speech and characterizes native 

speakers’ F0 patterns.       

 Another F0 parameter that characterizes Japanese lexical pitch accent is the speed of 

the F0 movement after the F0 peak, i.e., the speed of the falling F0 movement.  Sugito 

(1980) found that in native speakers’ productions, Japanese pitch accented words are 

accompanied by a steep F0 fall after the F0 peak.  Hasegawa and Hata (1988) also found that 

F0 fall rate is one of the important characteristics in the productions of native speakers of 

Japanese.  They reported that there is a correlation between the F0 peak location and the rate 

of the F0 fall after the peak in Japanese speakers’ productions of pitch accent.  That is, the 

later the F0 peak occurs, the greater the F0 fall rate.  Based on their production results, 

Hasegawa and Hata (1992) also showed that F0 fall rate also affects Japanese speakers’ 

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

that reflects native speakers’ auditory impression.  They discovered a correlation between the 

F0 peak location and the F0 fall rate after the peak.  These studies suggest that the steep F0 

falling movement is also systematically organized in native speakers’ speech of Japanese 

lexical pitch accent and characterizes native speakers’ F0 patterns.   
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One other important F0 parameter is F0 range.  F0 range is generally one of the 

characteristics of the F0 patterns which have been used to evaluate the shape of F0 contours 

(e.g., Beckman, 1986; Ladd, 1997).  As F0 range tends to be widely diverse among speakers, 

previous studies have proposed that normalized F0 range values should be used (Earl, 1975; 

Ladd, 1997; Rose 1987).  This measure can potentially add a useful dimension to the F0 

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

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

We do not know how wide/narrow the F0 contour will be in utterances produced by native 

speakers of English.  Not having fully learned what to do or how to produce the accurate F0 

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

the rising or the falling of the F0 movement, which could yield extremely wide F0 range.  On 

the other hand, it is equally possible that they would not produce enough F0 movement 

compared to native speakers, which could yield very small F0 range.   

In the literature, other acoustic measures were used for evaluating L2 learners’ 

productions of Japanese lexical pitch accent but not regarding these three F0 parameters.  For 

example, Hirata (1999) compared the mean F0 values of the two vowels in disyllabic words 

with those of native speakers to evaluate the data.  Similarly, Toda (2003) compared the 

mean F0 values of the two syllables in each disyllabic word with those of native speakers.  
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However, Sugito (1980) points out that the mean F0 of the accent-bearing syllable in 

disyllabic words is not necessarily higher than that of the other syllable in the productions of 

native speakers of Japanese based on her data.  For this reason, approaches which rely on 

solely on mean F0 the accent-bearing syllable do not seem to provide with us an entirely 

satisfactory way to capture the characteristics of the F0 patterns.  Hence, they do not seem to 

be the best criterion for comparing the learners’ productions with the native speakers’ 

productions.  To assess foreign accent, however, it is worth while investigating the overall 

shape of F0 contours in learners’ productions of Japanese lexical pitch accent in terms of F0 

peak location, F0 fall and F0 range.   

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

happen to these characteristics of overall F0 patterns in the productions of native speakers of 

English when they produce Japanese lexical pitch accent contrasts?  Productions of English 

speakers of Japanese lexical pitch accent contrasts are investigated in Chapter 3.   

  

2.6.2 Cross-linguistic differences in F0 function between Japanese and English 

In both Japanese and English, one of the functions of F0 is to distinguish intonation patterns 

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

overall gradual falling of the F0 contour while question sentences are marked by a clear 
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rising of F0 contour towards the end of the sentence.  However, in Japanese, but not in 

English, F0 has an additional lexical function: F0 is used in Japanese to distinguish lexical 

items.  As described in the previous section (2.6.1), in Japanese lexical pitch accent, pitch 

(which is phonetically realized by F0 movement) is the only key systematic acoustic 

correlate, and other acoustic properties (such as duration and amplitude, etc.) do not change 

systematically.  On the other hand, in English stress, pitch is not the only acoustic correlate 

but one of several acoustic correlates which distinguish lexical items (Beckman 1986; Ladd, 

1997).  Other acoustic correlates such as intensity, duration, and vowel quality, all are found 

to play essential roles as well as pitch.  Moreover, it has been found that for non-focused 

minimal pairs of English words, pitch has minor or little cue-value (Sluijter & Van Heuven, 

1996a; Slujiter & Van Heuven, 1996b).   

We can illustrate this cross-linguistic difference between Japanese and English in 

terms of the function of F0 using simple examples cited in Kubozono (2001, p82).   

 

(1) a.  piza 

b.  pizza 

(2) a.  piza? 

b.  pizza? 
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The two words in (1) are ‘pizza’ in Japanese (1a) and in English (1b).  The curve 

indicates the F0 movement of each word when they are pronounced as a word in isolation.  

As we can see in (1), the word has a falling F0 movement in both languages.  The curve in 

(2) indicates the F0 movement of each word when they are pronounced as a question.  The 

overall Japanese lexical pitch, the falling F0 contour, remains unaffected even in a question 

sentence and only the end of the phrase has a rising contour, which is independent of the 

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

the intonation pattern and absorbed into a question intonation shown by the rising F0 contour 

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

and thus, F0 has a lexical function.  On the other hand, in the case of English, pitch is one of 

several available acoustic correlates but it is not lexically assigned: F0 does not play a lexical 

role.  Hence, although F0 has the function of marking linguistic intonation differences both 

in English and in Japanese, F0 does not have a lexical function in English to correspond to 

its lexical function in Japanese lexical pitch accent.  Moreover, to acquire Japanese lexical 

pitch accent, English speakers need to learn to form phonetic representations of the 

categories by associating the target F0 patterns with the corresponding categories.  In 
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addition, the learners have to learn to form lexical-phonological representations of Japanese 

lexical pitch accent by associating the categories with Japanese words.   

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

earlier as potential factors behind foreign accent?  Since F0 plays a linguistic role in English, 

it is possible that English learners of Japanese may able to hear differences between the F0 

contours in a non-linguistic context, at least as inexperienced learners.  In a linguistic context, 

one possibility could be that due to the presence of other linguistic information, learners may 

have problems in hearing differences between Japanese lexical pitch accent contrasts.  

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

difference between Japanese lexical pitch accent tokens, they may not be able to categorize 

the tokens into the target L2 categories.  This is because English speakers may have 

problems in associating the F0 patterns with Japanese lexical pitch accent categories.  It is 

also possible that the learners may have problems in assigning L2 categories to Japanese 

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

categories and the lexical items in Japanese.  For inexperienced learners, this may be 

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

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

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

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

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

with a word as they have to learn the association one by one.   

For the same reason as the ability to hear the difference between the F0 contours, it 

is also possible that English learners of Japanese will be able to articulate the differences 

between the F0 contours when the linguistic information is stripped away.  However, the 

differences produced by learners might be different from those produced by native speakers 

of Japanese.  Moreover, since F0 is not the key acoustic correlate in English to mark lexical 

items, the difficulty which English speakers have in producing Japanese lexical pitch accent 

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

Japanese word in their phonological representations.  As a result, it is possible that this 

difficulty is related to the foreign accentedness of learners’ productions of Japanese lexical 

pitch accent.  These possibilities are investigated through experimental data in the following 

chapters.      
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2.7 Methodological strategies 

This section provides a methodological overview of the data collection of this research.  Four 

experiments were conducted to investigate potential explanations for foreign accent in the L2 

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

question of whether or not L2 learners show non-native-like productions of the target 

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

whether the foreign accent of adult L2 learners is related to, 1) perceptual sensitivity, 2) 

articulatory/motor processes, or 3) categorization ability.  To investigate possible 

interactions between these factors, the same groups of participants were tested, namely, two 

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

were studying Japanese as the L2, and a group of Japanese native speakers for the 

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

design was used in order to capture the nature of the L2 learners’ problems associated with 

foreign accent at different stages of acquisition.   

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

ease of exposition, we will discuss Experiment 1 and Experiment 3 (production tasks) first, 

before turning to Experiment 2 and Experiment 4 (perception tasks).  First of all, Experiment 
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1 was conducted to demonstrate whether or not the productions of English-speaking learners 

are target-like.  In this experiment, we compare the learners’ productions data of Japanese 

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

made in terms of intelligibility scores and overall acoustic patterns of F0 contours.  To elicit 

the productions from the learners, we employed an imitation task.  There is no conventional 

way of annotating Japanese pitch accent.  A pilot study, which looked at introducing novel 

diacritic systems, showed that English learners of Japanese seem to have problems in 

learning diacritics for the different pitch accents, whereas native speakers of Japanese seem 

to be able to learn the introduced diacritics after a short practice (the details of this pilot 

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

assigning task).  In order to exclude a possible effect of learning a new diacritic system on 

the learners’ production patterns, we chose instead an imitation method, where participants 

repeated the audio stimuli rather than reading aloud a list of target items presented as visual 

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

nonce words such as mene or noma were selected as test items instead of real lexical items.   

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

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

of English could articulate the F0 contours of Japanese lexical pitch accent.  Participants 
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were required to imitate audio stimuli which consisted of F0 contours. These contours were 

extracted from natural tokens of disyllabic nonce words such as mene or noma accompanied 

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

buzzing noise.  We employed an imitation method, the same method as in the speech 

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

task.   

Let us now turn to some methodological considerations in relation to the tasks which 

are used to test perceptual sensitivity (Experiment 2) and L2 learners’ ability to categorize 

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

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

Sebastian & Mehlar, 1997; Gottfried, 1984; Fox, 1998).  Another commonly used alternative 

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

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

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

representatives (A and B) (e.g., Levy & Strange, 2008; Strange & Shafer, 2008).  However, 

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

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

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

and therefore taps different aspects of the ability to categorize the L2 contrasts.  One option 

is to use the ABX task to categorize canonical tokens. This allows us to diagnose the 

learners’ ability to hear the phonetic difference between the target L2 categories and to 

classify an item into the corresponding categories.  In this task, a minimal pair of canonical 

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

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

instance either of the category A or the category B.  Hence, in order to do that, learners have 

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

classify whether the X token is matched with the A or the B token.   

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

from a continuum.  This task provides us a way to test whether the learners have formed the 

phonetic representations of the target L2 categories.  In this task, the minimal pair presented 

is the two endpoint stimuli on the continuum, as two representative members of the target 

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

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

category B.   
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These two perception tasks are similar in that in both, the representative members of 

the target categories are presented.  However, there is a crucial difference between them. In 

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

two sounds provided as the category representatives.  Thus, it may be possible for learners to 

directly compare the sound similarities between a token and the representative members 

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

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

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

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

equivalent to the representative members.  The learners need to predict which L2 category 

the boundary items belong to.  Hence, this task allows us to diagnose whether the learners 

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

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

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

categorization ability.   

Another component of the general categorization ability which we aim to investigate 

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

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

test the learners’ lexical assignment ability, we also need another tool.  One possible way 

could be to provide only one lexical item and no other items to represent target L2 categories 

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

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

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

learners have lexical-phonological representations of the target L2 categories.  A common 

paradigm for this kind of perception task is generally called an ‘identification task’.  

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

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

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

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

Strange, 1989).  Meanwhile, some studies used vowels or consonants alone as the target L2 

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

words either by changing the values of the target vowel or consonant value or by using 

similar words with the same segmental structure while keeping the target vowel or consonant 

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

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

reason, we designed a label assigning task in order to test the learners’ lexical assignment 

ability.   

Let us now come back to our methodological strategy for Experiment 2. This 

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

speakers could hear the difference between F0 contours in pairs, a non-speech ABX task was 

carried out using audio stimuli which consisted of F0 contour extracts.  Non-speech stimuli 

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

Participants were required to hear the differences between audio stimuli which consist of F0 

contour extracts from natural tokens of disyllabic nonce words such as mene or noma along 

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

Experiment 4 tested whether or not English speakers’ ability to categorize Japanese 

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

contrasts.  To investigate their ability to categorize Japanese lexical pitch contrasts, we 

decomposed the categorization ability into three key elements, namely, linguistic perception, 

categorization, and lexical assignment. We therefore conducted three different perceptual 

tasks; two ABX tasks and a label assigning task.  In order to diagnose the learners’ ability to 

perceive the phonetic difference between Japanese lexical pitch accent contrasts, we used  an 
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ABX task with canonical tokens of the categories.  In order to examine whether or not the 

learners have formed the phonetic categories of Japanese lexical pitch accent, we used a 

different ABX task with 7-step stimuli on a F0 peak alignment continuum between accent on 

the first syllable and on the second syllable.  Lastly, a label assigning task was employed 

where learners were introduced to a novel diacritic system for Japanese pitch accent and 

were asked to assign a label to each token.  This task was designed to test whether or not 

English-speaking learners were able to assign the L2 categories of Japanese lexical pitch 

accent to a lexical item.  Learning a diacritic system requires the ability to hear the 

differences between the minimal pairs and also the ability to assign labels to each canonical 

token by lexically associating a token with the target category.  To be able to assign labels 

correctly, the learners must have formed phonetic categories of Japanese lexical pitch accent 

contrasts and they also needed to understand the connection between the categories and the 

lexical items in Japanese.  We assume that the more taget-like the phonetic categories 

become and the more developed their lexical-phonological representations of the target 

categories, the easier it will be for participants to learn and assign labels.   

As the general procedure of the whole study, the experiments were administered 

individually in a sound-treated recording studio at the Linguistics laboratory at the 

University of Edinburgh.  The whole battery of experiments took approximately one hour for 



 55 

each participant.  Participants were allowed to proceed through the tasks at their own pace 

and to take a rest at any point during the experiments.  Each participant took part in the 

speech tasks (i.e., Experiments 1 and 4) prior to the non-speech tasks (i.e., Experiments 2 

and 3) so that participants would not pay particular attention to pitch contours during the 

speech tasks after having been administered the non-speech tasks.  In addition, to counter-

balance the task effect, among the speech and non-speech tasks, half of the participants took 

the perception tasks first and the production tasks next, and the other half took the tasks in 

the reverse order.  The same participants were tested throughout the four experiments to 

explore foreign accent issue through more comprehensive approach by looking at within-

subject effects.  The details of each individual experiment are described in the following 

chapters.  

 

2.8 Summary 

This chapter has presented the background and methodological strategies of this thesis.  

Foreign accent is one of the main issues in adult L2 acquisition.  So far, there has been no 

clear answer for what is contributing to the non-target-like productions of L2 speakers.  

Three factors behind foreign accent have been discussed in the available studies on L2 

speech acquisition; learners’ difficulty in differentiating acoustic correlates of L2 contrasts, 

their difficulty in articulating acoustic correlates of L2 contrasts, and their difficulty in 
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categorizing L2 contrasts.  However, while these factors have been investigated separately, 

they have not been studied in combination in the same learners.  L2 prosodic contrasts 

provide us with a good testing ground where there are cross-linguistic differences regarding 

the key acoustic correlate between learners’ L1 and the target L2, while the L1 and L2 

nevertheless share some similarities.  In this study, the L2 acquisition of Japanese lexical 

pitch accent by native speakers of English was examined through four experiments to 

investigate the factors behind foreign accent. This is described 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 potential factors behind foreign accent in L2 speech 

acquisition.  To discuss the possible factors, we first need to address whether or not the 

productions of the L2 learners are non-native-like (i.e., show foreign accentedness).  If their 

productions are indeed non-native-like, then we need to address how they are different from 

the productions of the native speakers.   

F0 has a phrasal function in both English and Japanese; that is, in both languages, 

intonation is used to differentiate between affirmatives and questions and so on.  In Japanese, 

but not in English, F0 also plays an important role in distinguishing word meanings.  

Japanese lexical pitch accent is phonetically realized by the movement of F0.  As we have 

seen earlier (see Chapter 2.6), previous studies suggest that lexical pitch accent in Japanese 

is characterised by an F0 peak (aligned with respect to a segmental landmark in the pitch 

bearing unit) followed by a rapid fall (Hasegawa & Hata 1992; Sugito 1982).  As L2 learners 

of Japanese, native speakers of English have to learn these acoustic characteristics of F0 

systematically, both in terms of the lexical function of F0 in Japanese as well as its phrasal 

function.  Learning Japanese pitch accent contrasts (the lexical function of F0) can however 

be problematic for native speakers of English.  Considering these issues, there are two 
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questions that need to be addressed.  The first question is whether or not F0 profiles in 

lexical items produced by English-speaking learners diverge from those produced by native 

speakers of Japanese.  If their productions do diverge from the F0 patterns of native speakers, 

the second question arises as to what the potential factors behind such differences during L2 

speech acquisition can be.     

In this chapter, we aim to provide an answer for the first question, regarding the F0 

profiles in lexical items produced by learners in comparison to those produced by native 

speakers.  To answer this question, productions of Japanese lexical pitch accent contrasts 

were examined in English-speaking learners and native speakers of Japanese.  As Japanese 

does not mark pitch accent orthographically,1 an imitation task was used to elicit the intended 

canonical tokens of target pitch accent types.  Once the data was collected, both intelligibility 

scores and acoustic characteristics for descriptive analysis were adopted as a means of 

comparing the productions of the learners with those of the native speakers.  The criterion of 

intelligibility scores is very important as it captures the ‘foreign accentedness’ in the 

learners’ productions.  Productions by two learner groups and a native speaker group were 

compared in terms of intelligibility scores based on the auditory impression of two native 

                                                

1 We initially attempted to train participants to learn a novel diacritic system that was designed for this 

study to elicit their productions.  However, it turned out that this learning process itself was difficult 

for the learners.  This point will be discussed in detail later in Chapter 6.   
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speakers.  The overall F0 patterns of each production were also qualitatively analysed in 

order to make a comparison among the three groups, to investigate whether or not the overall 

F0 patterns in the productions of English-speaking learners diverge from those of the native 

speakers of Japanese.  The three acoustic parameters used as the criteria were F0 peak 

alignment (the location in a word of the F0 peak), F0 fall (the degree of the slope) and F0 

range (the width of the F0 contour).   

These three acoustic parameters were selected on the following grounds.  As we 

have seen earlier, previous studies suggest that the F0 peak alignment relative to the 

segmental landmarks is the key acoustic correlate of Japanese pitch accent (Ishihara, 2006; 

Sugito, 1982).  We do not know whether English-speaking learners are able to produce the 

F0 contours with a peak at all, or alternatively, whether their contours may have several 

peaks instead of one.  Even if they can produce F0 patterns with the appropriate peak, we do 

not know whether the learners can achieve the systematic F0 peak alignment relative to the 

segmental landmarks like native speakers do.  We can only find out about this by observing 

the overall F0 patterns in the learners’ productions.  To observe the F0 peak alignment point 

of the speech imitations, the time-normalized F0 peak point relative to segmental landmarks 

was detected for each utterance.   

Additionally, it has been said that the F0 peak of Japanese pitch accent is followed 
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by a rapid fall in F0 (Hasgawa & Hata, 1988, 1992; Sugito 1980).  We don’t know 

whether we can find any such rapid F0 fall in the productions of native speakers of English, 

and if any, how rapid the F0 fall is.  We also do not know whether or not the F0 contour 

patterns in English speakers’ productions will show a greater falling movement than a rising 

movement or vice versa.  Alternatively, there may not be any consistent patterns in the 

overall movement of F0.  The investigation of the overall F0 contours in the learners’ 

productions will provide the answers for these questions.   

In addition, F0 range is another parameter which has been used to evaluate the shape 

of the F0 contours not only in Japanese but also in other languages (e.g., Beckman, 1986; 

Ladd, 1997).  This measure can potentially add another useful dimension to the F0 profile as 

we compare the productions of learners with those of native speakers of Japanese.  We do not 

know how wide/narrow the overall F0 contour will be in utterances produced by native 

speakers of English.  Not having fully learned what to do or how to produce accurate F0 

patterns for Japanese pitch accent, native speakers of English may over-exaggerate the rising 

or the falling of the F0 movement.  On the other hand, it is also possible that they do not 

produce enough F0 movement compared to native speakers.  By observing F0 range we will 

be able to answer these questions.  To compare the shape of the F0 contours, the normalized 

F0 range was measured.   
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Considering these measures, the following questions are raised.  Are Japanese 

productions of native speakers of English perceived as non-target-like (i.e., foreign accented) 

when native speakers of Japanese hear their productions?  What will happen to the overall 

patterns of the three F0 parameters in the productions of native speakers of English when 

they try to produce a set of minimal pairs of Japanese pitch accent contrasts?  Do the overall 

F0 shapes in the learners’ productions diverge from those in the native speakers’ productions 

regarding F0 peak location, F0 fall and F0 range?  If the learners’ F0 profiles are found to be 

different, how are they different from the native speakers’ patterns?  Does the pattern change 

during L2 acquisition as a function of L2 experience?  To investigate these matters, an 

imitation task was carried out to obtain the production data.   

Firstly, the details of the materials and the procedures will be described in the 

following section.  Then, the details of the intelligibility scores and the acoustic observations 

of the overall F0 patterns will be explained.  Lastly, the results of the imitation data will be 

reported and discussed.    

 

3.1. Participants 

There were 48 participants in total.  None of them self-reported any speaking/hearing 

disabilities.  The participants recruited for this study were 32 adult native speakers of English 
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(16 male, 16 female) who were studying Japanese at the University of Edinburgh at the 

time of experimentation.  Based on their L2 experience (i.e., length of residence in Japan and 

length of studying Japanese (shown in Table 3.1, and details described below)), learners were 

divided into two groups: inexperienced (NEinexp) and experienced (NEexp) learners.  In 

addition, 16 adult native speakers of Japanese (NJ) participated as a control group (8 male, 8 

female).  The mean age of NEinexp learners was 21.3 years2 (SD = 5.9), that of NEexp 

learners was 21.4 years (SD = 0.8), and that of NJs was 29.6 years (SD = 5.9).  The 

inexperienced learners included students who were towards the end of the second year of the 

degree course of the university and those who had been studying Japanese for at least one 

and a half years on average.  Most of the NEinexp learners had never stayed in Japan.  

According to the questionnaire completed by the participants (see Appendix A), for three 

NEinexp learners who had stayed in Japan before, their stay was between 4 to 8 weeks either 

for holiday or teaching English rather than to have formal instruction in Japanese.  The 

experienced learners, on the other hand, included students who were towards the end of the 

fourth year of the degree course at the same university, and who had been studying Japanese 

for approximately three and a half years on average.  They had also stayed in Japan for about 

                                                

2 Excluding Participant 205, who was a mature student, the average age of NEinexp learners group 

was 19.9 years old.   
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one year (as part of the degree programme, learners are supposed to stay in Japan during 

the third year to study Japanese at a university of their choice).  Hence, the NEinexp learners 

were not planning to leave for Japan until a few months after the experiments for their year 

abroad, while NEexp learners had already come back from their one year stay in Japan.  The 

control group of native speakers of Japanese mostly consisted of either exchange students 

from Japanese universities or postgraduate students at Edinburgh University.3  All of the 

participants were living in Edinburgh at the time of the experiments.  For the data analysis, 

perception data from all 48 participants was used, but for the production analysis, a 

representative sub-set of the production data was used from each group (i.e., recordings from 

8 participants were randomly selected from each group to act as the representatives of each 

group).   

Table 3.1 provides detailed information for each English-speaking participant: 

chronological age, age when their first formal instruction of Japanese began, length of formal 

education of Japanese (LOJ), length of residence (LOR) in Japan, and self-estimated 

percentage daily use of Japanese.  The length of residence (LOR) in Japan between 

inexperienced and experienced English speaking participants was statistically different (t(30) 

                                                

3 One NJ was a post-doctoral fellow, one had just graduated from a postgraduate programme and 

one had been staying in Edinburgh with her family for one and a half years.   
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= 74.68, p < 0.001).  The experienced learners had spent longer in Japan than the 

inexperienced learners as a group (M = 0.03 years, SD = 0.05 for NEinexp vs. M = 1.00 

years, SD = 0.00 for NEexp).  The length of formal education of Japanese (LOJ) between 

two English speaking learner groups was also significantly different (t(30) = 9.99, p < 0.01).  

The experienced learners had studied Japanese longer than the inexperienced learners as a 

group (M = 2.01 years, SD = 0.60 for NEinexp vs. M = 3.66 years, SD = 0.27 for NEexp).  

On the other hand, the self-estimated daily use of Japanese at the time of the data collection 

tended to be similar between the two groups (M = 12.94%, SD = 10.80 for NEinexp vs. M = 

18.06%, SD = 22.90 for NEexp), although many of NEexp learners informally reported after 

the experiments that their daily use of Japanese during the stay in Japan was much higher 

then than in general.   

 



 65 

Table 3.1 Characteristics of English speaking participants (NEinexp and NEexp learners)     

L2 
experience 

Participant Age 
Age of 
starting 
Japanese 

Res. 
in 
Japana 

Length of 
studyb % Usec 

NEinexp 2 19 15 4w 
2.7y(1y 
evening 
class) 

10 

 3 19 17 None 1.7y 10 
 4 19 17 None 1.7y 5 
 5 42 41 None 1.7y 15 

 6 19 17 None 
2.7y(1y 
evening 
class) 

15 

 8 20 16 None 
3.7y(2y 
grammar 
school) 

10 

 9 20 18 None 1.7y 15 
 10 27 25 5w 1.7y 10 
 11 19 18 8w 1.7y 10 

 12 20 17 None 
2.7y (1y 
evening 
class) 

5 

 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 1y 3.7y 2 
 2 21 18 1y 3.7y 5 
 3 21 18 1y 3.7y 0 
 4 23 19 1y 3.7y 15 
 5 21 18 1y 3.7y 85 
 6 21 18 1y 3.7y 2 
 9 21 18 1y 3.7y 10 
 10 21 18 1y 3.7y 20 
 11 20 17 1y 3.7y 60 
 13 21 18 1y 3.7y 5 
 14 22 18 1y 3.7y 20 
 15 22 18 1y 3.7y 5 
 16 22 19 1y 3.7y 10 
 17 22 19 1y 4.0y 25 
 18 22 18 1y 3.7y 15 
 21 20 18 1y 2.7y 10 

a Res. in Japan: Length of residence in Japan, in weeks (w) and in years (y). 
b Length of Study: Length of studying Japanese under formal instruction, in years (y).  
c % Use: Self-estimated percentage daily use of Japanese.   
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3.2. Materials 

Audio materials for Experiment 1 were created from the recording of 12 disyllabic nonce 

words (4 words (mene, mani, nime &  noma) x 3 accent types), each followed by a post-

positional particle mo (also), which were produced by a female Tokyo Japanese.  Disyllabic 

words in Japanese are lexically assigned one of three possible pitch accent types: accent on 

the first syllable (A1), accent on the second syllable (A2) or unaccented (A0).  Hence, each 

test item in the experiments was prepared in such a way that each word would carry one of 

the three accent types.  The test items consisted of sets of triplets of four disyllabic nonce 

words in CVCV structure, as shown in Table 3.2.  There were 3 test items for each of the 

nonce words, giving 12 items in total.  Nonce words were used rather than real words in 

order to avoid possible effects of word familiarity among the L2 learners, as more 

experienced learners are assumed to have larger L2 vocabularies than inexperienced learners.   

Additionally, the test items were designed to consist only of vowels and nasals, so 

that F0 contours could be observed relatively easily with less variation in the F0 trajectory 

when participants’ production data is analyzed in the imitation tasks.  Due to their 

characteristics, accent on the second syllable (A2) and unaccented type (A0) can be 
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distinguished when they are accompanied by a post-positional particle as the difference 

between their F0 contours are realized with a following sound (see Diagram 3.1).  For this 

reason, a Japanese particle ‘mo (also)’ was attached after each test item and comprised target 

stimuli.       

 

Table 3.2 Test items (A1 indicates accent on the first syllable, A2 indicates accent on the second 

syllable and A0 indicates unaccented)  

 A1A1A1A1    A2A2A2A2    None None None None 
(A0)(A0)(A0)(A0)    

mene mene mene mene 
noma noma noma noma 
mani mani mani mani 
nime nime nime nime 

 

 

Diagram 3.1  Schematic illustration of three accent types for a disyllabic word using mene(mo) 

Each line indicates the F0 contour of the word.  The left:  a word with pitch accent on the first syllable.  

The middle: a word with pitch accent on the first syllable.  The right: an unaccented word.   

 

 

 

 Audio materials were used in all experiments.  For the audio stimuli, the productions 
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of a female native speaker of Tokyo Japanese were recorded in a sound-treated recording 

studio at the Linguistics laboratory at the University of Edinburgh.  The audio interface was 

MOTU 828 mkll Firewire using a hypercardoid microphone (AKG CK 98) and digitalized at 

a sampling rate of 48 kHz with a resolution of 16 bits.  Sonar 4 Studio Edition was used as a 

recording software programme.  A list of the 12 test items was read aloud in a carrier phrase 

(i.e., “Sumimasen ____mo kudasai.  (Excuse me but please give me ____ as well.)”) three 

times.  Subsequently, one of three repetitions of each item including the particle mo ‘also’ 

was edited to form audio stimuli. 

In addition to these test items, 30 basic Japanese words were carefully selected for 

a warm-up before the participants attempted the main recording (see Table 3.3).  Basic words 

were selected from Japanese textbooks which the learners were using in the course (ICU, 

1996; Kano, Shimizu, Takenaka & Ishii, 1999).  The warm-up words were also presented in 

Japanese orthography, Hiragana, one at a time on a computer monitor along with the 

Romanized equivalent and its meaning in English.   All the audio materials were converted 

to a sampling rate of 22 kHz with a resolution of 16 bits using CoolEdit Pro 2.1 so that it 

matched the Sound Device Object Property in E-Prime.   
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Table 3.3 Warm-up items (30 words)    

1st syllable (A1) 2nd 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 sound-treated recording studio.  The participants 

heard two words with minimally different pitch accent types (i.e., the three accent types) in a 

sequence through a pair of headphones. They were asked to imitate the first speech stimulus 

as closely as possible.  Two audio stimuli were presented so that this task would have a 

parallel structure to the other perception tasks which will be reported later in this study, i.e., a 

non-speech ABX task in Experiment 2 and the speech ABX tasks in Experiment 4.  They 

were allowed to make more than one attempt to imitate the target stimulus if they were not 

satisfied with their first attempt. If they did make more than one attempt, the final imitation 

was used for the analysis.  Thirty-six pairs of recorded stimuli were randomly presented over 

headphones (4 disyllabic nonce words x 3 accent types x 3 presentation orders (AB, BA, and 
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either AA or BB)).   

The audio interface was MOTU 828 mkll Firewire using a hypercardoid microphone 

(AKG CK 98) and digitized at a sampling rate of 48 kHz with resolution of 16 bits.  Sonar 4 

Studio Edition was used as a recording software programme.  Participants listened to the 

audio materials using a pair of Sennheiser eH2270 headphones.  A computer keyboard was 

used to proceed to the next stimulus by pressing the return key.  All the instructions were 

presented with E-Prime using a computer monitor facing the participants in the recording 

booth.     

Participants were given a practice session prior to the main test, in order for them to 

familiarize themselves with imitating the stimuli and to allow them more time to ask any 

questions.  The stimuli for the practice session were disyllabic nonce words which were 

similar to the target stimuli.   

Every time the participants produced their imitation of the first stimulus, they were 

asked to press the space bar on the keyboard in order to proceed to the next pair to be 

presented.   This allowed the participants to proceed through the task at their own pace.      

 

3.4. Analysis 

The recording of each participant was digitized at a sampling rate of 48 kHz with resolution 
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of 16 bits.  The recording of each participant was segmented into smaller sound files to 

analyze each token of the target stimuli.  This yielded 36 sound files per participant, each of 

which contained one of 36 imitations of the target items and lasting approximately 1.0 sec.   

To assess the participants’ production data, two types of analysis were carried out.  

One used intelligibility scores based on native speakers’ auditory judgments on each 

utterance.  The other used descriptive analysis of the overall F0 contours of each utterance: 

more specifically, the location of the F0 peak, the F0 fall and the F0 range for each utterance 

were qualitatively analyzed based on the overall F0 shape of the contours.   

In the following subsections, first, we will explain the details of the intelligibility 

scores.  Next, we will describe the segmentation criteria which we used in the analysis to 

capture the phonetic patterns in the productions.   

 

3.4.1. Intelligibility scores 

The intelligibility scores are the accuracy rate (in percentages) as to how many of the 

imitations of Japanese pitch accent were identified by native speakers of Japanese as being 

what the speaker intended.  This is the key measurement to assess learners’ foreign 

accentedness.  Each utterance of the test items was identified by two raters who were female 

native speakers of Japanese.  They were asked to identify which accent type a speaker was 
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producing in each utterance and their ratings were provided with multiple-choice among 

the three accent types (A0, A1 and A2).  They were also requested to guess if unsure (a 

forced choice paradigm).  The entire data set was rated by these two raters.  The mean 

percentage of times that Japanese pitch accent produced by the participants were identified 

as intended was calculated as the intelligibility score.  As it turned out to be common that the 

learners’ productions were misidentified by the two raters, the misidentification patterns 

were also classified into groups for further analysis.   

 

3.4.2. Segmentation criteria 

The segmentation criteria used in the analyses were those proposed by Turk, Nakai and 

Sugahara (2006).  The spectrogram setting in PRAAT (Boersma & Weenink, 2005) was set 

with ‘view range’ of 0 – 8000 (Hz) and ‘dynamic range’ of 55 (dB).  Approximately a 1-sec 

window was used for placing general boundaries and the waveform was zoomed into 5-10 

ms for more fine-grained segmentation.  The segmentation points were located at the zero-

crossing point of the waveforms.   

The segmentation was conducted manually by looking at the visual display of the 

spectrogram and the oscillogram, and was based on the criteria below.  With the aid of a 
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PRAAT script written by Xu (2008) with modifications of the algorithm by Dabrunz 

(2009)4, the overall F0 patterns, which are described below, were obtained after segmenting 

each audio file.   

The segmental boundary was placed based on spectral characteristics which can be 

easily detected in spectrograms.  All the imitations of the speech stimuli consisted of a test 

item (a disyllabic nonce word) accompanied by a postpositional particle mo (also).  This 

yields a CVCVCV structure consisting of nasals and vowels to be segmented.  The onset of 

the initial nasal was marked where the closure occurred or the regular cycle of voicing 

started.  When irregular cycles were observed in the beginning of an utterance, these parts 

were excluded from the nasal onset to be analyzed (Figure 3.1).  The reason behind this is 

that these parts often tend to cause errors in depicting the F0 trajectory of the data and 

finding the velocity values, resulting in extremely large or small values in the subsequent 

acoustic analysis.  The utterance-medial nasals were segmented where the closure occurs as 

the onset of the nasal and the release as the offset.  The utterance-medial vowels were 

marked at the beginning of a clear formant pattern of F1 and F2 as the onset and at the end of 

a clear formant pattern as the offset.  The offset of the last vowel of each utterance, i.e., /o/, 

tended to end in creaky phonation (i.e., where glottal pulses are spaced irregularly with a 

                                                

4 The modification is provided in Appendix B.    
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very low F0).  When the utterance ended in creaky phonation, the beginning of a clear 

glottal cycle of the creaky phonation on the waveform was detected and the boundary was 

marked on its zero-crossing point (Figure 3.2).  The first clear glottal cycle was chosen rather 

than the last because including the glottal cycles between the first and the last also tends to 

cause errors in calculating the F0 values.  When the offset of /o/ did not end in creaky 

phonation, the boundary was placed on the zero-crossing point of the glottal cycle of the 

waveform which corresponded to the end of strong F2 (Figure 3.3).   Some of the utterances 

also ended in breathy phonation, (i.e., where voiceless formant structures could be observed 

directly after the vowel formant structure).  In these cases, the offset of /o/ was marked at the 

end of voicing on the waveform and the voiceless formant structure was excluded (Figure 

3.4).      
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Figure Figure Figure Figure 3333....1111.  Onset of the initial nasal.  Onset of the initial nasal.  Onset of the initial nasal.  Onset of the initial nasal    

Four PRAAT Text Grid tiers were used for the annotation: 1 word tier, 2 segmental tiers and 1 

landmark tier.  The word tier was used to annotate the target word (with an accent type and the particle 

mo) (e.g. mene1mo).  On the second tier, the C1V1C2V2 string was marked to indicate the segmental 

structure such as C1 for the first consonant or V2 for the second vowel.  On the third tier, the string of 

the corresponding segmental composition was marked, along with a number to indicate the syllable 

number, e.g., m1e1n2e2mo.  The fourth tier was used to mark the point where creaky phonation or 

breathy phonation started (creaky voice was marked as “c” and breathy voice was marked as “v”). 

 

0                 1.000 

 

Figure Figure Figure Figure 3333....2222  C  C  C  Creaky phonation at the ereaky phonation at the ereaky phonation at the ereaky phonation at the end of utterance /ond of utterance /ond of utterance /ond of utterance /o////    

 

        0                 1.000 
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Figure Figure Figure Figure 3333....3333  Example of   Example of   Example of   Example of utterance final /outterance final /outterance final /outterance final /o/ without creaky phonation / without creaky phonation / without creaky phonation / without creaky phonation     

 

             0                1.000 

 

Figure Figure Figure Figure 3333....4444 Br Br Br Breathy phonation at the end of eathy phonation at the end of eathy phonation at the end of eathy phonation at the end of utterance utterance utterance utterance /o/o/o/o//// 

 

         0                 1.000 

 

 

3.4.3. Overall F0 patterns 

Having observed that the learners’ productions of Japanese lexical pitch accent indicated 

foreign accentedness, the overall F0 patterns in their productions were also analyzed to 
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investigate whether their F0 patterns also show non-target-like patterns.  To qualitatively 

analyze the overall F0 patterns, we focus on the overall patterns, such as the shape of the 

contour where the F0 peak located, whether the F0 contour contains a sharp fall after the 

peak, or how wide the F0 contour is.     

The F0 peak alignment value identifies where the F0 peak is located in relation to 

the segmental landmarks in each speech imitation.  In order to observe the F0 peak location 

relative to the segments, smoothed F0 values in each segmental interval were divided into 10 

time-normalized points.  The utterances in the speech imitation task each consisted of six 

segments, which yield six corresponding intervals (see Table 3.4).  Thus, there were 60 

points for each utterance.  The location of the highest F0 in the overall F0 contours among 

these 60 points was described as the F0 peak point.  This allows us to make comparison 

between the locations of F0 in the speech imitations and these points were used as the 

reference points to describe where the F0 occurred.  If the F0 peak is located at a point 

between the 1st point and the 20th point, this means that the F0 peak aligned within the first 

syllable of the target disyllabic word.  If the F0 peak occurs at a point between the 21st and 

40th point, this indicates that it aligned within the second syllable.   Similarly, if the F0 peak 

is located at a point after the 41st point and up to the last point, it aligned within the last 

syllable (the interval which corresponds to the particle mo).  To detect the time-normalized 
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F0 values, Xu (2008)’s PRAAT script was used which automatically saves the trimmed F0 

values.   

 

Table Table Table Table 3333....4444.  Schematic illustration of the location of the F0 peak alignment .  Schematic illustration of the location of the F0 peak alignment .  Schematic illustration of the location of the F0 peak alignment .  Schematic illustration of the location of the F0 peak alignment  

Structure C1 V1 C2 V2 C3 V3 

Segment m E n E M o 

1-----10 11---20 21---30 31---40 41---50 51---60 Time-normalized 

point 10 10 10 10 10 10 

 

What we expect to see in the native Japanese speakers’ productions in terms of the 

F0 peak alignment is as follows.  In words with the accent on the initial syllable (A1), we 

expect to see the F0 peak occurring early in the utterance and aligned with or in the vicinity 

of the first syllable.  For words with the accent on the second syllable (A2), the F0 peak is 

expected to occur later in the utterance and aligned with or in the vicinity of the second 

syllable.  In the case of the unaccented words (A0), the F0 maximum value was considered 

to be the F0 peak value of A0 productions, as no sharp F0 fall is expected in the productions 

of A0 (unlike the accented types, i.e., A1 and A2).  Meanwhile, in the learners’ productions, 

it is possible that there may be no consistent F0 peak regarding the accent types, there may 

be more than one F0 peak, or the location of the F0 peak may occur unsystematically.   
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Next, we describe the F0 fall of the contours in their productions.  As F0 patterns 

in the productions of native speakers of Japanese tend to show a rapid fall after the F0 peak, 

what we are interested in here is the degree of falling movement after the F0 peak.  Thus, we 

looked at the F0 fall patterns after the F0 peak in the overall shape.  More specifically, as 

native speakers of Japanese tend to produce a rapid fall after the F0 peak, we expect to see 

the largest fall in an utterance of the accented words (A1 and A2).  On the other hand, we do 

not expect to see such a large fall in the native speakers’ productions of unaccented words 

(A0) as unaccented words are not expected to show a sharp fall unlike accented words.   In 

the case of the learners, we may not see a rapid fall at all in their productions as in the native 

speakers’ productions.  It is also possible that we may see a rather extreme fall instead, even 

for the unaccented words.   

Thirdly, to capture the overall F0 shape in the learners’ productions, F0 range (i.e., 

the general width of the F0 contours) is compared with native speakers.  To make 

comparisons among speakers possible, the F0 values (Hz) on the time-normalized scale were 

converted into normalized F0 values.  In this study, Z-score transforms were used to 

normalize the F0 values of each contour.  Two normalization methods have been used in the 

literature: fraction of range transforms (e.g., Earle, 1975) and Z-score transforms (e.g., Rose, 

1987).  The method of fraction of range transforms is a way of defining the F0 value relative 
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to the highest and lowest F0 points of each speaker.  Using Z-score transforms allows us 

to describe each data point based on the statistical distribution of each utterance of an 

individual speaker.  Although between-speaker variance is considerably reduced by both 

strategies, Rose (1987) concluded that the Z-score transform is more accurate than the 

fraction of range transform for normalizing linguistic tone data.  For this reason, we 

considered that the strategy of Z-score transforms was sufficient for the purpose of this study.  

The formula described in Rose (1987) was used: Fnorm = (F0 – F0mean)/s, where s indicates 

one standard deviation of the mean F0 of all data sets produced by each speaker (i.e., F0mean).  

In the productions of the native speakers of Japanese, we expect to see a relatively large F0 

range for the accented words (i.e., A1 and A2) as words with pitch accent tend to have a 

sharp fall after the F0 peak in Japanese.  Meanwhile, the unaccented words (i.e., A0) will 

presumably have a smaller F0 range without such a steep drop as part of the overall F0 shape.  

In the case of learners, the overall F0 range could be relatively wide, or very flat regardless 

of the accent types.5   

                                                

5  To further investigate the characteristics of the production data, attempts to quantify the three 

acoustic parameters (i.e., F0 peak location, degree of F0 fall, and F0 range) were made.  However, 

when the data was smoothed in order to allow comparisons across the large number of speakers 

studied here, some unresolved artifacts or distortions were introduced into the data. Since these 

artifacts require further investigation to be resolved, the results are not presented here.  Nonetheless, it 

is still possible that such details of attempts can be a useful contribution to the field.  For this reason, 

the difficulties including the details of the attempted data analyses are illustrated in Appendix C.    
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3.5. Results 

Each of the four data sets (mene, noma, mani and nime) showed similar overall F0 contour 

shapes within each group.  For this reason, the mene set was randomly selected from the four 

sets as the representative subset for acoustically analyzing the participants’ production 

patterns in terms of the selected acoustic measures.  It should be noted that one Japanese 

speaker’s mene (A1) production was excluded from the analysis because it contained a great 

deal of creaky voice in the middle of the utterance, which greatly distorted the F0 contour 

shape.  In addition, there were three cases where a NEinexp speaker altered the segmental 

make-up to a different one such as /meni/. These three cases were also excluded from further 

analyses.  This resulted in a dataset consisting of 71 items produced by the 8 speakers in NJ 

group; 72 items produced by the 8 speakers in NEexp group; and 69 items produced by the 8 

speakers in NEinexp group.   

In what follows, we will first describe the mean intelligibility scores to show the 

learners’ foreign accentedness and report misidentification types among each group using the 

overall F0 patterns to make comparisons between the native speakers and the learner groups.  

Secondly, we will present the overall F0 patterns of each participant to view general patterns 

of each group in terms of the three accent type to examine whether the overall shape of their 
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F0 contours also shows non-target-like phonetic patterns.    

 

3.5.1. Intelligibility scores 

First, the mean intelligibility scores are described.  Then, misidentification patterns are 

analyzed using the overall F0 patterns.   

 

3.5.1.1. Mean Intelligibility scores 

As described in 3.4.1, there were two raters.  They were both native speakers of Japanese.  

The inter-rater reliability was 0.75 (Spearman’s correlation), which was acceptable.  The 

means and the standard deviations of intelligibility scores obtained for the Japanese pitch 

accent contrasts are presented in Table 3.5.     
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Table Table Table Table 3333....5555.  The mean percentage of times that Japanese pitch accent .  The mean percentage of times that Japanese pitch accent .  The mean percentage of times that Japanese pitch accent .  The mean percentage of times that Japanese pitch accent produced by the produced by the produced by the produced by the 

participants participants participants participants was was was was identified as intendedidentified as intendedidentified as intendedidentified as intended by native judges by native judges by native judges by native judges.  .  .  .   

Accent 
Group Mean Std. Deviation 

A0 NJ 96 .18 

  NEexp 96 .20 

  NEinexp 95 .20 

A1 NJ 100 .00 

 NEexp 81 .39 

  NEinexp 61 .47 

A2 NJ 99 .05 

  NEexp 67 .45 

  NEinexp 35 .46 
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Figure Figure Figure Figure 3333....5555.  The mean intelligibility scores of the speech productions   .  The mean intelligibility scores of the speech productions   .  The mean intelligibility scores of the speech productions   .  The mean intelligibility scores of the speech productions    
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 These intelligibility scores were submitted to a mixed design ANOVA with Accent 

Type (A1, A2 and A0) as a within-subject factor and Group (NJ, NEexp and NEinexp) as a 

between-subject factor.  There was a significant main effect of Accent Type [F (2, 564) = 

78.42, p < 0.001].  As we can see in Figure 3.5, every group obtained high intelligibility 

scores for A0 (nearly 100%).  Meanwhile, A1 showed the next highest scores, and A2 was 

the lowest among the three accent types.  There was also a significant interaction between 

Accent Type and Group [F (4, 564) = 32.31, p < 0.001].  The overall performance of the 
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three groups shows different patterns across the three accent types, as can be seen in 

Figure 3.5.  Moreover, the main effect of Group was also found to be significant [F (2, 282) 

= 67.71, p < 0.001].   While NJ’s scores were almost perfect across the three accent types, 

post-hoc comparisons using the Tukey HSD test indicated that the mean intelligibility scores 

of NEexp were significantly lower than that of NJ.  Moreover, the mean intelligibility scores 

of NEinexp were statistically even lower than NEexp.  This tendency was also supported by 

the results of one-way ANOVAs.  These tests were conducted to compare the three groups 

regarding each accent type.  These results showed that there were no significant group 

differences in A0.  However, the mean intelligibility scores of all three groups were 

significantly different from one another for A1 [F (2, 285) = 28.68, p < 0.001] and A2 [F (2, 

285) = 71.83, p < 0.001].   

 

3.5.1.2. Patterns of misidentification 

As we just saw, the lexical pitch accent produced by native speakers of Japanese was largely 

identified as intended, while those produced by the learners tended to be misidentified more 

often, particularly in the case of the pitch accented targets.  To investigate further what cued 

the two native listeners to make their decisions, let us now look at the misidentification 

patterns observed in the intelligibility scores.  In what follows, we will describe the 
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classifications of the misidentification patterns, and in addition, we will demonstrate the 

misidentification patterns by examining the F0 contour shapes in the learners’ productions.   

There were in total 98 cases for NEinexp speakers and 55 cases for NEexp speakers 

which were misidentified by the two raters.  For both learner groups, the major 

misidentification type was the accented targets, regardless of whether the target was A1 or 

A2.  Both were identified by the raters as the unaccented targets, i.e., A0.  This was observed 

in 70 out of 98 cases for NEinexp speakers and 40 out of 55 cases for NEexp speakers.  

When we look at the F0 patterns of these utterances in Figure 3.6 and  

Figure 3.7, we see interesting patterns.  It should be noted that the F0 values are 

presented in Hz but not as normalized values before smoothing.  There is some similarity to 

native speakers’ A0 patterns observed in the next subsection (Figure 3.1 in 3.5.2).  The F0 

contour shape in these misidentified utterances tends to be flat and lacking the target 

sequence of peak followed by fall.  This suggests that the perception of the two native 

speakers might have been affected by these acoustic characteristics of F0 in the learners’ 

productions when they were identifying the accent type of each utterance.   
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Figure Figure Figure Figure 3333....6666.  Misidentification patterns.  Misidentification patterns.  Misidentification patterns.  Misidentification patterns, where, where, where, where NEinexp NEinexp NEinexp NEinexp_A1 _A1 _A1 _A1 (top) (top) (top) (top) & A2& A2& A2& A2 (bottom) (bottom) (bottom) (bottom)    were were were were 

iiiidentified as A0dentified as A0dentified as A0dentified as A0.  .  .  .      

Each line represents an utterance of a NEinexp speaker which was misidentified.  The x-axis indicates 

the time-normalized points.  The y-axis indicates the F0 value (Hz).       

NEinexp   A1-> A0

0

50

100

150

200

250

300

350

1 5 9 13 17 21 25 29 33 37 41 45 49 53 57

2 _202_2_2_0_mani1

2 _202_2_1_0_nime1

2 _202_2_3_0_noma1

9 _209_1_2_0_mani1

9 _209_1_3_0_mani1

9 _209_1_2_0_mene1

9 _209_1_3_0_mene1

9 _209_1_2_0_nime1

9 _209_1_3_0_nime1

9 _209_1_2_0_noma1

12 _212_4_1_0_mene1

12 _212_4_2_0_mene1

12 _212_4_3_0_mene1

12 _212_4_1_0_mani1

12 _212_4_2_0_mani1

12 _212_4_3_0_mani1

12 _212_4_1_0_nime1

12 _212_4_2_0_nime1

12 _212_4_3_0_nime1

12 _212_4_1_0_noma1

12 _212_4_2_0_noma1

12 _212_4_3_0_noma1

13 _213_3_1_0_noma1

13 _213_3_3_0_noma1

17 _217_3_3_0_mani1

17 _217_3_3_0_mene1

17 _217_3_2_0_nime1

17 _217_3_3_0_nime1  

NEinexp   A2-> A0

0

50

100

150

200

250

300

350

2 _202_2_2_0_mene2

2 _202_2_2_0_noma2

2 _202_2_3_0_noma2

4 _204_4_3_0_mene2

5 _205_1_1_0_nime2

5 _205_1_1_0_noma2

9 _209_1_1_0_mene2

9 _209_1_3_0_mene2

9 _209_1_2_0_nime2

9 _209_1_3_0_nime2

9 _209_1_1_0_noma2

9 _209_1_2_0_noma2

9 _209_1_3_0_noma2

10 _210_2_3_0_nime2

12 _212_4_1_0_mene2

12 _212_4_2_0_mene2

12 _212_4_3_0_mene2

12 _212_4_1_0_mani2

12 _212_4_2_0_mani2

12 _212_4_3_0_mani2

12 _212_4_1_0_nime2

12 _212_4_2_0_nime2

12 _212_4_3_0_nime2

12 _212_4_1_0_noma2

12 _212_4_2_0_noma2

12 _212_4_3_0_noma2

13 _213_3_2_0_mani2

13 _213_3_2_0_mene2

13 _213_3_1_0_nime2

13 _213_3_1_0_noma2

17 _217_3_2_0_mani2

17 _217_3_1_0_mene2

17 _217_3_2_0_mene2

17 _217_3_3_0_mene2

17 _217_3_1_0_nime2

17 _217_3_2_0_nime2

17 _217_3_3_0_nime2

17 _217_3_2_0_noma2

17 _217_3_3_0_noma2  



 88 

    

Figure Figure Figure Figure 3333....7777....    Misidentification Misidentification Misidentification Misidentification patterns, wherepatterns, wherepatterns, wherepatterns, where NEexp_A1 (top) & A2 (bottom)  NEexp_A1 (top) & A2 (bottom)  NEexp_A1 (top) & A2 (bottom)  NEexp_A1 (top) & A2 (bottom) werewerewerewere    

identified as A0.  identified as A0.  identified as A0.  identified as A0.      

Each line represents an utterance of a NEexp speaker which was misidentified.  The x-axis indicates 

the time-normalized points.  The y-axis indicates the F0 value (Hz). 
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 The next most common misidentification type for both learner groups was that A2 

accent was misidentified as A1.  There were 22 out of 98 cases of this for NEinexp speakers 

and 8 out of 55 cases for NEexp speakers.   As we see in Figure 3.8 and Figure 3.9, the F0 

peak in these misidentified utterances tended to occur earlier in the utterances, although not 

in every instance.  This pattern resembles the F0 pattern of A1 produced by native speakers, 

i.e., a pattern where the F0 peak is aligned with the accent bearing unit, i.e., in the vicinity of 

the first vowel.         

 

Figure Figure Figure Figure 3333....8888.  Misidentification patterns of NEin.  Misidentification patterns of NEin.  Misidentification patterns of NEin.  Misidentification patterns of NEinexp_A2 as A1.  exp_A2 as A1.  exp_A2 as A1.  exp_A2 as A1.   
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Figure Figure Figure Figure 3333....9999.  Misidentification patterns of NEexp_A2 as A1.  .  Misidentification patterns of NEexp_A2 as A1.  .  Misidentification patterns of NEexp_A2 as A1.  .  Misidentification patterns of NEexp_A2 as A1.   
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 The remaining misidentification type was when A1 accent was misidentified as A2.   

There were a few cases of this in each learner group, as shown in Figure 3.10 and Figure 

3.11.  This time the F0 peak tends to occur later in the utterances.  This pattern also 

resembles the F0 pattern of A2 as produced by native speakers, which shows the F0 peak 

aligned with the accent bearing unit, i.e., in the vicinity of the second vowel.       
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Figure Figure Figure Figure 3333....10101010.  Misidentification pattern.  Misidentification pattern.  Misidentification pattern.  Misidentification pattern of NEinexp_A1 as A2. of NEinexp_A1 as A2. of NEinexp_A1 as A2. of NEinexp_A1 as A2. 
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To summarize, having observed these patterns, what the two native listeners of 

Japanese were hearing in the learners’ productions seems to be something which is not 

random but which seems to be related to some systematic acoustic patterns of the F0.  More 

specifically, the two raters were using the information of the F0 peak location most in their 

decision.  This further indicates that the learners did not always have control over this aspect 

of F0 in their productions.  Hence, it is likely that this influenced the native speakers’ 

decision on the non-target-likeness of the learners’ productions.  Moreover, the frequency of 

the misidentification pattern where the accented targets are identified as unaccented suggests 

that producing the F0 contour shape of the A0 accent types might have been easier for the 

learners compared to the accented types.  Therefore, the learners might have been using the 

A0 pattern to mark the other two accent types because they were struggling to produce the 

accented patterns.  To investigate in more detail as to what the participants were producing in 

terms of the relevant acoustic correlates of Japanese lexical pitch accent, and to compare the 

learners’ productions with the native speakers’ productions, now let us move on the results of 

the overall F0 patterns.   
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3.5.2. Overall F0 patterns 

The following figures represent the overall F0 patterns of each participant, averaged 

over three repetitions of each test item.  Considering the speakers’ variability, the F0 values 

(Hz) on the time-normalized scale were converted into normalized F0 values.  In this study, 

as discussed above, Z-score transforms were used for normalizing the F0 values of each 

contour.  Figure 3.12 represents the F0 contours in the productions of native speakers of 

Japanese for the accent on the 1st syllable (A1), the accent on the 2nd syllable (A2) and the 

unaccented utterances (A0).  Each line indicates the average F0 contour of a speaker.  The F0 

values in each figure are not smoothed values.  By way of reminder, each segmental interval 

was divided into 10 time-normalized points, and thus, there were 60 points for each utterance, 

as shown on the x-axis.  As an overall tendency, the F0 patterns of A1 produced by NJ tend 

to have the peak followed by a fall in the first half of the plot, which corresponds to 

somewhere between the first vowel and the second consonant.  For A2, NJ’s F0 patterns 

show that the peak followed by a fall tends to be located in the second half of the plot, which 

corresponds to somewhere between the second vowel and the third consonant.  On the other 

hand, we do not see such a peak followed by a sharp fall in NJ’s F0 patterns for A0.  These 

overall tendencies agree with the previous findings on the productions of Japanese speakers.  

As for the degree of the F0 fall after the peak, in the NJ’s productions, the degree of fall for 
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the accented types (A1 and A2) seems to be observable and it seems that it is sharper for 

A2 than for A1.  Lastly, the range of the F0 contours for A2 and A0 seems to be slightly 

larger than for A1 in the NJ’s productions.   
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Figure Figure Figure Figure 3333....12121212.  The average F0 patterns of NJ individual .  The average F0 patterns of NJ individual .  The average F0 patterns of NJ individual .  The average F0 patterns of NJ individual speakers.  speakers.  speakers.  speakers.      

Each panel represents A1 (top), A2 (middle) and A0 (bottom).  The x-axis indicates time-normalized 

points.  The y-axis indicates normalized F0 values.   
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Figure 3.13 represents the F0 contours in the productions of the experienced learners 

(NEexp) for each accent.  Overall, the F0 patterns produced by NEexp look similar to NJ’s 

patterns, although NEexp’s patterns seem to show more variability in each accent type, for 

A2 and A0 in particular.  NEexp’s A1 pattern tends to show an earlier peak relative to whole 

utterances while NEexp’s A2 pattern seems to have a peak later peak relative to the whole 

utterances.  The general trend of NEexp’s A0 pattern is also similar to NJ’s A0 pattern.   

Nevertheless, the A2 pattern of NEexp 14 and the A0 pattern of NEexp 1 seem to be different 

from the F0 patterns of other learners, i.e., they seem to be similar to the general patterns we 

can generally see in the A1 productions.  The F0 peak locations for the accented targets (i.e., 

A1 and A2) in the NEexp’s productions appear slightly later than the peak locations in the 

NJ’s productions.  Some NEexp show a F0 peak followed by a fall for the unaccented targets 

(i.e., A0).  As for the degree of the F0 fall after the peak, NEexp show a similar tendency to 

NJ: in their productions, we can see a detectable F0 peak for the accented targets.  However, 

the degree of fall for A1 and A2 was slightly less steep than it was in the NJ’s productions.   

In addition, we can also detect a similar degree of fall for A0 to that for the accented targets 

in some of the NEexp’s productions while it was relatively flat in the NJ’s productions.  

Meanwhile, the ranges of the F0 contours for A2 and A0 were slightly wider than for A1.   
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Figure Figure Figure Figure 3333....13131313.  The average F0 patterns of NEexp individual speakers.  .  The average F0 patterns of NEexp individual speakers.  .  The average F0 patterns of NEexp individual speakers.  .  The average F0 patterns of NEexp individual speakers.      

Each panel represents A1 (top), A2 (middle) and A0 (bottom).  The x-axis indicates time-normalized 

points.  The y-axis indicates normalized F0 values. 
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Figure 3.14 shows the F0 contours in the productions of the inexperienced learners 

(NEinexp) for each accent.  What we see here is that the individual F0 patterns of NEinexp 

are much more diverse compared to NJ’s patterns, and also more diverse than NEexp’s 

patterns.  However, we should also notice that the general trend of NEinexp’s A0 pattern is 

not completely different from NJ’s A0 pattern while the F0 patterns of the accented types, i.e., 

A1 and A2 tend to show more diversity.  Additionally, the F0 patterns of some NEinexp 

speakers seem to resemble those of NJ speakers.  In the NEinexp’s productions, there do not 

seem to be large individual differences in the F0 peak location, particularly for A2.  The F0 

peak locations in the NEinexp’s productions seem to be later than those in the NJ’s 

productions, with more variance than in the NEexp’s data.  As for the degree of the F0 fall, 

we can detect some fall for the accented targets as well as for the unaccented targets in the 

NEinexp’s data.  Their ranges of the F0 contours for A2 seem slightly larger than for A1 or 

A0.   
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Figure Figure Figure Figure 3333....14141414.  The average F0 patterns of NEinexp individual speakers.  .  The average F0 patterns of NEinexp individual speakers.  .  The average F0 patterns of NEinexp individual speakers.  .  The average F0 patterns of NEinexp individual speakers.      

Each panel represents A1 (top), A2 (middle) and A0 (bottom).  The x-axis indicates time-normalized 

points.  The y-axis indicates normalized F0 values. 
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These figures for individual speakers give us a general overview of the overall F0 

patterns of each group.  Overall, the learners seem to show non-target-like F0 patterns in 

their productions of Japanese lexical pitch accent contrasts regarding the F0 peak location 

and the F0 fall.  In sum, native speakers of Japanese produced the F0 movements of each 

accent type as expected.  As an overall shape, the contours contained the F0 peak followed 

by a fall and the peak seems to align with the pitch bearing unit in the case of accented 

tokens.  Meanwhile, the learners’ overall F0 patterns do not seem to be completely different 

from the native speakers’ patterns.  At least some of the learners seem to produce their F0 

peak in a location similar to the native speakers.  Moreover, the overall patterns seem to 

show a F0 peak for the accented targets while not having a marked F0 peak for the 

unaccented targets.  It is also observable that the learners’ patterns become more similar to 

native speakers’ as a function of L2 experience.     

 

3.6. Discussion 

The question addressed in this section was whether or not the F0 profiles produced by 

English-speaking learners diverge from those produced by native speakers of Japanese.  The 

data showed that the learners’ F0 profiles do indeed diverge from the F0 patterns in the 
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native speakers’ productions.  The learners’ divergent F0 patterns in their imitations of 

Japanese pitch accent were compared with native speakers’ norms in terms of intelligibility 

scores and overall F0 patterns.  Both analyses revealed that native speakers of English 

produce significantly different F0 patterns from native speakers of Japanese.  The overall 

results also indicate that L2 experience played a role.  The more L2 experience the learners 

have, the more native-like their F0 profile becomes in producing pitch accent.    

The results of the intelligibility scores showed that the scores of the experienced 

learners were lower than those of the native speakers but better than those of inexperienced 

learners.  In other words, the two native speakers as the raters judged the productions of 

inexperienced learners as showing the most non-native-like patterns compared to the other 

two groups.  Although both groups of the learners did as well as the native speakers in 

producing the unaccented words (A0) in terms of the intelligibility scores, the analysis of the 

misidentification types indicated that learners tended to overuse the unaccented pattern.  The 

learners did worse in producing the words with the accent on the second syllable (A2) than 

the words with the accent on the first syllable (A1).  These results imply that the learners 

were struggling with producing the accented patterns, particularly A2.  If English-speaking 

learners do not know how to realize F0 curves for the accented patterns, it might have been 

easier for them to produce the unaccented pattern.  It may have been for this reason that the 
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learners tended to use the unaccented pattern more frequently, to compensate for their 

difficulty in producing the accented patterns.  It is also possible that as the words with A2 

accent type have the F0 peak somewhere in the middle of an utterance, this might have 

caused more problems for the learners to find out and/or aim for where the specific location 

of the F0 peak is.   

 The results of the acoustic observations of the overall F0 patterns showed that the 

native speakers of Japanese were making use of three characteristics of F0 shape (i.e., F0 

peak location, F0 fall and F0 range) in producing Japanese pitch accent.  On the other hand, 

English-speaking learners were not using these acoustic characteristics as much as the native 

speakers of Japanese, although it seems that the learners were trying to differentiate Japanese 

pitch accent in their own ways.  Although some learners indicated some similarities, the 

overall F0 patterns in the learners’ productions were non-target-like.  This divergence was 

found to be greater when L2 experience is more limited.  The learners seem to have 

problems in producing accented targets by phonetically realizing the location of F0 peak and 

the degree of F0 fall in their productions of Japanese lexical pitch accent.  This suggests that 

if English speakers are to achieve target-like productions, they may require more advanced 

learning.  To indicate the specific locations of the F0 peak of the target, or the rapid fall for 

the accented targets as well as to indicate the unaccented targets without such characteristics 
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may have been difficult for learners to learn, as it may be not salient enough to them or it 

may require more fine adjustment.  Hence, foreign accentedness in the learners’ productions 

was also revealed in phonetically realizing Japanese lexical pitch accent contrasts.    

 To conclude, this section provided the answer to the question of whether or not F0 

profiles produced by English-speaking learners diverge from those produced by native 

speakers of Japanese.  The data showed that the learners’ F0 profile was indeed different 

from native speakers’ F0 patterns in producing Japanese pitch accent.  The next question to 

be answered therefore was how specifically the learners’ F0 patterns diverge from the native 

norms.  This was reported in terms of both auditory measures (i.e., intelligibility scores) and 

descriptions of the overall F0 contours (i.e., F0 peak location, F0 fall and F0 range).  The 

results suggested that English-speaking learners become more convergent with the native 

patterns as they gain experience of L2.  Hence, English speakers of Japanese show foreign 

accentedness in the productions of Japanese lexical pitch accent.  We also found that the 

English learners of Japanese have difficulty in phonetically realizing the F0 pattern 

(regarding F0 peak location and F0 fall but not so much for F0 range) which is the acoustic 

correlate of the contrasts.  Now that we have found that the learners’ F0 profiles diverge 

from the native speakers’ profiles, we need to investigate further to answer the second 

question: what the potential factors behind such differences during L2 speech acquisition 
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could be.  In the next four chapters, three plausible factors are investigated in turn to 

provide the answer to this question.   

 

3.7. Summary 

In summary, this section provided evidence that native speakers of English produce F0 

profiles which are different from those of native speakers of Japanese, and that they show 

foreign accent.  They crucially differed from native norms with respect to F0 peak location 

and the degree of the F0 fall.  Moreover, it also showed that the learners’ productions of 

Japanese lexical pitch accent become less foreign accented and the learners’ F0 patterns in 

their productions seem to develop during the L2 acquisition as a function of L2 experience.     

 



 105 

4 Experiment 2: The ability to differentiate F0 

contours 

In Experiment 2, the issue of perceptual sensitivity is explored.  The question addressed here 

is whether or not adult L2 learners are lacking in perceptual sensitivity to the relevant 

phonetic property which is employed to signal L2 prosodic contrasts when this phonetic 

property also has a linguistic function in the learners’ L1.  More specifically, the following 

question is examined: whether or not native speakers of English will be able to hear the 

difference between the F0 contours in pairs which are extracted from Japanese disyllabic 

nonce words.   In a non-linguistic context, it can possibly allow us to examine learners’ 

ability to hear the differences between the F0 contours without linguistic information.  

Considering that F0 has the function of differentiating intonation patterns in English, it is 

less likely that native speakers will have lost their perceptual sensitivity to F0 movements.  

In this case, we expect that English-speaking L2 learners will be able to hear the difference 

between sounds which consist of F0 contour.  However, it is also possible that even though 

English speakers are sensitive to phonetic differences of F0 in Japanese lexical pitch accent 

contrasts, these phonetic differences may be masked by the linguistic information in a 

linguistic context.  For this reason, it seems profitable to investigate learners’ ability to 

differentiate the acoustic correlate of L2 contrasts, i.e., F0, where we could put the linguistic 
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information aside.  Hence, at this stage, we do not know whether it is plausible that 

perceptual sensitivity is a good indicator of L2 foreign accent in the case of Japanese lexical 

pitch accent acquired by native speakers of English.  To answer this question, a non-speech 

ABX task was carried out using audio stimuli which consisted of F0 contour extracts.    

 

4.1 Participants 

Total of 48 participants were tested to examine whether or not English speakers could hear 

the difference between F0 contours in pairs.  There were three groups: two learners groups 

(inexperienced and experienced) and a control group of native speakers of Japanese.    

 

4.2 Materials 

Audio materials for Experiment 2 were created from the recording of 12 disyllabic nonce 

words (4 words (mene, noma, mani and nime) x 3 accent types (A1, A2 and A0)) and a post-

positional particle mo (also) by a female Tokyo Japanese speaker.  To create audio materials 

for the non-speech stimuli task of this experiment, the speech stimuli were manipulated in 

such a way that only its F0 contour was extracted from the original recording of the speech 

stimuli.  This was done using PRAAT.  First, the visible F0 contour was extracted from each 

speech stimulus that was sampled at the interval of 0.01 sec.  Then, the resulting extracted 
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output was synthesized into a sound with phonation type by generating a glottal 

waveform from every point of the F0 contour.  As a result, each final output sounded like a 

buzzing noise with its duration equivalent to that of the original recording.   

 

4.3 Procedure 

An ABX task using these non-speech stimuli, i.e., F0 extracted stimuli, was conducted.  

Participants were tested individually in a sound-treated recording studio.  Sets of three audio 

stimuli were presented in a sequence at a time.  The set consisted of non-speech stimuli 

drawn from each of the three accent types of the same word type.  Two were of the same 

accent type, and either the first or the second stimulus would be presented again as the third 

stimulus.  The participants’ task was to judge for each set whether the last stimulus (X), was 

the same as the first (A) or the second (B).  For example, three non-speech stimuli 

corresponding to the F0 contours of mene(A1)mo, mene(A2)mo and mene(A1)mo were 

presented, and then, participants were to indicate whether the last stimulus, mene(A1)mo, 

was the same as the first stimulus, mene(A1)mo or the second stimulus, mene(A2)mo.   

Instructions were presented on a computer monitor in the recording booth.  

Participants listened to the audio materials through a pair of headphones and indicated their 

response by pressing the appropriate key on a keyboard.  When participants thought that the 
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last stimulus was the same as the first stimulus, they were asked to press the ‘A’ key, the 

leftmost key on the middle key of the keyboard, and when they thought that it was the same 

as the second stimulus, they were requested to press the ‘L’ key, the rightmost key.  These 

two keys were marked with stickers so that they were visibly clear.  After a practice, the 

main test was conducted.  Forty eight sets of F0 contour combinations were randomly 

presented over the headphones, i.e., 4 disyllabic nonce words x 3 accent types x 4 

presentation orders (ABA, ABB, BAA and BAB).   

The interval between each stimulus within a set was 0.70 sec.  The duration of the 

interval was based on findings in the literature.  Pisoni (1973) found that the inter-stimulus 

interval affected vowel discrimination accuracy.  For short vowels, between-category 

discrimination of short vowels was quite high and stable across the tested 5 intervals 

between 0 and 2.0 sec.  However, it was relatively higher between 0.25 and 0.5 sec.  Within-

category discrimination was maximum when the interval was 0.25 sec, and beyond 0.25 sec, 

it decreased with increases in the interval between the stimuli.  Pisoni interpreted these 

results suggesting that the duration indicates the processing time necessary for auditory 

recognition.  This suggests that the interval of 0.5 sec is the minimum interval for auditory 

recognition when both between- and within-category stimuli are considered.  Moreover, his 

data shows that between-category discrimination accuracy of short vowels is high regardless 
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of the intervals.  Meanwhile, within-category discrimination accuracy of short vowels 

falls to below 60 % when the inter-stimulus interval is between 0.5 and 1.0 sec.   This also 

implies that not only the auditory recognition but also more phonetic processing may play a 

role in hearing the differences between the pair stimuli as the interval becomes longer.  In 

our ABX task using the non-speech stimuli (Experiment 2), there was only between-category 

stimuli comparison.  However, we also conduced a step-wise ABX task which will be 

described in Chapter 6 where we examined the ability of within-category stimuli comparison 

as well as the ability of between-category stimuli comparison.  For this reason, both 

between- and within-category results of Pisoni were relevant to our study.  Considering the 

interval of 0.5 sec is the minimum for the auditory recognition and the interval of 1.0 is the 

maximum, the intermediate value, i.e., the value of 0.70 sec was selected as the inter-

stimulus interval for the task in Experiment 2 (and also the rest of the perceptual experiments 

and the presentation of the production stimuli reported in the other chapters).  In addition, as 

personal communications with a few participants during the pilot study, they reported the 

interval of 0.5 was too quick and that of 1.0 was too long to comfortably carry on the task.  

Meanwhile, the interval between each response and the presentation of the next stimulus was 

1.0 sec.  This duration was selected which was employed in the perception task in the 

literature such as Flege, Bohn and Jang (1997).  According to some feedback, it was a good 



 110 

pace for the participants who joined a pilot study of this study to carry on the task.      

 

4.4 Analysis & Results 

The percentage of correct responses of each participant was calculated and the means were 

compared among the three groups to investigate whether the performance of the two 

learners’ groups differed from native speakers of Japanese.  In general, all three groups 

performed quite well.  The average accuracy of the group of native speakers of Japanese was 

94.7% (SD = 0.80), that of NEinexp was 94.7% (SD = 0.71) and that of NEexp was 95.3% 

(SD = 0.49).  A two-way mixed design ANOVA was conducted in which Accent type (A1, 

A2 and A0) was the within-subject factor and Group (NJ, NEinexp and NEexp) was the 

between-subject factor.  No significant main effects or no interaction effects were found.  

Thus, the mean accuracy of the participants in hearing the difference between the pairs of F0 

contours was not significantly different among the three groups, although a ceiling effect 

could have masked a difference.  English speakers were able to hear the difference between 

F0 contours extracted from disyllabic nonce words like Japanese speakers, and they showed 

this ability regardless of their L2 experience.    

   



 111 

4.5 Discussion 

The results of Experiment 2 show that native speakers of English and native speakers of 

Japanese were able to hear the difference equally well between pairs of sounds created from 

the F0 contours which were extracted from disyllabic nonce words.  In other words, learners 

could hear the differences between F0 contours among the three accent types as well as 

native speakers could when the linguistic information of the F0 function was not presented.  

This means that English-speaking learners were not having a problem in hearing the acoustic 

differences in the F0 contours of the three accent types.  It is also worth mentioning that 

there was also no statistical difference between two learners groups as a function of L2 

experience.  Therefore, it is less likely that foreign accent stems from native speakers of 

English losing their sensitivity to detect the acoustic differences between F0 contours.  

Overall, it is not plausible to conclude that English speakers’ perceptual sensitivity to detect 

F0 contour differences has been lost as adult L2 learners and that this is what is reflected in 

their foreign accent when producing Japanese lexical pitch accent contrasts.  Therefore, this 

calls for further investigation in order to find an 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 differentiating the F0 contours was investigated as a 

source of foreign accent.  The question addressed here was whether or not native speakers of 

English as adult L2 learners could hear the difference between the F0 contours in pairs which 

were extracted from Japanese disyllabic nonce words when the cross-linguistic information 

of F0 function between Japanese and English is removed.  Based on the results of the non-

speech ABX task, native speakers of English seem to have high sensitivity to F0 contour 

differences just like native speakers of Japanese.  Hence, it seems reasonable to conclude that 

the ability to differentiate the F0 contours does not provide a plausible account for foreign 

accent.  This possibility is not tenable at least in the case of Japanese lexical pitch accent 

acquired by native speakers of English.  Although we found that English learners of Japanese 

do not seem to have a problem in acoustic perception as part of the input process of speech, 

this does not grant that these learners are able to articulate the F0 contours in a non-linguistic 

context as part of the output process.  It is possible that the learners are having a problem in 

articulating the F0 differences between the lexical items, and that difficulty is appeared as 

their foreign accentedness in their productions.  In the next chapter, the articulatory/motor 

issue is explored as an alternative account for foreign accent in L2 prosodic contrasts by 

focusing on the learners’ ability to articulate the F0 contours.   
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5 Experiment 3: The ability to articulate F0 

contours 

Let us now turn to the role of the learners’ ability to articulate the F0 contours in the L2 

productions.  The result of the ABX task using non-speech F0 contours revealed that English 

native speakers’ sensitivity to F0 contour differences is just as good as that of native speakers 

of Japanese.  This pattern was observed in both experienced and inexperienced learners.  

These results suggest that English-speaking learners were not having a problem in hearing 

the phonetic differences between the F0 contours in pairs when the stimuli are non-speech 

stimuli that consist of only the target F0 contours without cross-linguistic difference between 

English and Japanese.  Therefore, this excludes the possibility that their foreign accent is due 

to lack of ability in perceptually differentiating the F0 contours in a non-speech context; this 

ability was unrelated to English-speaking learners’ divergent F0 patterns of Japanese pitch 

accent which was revealed as foreign accent.    

If the learners are able to maintain perceptual sensitivity to a particular phonetic 

property (i.e., F0), what could be an alternative behind the divergent F0 patterns of English-

speaking learners from Japanese speakers’ norms?  We can examine learners’ performance 

more exhaustively by testing the same participants.  The next step is to investigate the 

possibility that the English native speakers have problems regarding their ability to articulate 



 114 

F0 contours.        

In this experiment, we will explore the possibility that articulatory/motor processes 

are associated with non-native patterns of the relevant acoustic correlates.  The general aim 

of Experiment 3 is to investigate whether the constraints of articulatory control or motor 

processes are making it difficult for adult L2 learners to phonetically realize the acoustic 

correlates of the target L2 prosodic contrasts, when this articulatory/motor aspect of the 

phonetic property is disentangled from its linguistic role.  Here we make use of the fact that 

F0 patterns such as F0 peak alignment and rapid F0 fall are found to be the acoustic 

correlates of Japanese lexical pitch accent contrasts (e.g., Hasegawa & Hata, 1992; Sugito, 

1982) whereas F0 patterns also mark intonation patterns in both Japanese and English (e.g., 

Beckman, 1986; Ladd, 1996).  Putting aside the cross-linguistic difference of the F0 function, 

the more specific question addressed here is whether or not native speakers of English will 

be able to articulate the different target F0 movements when they imitate target F0 contours 

which have been extracted from Japanese nonce words.  By removing the linguistic context 

from the Japanese nonce words, we consider that the linguistic function of F0 is excluded 

and thus, this allows us to examine the learners’ ability to articulate the F0 movements 

(simply considered as a motor process rather than for their linguistic function).  If the 

learners are able to articulate the different target F0 movements, the second question is 
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whether or not the F0 patterns in the productions of native speakers of English will 

diverge from those of native speakers of Japanese.      

 Now, let us consider possible outcomes.  Since native speakers of English use F0 

linguistically in their L1 in differentiating intonation patterns, it may be that English speakers 

will be able to articulate the F0 movement of target contours without any problems once the 

linguistic context is removed from Japanese pitch accent contrasts.  In addition, it is possible 

that their F0 patterns may show a similar pattern to native speakers of Japanese when they 

articulate the F0 movements without the linguistic information of pitch accent.  If this was 

case, we would be able to assume that native speakers of English do not have articulatory 

difficulty in producing F0 patterns whey they only have to imitate F0 movement of the target 

contours.  This would suggest that we can eliminate the possibility that articulatory/motor 

processes can account for non-native F0 patterns when native speakers of English produce 

Japanese pitch accent.   This would also leave more room for investigating further into other 

potential factors behind the non-target-like F0 profile of English speakers, such as factors 

which may be more directly related to the linguistic function of F0.    

On the other hand, it is also possible that the results may show that the F0 patterns of 

English speakers will differ from those of Japanese speakers.  It could be that articulation of 

F0 movements even without linguistic context may still require specific articulatory/motor 
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control for lexical pitch accent which could be different from the control used for phrasal 

differentiations (particularly because the source of the F0 contours is the lexical items).  

Alternatively, it could be that the target patterns are too difficult to achieve from the 

articulatory perspective as the articulatory requirements of F0 patterns in Japanese lexical 

pitch accent are very specific to Japanese pitch accent.  In this case, we may see some 

differences between experienced and inexperienced learners as a function of L2 experience.  

After having more practice with the phonetic realization of the different F0 patterns in 

Japanese through the learning process, the experienced learners may perform more similarly 

to native speakers compared to the inexperienced learners.  For these possible reasons, native 

speakers of English may or may not be able to articulate the differences of the F0 movement 

of target contours even in their own ways.  The learners may be distinguishing the three 

accent types of Japanese lexical pitch accent contrasts which are still different from the 

means in the native speakers’ productions; however, they seem to make distinctions within 

their means among the three accent types.  In such cases, this would imply that native 

speakers of English are experiencing articulatory difficulties in producing F0 patterns even 

without linguistic context.  If we could also show that such a problem was somehow related 

to their foreign accent, this would provide evidence for the possibility that articulatory/motor 

processes are a potential factor for explaining the divergence of the learners’ F0 patterns 
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from native speakers’ patterns.   

In order to test these possibilities, a non-speech imitation task was carried out, as 

described in the following sections.      

 

5.1 Participants 

The same 48 participants as the previous tasks were tested.  Recall that there were three 

groups: two learner groups (inexperienced and experienced) and a control group of native 

speakers of Japanese.  Due to time constraints, data from 24 participants (8 participants from 

each group) were randomly selected and analyzed.        

 

5.2 Materials 

Audio materials for this task were the same as those for Experiment 2: F0 contours were 

extracted from recordings of 12 disyllabic nonce words (4 words (mene, noma, mani and 

nime) x 3 accent types (pitch accent on the 1st syllable, pitch accent on the 2nd syllable and 

unaccented)) followed by a post-positional particle mo (‘also’), as uttered by a female 

speaker of Tokyo Japanese.   

As we saw in the materials for speech imitation task in 3.2.2, this speaker’s 

productions were recorded in a sound-treated recording studio at the Linguistics laboratory at 
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the University of Edinburgh.  The audio interface was MOTU 828 mkll Firewire using a 

hypercardoid microphone (AKG CK 98) and digitalized at a sampling rate of 48 kHz with a 

resolution of 16 bits.  Sonar 4 Studio Edition was used as a recording software programme.  

A list of the 12 test items was read aloud in a carrier phrase three times (the carrier sentence 

was, “Sumimasen ____mo kudasai.  (Excuse me but please give me ____ as well.)”).  

Subsequently, one of three repetitions of each item including the particle mo ‘also’ was 

edited to form the audio stimuli.   

In order to create audio stimuli for non-speech stimuli tasks, the speech stimuli were 

further manipulated in such a way that only the F0 contour was extracted from the original 

recording, and synthesized into sound using PRAAT functions.  First, the visible F0 contour 

was extracted from the original sound.  Then, the extracted F0 contour was synthesized into 

sound with the pulses algorithm.  Each final output sounded like a buzzing noise with its 

length equivalent to that of the original recording. 

All the audio materials were converted to a sampling rate of 22 kHz with a resolution 

of 16 bits using CoolEdit Pro 2.1 so that it matched the Sound Device Object Property in E-

Prime. 
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5.3 Procedure 

Participants were tested individually in a sound-treated recording studio.  The participants 

heard paired stimuli in a sequence through a pair of headphones and were asked to imitate 

the F0 movement of the first non-speech stimulus.  They were asked to do so by producing a 

Japanese vowel /a/ (the description on the monitor showed, a Japanese hiragana 

orthographic symbol, equivalent to /a/, in order to demonstrate the sound as part of the 

instructions).  Two stimuli were presented so that this task would have a parallel structure to 

the non-speech task in this study, i.e., the non-speech ABX task in Experiment 2.  They were 

allowed to make more than one attempt if they were not satisfied with their first attempt and 

if they did, the final imitation was used for the analysis.  Thirty-six pairs of F0 contours were 

randomly presented over headphones (4 disyllabic nonce words x 3 accent types x 3 

presentation orders (AB, BA, and either AA or BB)).   

The audio interface was MOTU 828 mkll Firewire using a hypercardoid microphone 

(AKG CK 98) and digitalized at a sampling rate of 48 kHz with resolution of 16 bits.  Sonar 

4 Studio Edition was used as a recording software programme.  Participants listened to the 

audio materials using a pair of Sennheiser eH2270 headphones.  A computer keyboard was 

used to indicate to proceed to the next stimulus by pressing the return key.  All the 

instructions were presented with E-Prime using a computer monitor facing the participants in 
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the recording booth.     

Participants were given a practice session prior to the main test.  In order for the 

participants to familiarize themselves with the non-speech imitation task, and to allow them 

more time to ask any questions, the duration of the practice session in this task was twice as 

long as that of the other tasks.   

After the participants produced their imitation of each stimulus, they were asked to 

press the space bar on the keyboard in order to proceed to the next pairs to be presented.  The 

inter-stimulus interval was again 0.7 sec.   

 

5.4 Analysis 

The analysis procedures for this task are basically the same as those for Experiment 1.  The 

recording of each participant was digitalized at a sampling rate of 48 kHz with resolution of 

16 bits.  The recording of each participant was segmented into smaller sound files.  This 

yielded 36 small sound files per participant, each of which contained one of 36 imitations of 

the target items, each with duration approximately 1.0 sec.  These sound files were then 

analyzed in terms of acoustic measures.  Annotation and acoustic analyses were performed 

using PRAAT.   

The segmentation was conducted manually by looking at the visual display of the 
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spectrogram and the oscillogram based on the criteria below.  With the aid of a PRAAT 

script written by Xu (2008), the acoustic measurements, which are described below, were 

obtained after segmenting each audio file.  As in the analysis of the production data in 

Experiment 1, to capture the overall F0 patterns, the following characteristics were again of 

particular interest for the purpose of this study: F0 peak location with respect to the onset 

and the offset of each non-speech imitation, F0 fall and F0 range.   

To observe the location of F0 peak in non-speech imitations, the time-normalized F0 

peak point was detected for each utterance.  The details of the time-normalization method are 

described in 3.4.3 in Chapter 3.  To compare the degree of F0 fall, the fall after the peak was 

observed.  Lastly, F0 range (i.e., the width of the normalized F0 contours) was compared 

among the groups.  The advantage for using both F0 range and maximum velocity is that the 

combination of these two values can potentially provide us a way to dynamically compare 

whether English speakers are able to produce a rapid F0 fall after the peak when they are 

imitating F0 movement alone.  This point is particularly relevant for analyzing the imitations 

of the non-speech stimuli as in these stimuli there are no segmental landmarks other than the 

onset and the offset of the utterance as a whole.  Without segmental landmarks as a cue to 

phonetically realize F0 patterns, it may be more difficult for both learners and native 

speakers of Japanese to aim at the target F0 peak under the non-speech imitation task than 
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the speech imitation task.  For this reason, it may be difficult to compare F0 patterns 

produced by English-speaking learners with those by native speakers of Japanese solely 

based on the F0 peak location.  In the following sections, we will describe the details of the 

acoustic interval criteria and those of each value.     

 

5.4.1 Acoustic interval criteria 

As in Experiment 1, the acoustic interval criteria used in the analyses followed the practical 

guide of Turk, Nakai and Sugahara (2006).  The spectrogram setting in PRAAT was set as 

‘view range’ of 0 – 8000 (Hz) and ‘dynamic range’ of 55 (dB).  Approximately a 1-sec 

window was used for placing general boundaries and the waveform was zoomed into 5-10 

ms for more fine-grained segmentation.  The segmentation points were located at the nearest 

zero-crossing point of the waveforms.   

The segmental boundary was placed based on spectral characteristics which can be 

easily detected in spectrograms.  All the imitation of the non-speech stimuli in Experiment 3 

was accompanied by the vowel /a/.  The onset of /a/ was marked where a clear glottal release 

occurred.  The offset of /a/ tended to end in creaky phonation (i.e., where glottal pulses are 

spaced irregularly with a very low F0).  When the utterance ended in creaky phonation, the 

last clear glottal cycle on the waveform was detected and the boundary was marked on its 
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zero-crossing point (Figure 5.1).  When the offset of /a/ did not end in creaky phonation, 

the boundary was placed on the zero-crossing point of the glottal cycle of the waveform 

which corresponded to the end of strong F2 (Figure 5.2).   Some of the utterances also ended 

in breathy phonation (i.e., where voiceless formant structures could be observed directly 

after the vowel formant structure).  In these cases, the offset of /a/ was marked at the end of 

voicing of the waveform and the voiceless formant structure was excluded (Figure 5.3).      

 

Figure Figure Figure Figure 5555....1111        Creaky phonation at the end of /a/ 

Creaky voice is marked as “c”.   

 
0                 1.000 
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Figure 5.2  Example of /a/ without creaky phonation ending 

 

 0                1.000 

 

Figure Figure Figure Figure 5555....3333    Breathy phonation at the end of /a/ 

Breathy voice was marked as “b”. 

 
0                 1.000 

    

 

5.5 Results 

Here we will present the overall F0 contour patterns produced by each individual speaker for 

each pitch accent types, focusing on F0 peak location, F0 fall and F0 range. 
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5.5.1 Overall F0 patterns 

The following figures represent the overall F0 peak patterns of each participant, which were 

averaged over three repetitions of each test item.  To reduce the speakers’ variability, the F0 

values (Hz) on the time-normalized scale were converted into normalized F0 values as in 

Experiment 1.  In addition, Z-score transforms were used for normalizing the F0 values of 

each contour.  Figure 5.4 represents the F0 contours produced by native speakers of Japanese 

for the non-speech stimuli created from the word with an accent on the 1st syllable (A1), the 

word with an accent on the 2nd syllable (A2) and the unaccented word (A0).  Each line 

indicates the average F0 contour of a speaker.   

 As an overall tendency, the F0 patterns in A1 non-speech produced by the NJ tend to 

have a peak followed by a fall within the initial part of the utterances.   The F0 patterns in A2 

non-speech seem to show a peak in the middle part of the productions.  Meanwhile, in the 

NJ’s A0 non-speech we see a relatively rising or a flat F0 pattern which does not contain 

such a peak followed by a rapid fall, unlike their patterns of A1 or A2.  In addition, the F0 

ranges for A2 and A0 seem slightly wider than for A1.  Hence, the F0 patterns in the NJ’s 

non-speech data seem to show similar patterns to the patterns that we saw in their speech 

data in Chapter 3.   
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Figure Figure Figure Figure 5555....4444.  .  .  .  The average F0 patterns of NJ individual speakers.   

Each figure represents the F0 patterns in the imitation of non-speech stimuli from A1 (top), A2 

(middle) and A0 (bottom).  The x-axis indicates time-normalized point.  The y-axis indicates 

normalized F0 values.   
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 Figure 5.5 represents the F0 contours produced by the experienced learners (NEexp) 

for the non-speech stimuli created from the word with each accent type.  Overall, the F0 

patterns produced by the NEexp look very similar to the NJ’s patterns, although the NEexp’s 

patterns seem to show slightly more diversity compared with the NJ’s patterns.  The F0 

patterns in A1 non-speech produced by the NEexp also tend to have a peak followed by a fall 

within the initial part of the utterances.   The F0 patterns in A2 non-speech seem to show a 

peak in the middle part of the NEexp’s productions.  Meanwhile, we see a relatively rising or 

a flat F0 pattern which does not contain such a peak followed by a rapid fall in the NEexp’s 

F0 patterns of A0 non-speech unlike their patterns of A1 or A2.  Meanwhile, the F0 range for 

A2 in the NEexp’s non-speech seems to be slightly narrower than in the NJ’s non-speech.     
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Figure Figure Figure Figure 5555....5555.  .  .  .  The average F0 patterns of NEexp individual speakers.   

Each figure represents the F0 patterns in the imitation of non-speech stimuli from A1 (top), A2 

(middle) and A0 (bottom).  The x-axis indicates time-normalized point.  The y-axis indicates 

normalized F0 values.   
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Figure 5.6 represents the F0 contours produced by the inexperienced learners 

(NEinexp) for the non-speech stimuli created from the word with each accent type.   The 

individual patterns of the NEinexp also seem to show a similar tendency to those of the NJ.  

The overall trend of their patterns show an earlier peak followed by a fall in the A1 non-

speech productions, a peak followed by a fall in the middle in the A2 non-speech utterances, 

and more or less flat patterns in the A0 non-speech.  However, the NEinexp’s patterns seem 

to show slightly more individual variations than the NEexp’s patterns.   The F0 peak locatios 

for the accented targets (i.e., A1 and A2) in the NEinexp’s non-speech appear to be slightly 

later than in the NJ’s non-speech.   In addition, the degree of F0 fall for A1 in the NEinexp’s 

non-speech seems to be steeper than in the NJ’s non-speech.   
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Figure Figure Figure Figure 5555....6666.  .  .  .  The average F0 patterns of NEinexp individual speakers.   

Each figure represents the F0 patterns in the imitation of non-speech stimuli from A1 (top), A2 

(middle) and A0 (bottom).  The x-axis indicates time-normalized point.  The y-axis indicates 

normalized F0 values.   
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These figures showing the individual speakers in each group provide us with a good 

overview of the overall F0 patterns of each group.  In sum, even in the non-speech imitations, 

the F0 patterns produced by the native speakers of Japanese indicated similar F0 patterns to 

those produced for imitation of the source words.  Overall, the Japanese speakers’ contours 

included a F0 peak followed by a fall for the non-speech imitations of F0 contours extracted 

from the accented word.  In addition, in the Japanese group, this F0 peak and fall seems to 

occur within the initial part of the utterances in the A1 non-speech, as in the original A1 

word with its accent on the first syllable, while in the case of the A2 non-speech imitations, 

the F0 peak and fall tends to occur in the middle of the productions (as in the original A2 

word, with its accent on the second syllable).  Meanwhile, both learner groups also seem to 

show this tendency in their non-speech productions.  However, the learners seem to show 

more individual differences in their F0 patterns than the native speakers.   Moreover, even in 

the non-speech imitations of the F0 contours, we also observed that the patterns become less 

diverged as a function of L2 experience, although the effect seems to be less strong than in 

the speech productions of Japanese pitch accent observed in Experiment 1.   
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5.6 Discussion 

The results of Experiment 3 showed that native speakers of Japanese produced acoustic 

differences in terms of F0 peak location, F0 fall and F0 range when they were imitating the 

target F0 contours alone, i.e., contours taken from the three accent types while excluding the 

linguistic function of F0.  The rationale behind the task was to remove the linguistic context 

so that we can put aside the cross-linguistic differences in the use of F0 between Japanese 

and English and test the participants’ ability to produce the acoustic correlates of Japanese 

lexical pitch accent more directly.  In the non-linguistic context (which in principle allows us 

to test specifically the articulation of F0 movements), the native speakers made use of all 

three of the F0 parameters.  This result agrees with the previous findings obtained in the 

speech productions of pitch accent in Japanese where the F0 peak tends to occur in accent 

location.   

In order to discuss the main question of this chapter, let us now consider in more 

detail how the English speakers performed in the non-speech imitation task.  The first of the 

two questions addressed in this chapter was whether or not native speakers of English would 

be able to articulate (or phonetically realize) the differences target F0 movements in a non-

linguistic context, i.e., where they had to imitate target F0 contours which were extracted 

from Japanese nonce words.  As we saw in Figure 5.4, Figure 5.5 and Figure 5.6 (which give 
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a general overview of the F0 patterns produced by the three groups), the average F0 

movements of the learners seem to show similar patterns to those of the native speakers 

across the three accent patterns, although the inexperienced learners show more individual 

diversity.  This seems to suggest that the learners were also making some acoustic 

differences in F0 patterns in imitating F0 contours depending on the accent type.  Based on 

the overall F0 patterns in their non-speech data, like the native speakers, both the 

experienced and the inexperience learners were also making use of all three F0 parameters to 

separate the accent types in their non-speech imitations.  However, the content of the F0 

parameters and their magnitude in the learners’ productions showed some differences 

relative to the native speakers’ productions.  The native speakers of Japanese seem to 

differentiate the accent types in the non-speech imitations in terms of F0 peak location and 

the degree of F0 fall but not so much F0 range.  The experienced learners showed similar 

productions in this respect.  Meanwhile, the inexperienced learners might have been making 

use of the degree of F0 fall in their non-speech to mark accent types.  This may be why the 

F0 fall in the inexperienced learners’ non-speech data for the accented target looked sharper 

than the native speakers’ non-speech data while more F0 fall tended to be detectable in the 

inexperienced learners even for the unaccented targets.   

The relevance of the overall patterns for the question is that they suggest it is not 
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impossible for native speakers of English learning Japanese to be able to phonetically 

differentiate F0 patterns in terms of the three F0 parameters, when the linguistic function of 

F0 is removed.  From this point, we are warranted to say that the learners do not seem to 

have so much difficulty in articulating F0 patterns in terms of these F0 parameters.  

Nevertheless, we should also note that the results also showed some differences between the 

learners’ productions and the native speakers’ productions, with more variability in the 

learners’ data.  Hence, it seems that English learners of Japanese have some problems in 

articulating F0 contours in Japanese lexical pitch accent, and it is possible that these 

differences might have contributed to the non-target-like productions of the learners.   

Interestingly, even though this was a non-speech task, the results also revealed a role 

for L2 experience in terms of the overall F0 patterns.  The results suggest that although the 

native speakers of English diverge in their non-speech imitations from the native speakers of 

Japanese in the early stage of L2 acquisition, the performance of the native speakers 

becomes more similar to that of the native speakers of Japanese as a function of L2 

experience.  This implies that some acoustic characteristics which are involved in the F0 

patterns in Japanese speakers’ productions are more difficult than others for native speakers 

of English to phonetically realize.  These results imply that it may be more difficult for 

English-speaking learners to articulate acoustic differences between F0 patterns (such as how 
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early or how late the F0 peak occurs, or how much F0 movement there is between the F0 

peak and a valley, at least compared to how rapid the F0 peak movement is).  It may perhaps 

require more motor control or subtle timing of articulatory movements in order to articulate 

target-like F0 peak location and F0 range, compared to the articulation of target like F0 

maximum velocity.  Moreover, the results suggest that as learners gain L2 experience, they 

can also learn to articulate phonetic differences between the three accent types in a way that 

is increasingly similar to the native speakers.  This also implies that English-speaking 

learners may have an articulatory or motor control problem which may require more practice 

in imitating the F0 movements, especially in the initial stage of L2 learning.  Since the 

linguistic function of F0 was controlled in the non-speech imitation task, the results seem to 

suggest that English-speaking learners have to learn to phonetically realize the target F0 

patterns, which may involve articulatory demands which are specific to Japanese.  Such 

articulatory or motor control difficulty might, in turn, partially contribute to the non-target-

like F0 patterns in the learners’ speech productions of Japanese pitch accent contrasts.  This 

implies that the learners’ articulatory ability is more closely related to their F0 profile in their 

speech productions as they gain more practice in L2.  Hence, the non-target-like F0 profile in 

the productions of the learners can be explained by their ability to produce the F0 

movements which yield the target pitch accent contrasts.  At the same time, this does not 
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exclude the possibility of other factors such as the difficulty in their ability to categorize 

the target L2 contrasts.   

Lastly, we should also note that in the absence of segmental landmarks, it might 

have been difficult not only for learners but also for native speakers to imitate the F0 

movement of F0 contours.  This might also have led to the inexperienced learners’ difficulty 

in targeting the native-like F0 peak location.  It is also possible that measuring the F0 peak 

points only from 10 time-normalized points on the F0 contours might have caused some 

errors in comparing the group means or even individual variability within each group.  This 

might also have been reflected in the inexperienced learners’ slightly divergent F0 peak 

alignment patterns.  Nevertheless, this seems to be not fatal to the points that have been 

discussed so far.   

 To conclude, it seems possible that when the linguistic function of F0 was discarded 

from the original nonce words, native speakers of English were capable of articulating the 

differences in F0 movement for the target F0 contours of non-speech stimuli, when observed 

in terms of F0 peak location, F0 fall and F0 range.  However, it was also found that there are 

some differences between the patterns produced by the learners and the patterns produced by 

the native speakers of Japanese.  Interestingly, the performance of the learners does seem to 

have been influenced by their L2 experience even for this non-speech task: the F0 patterns 



 137 

produced by the experienced learners were more similar to the native speakers of 

Japanese than were the F0 patterns produced by the inexperienced learners.  What these 

results revealed, therefore, is that it is hard to exclude the possibility that the non-target-like 

F0 patterns in learners’ speech productions comes from learners having articulatory or motor 

difficulties in producing the required F0 movements in the target contours.  It seems 

therefore that there may be articulatory settings which are specific to the F0 parameters in 

the phonetic realization of Japanese pitch accent, and which therefore need to be learned 

during acquisition in order for the learner to be able to distinguish Japanese pitch accent 

contrasts.  This also suggests that the learners’ articulatory ability may improve with L2 

experience.  Importantly, the results also suggest that the learners’ ability to produce the F0 

movements in this articulatory or non-speech task seems to play some role in explaining the 

F0 profile of their speech productions.  At this stage, it is still too early to draw wide-ranging 

conclusions, as the tasks involved articulatory ability where the cross-linguistic function of 

the acoustic correlate of F0 was controlled, so that the learners’ articulatory ability was 

investigated in a non-linguistic context.  Therefore, in order to investigate the issue further, 

we still need to examine learners’ ability in a linguistic context where the ability to translate 

the shape into a linguistically meaningful unit.  This is particularly worth pursuing, given 

that the overall F0 patterns in the non-speech productions of the native speakers of Japanese 
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seem to show some resemblance to the same parameters in their speech productions, 

while this tendency among the native speakers of English was less so (and varied according 

to L2 experience).   

 

5.7 Summary 

In Experiment 3, the issue of articulatory/motor processes was explored as a possible means 

of accounting for the non-target-like F0 patterns in English-speaking learners’ productions of 

Japanese pitch accent.  The first question addressed in this task was to investigate whether 

native speakers of English were able to articulate or phonetically realize the F0 movement of 

target F0 contours of Japanese disyllabic nonce words in a non-linguistic context.  The 

second question addressed in this task was to investigate whether F0 patterns produced by 

native speakers of English diverge from the patterns which were produced by native speakers 

of Japanese.  The results of the non-speech imitation task show that English-speaking 

learners did tend to produce acoustic differences in terms of the three F0 parameters to 

distinguish the F0 patterns of the accent types.  However, the patterns of how the learners use 

these F0 parameters did diverge from the patterns produced by native speakers of Japanese, 

particularly the inexperienced learners.  Moreover, the F0 patterns for the non-speech 

productions of the experienced learners appeared to show more overlap with the F0 values 
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for their speech productions compared to the inexperienced learner group.  Such 

difference might be reflected as the non-target-like F0 patterns of English-speaking learners’ 

speech imitations observed in Experiment 1.  This difference may also reflect learners’ 

difficulty when native speakers of English are acquiring Japanese lexical pitch accent 

contrasts.  Thus, the possibility that articulatory/motor control problems may be a factor 

which contributes to the perception of foreign accent leaves some room for further 

discussion.  In the next chapter, the issue of categorization ability (something which can 

allow us to look at an aspect of the ability in a linguistic context), is investigated as a means 

of understanding further the potential factors behind foreign 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 F0 profiles produced for Japanese pitch accent by 

English-speaking learners diverged from the profiles produced by native speakers of 

Japanese.  The F0 patterns in the learners’ productions differed from the native speakers’ 

patterns in terms of intelligibility scores and F0 peak location or the degree of the slope of F0 

contours in the overall shape.  To investigate the factor(s) which may lie behind such 

divergent F0 patterns, we first examined learners’ ability to differentiate the F0 contours 

from canonical tokens of Japanese pitch accent contrasts as non-speech stimuli (in Chapter 

4).  The results showed that these English-speaking learners were able to hear the difference 

between the target L2 contrasts and to predict the membership of the target L2 categories 

equally well as the native speakers of Japanese.  This tells us that the English-speaking 

learners are not completely lacking in perceptual sensitivity towards the key acoustic 

correlate of Japanese lexical pitch accent (i.e., F0), something which is required as part of the 

input process requirements to be able to produce target-like productions.  In Chapter 5, we 

investigated the learners’ ability to articulate the pitch contours, using a non-speech imitation 

task.  The results showed that the English-speaking learners diverge from the Japanese native 

speakers in their non-speech imitations.  This outcome suggests that the learners have a 
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problem in articulating the key acoustic correlate of Japanese lexical pitch accent as part 

of the output process requirements to achieve target-like productions.  However, we also 

need to take into consideration another requirement which learners must meet in order to 

achieve unaccented productions in their L2; the internal mechanism which connects the input 

process and the output process.  More specifically, we are interested in learners’ ability to 

categorize target L2 contrasts, and even more specifically, we think of categorization ability 

as being decomposed into three elements: linguistic perception, categorization and lexical 

assignment.  We found in Chapters 4 and 5 that the English learners of Japanese do not have 

an acoustic perception problem but have an articulation problem.  However, from what we 

found in Chapters 4 and 5, we still do not know whether or not the English learners of 

Japanese also have problems in the abilities involved in the internal mechanism that connects 

the input and the output process, and if so, whether or not this problem is related to their 

foreign accented production of Japanese lexical pitch accent.  Therefore, these are the issues 

of interest in this chapter.    

In the existing literature, the ability to categorize target L2 contrasts has been 

discussed as a potential interaction between learners’ speech perception and a problem in the 

mental representation of L2 speech.  The definition of what is meant by this categorization 

ability varies from study to study.  However, for our purposes, it is defined here as the ability 
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to perceptually differentiate Japanese pitch contrasts in a way which involves three 

abilities: (1) the ability to hear differences between the L2 contrasts (linguistic perception), 

(2) the ability to categorize the L2 contrasts (categorization) and (3) the ability to assign L2 

categories to lexical items (lexical assignment).  To be able to categorize L2 contrasts, the 

learners need to associate phonetic information with L2 categories.  Hence, this potentially 

requires phonetic representation of Japanese lexical pitch accent categories.  To be able to 

lexically assign the L2 category, the learners need to lexically associate an item with the 

corresponding L2 category.  Thus, this potentially requires lexical-phonological 

representation of Japanese lexical pitch accent categories.  Moreover, these three 

decomposed abilities are related to each other.  To be able to categorize L2 contrasts, first, 

the learners need to be able to hear phonetic differences between the L2 contrasts.  In 

addition, to be able to lexically assign the L2 category, the learners need to have phonetic 

representations of the target L2 categories.   

The aim of this chapter is to address whether or not foreign accent involves a 

problem in the internal mechanism that connects the input and the output process of speech 

production.  We intend to achieve this by investigating the learners’ ability to categorize 

Japanese lexical pitch accent contrasts (where categorization is decomposed into the three 

abilities mentioned above, linguistic perception, categorization and lexical assignment) as a 
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determinant factor for non-native-like productions.  This will allow us to shed light on 

the question of whether or not the interaction between the learners’ speech perception, 

phonetic representation and lexical-phonological representation of Japanese lexical pitch 

accent is a source of their foreign accentedness.  Although it may not be possible for us to 

directly test this interaction or their mental representations directly, it is possible to test 

learners’ perception ability, and to indirectly investigate their phonetic representation or 

lexical-phonological representation problems by testing related abilities.  More specifically, 

we are interested in whether or not the problem lies 1) in hearing the phonetic difference 

between the representative members of the target L2 categories; 2) in categorizing tokens 

into the target L2 categories; or 3) in assigning the target L2 categories to lexical items.  

Three perception tasks were conducted: an ABX task using canonical tokens, an ABX task 

using a continuum, and thirdly a label assigning task.   

The first perception experiment (an ABX task) uses canonical tokens of Japanese 

lexical pitch accent contrasts.  This will allow us to diagnose their linguistic perception on 

whether or not the learners are able to hear the phonetic difference between the tokens and to 

classify the target item into the L2 category based on similarity judgments.  The second 

perception experiment (another ABX task) uses stimuli on the relevant continuum.  This 

experiment additionally allows us to test the learners’ categorization ability on whether or 
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not the learners have formed the target L2 categories.  This could reflect their phonetic 

representation of the L2 categories since the learners need to learn to associate the relevant 

phonetic information with the L2 categories.  The third perception experiment involves 

assigning labels to the tokens.  This experiment further provides us with a means to examine 

their lexical assignment ability on whether or not the learners have problems in assigning 

categories to lexical items.  This ability could reflect the lexical-phonological representations 

of the L2 categories since the learners need to learn to the arbitrary connection between each 

lexical item and the L2 categories in order to fulfill this task.  

These three perception tasks importantly tap different aspects of categorization 

ability.  In the ABX task using canonical tokens, the participants hear three representative 

members and judge the third token was the same as which one of the first two tokens 

representing the two target L2 categories.  To be able to do the ABX task using canonical 

tokens, the learners have to be able to hear the phonetic difference between the target L2 

categories.  In the ABX task using a continuum, the participants hear two endpoints of a 

continuum which represent the two target L2 categories, followed by one of a stimulus on 

the continuum, and categorize the third stimulus into the L2 categories.  To be able to do the 

ABX task using a continuum and show target-like responses, the learners need to have 

formed the L2 categories of the target contrasts.   In the label assigning task, the participants 
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hear one canonical token and allocate the corresponding diacritic as a label to each 

lexical item.  In addition to hearing the phonetic difference between the L2 categories and 

having formed the L2 categories, to be able to do the label assigning task, the learners (as 

well as native speakers) need to learn a novel diacritic system and assign L2 categories to 

lexical items by learning the arbitrary connection between lexical items and the L2 

categories.     

It is possible that learners have problems in hearing the phonetic difference between 

the canonical tokens or the endpoint stimuli of the target contrasts that are the representative 

members of the target L2 categories.  Even if the learners do not seem to have problems in 

hearing the difference between the canonical tokens, they may still have problems in 

categorizing the intermediate stimuli on a continuum.  This might be because the learners 

have not formed the target L2 categories at all, or because although they have partially 

formed the L2 categories these categories may nevertheless overlap each other due to the 

relation between the L2 categories and the phonetic information not being fully learned.  It is 

also possible that these partially formed L2 categories overlap with L1 categories.  Hence, 

this task has a potential to provide us with a diagnosis of the learners’ phonetic 

representation problem of the L2 categories.  Meanwhile, if the results of the ABX tasks 

show that learners don’t have such a problem, but if at the same time they have a problem in 
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the labeling task, this may suggest that their problem lies in assigning L2 categories to 

the target lexical item.  This could reflect that they have not learned, or have not fully 

learned, the association between the L2 categories and the lexical items.  Alternatively, the 

reason why they fail to do the labeling task might be problems in learning the labels.  As a 

further alternative, it might be a combination of both.   

Since there are no explicit labels for Japanese lexical pitch accent, the labeling task 

is new even to the native speakers of Japanese.  Despite this, a pilot study showed that 

Japanese speakers performed relatively well in learning the novel diacritic system and 

choosing the labels that matched the target category.  Meanwhile, the experienced learners 

performed better and also closer to the performance of native speakers than the less 

experienced learners.  As native speakers of Japanese also had to learn the diacritics, the 

results of the pilot study imply that the group difference could be attributed to the difficulty 

in allocating the L2 categories to each lexical item.  Native speakers can be expected to have 

formed the categories of the target contrasts and to have fully developed phonetic 

representation and lexical-phonological representation, whereas learners have to learn to 

form the native-like categories and develop these representations as they learn the L2.  

Hence, the label assigning task has potential for testing the learners’ problem which is related 

to lexical-phonological representation of the L2 categories.    
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In this chapter, we aim to answer the following questions: 1) whether or not 

native speakers of English are able to hear the difference between canonical speech tokens of 

Japanese lexical pitch accent categories and to classify the target item into the correct L2 

category; 2) whether or not native speakers of English are able to hear the difference 

between the stimuli on a F0 peak alignment continuum of Japanese lexical pitch accent 

contrasts and categorize each stimulus into the target L2 category; 3) whether or not native 

speakers of English are able to learn a novel labeling system for Japanese lexical pitch accent 

like native speakers of Japanese and to assign a label to canonical tokens of Japanese lexical 

pitch accent contrasts.  By answering these three questions, we intend to address: whether or 

not the problem lies 1) in hearing the phonetic difference between the members of the target 

L2 categories; 2) in categorizing the target L2 categories by associating the phonetic 

information with the target L2 categories; or 3) in assigning L2 categories to lexical items by 

learning the connection between the category and the item.   

First we will explain the details of each of the three tasks: ABX task with canonical 

tokens, ABX task with 7 step stimuli on a continuum, and labeling assigning task.  We will 

then report the results of each task, and finally, we will discuss the findings of these tests of 

categorization ability in relation to foreign accent.   
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6.1 ABX task with canonical tokens 

First, we carried out an ABX task using canonical tokens to investigate whether or not the 

learners are able to hear the difference between the tokens and to classify the target item into 

the L2 category. 

 

6.1.1 Participants 

The same 48 participants who took the previous tasks were tested.  They belonged to the 

same three groups as before: two learner groups (inexperienced and experienced) and a 

control group of native speakers of Japanese.   

 

6.1.2 Materials 

Audio materials for this ABX task were the same as the materials used in the production task 

described in 3.2.2.  The audio materials were created from the recording of 12 disyllabic 

nonce words (4 nonce words (mene, mani, nime &  noma) x 3 accent types) and a post-

positional particle mo (also), all produced by a female Tokyo Japanese speaker.  There were 

48 stimuli (12 nonce words x 4 presentation orders (ABA, ABB, BAA and BAB).  Her 

productions were recorded in a sound-treated recording studio at the Linguistics laboratory at 

the University of Edinburgh.  The audio interface was MOTU 828 mkll Firewire using a 
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hypercardoid microphone (AKG CK 98) and digitalized at a sampling rate of 48 kHz 

with a resolution of 16 bits.  Sonar 4 Studio Edition was used as a recording software 

programme.  This was the case for all recordings.  A list of the 12 test items was read aloud 

in a carrier phrase (i.e., Sumimasen ____mo kudasai  (Excuse me but please give me ____ as 

well)) three times.  Subsequently, one of the three repetitions of each item including the 

particle mo ‘also’ alone was edited to form audio stimuli.  All the audio materials were 

converted to a sampling rate of 22 kHz with a resolution of 16 bits using CoolEdit Pro 2.1 so 

that it matched the sound file specification in E-Prime.   

 

6.1.3 Procedure 

Participants performed the task individually in a sound-treated studio.  The participants heard 

three audio stimuli, A, B, and X, in that sequence through a pair of headphones.  Stimuli A 

and B were always canonical speech tokens, and X was identical either to A or to B.  Thus, 

the participants’ task was to tell if the last stimulus (X) was the same as the first stimulus (A) 

or the second one (B) by pressing one of two keys on a keyboard.  They were asked to guess 

if uncertain.  The stimuli were presented in random order.  Once the participants pressed the 

key on the keyboard to indicate their decision, the next set of stimuli were presented.  The 

inter-stimulus interval was 0.7 sec as in the previous tasks.       
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6.1.4 Results 

The mean percentage and standard deviation of correct responses was calculated for the three 

groups are given in Table 1.     

 

Table Table Table Table 6666....1111....The mean percentage of times that the participantsThe mean percentage of times that the participantsThe mean percentage of times that the participantsThe mean percentage of times that the participants    matched the 3matched the 3matched the 3matched the 3rdrdrdrd stimulus  stimulus  stimulus  stimulus 

to the correct to the correct to the correct to the correct membermembermembermember of the AB pair of the AB pair of the AB pair 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 main effect of Group was not significant [F 

(2, 42) = 1.20, p = 0.31].  Hence, there was no evidence of any difference in hearing 

differences between pitch accent contrasts in either learner groups.   

 

6.1.5 Discussion 

The result suggests that English-speaking learners do not differ from native speakers in 

hearing differences of canonical tokens of Japanese lexical pitch accent contrasts.  These 

learners are able to hear the phonetic difference between the target contrasts when the stimuli 
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are representative members of the L2 categories.  Thus, this implies that the learners’ 

divergent F0 patterns cannot be attributed to their ability to categorize the target contrasts.   

We should note that the skewness and kurtosis of the distributions of the NJ group 

indicated that there may have been a ceiling effect (-1.23 and 1.64 respectively).  Hence, this 

seems to suggest that the task was too easy for the native speakers, and this may be why the 

difference between the native speaker group and the two learners’ groups was found to be 

statistically non-significant.   

 However, it is possible these learners may have problems in a perception task where 

they have to hear the difference between and predict membership of more diverse stimuli 

regarding the relevant acoustic information that distinguishes the target L2 categories than 

can be captured using this task.  Responses to such task could reflect whether or not the 

learners have learned to form the target L2 categories by associating the relevant phonetic 

information with the L2 categories.  For this reason, the learners’ categorization ability was 

tested further with an ABX task using 7-step stimuli where they have to categorize whether 

the target stimulus belongs to the category A or B, and 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 native speakers, learners seems to have two 

options; either to compute the similarities 1) by comparing the target stimulus with the 

presented stimuli using their working memory, or 2) by comparing the target stimulus with 

their phonetic representations of the L2 categories.  However, since computing similarity 

judgments places a heavy load on learners, which may limit their working memory capacity, 

they may either be forced to rely on the second option i.e., to use their phonetic 

representations, or else they may fail to categorize the target stimulus at all (since they may 

not have formed target-like L2 categories).  This may possibly be because the learners have 

not formed the target L2 categories at all, or because although they have formed the L2 

categories these categories overlap each other due to poor association between the phonetic 

information and the L2 categories.  Hence, a step-wise ABX task seems to provide us with a 

way of testing the learners’ phonetic representation problems.   

 To investigate whether or not the learners are able to hear the difference of the 

stimuli and categorize Japanese lexical pitch accent categories like native speakers, we 

compared the response patterns of the two learner groups with the pattern of the native group.  

First, we investigated whether or not the learners show a native-like categorical function in 

their responses to the step-wise ABX task.  If they do not show a categorical function, this 



 153 

may indicate that the learners could only predict the membership of the representative 

members (as indicated by the results of the ABX task with canonical tokens) but not that of 

the stimuli in the boundary areas.  Alternatively, it is possible that some learners who cannot 

show any indication of a categorical function.  In this case, these learners may not have 

learned that there are Japanese lexical pitch accent categories.  If they show a categorical 

function, we could infer that the learners are able to categorize the L2 categories based on 

their interlanguage categories.   

 Then, to compare the patterns of the learners with the native speakers further, we 

will analyze the location of the categorical boundary and the degree of slope in the pattern of 

a categorical function.  The categorical boundary indicates the boundary area between the 

categories.  In the case of native speakers, the categorical boundary is located somewhere 

between the two endpoint stimuli of the response pattern.  Since the learners are learning the 

association between the relevant phonetic information and the L2 categories, it is possible 

that the categorical boundary in the learners’ responses may occur in a different location 

from the native speakers’ responses.  The degree of the slope suggests how sharp the 

distinction between two categories is.  The sharper the slope in a categorical function is, the 

more seperate the two categories are.  For the same reason as the categorical boundary, 

learners may show a shallower slope, which would indicate that the categories that they may 
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have formed are overlapping each other.   

 

6.2.1 Participants 

The same 48 participants who took the previous tasks were tested, in the same three groups: 

two learner groups (inexperienced and experienced) and a control group of native speakers 

of Japanese.   

 

6.2.2 Materials 

Audio materials for this ABX task were created by using one recording of mene (A1) tokens 

accompanied by a post-positional particle mo (also), produced by a female speaker of Tokyo 

Japanese.  This recording was one of the canonical tokens used in the ABX task with 

canonical tokens.  By manipulating the F0 peak alignment of the menemo (A1) token, 7 step 

stimuli on a F0 peak continuum were created.  This time, the first two stimuli among the 

three were always either one of the end point stimuli on the mene (A1)-mene (A2) continuum 

followed by one of the seven stimuli on the continuum.  There were 70 stimuli (7-step 

stimuli x 5 repetitions x 2 presentation orders (ABX and BAX).  The details of the F0 peak 

manipulation are as follows.     

 A 7-step F0 peak continuum was created by shifting the location of the F0 peak 
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alignment of the menemo(A1) token, where each end has its F0 peak either at the 

midpoint (50%) of the first vowel (V1) or the midpoint of the second vowel (V2).  These 

values were selected based on a pilot study which showed that in the initial accented 

disyllabic words, the F0 peak occurred somewhere between 42% of V1 and the offset of 

C2/the onset of V2: in the case of words with pitch accent on the second syllable, it occurred 

somewhere in the range from 57% of V2 and up to 29% of the following syllable (the 

Japanese particle “mo”)1.  Then, 7 steps calculated from the log values were created by 

shifting the pitch contour of the A1 token horizontally towards the A2 target based on the 

calculated F0 peak location while fixing both ends of the F0 contour.  Overall, the stimuli 

created in this manner sounded more natural than the reverse case, where the F0 contour of 

the A2 token was shifted horizontally towards the A1 target (see Diagram 6.1).  Generally 

speaking, the stimuli created by shifting the entire F0 contour without fixing the ends and 

without changing the contour itself also sounded less natural compared to the selected 

method.  When shifting F0 peak location, all the stylized points apart from the two end 

points were shifted rightward horizontally.  In addition, a few stylized points next to the end 

                                                

1 The recordings of the pilot study were segmented and the F0 trajectory was time-normalized using 

the MOMEL script (Hirst & Espesser, 1991) with a modification of the Praat implementation by 

Remijsen (2004).  The MOMEL script automatically detects the F0 turning point of the contour.  Thus, 

it allows us to find where the F0 peak alignment occurs in each utterance relative to the segmental 

landmarks.   
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points were adjusted if necessary so that the contour would fit within the two end points 

and did not create another peak.  During this process, the degree of the slope between the F0 

peak and the following valley was preserved in its original shape as much as possible and 

modified as little as possible.  Hence, it was not only the location of the F0 peak which was 

manipulated in the stimuli used in this task, but also the degree of the slope after the F0 peak 

was slightly modified.  Each log value and absolute value of F0 pitch peak location referring 

to the absolute time scale is provided below (see Table 6.2).   

 

Diagram Diagram Diagram Diagram 6666....1111  Schematic illustration of the 7  Schematic illustration of the 7  Schematic illustration of the 7  Schematic illustration of the 7----step stimuli.  step stimuli.  step stimuli.  step stimuli.   
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Table Table Table Table 6666....2222.  Log value and absolute value of the location of the F0 peak alignment for .  Log value and absolute value of the location of the F0 peak alignment for .  Log value and absolute value of the location of the F0 peak alignment for .  Log value and absolute value of the location of the F0 peak alignment for 

each step.each step.each step.each step. 

The absolute time “0” indicates the onset of each sound file.   

 

 Step1 step2 step3 step4 step5 step6 Step7 

Log -1.715 -1.503 -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 F0 peak location was manipulated, the stimuli were synthesized with the 

PSOLA method (Pitch-Synchronous Overlap and Add) in Praat.  The naturalness of the 

audio stimuli was verified with five native speakers of 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 sound-treated studio.  The participants heard three 

audio stimuli, A, B, and X, in that order using a pair of headphones.  Then, the task was to 

state whether the last stimulus (X) was the same as the first stimulus (A) or the second one 

(B) by pressing one of two keys on a keyboard which were clearly indicated with stickers.  

They were asked to guess if uncertain.  The stimuli were presented in random order.  Once 

the participants pressed the key on the keyboard to indicate their decision, the next set of the 

stimuli were presented.  The inter-stimulus interval was 0.7 sec, the same as the previous 
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experiment.   

 

6.2.4 Results 

Here is a brief overview of the result of the step-wise ABX task.  To investigate whether or 

not the learners are able to predict membership of Japanese pitch accent categories like 

native speakers, we compared the response patterns of the two learner groups with the 

pattern of the native group.  First, we investigated whether or not the overall responses to the 

stimuli of the learners show a native-like categorical function in the responses.  Since the 

two learner groups did show a categorical function in a similar direction to the native 

speakers but differences in the intermediate stimuli, we then report the location of the 

categorical function and the degree of the slope of their response patterns.  In addition, there 

were eight participants (mainly from among the inexperienced learners) who did not show a 

categorical function.  Their patterns will be reported and the results of the step-wise ABX 

task will be revisited without these participants. Revisiting the results after excluding these 

non-categorical participants resulted in the inexperienced group showing slightly more 

native-like categorical function than their initial pattern.      

The mean percentage and the standard deviation of A1 responses over the 7-step 

stimuli to each step for the three groups are presented in Figure 6.1.  Larger percentages 
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indicate that the stimulus was identified more often as A1 and less often as A2.  Hence, 

the point at the top left corner indicates that the participants classified a stimulus as A1, 

whereas the point at the bottom right corner indicates that they classified it as A2.  The 

overall patterns of all three groups shift from A1 responses to A2 responses.  This suggests 

that the learner groups also seem to show the categorical function.  However, we also see 

some differences in the overall shape of the group mean of the two learner groups from that 

of the native speaker group, especially for the responses to the intermediate stimuli.  We will 

now turn into the details of the similarities and the differences in their group patterns.    
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Figure Figure Figure Figure 6666....1111.  The mean percentage of A1 responses to each step.  The mean percentage of A1 responses to each step.  The mean percentage of A1 responses to each step.  The mean percentage of A1 responses to each step.  .  .  .      

The x-axis indicates the number of the step on the F0 peak continuum.  The y-axis indicates 

the percentage of mene (A1) responses.  Each line indicates the mean percentage of A1 

responses among each group.  The vertical lines in the bottom figures indicate +/- 1 standard 

deviation.   
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As can be seen in Figure 6.1, the experienced English-speaking learners were able to 

categorize both end stimuli of the F0 peak continuum as well as the native speakers of 

Japanese.  This result also agrees with the result of ABX task using the canonical tokens, 

presented in the previous section (6.1.4), where the learners did not seem to have a problem 

in categorizing these tokens.  Not only the experienced learners but also the inexperienced 

learners showed good categorization ability for canonical tokens, as we saw in the previous 

section (6.1.4).  It seems that the inexperienced learners were also able to categorize the 

stimulus at one end of the continuum (i.e., Step 1) like Japanese speakers, whereas they did 

less so with the stimulus at the other end (i.e., Step 7).  Moreover, the overall shape of the 

group mean of the two learner groups is different from that of the native speaker group.  The 

inexperienced learner group seems to show a less categorical function, suggested by the 

shallower slope, compared to the native-speaker group and the experienced learner group.  

This implies that the categories of the inexperienced learners overlap each other.  The 

experienced learner group seems to show a steeper slope, suggesting more target-like 

categorical function than the inexperienced learners, but their patterns are nevertheless not 

quite the same as the native speaker group.  The categorical boundary of NJ, indicated by 

50% cross-over point, is located somewhere near the Step 4 stimulus, i.e., the middle of the 
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A1-A2 continuum.  However, the categorical boundary of both learner groups seems to 

fall between the Step 2 and the Step 3 stimulus, which is located closer to the A1 end of the 

continuum.  This suggests that the learners are associating the relevant phonetic information 

of A1 pitch accent (F0 peak location), which the native speakers treat as A1, with the A2 

pitch accent category.   

In order to statistically compare the learner groups with the native speaker group in 

the percentage of mene (A1) responses, a mixed design ANOVA test was carried out.  The 

between-subject factor was Group (3 levels) and the within-subject factor was Step (7 levels).  

There was a significant effect of Step [F (6, 37) = 67.52, p < 0.001].  The effect of Group 

was also significant [F (2, 42) = 7.28, p < 0.01].  The interaction between Step and Group 

was significant [F (12, 74) = 4.81, p < 0.001].  This indicates that the performance pattern of 

the groups was different over the steps.  Post-hoc comparisons using the Tukey test showed 

that the percentage of A1 responses of NEexp (M = 35.7%) was significantly smaller than NJ 

(M = 51.2%).  In other words, NEexp were more likely than native speakers to identify the 

stimuli on the F0 peak alignment continuum as A2.  However, the mean percentage of A1 

responses of NEinexp (M = 45.3%) was not significantly different from that of NJ, although 

this may be surprising since the difference between the NEinexp and the NJ groups seemed 

substantial from Figure 6.1.  It is possible that the reason for this is because of the large 



 163 

variance in the NEinexp’s data.  In addition, the two learner groups’ means were not 

statistically different from one another.   

In order to further examine the Group x Step interaction, one-way ANOVA tests 

were carried out to compare the average response patterns of the three groups on each step.  

Overall, what we saw in Figure 6.1 was borne out: the learners’ patterns were similar to the 

NJ group on the stimuli at the extremes of the continuum but different on the intermediate 

stimuli.  The results of the ANOVA tests showed that the learners’ responses tended not to be 

significantly different in the end stimuli (and some nearer to the end) when compared with 

the native speakers’ responses.  More specifically, the average NEexp responses on Step 1 

(M = 94.4, SD = 8.9), Step 5 (M = 21.9, SD = 19.1), Step 6 (M = 11.9, SD = 7.5) and Step 7 

(M = 12.5, SD = 14.4) were similar to those of the NJ group (Step 1: M = 90.0, SD = 9.7, 

Step 5: M = 34.4, SD = 21.9, Step 6: M = 16.9, SD = 18.5, Step7: M = 9.4, SD = 12.4).  

However, the NEexp group categorized the intermediate stimuli, i.e., Steps 2, 3 and 4 

significantly more as A2 compared with the NJ group, (Step 2: NJ: M = 81.3, SD = 22.2, 

NEexp: M = 48.8, SD = 28.7; Step 3: NJ: M = 71.9, SD = 19.7, NEexp: M = 39.4, SD = 28.4; 

and Step 4: NJ: M = 54.4, SD = 27.8, NEexp: M = 21.3, SD = 15.4).   

On the other hand, the average NEinexp responses on Step 1 (M = 80.6, SD = 19.1), 

Step 4 (M = 40.0, SD = 15.9), Step 5 (M = 33.1, SD = 21.5) and Step 6 (M = 31.9, SD = 25.4) 
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were similar to those of the NJ group, but this was not the case for one of the end stimuli, 

Step 7 (M = 28.1 SD = 26.4), or for the intermediate stimuli Step2 (M = 59.4 SD = 19.5) and 

Step3 (M = 43.8, SD = 17.8).   

There were also differences in the patterns between the two learner groups. There 

were significant differences in the responses to the Step 1, Step 4 and Step 6 stimuli.  The 

NEexp group categorized the Step 1 stimulus more as A1 compared to the NEinexp group 

and the Step 4 and Step 6 stimulus more as A2.  In addition, the NEexp group categorized the 

Step 7 stimulus nearly significantly more as A2 than the NEinexp group (p = 0.058).     

Overall, this indicates that the learner groups performed similarly to the NJ group on 

the stimuli at the ends of the F0 continuum but differently on the intermediate step stimuli.  

In particular, the learners tended to categorize as A2 the intermediate stimuli which the 

native speakers of Japanese categorized as A1.  Moreover, the results indicate that the 

inexperienced learners tended to show less categorical performance compared to the native 

speakers and the experienced learners.  Note however that this data will be revisited later in 

the section, although as will be explained, the overall picture will not change substantially 

(except in one respect, which will be pointed out).   

 Now let us look at the result of the category boundary and the slope of the 

categorical function in the response patterns.  To find out statistically whether or not the 
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learners’ categories are overlapping each other and more inclined to the A2 category than 

the A1 category, probit analysis was conducted.  Among all of 48 participants, 8 participants 

(1 NJ, 1 NEexp and 6 NEinexp) were excluded from the probit analysis because their 

performance did not show 50% categorical cross-over from one response category to the 

other (i.e., they showed chance-level performance, the ‘reversal’ pattern, or a random pattern, 

as shown in Figure 6.2).  Most of these participants, i.e., six of the eight participants, were 

inexperienced learners.   
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Figure Figure Figure Figure 6666....2222.  ABX individual performance .  ABX individual performance .  ABX individual performance .  ABX individual performance for participants for participants for participants for participants who who who who were were were were excluded from excluded from excluded from excluded from 

the probit analysis.the probit analysis.the probit analysis.the probit analysis.    

Each panel indicates an individual participant’s performance.  The x-axis indicates the 

number of the step on the F0 peak continuum.  The y-axis indicates the percentage of mene 

(A1) responses.  Each line indicates the average individual percentage of A1 responses.   

 

 

 

 

 The means and standard deviations of the slope and the category boundary (CB) of 

each group are provided in Table 6.3.  Once those eight participants were excluded, the 

probit analysis revealed that the degree of the slope of the categorical function in the 

performance of NEexp and NEinexp were not significantly smaller than that of NJ.  

Moreover, the analysis also showed that the category boundary location of the two learner 
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groups was not after all significantly shifted to the A1 category compared to that of NJ.   

This suggests that if the learners show the categorical function, their performance is not 

statistically different to native speakers in terms of the slope and the category boundary of 

the function.  However, it is important to note that most of the participants who were 

excluded from the probit analysis were the inexperienced learners.  This still therefore 

indicates that the learners seem to have a problem with categorization that involves with 

phonological representation of the association between the phonetic information and the L2 

categories, particularly when their L2 experience is limited.   

 

Table Table Table Table 6666....3333.  .  .  .  MMMMean andean andean andean and    standard deviation of standard deviation of standard deviation of standard deviation of the slope athe slope athe slope athe slope and categorynd categorynd categorynd category boundary (CB) among  boundary (CB) among  boundary (CB) among  boundary (CB) among 

the three groups.the three groups.the three groups.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 is now important to investigate 

whether or not the results would differ in the initial analysis once these eight participants 

were excluded who did not show a categorical function regarding the F0 peak alignment 

continuum.  Hence, the data from the ABX task with the 7 step stimuli were reanalyzed 
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excluding these participants.  Figure 6.3 provides the mean percentage of A1 responses 

among the three groups after excluding these eight participants (1 NJ, 1 NEexp and 6 

NEinexp).  These results suggest that the initial results were indeed influenced by the 

responses of these eight participants.  As mentioned earlier, six out of eight participants who 

were excluded were the NEinexp learners.  For this reason, we see the difference in the 

pattern of the inexperienced learner group.  In Figure 6.3, we see a more categorical 

performance from the NEinexp than was seen in Figure 6.2 above.  To test this difference 

statistically, a mixed design ANOVA test (Group x Step) and one-way ANOVA tests (Group) 

were conducted.   
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Figure Figure Figure Figure 6666....3333            MMMMean percentage of A1 responses to each stepean percentage of A1 responses to each stepean percentage of A1 responses to each stepean percentage of A1 responses to each step,,,,    excluding excluding excluding excluding eight eight eight eight 

participants.participants.participants.participants. 

The x-axis indicates the number of the step on the F0 peak continuum.  The y-axis indicates 

the percentage of mene (A1) responses.  Each line indicates the mean percentage of A1 

responses from each group.  The vertical lines in the bottom figure indicate +/- 1 standard 

deviation.   
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A mixed design ANOVA test, where the between-subject factor was Group (3 

levels) and the within-subject factor was Step (7 levels), showed the same tendency as in the 

initial analysis.  There was a significant effect of Step [F (6, 29) = 193.89, p < 0.001].  The 

percentage of A1 responses significantly decreased as the F0 peak alignment shifted from the 

A1 target to the A2 target.  The effect of Group was also significant [F (2, 34) = 5.45, p < 

0.01].  The interaction between Step and Group was found to be significant [F (12, 58) = 

2.58, p < 0.01].  This indicates that the performance pattern of the groups were different over 

the steps.  Post-hoc comparisons using the Tukey test showed that the percentage of A1 

responses of the NEexp (M = 36.2%) was significantly smaller than NJ (M = 50.8%).  This 

means that the NEexp tended to identify the stimuli on the F0 peak alignment continuum as 

A2.  Meanwhile, the percentage of A1 responses of NEinexp (M = 44.3%) was not 

significantly differently from that of NJ.  However, both learner groups’ means were again 

not statistically different from one another.   

 On the other hand, one-way ANOVA tests on each step among the three groups 

revealed some differences which seem to reflect some different response patterns in the 

NEinexp between Figure 6.2 and Figure 6.3.  The average response patterns of the NEinexp 

became more similar to those of the NJ once the six inexperienced learners who showed non-

categorical responses were excluded.  A significant difference between the NEinexp and the 
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NJ was only found at an intermediate stimulus, the Step 3 stimulus.  The NEinexp group 

categorized the Step 3 stimulus more as A2 (M = 46.0, SD = 15.1) than the NJ group (M = 

72.0, SD = 20.4).  Meanwhile, the results of the NEexp showed the same tendency; their 

responses were similar to the NJ’s for the end stimuli (Steps 1, 5, 6 and 7) whereas the 

NEexp categorized the intermediate stimuli (i.e., Step 2, 3 and 4) more as A2 than the NJ.  

We should also note that the difference between the two learner groups also disappeared 

once the eight participants were excluded.  This shows that the response patterns of the 

inexperienced learners became closer to those of the native speakers once we excluded the 

outliers who did not show categorical function in the step-wise ABX task.   Nevertheless, 

their response patterns were also not distinguishable from those of the experienced learners.   

 Considering the responses to the end stimuli on the F0 peak continuum, there is 

another important point to make.  The NEexp group did as well as in the ABX task using the 

canonical tokens.  The end stimuli on the continuum are supposed to be equivalent to 

canonical tokens of the A1 and A2 tokens of the Japanese pitch accent types.2  The results of 

the two tasks agree in the case of the NEexp group.  The NEinexp group also performed 

                                                

2 The stimuli were created by shifting the F0 peak location of the contour of the A1 token horizontally 

towards the A2 target from the midpoint (50%) of the first vowel and the midpoint of the second 

vowel (see 6.2.2).  For this reason, strictly speaking, the two end stimuli were not exactly the same as 

the canonical tokens.   
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similarly in categorizing the Step 1 stimulus as they did in categorizing the canonical 

tokens.  However, the NEinexp group performed differently from the NJ group in their 

categorization of the other end-point stimulus, i.e., Step 7.  The NEinexp responded to Step 7 

as A2 less than the NJ.  Hence, there was a mismatch in the results between the two tasks 

when the NEinexp group is considered.  Interestingly, once the eight participants who did not 

show a categorical function in the ABX task using the 7-step continuum were removed for 

the follow-up analysis, the difference between the NEinexp and NJ group in the responses to 

the Step 7 stimulus also disappeared.  For this reason, it was reinvestigated whether or not 

the eight participants who were excluded from the follow-up analysis also performed poorly 

in categorizing the canonical tokens of the target stimuli (i.e., the ABX task with the 

canonical tokens).  The individual data is provided in Table 6.4.  Among these people, five 

participants show relatively good categorization ability of the canonical tokens (i.e., within 

one standard deviation from their group mean).  Only three participants including one NJ did 

poorly on the task (NEinexp6, NEinexp18 and NJ3).  It may be that the very poor 

performance of the two NEinexp learners influenced the NEinexp group result.  Apart from 

these three participants, overall, most of these eight participants were not doing poorly in 

categorizing the canonical tokens of Japanese pitch accent contrasts.  One-way ANOVA tests 

(3 levels) also indicated that there was no significant difference among the three groups 
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when these eight participants were excluded.  As far as the result of this ABX task is 

concerned, NJ3 seems to be an outlier as a native speaker.  Thus, another one-way ANOVA 

test (3 levels) was carried out without his data.  However, this also did not bring any 

statistical difference among the three groups [F (2, 40) = 1.46, p = 0.25].  These results are 

the same as the whole data with these participants.  As this suggests that these participants 

were not necessarily unable to categorize the canonical tokens, the mismatch result between 

the two ABX tasks might have also related to at least partially the difficulty of this task.   

 

Table Table Table Table 6666....4444.  Individual scores on the ABX task using the canonical tokens.  .  Individual scores on the ABX task using the canonical tokens.  .  Individual scores on the ABX task using the canonical tokens.  .  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 using the canonical tokens of Japanese pitch 

accent contrasts (6.1), showed that the ability to categorize the target canonical tokens did 

not seem to be a problem for the English-speaking learners.  The result of the current  task, 

the ABX task using the 7-step stimuli, also partially agreed with the result of the ABX task 

using the canonical tokens, in that the same learners did not have a problem in identifying 
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the end stimuli of the F0 peak continuum in this task.  The inexperienced learners 

initially showed a mismatch between the two tasks regarding the end stimuli.  However, once 

the six participants who did not show a categorical function in the step-wise ABX task were 

excluded from the inexperienced group, the group’s results agreed with those of the ABX 

task with canonical tokens.  The follow-up analysis indicated that this might have been due 

either to the two inexperienced learners who performed poorly on the ABX with canonical 

tokens, or the task difficulty of the 7-step ABX task, considering that the inexperienced 

learners did not have problems in categorizing canonical tokens.  As far as the endpoint 

stimuli are concerned, the learners in both groups did not seem to have a problem in 

categorizing the target tokens, although the results also revealed that some of the 

inexperienced learners were having a problem in categorizing the endpoint stimuli.   

The results of the step-wise ABX task using the F0 peak continuum (6.2) also 

indicated that the English-speaking learners tend to have problems in categorizing the 

intermediate stimuli.  This may be related to their phonetic representation of the Japanese 

lexical pitch accent categories.  The finding that the learners tended to identify these 

intermediate stimuli more often as A2 than as A1 possibly suggests that the learners had 

associated with A2 categories an earlier F0 peak location than the native norms.  Additionally, 

the less categorical function of the inexperienced learners compared to native speakers seems 
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to suggest that the learners’ A1 and A2 categories are overlapping each other.  

Interestingly, when non-categorical participants were excluded, the mean response patterns 

of the inexperienced learners became more similar to those of the native speakers of 

Japanese.  However, the inexperienced learners’ response patterns were not different from 

those of the experienced learners whose response patterns were different from the native 

speakers’.  This suggests that those who showed a categorical function perform similarly to 

the native speakers of Japanese in terms of the ability to associate the F0 information with 

the L2 categories, while also leaving open the possibility that the inexperienced learners are 

still learning to develop this categorization ability.  This view is further supported by the fact 

that the most of those who were excluded for not showing the categorical function were 

inexperienced learners.  These results suggest that when native speakers of English are 

required to categorize stimuli for which they need to access phonetic representations of 

Japanese lexical pitch accent, they perform as well as the native speakers of Japanese, but 

these results also suggest that they only become capable of doing so with increased L2 

experience.  Nonetheless, the results also implied that it is still difficult for the learners to 

associate the phonetic information with the L2 categories to form the target L2 categories.    

The reason why more inexperienced learners seem to have had problems with the 

step-wise ABX task could be that (due to lack of L2 experience) they had not fully 
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developed the phonetic representation of Japanese lexical pitch accent categories that 

associates the phonetic information and the categories.  Because these under-developed 

target L2 categories in their phonetic representation will be a poor resource for the learners 

to refer to, it may be that the inexperienced learners had no choice but to directly compare 

the similarity between the presented stimuli and the target stimulus, as this does not require 

them to access phonetic representations of the L2 categories.  Meanwhile, the native 

speakers were able to access their phonetic representations more easily and to categorize the 

stimuli into the L2 categories (assuming that the categories of the target contrasts are fully 

formed as part of their phonetic representation, given that they are native speakers of the 

target language).  This also seems to be why the learners had problems in categorizing 

intermediate step stimuli.  As the intermediate stimuli were acoustically different from the 

representative tokens, it may be that this made it more difficult for the learners to do the 

comparison than the endpoint stimuli.  This could be explained by the suggestion that they 

might have failed to achieve native-like categorization.  Alternatively, it is possible that the 

learners’ interlanguage categories of Japanese pitch accent, which have been formed by 

associating the F0 peak information and the L2 categories, largely overlap each other.  For 

this reason, their responses to the stimuli that fall within the overlapped area were not clearly 

distinguishable one from the other.    
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What these results suggest is that the native speakers of English may still have a 

problem in learning the association between the F0 peak information and Japanese lexical 

pitch accent categories while developing the target L2 categories.  From this point, we begin 

to have evidence in favor of the possibility that the learners’ problem may lie in their 

categorizing ability, as an explanation for the divergent F0 patterns in their productions.  In 

order to produce the native-like F0 profile, L2 learners may first need to form the target L2 

categories, by associating the relevant acoustic information of Japanese pitch accent with the 

L2 categories.  Therefore, this test of categorization ability can potentially be a reasonable 

factor to indicate foreign accent.   

 

6.3 Label assigning task 

The results of the two ABX tasks have showed that English-speaking learners are able to 

hear the differences between the target categories and to group the Japanese pitch accent 

contrasts.  However, they are having some problems when it comes to the ability to 

categorize the L2 categories, as required in identifying the 7-step stimuli, where the learners 

have to have a formation of the target L2 categories.  This ability possibly requires phonetic 

representation of the L2 categories since the learners need to associate the phonetic 

information with the L2 categories.  However, what we still don’t know from the results of 
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these two tasks is whether or not this also means that the English-speaking learners have 

learned to be able to assign L2 categories to lexical items.  For lexical assignment of 

Japanese lexical pitch accent categories, the learners need to learn both the connection 

between the target categories and the relevant phonetic information, and also the connection 

between the L2 categories and lexical items.  If this is correct, then this presumably requires 

L2 experience.  Even if the learners have not learned to form the categories of Japanese pitch 

accent, they may still be able to hear the differences between samples belonging to the 

different categories by directly comparing the presented stimuli.  Other learners might be 

able to categorize Japanese lexical pitch accent categories.  Nevertheless, the same learners 

may have a problem in assigning a label to the L2 categories, or being unable to lexically 

associate an item with the L2 categories due to poor lexical-phonological representation of 

the target categories.  To investigate this further, the next task, i.e., a label assigning task, 

was conducted.   

 This task was originally designed for the purpose of eliciting productions of 

Japanese pitch accent contrasts, i.e., by indicating the required accent types through a system 

of diacritics.  To elicit productions from participants, our challenge was to find a way to 

present Japanese pitch accent with some kind of visual cue.  We selected one set of diacritics 

for this study based on a pilot study (see 6.3.2).  As this was a new diacritic system for all 
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participants, the label assigning task was developed through the process of designing 

training for participants to learn the set of diacritics so that they would match each diacritic 

with the target pitch accent category which it represented.  Unfortunately, after piloting, we 

reached the conclusion that the task was not suitable for collecting learners’ production data.  

However, it brought us a very insightful dimension as a by-product: a dimension which we 

now use as a measure to investigate the degree to which the L2 learners’ ability to assign L2 

categories to lexical items.    

 

6.3.1 Participants 

The same 48 participants who took the previous tasks were tested, in the same three groups 

as before: two learner groups (inexperienced and experienced) and a control group of native 

speakers of Japanese.   

 

6.3.2 Materials 

Audio materials for the labeling task were created from the recording of 12 disyllabic nonce 

words (4 words (mene, mani, nime &  noma) x 3 accent types) and a post-positional particle 

mo (also) which were produced by a female Tokyo Japanese speaker, as described in the 

ABX task with canonical tokens in 6.1.2.  There were 36 stimuli (12 nonce words x 3 
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repetitions).  Each audio stimulus was embedded within a carrier sentence, i.e., 

Sumimasen___X____mo kudasai (Excuse me but please give me___X____).  There were 

also visual materials for this task.  The triplet of each test word followed by the 

postpositional particle mo (also) was written in Japanese orthography, Hiragana, with one of 

three non-conventional diacritics on top of the word.  Examples of the visual stimuli with the 

diacritics can be seen in Diagram 6.2, using menemo.  A square bracket (     ) is placed on top 

of the pitch accent bearing unit:  the first syllable of the target word in the case of the accent 

on the first syllable (A1), and the second syllable in the case of the accent on the second 

syllable (A2).  For an unaccented word (A0), a short straight line (     ) was placed on top of 

the second syllable.  Although the L2 learners were supposed to be capable of reading and 

writing in Japanese orthography as part of their course requirements for the first year, the 

Romanized equivalent of each word was also provided for the benefit of the learners.     

 

Diagram Diagram Diagram Diagram 6666....2222.  .  .  .  VVVVisual stimuli isual stimuli isual stimuli isual stimuli ((((menemomenemomenemomenemo))))    showing showing showing showing each diacriticeach diacriticeach diacriticeach diacritic on top of the word on top of the word on top of the word on top of the word....    

 

            menemo (A1)                          menemo (A2)                              menemo (A0) 

 

 

This set of diacritics was selected for three reasons.  First of all, this diacritic system 
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is used in a pronunciation dictionary of Tokyo (standard) Japanese published by NHK, 

the Japanese national broadcasting organization (1998).  Secondly, some Japanese textbooks 

also use this diacritic system for teaching learners how to pronounce Japanese words.  The 

textbooks which are used for the Japanese courses at the University of Edinburgh (ICU, 

1996) also use this diacritic system and therefore the learners were likely to be familiar with 

it.  Lastly, the result of a pilot study comparing three possible diacritic systems indicated this 

line/bracket method to be the easiest to learn (see Appendix C)3.     

 

6.3.3 Procedure 

After the two ABX tasks, participants took the label assigning task individually in a sound-

treated studio.  Their task was to select one of the three visual stimuli with its diacritic which 

matched what they heard as the audio stimulus in the middle of the carrier sentence.  At the 

same time, they also had to learn the novel diacritic system for Japanese pitch accent.  In 

order to learn the system, they heard one canonical token of the audio stimulus embedded in 

the carrier sentence through a pair of headphones and also saw the set of three visual stimuli 

                                                

3 The original purpose of this pilot study was to test which of the three diacritic systems would be the 

most effective for eliciting learners’ productions.  Thus, the performance that I describe here was 

specific to the participants’ production.  Although the learners performed similarly on the line/bracket 

system and the point system, to avoid confusion with the stress marker, I chose to use the line/bracket 

system.   
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on the computer monitor.  They were asked to indicate their choice by pressing one of 

three keys on the keyboard (clearly indicated with stickers).  They were asked to guess if 

uncertain.  Feedback was given after each response to aid learning the target diacritic system.  

Thus they were taught to learn the diacritics that match the three Japanese pitch accent types 

through feedback.4  If their response was correct, then positive feedback (a message saying 

‘correct!’) was presented.  If the response was incorrect, the correct visual stimulus was 

provided as the correct answer.   

 The three Japanese pitch accent categories were introduced using three basic 

Japanese words representing target pitch accent types: ocha (tea) as an example for an 

unaccented word (A0), asa (morning) as for a word with the accent on the first syllable (A1), 

and hiru (noon) as for a word the accent on the second syllable (A2).  A post-experiment 

interview confirmed that all the learners were familiar with these words.  Each accent type 

was introduced one by one within a sentence which the learners could also understand; 

                                                

4 There were originally two between-group conditions in terms of how Japanese pitch accent was 

introduced in the instruction.  As briefly described as a further issue in Chapter 8, the purpose of 

having two conditions was to test whether or not the learners performed the task better when it was 

introduced as relating to intonation patterns than as a matter of lexical distinctions.  Under one group 

condition, the diacritic system was introduced as illustrating the three pitch accent types which 

distinguish word meaning in Japanese.  Under the other group condition, it was introduced as 

illustrating three different intonation patterns.  Since the results obtained from the experiment were 

difficult to interpret, the details are not reported in this thesis.   
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‘Ocha o nomimasu (I drink tea.).’, ‘Asa mo nomimasu (I drink tea in the morning, too.).’, 

and ‘Hiru mo nomimasu (I drink tea at noon, too.).’  They were advised to recall these three 

words as a resort if they become unsure during the task.  During the instructions, three audio 

examples for each accent type were also presented using nonce words with the carrier phrase 

as examples of what they should expect to hear in the main session.    

Prior to the main session, they had a practice session which was designed to be 

longer than the practice in the other tasks to allow them to familiarize themselves with the 

task.  There were 9 items to practice, which made this practice session approximately twice 

as long as the practices in other tasks.  In addition, there were 5 more extra items to practice 

at the beginning of the main session to allow them to practice again after they had asked any 

questions they had.   

 

6.3.4 Results 

The mean percentage of correct responses and the standard deviations for the three groups 

are presented in Figure 6.4.  As we can see, both NEexp and NEinexp achieved better than 

chance level performance.  However, the performance of NEexp seems to be slightly lower 

than that of NJ, and NEinexp scored lower than NEexp.   
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Figure Figure Figure Figure 6666....4444.  .  .  .  MMMMean labeling accuracy (%) and the standard deviation ean labeling accuracy (%) and the standard deviation ean labeling accuracy (%) and the standard deviation ean labeling accuracy (%) and the standard deviation of the three of the three of the three of the three 

groupsgroupsgroupsgroups.... 

Each bar represents each of the three groups.   The error bars indicate +/- 1 SD.   

 

 

 

To compare the three groups’ means statistically, a one-way ANOVA was carried out 

in which Group (NJ, NEexp and NEinexp) was the between-subject factor.  The test showed 

that there was a significant difference among the three groups [F (2, 40) = 4.23, p < 0.05].  

Post-hoc comparisons using the Tukey test indicated that the mean score of the NEinexp 

group (M = 73.6%, SD = 20) was significantly lower than that of the NJ group (M = 90.9%, 

SD = 10) but the mean score of the NEexp group (M = 79.6%, SD = 17) was not statistically 

lower than that of the NJ group.  There was no significant difference between the two learner 
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groups.  In addition, the NJ group showed a tendency towards a ceiling effect; the 

skewness of their distribution was -0.75 and the kurtosis was -0.91.  This suggests that the 

label assigning task might have been too easy for the NJ group.  This might have led to a 

smaller difference between the native speaker group and the learner groups than might 

otherwise be expected.           

 To examine further, the data was reanalyzed after excluding the eight participants 

who did not show the categorical function in the 7-step ABX task.  As the label assigning 

task also requires the ability to hear the difference between the target canonical tokens and to 

match a token with the target category, the result of the labeling task might have also been 

influenced by these participants.  Figure 6.5 shows the mean labeling accuracy (%) and the 

standard deviation of the three groups after excluding the eight participants.  A one-way 

ANOVA test (3 levels) was conducted. What was found was that once these eight people 

were removed, the mean score of the NEinexp group (M = 79.8%, SD = 18.1) was no longer 

statistically lower than that of the NJ group (M = 91.1%, SD = 10.2).  In addition, as in the 

initial analysis, the mean score of NEexp group (M = 82.3%, SD = 14.0) was not statistically 

lower than that of the NJ group.  There was also no statistical difference between the means 

of the two learner groups.  Meanwhile, when we compared the mean performance of the 

learners who did not show the categorical function in the 7-step ABX task with that of the 
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native speakers, it showed that these learners performed significantly more poorly (M = 

49.9%, SD =12.6) than the native speakers (t (18) = 7.06, p < 0.001).  This interestingly 

suggests that even inexperienced learners, once they become capable of categorizing fine-

grained tokens, are able to assign labels to each token.  We can also consider NJ3, whose 

performance on the 7-step ABX task seemed to make him an outlier of the NJ group.  His 

performance on the label assigning task was relatively good, with accuracy at 88.9%.  A one-

way ANOVA test (3 levels) was carried out without NJ3 to confirm whether or not his result 

had a significant impact on the group difference.  The result of this test did not change from 

the result of the initial analysis: again, there was a significant difference between the NJ and 

the NEinexp but not between the NJ and the NEexp.   
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Figure Figure Figure Figure 6666....5555.  .  .  .  MMMMean labeling accuracy (%) and standard deviation ean labeling accuracy (%) and standard deviation ean labeling accuracy (%) and standard deviation ean labeling accuracy (%) and standard deviation for for for for the three groups the three groups the three groups the three groups 

withouwithouwithouwithout the eight t the eight t the eight t the eight nonnonnonnon----categorical categorical categorical categorical participants.participants.participants.participants. 

Each bar represents one of the three groups.   The error bars indicate +/- 1 SD.   
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6.3.5 Discussion 

The results of the labeling task showed that the experienced learners were capable of 

assigning a novel label to Japanese pitch accent contrasts just as well as the native speakers.  

On the other hand, the results also showed that the inexperienced learners were less accurate 

than the native speakers in giving a label to the target lexical pitch accent contrasts.  This 

indicates that the inexperienced learners differ from experienced learners in the extent to 
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which they can assign the categories to lexical items, and the extent to which they can 

learn the labels.  This may be because the learners have not fully learned to lexically 

associate an item with the Japanese pitch accent categories.   

It is interesting that we observed this group difference in the labeling task since the 

native speakers also had to learn a novel diacritic system for this task just like the learners.  

In fact, some of the native speakers commented after the experiment that they had never 

previously encountered the labeling system used in the task.  We should also note that the 

group difference seems to diminish as L2 experience increases.  In addition, a significant 

difference between the three groups also disappeared once the non-categorical participants 

were excluded.  The majority of these participants were inexperienced learners.  These 

results indicated that English-speaking learners become capable of learning a novel diacritic 

system as a function of L2 experience by developing their lexical-phonological 

representation of Japanese lexical pitch accent.   

Taking the results of both the ABX tasks into account, we see another interesting 

point.  The inexperienced learners were also able to hear the difference between the 

canonical tokens of Japanese pitch accent contrasts as well as the native speakers of Japanese 

and also the experienced English-speaking learners.  Nonetheless, the same inexperienced 

learners were not able to assign labels to these tokens as well as native speakers.  As the 
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ABX task showed that the inexperienced learners could hear the differences between the 

canonical tokens, their problem in the labeling task cannot be attributed to the ability to hear 

the differences between the target canonical tokens.  Based on the result of the step-wise 

ABX task, it appears that the problem for the inexperienced learners was that they have not 

fully formed the categories for Japanese pitch accent by understanding the relation between 

the target categories and the phonetic information.  This implies that some inexperienced 

learners cannot identify the member of the target category like native speakers as they are 

still learning to form the categories of Japanese pitch accent.  Thus, this might account for 

why it was more difficult for the inexperienced learners to assign a correct label to each 

token compared to the experienced learners who may have more developed target categories 

through their greater L2 experience.   

Furthermore, the further analysis also showed that the label assigning performance 

of some of the inexperienced learners is equivalent to that of the native speakers of Japanese.  

Interestingly, these learners happen to be the same ones who showed the categorical function 

in the 7-step ABX task.  In other words, those learners who showed good categorical 

function were also able to assign a label to each item from the target three categories.  By the 

same token, these results also indicated that the inexperienced learners who did not show the 

categorical function in the step-wise ABX task also showed themselves unable to do the 
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label assigning task like the native speakers of Japanese.  Nevertheless, from the ABX 

task with canonical tokens, we know that all but two of these learners were able to hear the 

differences between the canonical tokens of Japanese pitch accent contrasts.  These findings 

lend more support to the possibility that they may be having a problem in the phonetic 

representations, and lexical-phonological representations of Japanese lexical pitch accent 

categories, i.e., forming the target L2 categories by being able to associate the phonetic 

information and the L2 categories, and by being able to lexically associate a target token 

with the corresponding category.   

If we adopt the SLM proposed by Flege (1995), we can speculate that the reason 

behind the inexperienced learners’ problem could have been that they were assimilating L2 

categories into the closest L1 category.  For example, the English speakers could have 

perceived Japanese lexical pitch accent contrasts as being similar to English lexical stress 

contrasts such as English fore-stressed ‘permit’ (noun) and end-stressed ‘permit’ (verb).  F0 

is the key acoustic correlate for Japanese lexical pitch accent, whereas for English it is only 

one of several relevant acoustic cues for English lexical stress (as along with duration, 

intensity or vowel quality (Beckman, 1986)).  Given the shared acoustic correlate, i.e., F0, 

the English speakers might have assumed that the L2 category of Japanese A1 pitch accent 

(pitch accent on the first syllable) was like the fore-stressed ‘permit’ (noun) category (stress 



 191 

on the first syllable), and equally they could have assumed that the category of Japanese 

A2 pitch accent (pitch accent on the second syllable) was like the end-stressed ‘permit’ 

(verb) category (which has the stress on the second syllable).  Since English does not have 

unstressed words, the learners might have assimilated unaccented Japanese words to either of 

the English categories depending on which category they find more similar.  It is also 

possible that the English speakers might have paid attention to the other acoustic cues which 

are used in English stress, such as duration or intensity.  Thus, they might have perceived the 

two Japanese pitch accented categories to be too similar to each other, and assimilated them 

into just one of the English stress categories.  Thus, they might have been unable to 

categorize pitch accented words in Japanese.  However, these suggestions remain tentative as 

we do not know whether or not English speakers do perceive Japanese lexical pitch accent as 

English lexical stress among all their L1 categories.  This therefore highlights the empirical 

challenge of how to reliably test how native speakers of English perceive the relation 

between Japanese pitch accent categories and English stress categories, as an issue which 

remains open as a topic in need of future investigation.   

Taking into consideration the cross-linguistic difference between Japanese and 

English regarding the function of F0, there is another possible explanation for the English-

speaking learners’ non-target-like F0 patterns.  Although F0 is not used in English for 
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making lexical distinctions, F0 has a significant role in distinguishing phrasal intonation 

patterns in both Japanese and English.  For this reason, it is more likely that while the 

function of F0 will be linguistically registered for native speakers of English as well as 

native speakers of Japanese, it may not be lexically registered in case of English speakers.  

Thus, the native speakers of English might have been unable to associate the phonetic 

information and Japanese pitch accent categories, nor to associate the target categories with 

lexical function.  We can speculate that this may be why the learners failed to form the 

categories of the L2 target contrasts.  In the initial stage of learning, learners tend to rely on 

their L1 system, and thus the tendency may also be stronger in inexperienced learners than in 

experienced learners.  But once the learners learn to understand these associations, then they 

may be able to form the L2 categories of Japanese pitch accent.  This could also explain the 

difference between the experienced learners and the inexperienced learners observed in our 

data.   

To summarize, the label assigning task showed that the experienced learners are able 

to learn a novel labeling system for Japanese lexical pitch accent and assign categories to 

lexical items like native speakers of Japanese.  However, some of the inexperienced learners 

were having a problem in assigning a label to the categories of Japanese pitch accent, 

although others were not doing significantly poorly compared to the native speakers.   
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Interestingly enough, these learners who had difficulty with label assignment were also 

the learners who were unable to show the categorical function in categorization in the step-

wise ABX task.  This may therefore provide evidence that the inexperienced learners are 

having a problem in matching a target token with the L2 category in their lexical-

phonological representation of Japanese lexical pitch accent, since we assume that due to 

lack of L2 experience their L2 categories are not fully developed by understanding the 

connection between the phonetic information and between the L2 categories and lexical 

items.  Hence, it seems possible that this difficulty might have contributed to their non-

target-like F0 profile in their productions of Japanese pitch accent, which may be perceived 

as foreign accent by native speakers.  Having seen these results, we will now turn in the next 

subsection to investigate the relationship between categorization ability and intelligibility 

scores.    

 

6.4 Relationship between intelligibility scores and categorization ability 

Now let us consider the relation between categorization ability and the learners’ non-target-

like F0 patterns in their productions of Japanese pitch accent.  In Chapter 3.2, we saw that 

the English-speaking learners produce non-target like F0 profiles which differed from the 

native speakers of Japanese in terms of the auditory measurements and the overall F0 
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patterns.  The results indicated that the native speakers of Japanese responded 

systematically to the acoustic patterns produced by the participants and the non-native like 

F0 profile was perceived as foreign accent.  Hence, the relationship between categorization 

ability and foreign accent as measured by intelligibility scores merits closer inspection.    

 To investigate the relationship between the intelligibility scores and categorization 

ability, one stepwise multiple regression analysis was carried out between the intelligibility 

score5 and the three sets of categorization results (i.e., the ABX task with canonical tokens, 

the ABX task with 7-step stimuli and the label assigning task).  The dependent variable was 

the average intelligibility score on each speech production for each individual speaker.  

There were four independent variables, drawn from the results obtained from the 

categorization tasks.  Two of the four independent variables were the average percentage of 

correct responses for each participant for the ABX task with canonical tokens, and the 

average percentage of correct responses for each participant for the label assigning task.  For 

the two remaining independent variables, the slope value and the category boundary value of 

each participant obtained from the ABX task with 7-step stimuli were used.   

                                                

5  As in the production analyses, the intelligibility scores of eight participants were used as the 

representatives of each group (24 in total).  Four out of the eight participants who did not show the 

categorical function in the step-wise ABX task (NEexp 10, NEinexp 2, 10 and 13) happened to be also 

included.     
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 The regression analysis is presented in Table 6.5.   We are particularly interested 

in R2 and ΔR2 values.  The value of R2 indicates how much variance in the intelligibility score 

is explained by the variance of the significant independent variable.  The value of ΔR2 

indicates the additional amount of variance of the intelligibility score explained by the 

variance of another significant independent variable.  Interestingly, the result showed that the 

average intelligibility score of each participant can be mostly explained by the average 

percentage of correct responses of the label assigning task and the canonical ABX task.  The 

percentage of correct responses in the label assigning task accounted for 38.6% of variance 

in the intelligibility score (p <0.01).  In addition to the variance of the label assigning task, 

the variance of the canonical ABX task accounted for 14.9% of the variance in the 

intelligibility score (p <0.001).  In contrast, the results also showed that neither the variance 

of the slope value or the category boundary value of the step-wise ABX task can 

meaningfully account for the variance of the intelligibility score.    
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Table Table Table Table 6666....5555  Stepwise multiple regression analysis ex  Stepwise multiple regression analysis ex  Stepwise multiple regression analysis ex  Stepwise multiple regression analysis examining the relation betweenamining the relation betweenamining the relation betweenamining the relation between    

intelligibility and the four categorization abilities.  intelligibility and the four categorization abilities.  intelligibility and the four categorization abilities.  intelligibility and the four categorization abilities.      

The B-values indicate unstandardized coefficients.  The SE B-values are standard errors of the B-

values.  The Beta-values indicate standardized coefficients.   

 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 .47* 

  ABX canonical 0.95 0.41 .42* 

Note R2 = .39 for Step 1 (p <.01); ΔR2  = .15 for Step 2 (p <.001).  * p <.05, ** p <.01.  

 

Some different patterns emerged when the eight participants who did not show 

categorical function in the step-wise ABX task were excluded from these analyses.  In 

particular, as we saw above, the results of the label assigning task changed significantly 

when these eight participants were excluded previously.  As the variance in the label 

assigning task was found to significantly explain the variance in the intelligibility score in 

the present regression analysis, it is of interest here whether or not excluding these 

participants also changes the result of the regression analysis.  To test this, another stepwise 

multiple regression analysis was conducted without these eight participants.  However, the 

result turned out to be very similar to the initial analysis and did not yield significant 
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differences (see Table 6.6).  The variance of the intelligibility score can largely be 

explained by the percentage of correct responses of the label assigning task, which accounted 

for 38.6% of variance in the intelligibility score (p <0.01).  In addition to the variance 

explained by the label assigning task, the variance of the canonical ABX task accounted for 

12.8% of the variance in the intelligibility score (p <0.01).     

 

Table Table Table Table 6666....6666  Stepwise multiple regression analysis without the eight   Stepwise multiple regression analysis without the eight   Stepwise multiple regression analysis without the eight   Stepwise multiple regression analysis without the eight nonnonnonnon----categorical categorical categorical categorical 

participants exparticipants exparticipants exparticipants examining the relation betweenamining the relation betweenamining the relation betweenamining the relation between intelligibility and the four c intelligibility and the four c intelligibility and the four c intelligibility and the four categorization ategorization ategorization ategorization 

abilities.  abilities.  abilities.  abilities.      

The B-values indicate unstandardized coefficients.  The SE B-values are standard errors of the B-

values.  The Beta-values indicate standardized coefficients.   

 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 .45* 

  ABX canonical 0.96 0.45 .40* 

Note R2 = .39 for Step 1 (p <.01); ΔR2  = .13 for Step 2 (p <.01).  * p <.05, ** p <.01.  

 

 In addition, when only these eight participants were examined, none of the 

independent variables could statistically explain the variance of the intelligibility score.  This 
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result may not be surprising considering that the seven learners among those participants 

performed poorly on the label assigning task compared to native speaker whereas the one 

native speaker showed relatively good performance on the task.  Moreover, when the one 

native speaker was excluded from the analysis, the significance of the canonical ABX task 

variance disappeared.  This also may not be also surprising as he did perform very poorly on 

this task and this might have influenced the result.    

It is striking that the foreign accentedness of English-speaking learners regarding 

Japanese pitch accent as perceived by native speakers of Japanese can be accounted for by 

these two types of categorization ability in the perception tasks.  The significant result of the 

variance of the ABX task with canonical tokens shows that the learners’ ability to hear the 

difference between the target canonical tokens and their ability to match each token to the 

corresponding category helps to predict how non-native like their productions sound to 

native speakers of that language.  What is even more interesting is that the significant result 

of the variance of the label assigning task indicates that the learners’ ability to match each 

target token to the category in their mental representation and their ability to learn the labels 

are able to a great extent to account for the foreign accentedness perceived by native 

speakers.  Furthermore, it is very noteworthy that more than 50% of the variance in the 

intelligibility score can be explained by the combination of the variance of the canonical 
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ABX task and the label assigning task.  Hence, it is possible to interpret this result as 

showing that it is at least potentially reasonable that the mental representation of Japanese 

pitch accent categories is a factor which substantially helps to account for the L2 learners’ 

non-target-like production patterns as detected by native speakers of the target language.   

On the other hand, the results also showed that the variance of the slope and of the 

category boundary of the step-wise ABX task were not significantly able to explain the 

extent to which foreign accentedness is detected by native speakers.  However, the step-wise 

ABX task can be considered to test an ability which is intermediate between what is tested 

by the ABX task with canonical tokens and the labeling task.  The step-wise ABX task tested 

categorization ability requires linguistic perception ability tested by the ABX task with 

canonical tokens, while the labeling task requires linguistic perception ability and 

categorization ability along with lexical assignment ability.  For this reason, the overall 

results can be interpreted as showing that a range of L2 learners’ categorization ability makes 

an important contribution to perceived foreign accent.  This is noteworthy in that it is not 

only the phonetic aspects of the L2 learners’ productions which native speakers physically 

hear but also their phonological aspects which native speakers apparently cannot directly see, 

which seems to influence how the native speakers of the target language assess the foreign 

accentedness of L2 learners.  . 
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6.5 Discussion 

To investigate the factors behind foreign accent, three perception tasks were conducted. 

Three specific questions were addressed: 1) whether or not native speakers of English are 

able to hear the difference between canonical speech tokens of Japanese lexical pitch accent 

categories and to classify the target item into the correct L2 category; 2) whether or not 

native speakers of English are able to hear the difference between the stimuli on a F0 peak 

alignment continuum of Japanese lexical pitch accent contrasts and categorize each stimulus 

into the target L2 category; 3) whether or not native speakers of English are able to learn a 

novel labeling system for Japanese lexical pitch accent like native speakers of Japanese and 

to assign a label to canonical tokens of Japanese lexical pitch accent contrasts.  By answering 

these questions, we aimed to address whether or not a problem in the interaction between 

learners’ speech perception, phonetic representation and lexical-phonological representation 

of Japanese lexical pitch accent is involved in foreign accent.  More specifically, we were 

interested in whether or not the problem lies 1) in hearing the phonetic difference between 

the members of the target L2 categories; 2) in categorizing the target L2 categories by 

associating the phonetic information with the target L2 categories; or 3) in assigning L2 

categories to lexical items by learning the connection between the category and the item.   
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 The ABX task using the canonical tokens of Japanese pitch accent revealed that 

both the experienced and inexperienced learners were able to hear the differences between 

the tokens just as well as the native speakers of Japanese.  Thus, we were able to answer the 

first question: native speakers of English were able to hear the difference between canonical 

speech tokens of Japanese pitch accent contrasts and to classify the target item into the 

correct L2 category.  This suggests therefore that English learners of Japanese do not seem to 

have problems in hearing the phonetic difference between the representative members of the 

target L2 categories.  

Regarding the second question, the results of the other ABX task using the 7-step F0 

peak alignment continuum showed that the learners were having more difficulty with the 

intermediate stimuli on the continuum, i.e. the aspect of categorization which is related to the 

ability to associate the phonetic information with the L2 categories.  In addition, the 

inexperienced learners showed by their less categorical function that they had more problems 

than the experienced learners in categorizing these stimuli.  However, after removing the 

participants who did not show a categorical function (8 in total, who mainly consisted of the 

inexperienced learners), the performance of the remaining group of inexperienced learners 

shows much more similarity to the native speakers’ performance.  This indicates that once 

learners become capable of associating the phonetic information with Japanese pitch accent 
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categories and formed the target L2 categories, their performance can also become closer 

to the native speakers’ performance.  Overall, the results indicated that some native speakers 

of English were not able to categorize stimuli on a F0 peak alignment continuum of Japanese 

pitch accent contrasts like native listeners in that they seem to have a problem in 

categorization.  However, the results also suggest that the learners become capable of making 

this categorization as their L2 experience increases, possibly by relating the phonetic 

information and the L2 categories.  Hence, native speakers of English seem to have problems 

in associating the phonetic information with the target L2 categories until they gain enough 

L2 experience.  This suggests that their problem may lie in their phonetic representation of 

the target L2 categories.  

Meanwhile, as for the third question, the label assigning task showed that the 

experienced English-speaking learners were able to learn a novel labeling system for 

Japanese pitch accent like native speakers of Japanese and associate a lexical item with the 

L2 category, whereas some inexperienced learners were not.  However, when the participants 

who did not show categorical function in the step-wise ABX task were excluded from the 

analysis, the difference between the native speakers and the inexperienced learners also 

disappeared.  This suggested that the learners who were able to associate the key phonetic 

information with the L2 categories were also able to assign categories to lexical items.  
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Otherwise, some native speakers of English seem to have problems in lexical assignment.   

Hence, this suggests that the learners seem to have lexical-phonological representation of 

Japanese lexical pitch accent categories.     

Considering these results together, they seem to suggest that some English learners 

of Japanese tend to have a problem in their categorization ability and lexical assignment 

ability, especially in the initial stage of learning to form L2 categories.  The results seem to 

suggest that their problems are related to phonetic representation and lexical-phonological 

representations of Japanese lexical pitch accent categories.  If the learners do not have the 

target L2 categories and/or are unable to lexically identify the items, they may not be able to 

retrieve the necessary information to implement the output.  Therefore, this could result in 

foreign accent.  In Chapter 5, where the learners imitated the non-speech stimuli, we 

observed that they also have a problem in articulating the key acoustic correlate of Japanese 

lexical pitch accent as part of the output process requirements for achieving target-like 

productions.  Hence, in addition to phonetically realization problem in the speech, both an 

articulation problem and representation problems seem to be contributing to the learners’ 

foreign accent.  However, at this stage, we do not know whether the learners have an 

articulation problem and a phonetic realization problem as part of the output process but not 

a representation problem, or whether an articulation problem, a phonetic realization problem 
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and a representation problem are all related regarding foreign accent.  Since the results 

of the three perception tasks in this chapter indicated that phonetic representation and 

lexical-phonological problems for the experienced learners seems to be less problematic than 

for the inexperienced learners, the nature of the problem may also change as the learners 

gain L2 experience.  Hence, we will investigate this issue further in the next chapter.   

The view that the source of the foreign accent of English learners of Japanese seems 

to be a mental representation problem was further supported by the results obtained from the 

regression analyses.  When we investigated the relationship between categorization ability 

and foreign accent as revealed in the learners’ productions, it was found that L2 learners’ 

categorization ability, i.e., linguistic perception, categorization, and lexical assignment, all 

contribute to predict foreign accent as detected by native speakers.  Another important 

finding was that it was mainly a combination of the learners’ ability to assign the L2 category 

to a lexical item and their ability to hear the difference between the tokens, that can account 

for foreign accentedness (approximately half of the variation in the perceived foreign 

accentedness score).  Therefore, this indicates that the interaction between speech perception 

and lexical-phonological representation problems of the L2 categories seem to play a very 

important role in explaining learners’ foreign accentedness.    

 



 205 

6.6 Summary 

In this chapter, we investigated whether or not the non-target-like F0 profile of the native 

speakers of English can be attributed to their ability to categorize Japanese pitch accent 

contrasts.  To test the learners’ ability for linguistic perception, categorization, and lexical 

assignment, three perception tasks were carried out: an ABX task using canonical tokens, an 

ABX task using a 7-step F0 peak continuum and a label assigning task.    

The overall results suggest that some L2 learners have problems in categorization 

ability and lexical assignment ability which can be seen as a function of their L2 experience.  

The results also provided support for this interpretation in that a combination of the learners’ 

categorization abilities is found to be able to explain foreign accentedness (i.e., lexical 

assignment and linguistic perception).   

In the next chapter (Chapter 7), we further pursue the question of potential 

interactions, by re-analyzing the speech and non-speech productions from the point of view 

of mental representation problems raised in this chapter.     
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7 Production results revisited  

The main aim of this thesis is to investigate possible factors behind the foreign accent 

observed in the productions of the L2 learners.  In this chapter we further explore potential 

interactions between the various factors which are hypothesized to be involved in foreign 

accent, i.e., the nature of learners’ problems.  In Chapter 6 we re-analyzed earlier data from 

the perspective of phonetic representation problems and lexical-phonological representation 

problems of the L2 categories (specifically, we re-analyzed the speech productions discussed 

in Chapter 3, which revealed foreign accent and also indicated a phonetic realization 

problem, and the non-speech productions discussed in Chapter 5, which showed that an 

articulation problem was a possible factor)1.  In this chapter, we aim to investigate whether 

the learners have an articulation problem and/or a phonetic realization problem (as part of 

the output process) which is independent of representation problems (part of the internal 

mechanism between the input and the output processes), or whether learners have a 

combination of these problems.    

We achieve this aim by re-analyzing the data, excluding the learners who indicated 

                                                

1 Since our data showed that a problem of lack of perceptual sensitivity does not seem to be related to 

foreign accent (discussed in Chapter 4), this factor was excluded as a possible factor behind foreign 

accent, and therefore the data is not re-analyzed here.   
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problems with the representation of Japanese lexical pitch accent categories.  We 

consider that participants have a phonetic representation problem if they showed a non-

categorical function in the step-wise ABX task, and we consider that participants have a 

lexical-phonological representation problem, or a problem in representing L2 categories, if 

they showed difficulty in the label assigning task.  We can infer from the step-wise ABX that 

the learners who had a non-categorical function have problems in making the association 

between the phonetic patterns of Japanese lexical pitch accent and the target categories.  We 

can further infer from the label assigning task that the learners have problems in making the 

association between Japanese lexical pitch accent categories and Japanese words.  

Considering these results regarding their categorization ability, we diagnosed that the 

learners who showed a non-categorical function have mental representation problems.   

The results of the previous chapters (Chapter 3 and 5) indicated that Japanese lexical 

pitch accent, as produced by inexperienced learners, was more foreign accented than that 

produced by the experienced learners.  In addition, we showed that the inexperienced 

learners seem to have more articulation problems and phonetic realization problems than the 

experienced learners.  We also provided evidence that the foreign accent of the learners is not 

predicted by any lack of perceptual sensitivity (discussed in Chapter 4).  These results 

suggest that even though the learners are not completely lacking in perceptual sensitivity 
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towards the key acoustic correlate of Japanese lexical pitch accent (i.e., F0), they still 

have problems in manipulating F0 to achieve target-like productions.   

For the learners to achieve productions without foreign accent, we assume that there is 

another important mechanism: something which connects the input and the output processes.  

Thus, in order to understand the internal mechanism of the relation between linguistic 

perception, categorization and lexical assignment, we also investigated the learners’ 

categorization ability with Japanese lexical pitch accent contrasts.  This was discussed in 

Chapter 6, where we found that the English learners of Japanese do not seem to have a 

problem in hearing the differences between the target tokens of Japanese pitch accent and 

classifying them into the target L2 category.  However, we also saw in Chapter 6 that once 

the learners need to predict membership of category boundary areas, or lexically assign the 

L2 categories to an item, they seem to have a problem.  This suggests that the learners have 

problems in the ability to categorize Japanese lexical pitch accent contrasts, and to assign the 

categories to Japanese words.  This crucially implies that some native speakers of English 

have a problem in phonetic representation and lexical-phonological representations of 

Japanese lexical pitch accent categories.  Since the learners who did not show a categorical 

function were mostly the inexperienced learners, this result also indicated that the 

inexperienced learners have more of a representation problem than the experienced learners.  
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We reasoned that because of the cross-linguistic difference in F0 functions, English 

learners of Japanese might have problems both in associating the phonetic patterns that 

characterizes Japanese lexical pitch accent categories and the target categories, and in 

learning the link between Japanese lexical pitch accent categories and lexical items in 

Japanese.  This makes it difficult for the learners to form the appropriate categories for 

Japanese lexical pitch accent.  As the learners gain L2 experience, however, we predict that it 

is possible for them to be able to form L2 categories which will be closer to the native 

categories, even if they are not completely native-like.  Thus, we do not intend to suggest 

that the learners who show a categorical function are ‘problem-free’ in terms of their mental 

representations, but only that relative to the non-categorical learners, they must be assumed 

to have much less of  a problem in  representing the target categories.   

There are four possible scenarios for the nature of the learners’ problems behind 

foreign accent that we can draw our conclusion from.  First, we examine whether non-target-

like patterns are observed in the speech productions of the learners who showed a categorical 

function.  If the speech productions of these learners indicate native-like patterns, then we 

can conclude that the non-target-like productions that we discussed in Chapter 3 were due to 

the learners with representation problems, and therefore that representation problems could 

be a key factor for foreign accent; more specifically, phonetic representation and lexical-
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phonological representations of the L2 categories.  Alternatively, if the speech 

productions of these learners still indicate non-target-like patterns, then we can conclude that 

they have a phonetic realization problem (and an articulation problem if they also show non-

target-like non-speech productions), and therefore that these could be factors behind foreign 

accent independently of representation problems.  A third possibility is that the learners who 

indicated representation problems also have a phonetic realization problem (and an 

articulation problem if they also show non-target-like non-speech productions); in this case 

we would need to examine whether representation problems are the main problem for them, 

or a combination of representation problems, a phonetic realization problem and an 

articulation problem.  Lastly, in the case that the learners who indicated representation 

problems happen to show that they do not have problems in phonetic realization and/or 

articulation, this could provide further evidence that a phonetic realization and/or articulation 

problem could be factors behind foreign accent independently of representation problems.     

It is also important to keep in mind that in the previous chapters we found that the 

learners who seem to have representation problems were mostly inexperienced learners, 

while the experienced learners seem to have relatively less of representation problems.  This 

implies that the nature of the problem behind foreign accent can change during L2 speech 

acquisition.   
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7.1 Production results revisited 

The results in Chapter 6 indicated that the overall patterns of the learner groups were 

influenced by the patterns of the individual learners who showed a non-categorical function 

in the step-wise ABX task.  Since these non-categorical learners were mostly from the group 

of inexperienced learners, the tendency to show a non-categorical function seems to be 

particularly evident in the case of the less experienced learners.  We saw the difference not 

only in the step-wise ABX task but also in the label assigning task.  As we have been arguing, 

considering the nature of these tasks, this difference seems to reflect phonetic representation 

and lexical-phonological representation problems of Japanese lexical pitch accent categories.   

In addition, the regression analysis in Chapter 6 suggested that the variance in the 

intelligibility scores (as a criterion for foreign accentedness) was significantly explained by 

the variance in the categorization ability.  Interestingly, the preliminary analyses reported by 

Flege et al. (1997) also indicated that most learners who did not show a categorical function 

in their step-wise perception experiment did not produce a significant amount of difference 

of acoustic correlate between the target.  In other words, their results indicate that learners’ 

ability to show a categorical function seems to be related to the foreign accentedness of their 

productions.  It is possible that the foreign accentedness in the learners’ speech productions 
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(discussed in Chapter 3) was a characteristic of those learners who showed a non-

categorical function.   

To find out whether or not the English-speaking learners who indicated a categorical 

function show target-like productions of Japanese pitch accent, we first reanalyze the 

learners’ productions of speech imitations.  Taking their categorical function as an indicator 

of relatively sound phonetic representations and lexical-phonological representations (even if 

not entirely native-like), we will be able to diagnose whether these learners do or do not have 

a phonetic realization problem independently of any problems with the phonetic and lexical-

phonological representation of the L2 categories.   

If it is the case that the learners do not have an independent phonetic realization 

problem, this would suggest that non-target-like productions are due to the patterns produced 

by the learners who did not show a categorical function, and that learners have representation 

problems as a factor behind foreign accent.  If it is the case that the learners do seem to have 

an independent phonetic realization problem, then we will need to investigate further 

whether or not the learners who showed a non-categorical function have a phonetic problem 

in addition to representation problems.  If the non-categorical learners also have a phonetic 

realization problem, this could suggest that the factors behind foreign accent are of a 

dynamic nature.  Since these learners were mainly the inexperienced learners, we could 



 213 

interpret such a finding as showing that in the early stage of learning, a combination of 

representation problems and a phonetic realization problem is what gives rise to their foreign 

accentedness.  However, in the later stage of learning, the learners may have a phonetic 

realization problem independently of representation problems.  Alternatively, if the learners 

who showed a non-categorical function do not have a phonetic problem, this could provide 

evidence in support of the view that representation problems and a phonetic realization 

problem can be independent of each other as sources of foreign accent. This would also 

underscore the dynamic nature of the factors behind foreign accent, as it would suggest 

representation problems for the early stage of learning and a phonetic realization problem for 

the later stage.    

Among the participants who showed a non-categorical function in the step-wise 

ABX task, four learners were included in the initial production analysis; one NEexp (NEexp 

10) and three NEinexp learners (NEinexp 2, 10, 13).  We can consider the production data of 

these four learners to be representative of all the learners who showed a non-categorical 

function in the ABX task, in order to see whether any difference emerges when we compare 

their results with the initial results.  We therefore went back to the speech data and the non-

speech data that were discussed in Chapter 3 and Chapter 5.  In order to find whether the 

results yield any difference in the analyses with and without the participants who did not 
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have categorical functions in the step-wise ABX task, we look at the intelligibility score 

and the overall F0 patterns.  After excluding the non-categorical participants, we first 

compare each result of the three group comparison (NJ, NEexp and NEinexp) to that of the 

initial production results (i.e., with all participants included).  Then, each result of the 

comparisons between only the non-categorical learners and the native speakers are compared 

with the initial production results.   

 

7.1.1 Intelligibility scores revisited 

First of all, we examined whether or not the learners who indicated a categorical function 

show foreign accentedness in terms of the intelligibility scores.  When we reanalyze the 

intelligibility scores, the overall picture remains the same as was indicated in the initial 

analysis.  The learners who showed a categorical function also indicated non-native-like 

patterns in their productions.   

In the initial analysis of the intelligibility score, different patterns were found 

between the three groups across the three accent types (see 3.2.4.1).  We found that the NJ 

performed nearly perfectly across the three accent types on average whereas the NEexp had 

lower scores than the NJ, and the scores of the NEinexp were even lower than those of the 

NEexp.  In addition the learners were similar to the NJ on A0 but they performed more 
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poorly on A1 and even more poorly on A2 compared to the NJ.   

In the reanalysis, when the non-categorical participants are excluded, we find that 

these patterns are still observed.  The mean and standard deviations of the intelligibility 

scores after excluding the non-categorical participants are presented in Table 7.1.  According 

to a mixed design ANOVA (Accent (3 levels) x Group (3 levels)), there was a significant 

interaction (p <0.001) as well as the main effects of Accent (p <0.001) and Group (p <0.001).  

The post-hoc comparisons showed that the mean intelligibility score of the NEexp was lower 

than that of the NJ, and that of the NEinexp was even lower than that of the NEexp.  

Regarding Accent, for A0, the mean intelligibility scores of the NEexp and the NEinexp 

were just as high as the NJ.  However, on the accented types (A1 and A2) the learners had 

lower mean intelligibility scores than the NJ, particularly in the case of NEinexp (and lower 

in the case of A2).  This indicates that it was more difficult for the learners to achieve target-

like productions on the pitch-accented words compared to the unaccented words.   
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Table Table Table Table 7777....1111 The mean percentage of times that Japanese pitch acce The mean percentage of times that Japanese pitch acce The mean percentage of times that Japanese pitch acce The mean percentage of times that Japanese pitch accent produced by the nt produced by the nt produced by the nt produced by the 

participants were identified as intended: intelligibility scores with nonparticipants were identified as intended: intelligibility scores with nonparticipants were identified as intended: intelligibility scores with nonparticipants were identified as intended: intelligibility scores with non----categorical categorical categorical categorical 

participants excluded.        participants excluded.        participants excluded.        participants excluded.         

The left: provides the results obtained after excluding the non-categorical participants.  The right: 

provides the results of the non-categorical participants.   

          

 

  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 
 A1 96 100.00 0.00  A1 48 62.50 45.55 
  A2 96 99.48 5.10   A2 48 26.04 42.51 
NEexp A0 84 97.62 15.34      
 A1 84 88.69 31.39      
  A2 84 73.21 42.11      
NEinexp A0 60 97.50 10.99      
 A1 60 53.33 49.46      
  A2 60 40.00 47.66       

 

 

When we reanalyze the misidentification patterns, the overall picture also remains 

the same as in the initial analysis.  According to the initial observation of misidentification 

patterns in 3.2.4.1, for both learner groups, the major misidentification type was the accented 

targets (i.e., A1 and A2) (70 out of 98 cases for the NEinexp and 40 out of 55 cases for the 

NEexp).  The learners’ productions of both accented targets were typically identified as the 

unaccented targets (i.e., A0) by the native Japanese listeners.  When the non-categorical 

participants are excluded, this same tendency was again observed.  There were 57 cases of 

misidentification for the NEinexp and 26 cases for the NEexp.   

In the initial data, the next most common misidentification type was that the 
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learners’ productions of A2 accent was misidentified as A1 (22 out of 98 cases for the 

NEinexp and 8 out of 55 cases for the NEexp).  When the non-categorical participants are 

excluded, this remains the same: 21 cases of A2 were misidentified as A1 for the NEinexp 

and 6 cases for the NEexp.  It is possible that the learners might have associated F0 patterns 

that have an earlier peak location than the native speakers’ location with the A2 category of 

Japanese lexical pitch accent.  Hence, it may have been particularly difficult for the learners 

to produce target-like F0 contours for A2.   

Thirdly, in the initial data, misidentifications in the opposite direction (i.e., where A1 

accent was misidentified as A2) occurred in only a few cases. This too remained the same 

when the non-categorical participants were excluded.     

These patterns suggest that it was difficult for the native speakers of English to 

imitate F0 contours in their productions of the target Japanese pitch accent.  In particular, 

where to aim to locate the F0 peak, and how fast to make a falling contour, seem to pose 

problems for the learners.   

It should also be noted that this pattern of results was also the case when the non-

categorical learners were compared as a group with the NJ group.  The mean intelligibility 

score on their A2 productions was even lower than that of the NJ.  The major 

misidentification type was also the accented targets (i.e., A1 and A2) (13 cases for the non-
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categorical NEinexp and 14 cases for the non-categorical NEexp).  However, in the case 

of the non-categorical learners, there were only a few cases where A2 accent was 

misidentified as A1.  These patterns further support the view that it was difficult for the 

native speakers of English to imitate F0 contour in their productions of the target Japanese 

pitch accent.  The problems of where to locate the F0 peak and how fast to make a falling 

contour seem to be even more problematic for these non-categorical learners compared to the 

other learners.   

Hence, the overall results suggest that regardless of whether or not the learners 

indicate categorical function in the categorization task, the degree of foreign accentedness 

perceived in their productions, and the misidentification patterns on how their productions 

were perceived, tend to remain very much the same.  This means that the English-speaking 

learners who indicated a categorical function also show non-target-like productions of 

Japanese pitch accent in terms of the intelligibility scores.  Therefore, we can interpret this 

result as suggesting that even though the learners seem to have little problem with the mental 

representations of L2 categories, they nevertheless seem to show foreign accentedness in 

their productions.  This, in turn, suggests that the overall F0 patterns may also be non-target-

like, not only in the productions of the learners with representation problems but also the 

productions of the learners with lesser representation problems.  If they show non-target-like 
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F0 patterns, this suggests that the learners have a phonetic realization problem regardless 

of the learners’ degree of representation problems of the L2 categories.      

 

7.1.2 Overall F0 patterns revisited 

Following the results of the intelligibility scores, we now examine whether the overall F0 

patterns in the productions of the learners who showed a categorical function also show non-

target like F0 patterns.  The reanalysis described in this subsection shows that these learners 

did indeed show non-target-like F0 patterns in their speech productions of Japanese pitch 

accent.     

The initial analysis of the overall F0 contours showed that three groups had different 

patterns across the three accent types (see 3.2.5.1).  We focus on the overall patterns, such as 

the shape of the contour where the F0 peak is located, whether the F0 contour contains a 

sharp fall after the peak, or how wide the F0 contour is.  Overall, for the accented targets, the 

learners’ F0 patterns showed more variability in the location of the F0 peak, and how fast the 

F0 fall is; for the unaccented targets, their productions have wider F0 range compared to the 

native speakers’ productions.  These tendencies were stronger in the F0 patterns produced by 

the inexperienced learners.   

To recap what was reported in 3.2.5.1 regarding the overall F0 patterns, in the NJ’s 
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productions, the F0 peak location for A1 occurred earlier than A2 (as expected).  A 

similar pattern was observed in the NEexp’s productions.  Meanwhile, in the NEinexp’s 

productions, the F0 peak location was not differentiated with large individual differences, 

particularly for A2.  The F0 peak locations for the accented targets (i.e., A1 and A2) in the 

NEexp’ productions appear slightly later than the peak locations in the NJ’s productions, and 

the F0 peak locations for A1 in the NEinexp’s productions seems later than those in the NJ’s 

productions, with more variability than in the NEexp’s data.   

As for the degree of the F0 fall after the peak, in the NJ’s productions, the degree of 

fall for the accented types (A1 and A2) seems to be recognizable and it was even larger for 

A2 than for A1.  This tendency was similar in the NEexp’s productions.  However, in the 

NEexp’s productions the degree of fall for A1 and A2 was slightly less steep than it was in 

the NJ’s productions.  

Lastly, in the NJ’s productions, the ranges of the F0 contours for A2 and A0 were 

slightly wider than for A1; this trend was also observed in the productions of both the learner 

groups.     

 The results of the reanalysis are as follows.  Figure 7.1 reproduces from Chapter 3 

the F0 contours of the NJ, presented here again for comparison.  The subsequent figures 

represent the F0 contours in the productions of the learner groups after the non-categorical 
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participants were excluded (NEexp learners in Figure 7.2 and NEinexp learners in Figure 

7.3).  Since only one learner was excluded from the NEexp group for showing a non-

categorical function, the overall F0 patterns of the NEexp are similar to what we saw in the 

initial data.  Thus, here we focus on the NEinexp’s data.  In the case of the NEinexp, once 

the non-categorical participants are excluded, the individual differences seem to be reduced 

(particularly in the A2 productions) but the overall F0 contours still indicate more variance 

compared to the NJ group and also compared to the NEexp group.  The F0 peak location for 

the accented targets (i.e., A1 and A2) still shows individual differences and the F0 peak 

seems to occur slightly later in the NEinexp’s productions compared to the NJ’s productions.  

The degree of F0 fall after the peak for A2 in the NEinexp’s productions remains less steep 

than that in the NJ’s productions.  The steepness of the fall for A1 in a few of the NEinexp 

seems to be similar to what we see in the NJ’s productions but overall, the NEinexp group 

shows wide variance among the learners.  Meanwhile, the patterns of A0 show individual 

differences in the NEinexp’s productions but the trend seems not too different from the NJ’s 

productions.  In addition, the patterns of the F0 range in the NEinexp’s productions remains 

the same as in the initial analysis; the ranges of the F0 contours for A2 and A0 were slightly 

wider than for A1 in the NJ’s productions.  This suggests that even when extreme cases are 

excluded, the inexperienced learners seem to show divergent patterns in their productions 
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regarding F0 peak location and the degree of the falling contour after the F0 peak.  This 

indicates that regardless of whether or not the learners show a categorical function, they 

seem to show non-target like F0 patterns.  Hence, this can be interpreted as implying that the 

learners seem to have a phonetic realization problem regardless of the degree of their 

problem in the phonetic and lexical-phonological representation of Japanese pitch accent 

categories.   
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Figure Figure Figure Figure 7777....1111.  The average F0 patterns of NJ individual speakers.   .  The average F0 patterns of NJ individual speakers.   .  The average F0 patterns of NJ individual speakers.   .  The average F0 patterns of NJ individual speakers.    

The panels represent A1 (top), A2 (middle) and A0 (bottom).  The x-axis indicates time-normalized 

points.  The y-axis indicates normalized F0 values.   
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Figure Figure Figure Figure 7777....2222.  The average F0 patterns of NEexp individual speakers excluding one .  The average F0 patterns of NEexp individual speakers excluding one .  The average F0 patterns of NEexp individual speakers excluding one .  The average F0 patterns of NEexp individual speakers excluding one 

nonnonnonnon----categorical participant.   categorical participant.   categorical participant.   categorical participant.    

The panels represent A1 (top), A2 (middle) and A0 (bottom).  The x-axis indicates time-normalized 

points.  The y-axis indicates normalized F0 values.   
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Figure Figure Figure Figure 7777....3333.  The avera.  The avera.  The avera.  The average F0 patterns of NEge F0 patterns of NEge F0 patterns of NEge F0 patterns of NEininininexp iexp iexp iexp individual speakers excluding ndividual speakers excluding ndividual speakers excluding ndividual speakers excluding 

threethreethreethree non non non non----categorical participantcategorical participantcategorical participantcategorical participantssss.   .   .   .    

The panels represent A1 (top), A2 (middle) and A0 (bottom).  The x-axis indicates time-normalized 

points.  The y-axis indicates normalized F0 values.   
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Since we now know that the learners tend to show non-target-like F0 patterns in 

production even if they indicated a categorical function in the step-wise ABX task, we need 

to investigate further whether or not the learners who showed a non-categorical function 

have non-target-like F0 profiles.  Thus, we turn now to the non-categorical participants.  

Figure 7.4 represents the F0 contours in the productions of the non-categorical NE learners.  

When only the non-categorical learners are compared with the NJ group (as shown in Figure 

7.1 above), the overall F0 patterns of these learners show individual differences.  When we 

focus on each accent type, some learners seem to produce the shapes as if they were similar 

to the target norms in terms of the F0 peak location, the steepness of the F0 fall and/or the F0 

range.  However, when we look more closely, in the productions of two learners (NEinexp13 

and NEexp10), the three accent types are not distinguished from each other in terms of the 

F0 shapes.  In addition, in the productions of NEinexp2, the only distinction that is very 

evident is between accented and unaccented targets: both A1 and A2 were produced as A1, 

and they differed from A0.  It could be that this learner has problems either in having two L2 

categories instead of three, or in associating the F0 pattern with the target Japanese pitch 

accent category.  Meanwhile, it is only in the productions of one of the non-categorical 

participants (NEinexp10) that the overall F0 patterns seem to resemble the shape of the target 
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norm of each accent type (overlooking minor differences).  It is possible that this 

participant is an exceptional case who has representation problems but is still able to show 

target-like F0 patterns in his speech productions.  Alternatively, it is possible that he had a 

problem in understanding the step-wise ABX task.  Although it may be difficult to generalize 

these four learners’ patterns due to the limited number of the learners in this analysis, this 

tentatively shows that (apart from the one participant) the non-categorical learners tend to 

show non-target-like F0 profiles in their productions.  There is a tendency for the non-

categorical learners to show patterns which diverge from the target in terms of F0 peak 

alignment.  Based on this tendency, we interpret that the learners who have representation 

problems also have a problem with phonetic realization as they attempt to implement F0 

contours in the productions of Japanese pitch accent contrasts.  In addition, there is an 

indication that representation problems of the L2 categories may be related to their phonetic 

realization problem.   
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Figure Figure Figure Figure 7777....4444.  The aver.  The aver.  The aver.  The average F0 patterns of nonage F0 patterns of nonage F0 patterns of nonage F0 patterns of non----categorical NE participants.   categorical NE participants.   categorical NE participants.   categorical NE participants.    

The panels represent A1 (top), A2 (middle) and A0 (bottom).  The x-axis indicates time-normalized 

points.  The y-axis indicates normalized F0 values.   
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7.1.3 Non-speech production revisited 

So far in this chapter, we have found that regardless of whether or not they showed a 

categorical function in the categorization task, the learners seem to show foreign accent.  We 

interpreted this result as suggesting that in the early stage of learning, a combination of 

phonetic representation and lexical-phonological problem of the L2 categories and a 

phonetic realization problem can contribute to their foreign accentedness.  In the later stage 

of learning, the learners may have a phonetic realization problem independently of 

representation problems.  To understand the possible interactions of the problems associated 

with foreign accent, we now turn to investigate whether or not an articulation problem plays 

a role in contributing to foreign accent regardless of whether or not the learners showed a 

categorical function in the categorization task.  According to the results of the reanalysis of 

this section, the learners tend to show different F0 patterns in the non-speech productions 

from native speakers.    

As we saw in Chapter 5, the F0 patterns of the NJ group’s non-speech productions 

resembled the characteristics of the patterns that we saw in their speech productions: earlier 

F0 peak for A1, later F0 peak for A2, steep falling contour after the peak for the accented 

targets, and relatively flat F0 contour for the unaccented target.  In the initial analysis of the 

non-speech imitations, the overall F0 patterns produced by the English-speaking learners 



 230 

were much more similar to those produced by the native speakers than their speech 

productions (see 5.5.1).  However, some differences were also revealed between the learners’ 

productions and the native speakers’ productions even though this was a non-speech 

imitation task where linguistic information was not involved.  In addition, we saw more 

variance in the learners’ F0 patterns than in the NJ group.  To recap what we presented in 

5.5.1, the F0 peak of A1 non-speech produced by the NEinexp and by the NEexp occurred 

later than that produced by the NJ.  The F0 fall after the peak in the A2 non-speech produced 

by the NEexp was slightly less steep than that produced by the NJ.  The shape of the A0 non-

speech produced by the NEinexp appeared to be either flatter or having sharper fall than that 

produced by the NJ.  In addition, the F0 ranges of the two accent types (A1 and A2) in the 

non-speech of the NEinexp were slightly narrower than those in the non-speech of the NJ.   

Even when the non-categorical learners are excluded, the differences seen in the 

initial data continue to exist.  Figure 7.5 reproduces the initial F0 contours in the productions 

of the NJ and is presented here again for comparison.  The figures which follow it show the 

F0 contours in the productions of the two learner groups once the non-categorical 

participants were removed from the analysis (NEexp learners in Figure 7.6 and NEinexp 

learners in Figure 7.7).  More variability in the learners’ data, particularly in the NEinexp’s 

group, can be seen.    
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Figure Figure Figure Figure 7777....5555.  The average F0 patterns of NJ individual speakers in their non.  The average F0 patterns of NJ individual speakers in their non.  The average F0 patterns of NJ individual speakers in their non.  The average F0 patterns of NJ individual speakers in their non----speech speech speech speech 

productions.   productions.   productions.   productions.    

The panels represent A1 (top), A2 (middle) and A0 (bottom).  The x-axis indicates time-normalized 

points.  The y-axis indicates normalized F0 values.   
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Figure Figure Figure Figure 7777....6666. . . . The average F0 patterns of NEexp individual speakers excluding one The average F0 patterns of NEexp individual speakers excluding one The average F0 patterns of NEexp individual speakers excluding one The average F0 patterns of NEexp individual speakers excluding one 

nonnonnonnon----categorical participant in their noncategorical participant in their noncategorical participant in their noncategorical participant in their non----speech productions.   speech productions.   speech productions.   speech productions.    

The panels represent A1 (top), A2 (middle) and A0 (bottom).  The x-axis indicates time-normalized 

points.  The y-axis indicates normalized F0 values.   
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Figure Figure Figure Figure 7777....7777.  The average F0 patterns of NEinexp .  The average F0 patterns of NEinexp .  The average F0 patterns of NEinexp .  The average F0 patterns of NEinexp individual speakers excluding individual speakers excluding individual speakers excluding individual speakers excluding 

thrthrthrthreeeeeeee non non non non----categorical participant in their noncategorical participant in their noncategorical participant in their noncategorical participant in their non----speech productions.   speech productions.   speech productions.   speech productions.    

The panels represent A1 (top), A2 (middle) and A0 (bottom).  The x-axis indicates time-normalized 

points.  The y-axis indicates normalized F0 values.   
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Figure 7.8 represents the F0 contours in the productions of the NE learners who 

did not show a categorical function.  When only the non-categorical learners were compared 

with the NJ group (Figure 7.5), the overall F0 patterns of these learners show individual 

differences apart from A0 patterns.  If we consider the participant labeled NEinexp13, it can 

be seen that, just as in the speech production task, in the non-speech task, the F0 shape of 

this participant is not differentiated for the three accent types.  Considering NEinexp10, the 

overall F0 patterns of this participant’s non-speech productions seem to resemble those in the 

non-speech productions of the NJ when minor differences are set aside.  In addition to his 

speech data, this further supports the possibility that he may be an exceptional case, or found 

the step-wise ABX task too difficult.   

The patterns of NEexp10 and NEinexp2 are also worth commenting on.  Although 

the F0 patterns in NEexp10’s speech productions were not distinguished among the three 

accent types, in her non-speech productions the F0 patterns seem to be similar to the target 

shape.  This suggests that her problem may not be in articulating the F0 contours of the target 

pitch accent types.  Instead, because of representation problems, she may have difficulty in 

translating the phonetic information into speech in a linguistically meaningful way.  The 

phonetic realization problem that we saw in her speech data could also be due to this 

representation problem.  Meanwhile, for NEexp2, although the F0 patterns in his speech 
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productions were distinguished, at least between the accented types and the unaccented 

type, in his non-speech productions the F0 patterns among the three accents seem to be no 

different from one another.  It is possible that he might have been confused by the 

requirements of the non-speech task.  In this case, he may not have an articulation problem.  

If his speech production pattern was at chance levels of performance, it is possible that he 

has an articulation problem.  Overall, these four learners who indicated to have 

representation problems of the L2 categories tend to have an articulation problem.  However, 

an articulation problem is not necessary for explaining their foreign accent.  Although it is 

tentative, the results seem to suggest that representation problems of the target categories 

could be a major problem for these learners.  However, this needs further research to confirm.   

These results of the non-speech productions seem to suggest that some learners have 

an articulatory problem regardless of whether or not they showed a categorical function in 

the categorization task.  The results also showed that a few learners might be capable of 

articulating the primary acoustic correlate of Japanese pitch accent, even though they may 

have representation problems.  For those learners who have little representation problem, an 

articulation problem could be the key problem for their foreign accentedness in addition to a 

phonetic realization problem.  Although this requires further investigation, for those learners 

who have representation problems, their major problem behind foreign accent could be 
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rooted in representation problems, or in a combination of representation problems, an 

articulation problem and a phonetic realization problem.    
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Figure Figure Figure Figure 7777....8888. The average F0 patterns of non. The average F0 patterns of non. The average F0 patterns of non. The average F0 patterns of non----categorical NE participants in their noncategorical NE participants in their noncategorical NE participants in their noncategorical NE participants in their non----

speech productions.   speech productions.   speech productions.   speech productions.    

The panels represent A1 (top), A2 (middle) and A0 (bottom).  The x-axis indicates time-normalized 

points.  The y-axis indicates normalized F0 values.   
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7.2 Discussion 

The aim of this chapter was to investigate possible interactions between the factors which lie 

behind foreign accent in the acquisition of Japanese lexical pitch accent.  More specifically, 

we investigated whether the learners have an articulation problem and/or a phonetic 

realization problem as part of the output process independent of representation problems of 

Japanese lexical pitch accent categories (part of the internal mechanism linking the input and 

the output processes), or whether learners have a combination of these problems.  In order to 

achieve this, we re-analyzed the data of the previous chapters, excluding the learners 

indicated that they had problems in categorization and in lexical assignment by showing a 

non-categorical function in the step-wise ABX task and difficulty in the label assigning task 

(as discussed in Chapter 6). These learners seem to have problems in the ability to categorize 

Japanese lexical pitch accent categories, and to assign the categories to lexical items in 

Japanese.  This implies that these learners have phonetic representation and lexical-

phonological representation problems.  We re-examined the speech production data which 

showed that native speakers of English show foreign accentedness (discussed in Chapter 3), 

and the non-speech data we showed that the learners also seem to have a problem with 

articulating the target F0 contours (discussed in Chapter 5).  In these two previous chapters, 
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the results indicated that Japanese lexical pitch accent produced by inexperienced 

learners was more foreign accented than that produced by the experienced learners and have 

an articulatory problem and a phonetic realization problem.  Based on the findings from the 

categorization tasks (discussed in Chapter 6), the inexperienced learners seem to have 

problems with the representation of Japanese pitch accent categories, certainly relative to the 

experienced learners, who, although they are not perfectly identical to the native speakers, 

seem to have relatively few mental representation problems.   

 In this chapter, to understand the nature of the learners’ problems, first, we examined 

whether non-target-like patterns are observed in the speech productions of the learners who 

showed a categorical function in the step-wise ABX task.  Overall, the reanalysis of the 

speech data indicated that the English-speaking learners seem to show production patterns 

which diverge from the native Japanese productions, both in terms of the intelligibility score 

and in terms of the overall F0 patterns, regardless of whether or not they showed a 

categorical function.  The learners generally seem to have problems with productions of the 

accented targets, particularly with items where the pitch accent is on the second syllable.  It 

is possible that it is difficult for English speakers to learn where to aim at the location of the 

F0 peak, or how steep the F0 fall is, in order to signal Japanese pitch accent.  As a group, the 

learners who seem to have representation problems of the L2 categories have even lower 
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intelligibility scores than the learners who did not indicate representation problems.  In 

addition, the productions of the learners whose categorical function was not categorical 

showed large individual differences in the overall F0 patterns.  Hence, we cannot conclude 

that non-target-like productions that we discussed in Chapter 3 were due to the learners with 

representation problems, or that representation problems could be the fundamental factor for 

foreign accent.  Instead, the results suggest that the learners who have few representation 

problems seem to have a phonetic realization problem that could be a factor behind foreign 

accent.   

To investigate whether the learners who seem to have few representation problems 

also show non-target-like non-speech productions, we reanalyzed the non-speech data.  The 

reanalysis of the non-speech data also indicated a similar tendency, although the overall F0 

patterns in the learners’ non-speech productions were more target-like than the patterns in 

their speech productions.  The productions of the English-speaking learners seem to diverge 

from the native Japanese productions in terms of the overall F0 patterns regardless of 

whether or not the learners showed a categorical function.  Although the experienced 

learners did show some divergence from the native norms, they showed much less 

divergence from the native target than either the inexperienced learners or the non-

categorical learners.  Nonetheless, the results also showed that some non-target-like patterns 
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are to be observed, especially in the inexperienced learners’ productions.  Thus, the 

results suggest that the learners who have fewer phonetic and lexical-phonological 

representation problems of the L2 categories seem to have an articulation problem that could 

be a factor behind foreign accent. 

We then examined whether the learners who indicated representation problems also 

have a phonetic realization problem (and an articulation problem if they also show non-

target-like non-speech productions). This was in order to address whether a representation 

problem is the main problem for them, or whether their foreign accentedness is rather a 

combination of representation problems, a phonetic realization problem and an articulation 

problem.  We found interesting patterns in the individual cases of the four learners who seem 

to have representation problems (manifested by their non-categorical function).  NEinexp13 

did not distinguish F0 patterns among the accent types either in the speech imitations or the 

non-speech imitations.  In her case, we diagnosed that she seems to have representation 

problems as well as an articulation problem and a phonetic realization problem regarding 

foreign accent.  NEexp10 also did not distinguish F0 patterns among the accent types in the 

speech imitations.  However, she seems to distinguish F0 patterns among the accent types in 

the speech imitations, even though the patterns still show some divergence from the native 

patterns.  It is possible that she was not able to interpret F0 information phonologically due 
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to poor formation of the target L2 category, at least not enough for her to be able to 

associate the F0 information with Japanese pitch accent categories.  Hence, this can be 

interpreted that her problem with foreign accent mainly stems from representation problems, 

and in addition she may have a phonetic realization problem.  Meanwhile, NEinexp2 seems 

to distinguish the accented targets from the unaccented targets in his speech imitations, 

although he did not distinguish F0 patterns among the accent types in the non-speech 

imitations.  This possibly implies that the target category (such as the accented and the 

unaccented categories) is emerging for him.  If this inference is correct, his problem may 

also be due to a combination of factors: a phonetic realization problem and representation 

problems.  In that case, it may be that if he did not understand the non-speech task, he would 

have been unable to make the distinctions in the non-speech imitations.   The case of 

NEinexp10 needs further thought.  NEinexp10 shows F0 patterns which are relatively similar 

to the target norms in both his speech and non-speech productions, even though these F0 

patterns still show some divergence from the target patterns.  Alternatively, if his speech 

results were merely coincidence, then this suggests that he also has an articulation problem 

with a combination of the two other problems.  In his case, it seems that his foreign 

accentedness is due to representation problems.  If this is correct, the results of NEinexp10 

can provide evidence that an articulatory problem/a phonetic realization problem can be 
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independent of representation problems.  However, it is also possible that he is an 

exceptional case, since his mean intelligibility score was actually relatively good (88.8%) in 

spite of the fact that he does seem to have representation problems.  Another possibility is 

that in his case, it might have been due to the task difficulty that his response pattern was 

showing as a non-categorical function.  Overall, although this interpretation needs further 

investigation to generalize due to the limited number of cases, the results of these four 

learners seem to reflect the transitional stages between a phase where the learners have a 

combination of problems (i.e., an articulation problem, a phonetic realization problem and 

representation problems) and a phase where the learners mainly have an articulation problem, 

or a phonetic realization problem.   

Therefore, the results from the re-analyses of the speech and the non-speech data 

seem to suggest that the learners who showed a categorical function may have not so much 

representation problems of Japanese lexical pitch accent categories (since at least they seem 

to have formed enough L2 categories to be able to assign the target category to an lexical 

item) as an articulation problem and a phonetic realization problem.  This suggests that an 

articulation problem and a phonetic realization problem could occur independently of 

representation problems and give rise to foreign accent.  Particularly, this seems to be the 

case at a later stage of L2 learning.  Meanwhile, the results also indicate that the learners 
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who showed a non-categorical function do seem to have representation problems as well 

as an articulation problem and a phonetic realization problem.  Regardless of whether or not 

they showed representation problems of the target L2 categories, the learners showed foreign 

accentedness in their productions.  We can speculate then that categorization ability and 

lexical assignment ability of the target L2 categories could assist the experienced learners to 

achieve more target-like productions than the inexperienced learners.  The learners need to 

associate the F0 patterns that characterize the Japanese pitch accent categories and the target 

categories, and to associate Japanese pitch accent categories with words in Japanese.  These 

abilities seem to require phonetic representations and lexical-phonological representations of 

Japanese lexical pitch accent categories.  Hence, an articulation problem and a phonetic 

realization problem may not be completely independent of  representation problems for the 

early stage of L2 learning.   

Taking all these results into account, it seems that although both groups of learners 

have representation problems of Japanese lexical pitch accent categories and a phonetic 

realization problem and/or an articulatory problem to some extent, the experienced learners 

may have mainly a phonetic realization problem or an articulatory problem which might be 

independent of the representation problems of the L2 categories.  These results also imply 

that the inexperienced learners have a combination of these three problems with the 
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possibility that representation problems are the major element among them.  Although all 

these problems seem to play a role in explaining the learners’ foreign accent, the divergence 

between their production and categorization abilities might be more separate issues for the 

experienced learners, while they might be more closely related for the inexperienced learners.    

 

7.3 Summary 

In this chapter, in order to investigate potential interactions between the factors which are 

suggested to be behind foreign accent, the production data from Chapter 3 and the non-

speech data from Chapter 5 were reanalyzed.  We examined whether or not the learners who 

showed a non-categorical function in the step-wise ABX task revealed any patterns which 

differed from the original results, when considered separately as a group in their own right.  

This was particularly important as it offers to provide us with an explanation of what the 

learners’ problems are and how these problems are related to each other.  The results showed 

that the learners who did not indicate categorical function, who were mostly inexperienced 

learners, were having a problem in associating the phonetic information with the L2 

categories, and in associating the L2 categories with lexical items in the L2.  This seems to 

imply that their phonetic representations and lexical-phonological representations of the L2 

categories have not fully developed, due to lack of L2 experience.  The reanalysis of the 
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production data in this chapter also showed another important finding.  The learners 

showed patterns which diverged from the target norm, and they also showed great individual 

differences in both their speech productions and their non-speech productions.  This tended 

to be shown consistently, independent of the problem with categorical function.  However, 

the learners who did not show a categorical function seem to have more problems, although 

there were exceptional cases.  It would seem that this difference should be interpreted as 

showing a role for mental representation problems of the target L2 categories.  Moreover, the 

results also indicated that there is a function of L2 experience on the nature of the learners’ 

problems regarding foreign accent.  The important implication of this is that the experienced 

learners may have more phonetic realization problems or articulatory problems which might 

be independent of representation problems of the L2 categories, whereas the inexperienced 

learners may have more representation problems among the three problems.   

To summarize, the reanalysis of the speech and non-speech imitations indicated that 

from the point of view of representation problems, the learners are also having a phonetic 

realization problem or articulatory problem.  Considering these results, it seems to imply that 

not only mental representation problems but also a phonetic realization problem or 

articulatory problem provide an explanation for the divergent profiles of the learners, and 

thus can potentially explain foreign accent.  Moreover, it seems that the nature of the 
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problems regarding foreign accent may change during the L2 speech acquisition.  The 

results also implied that the proportion of how much of these problems can explain foreign 

accent may change as the learners gain L2 experience.        
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8 General discussion & Conclusion 

8.1 Summary of the findings and discussion 

This section summarizes the crucial patterns regarding the acquisition of L2 pitch accent 

contrasts which were observed in the experimental data obtained from English learners of 

Japanese in order to evaluate the possible factors behind foreign accent.      

As stated in Chapter 1, this thesis had two goals.  The main goal was to evaluate the 

three factors which have been suggested as potential explanations of foreign accent in the 

acquisition of L2 prosodic contrasts.  The three proposed factors were: 1) problems in 

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

acoustic correlate of the target L2 contrasts, and 3) problems in categorizing the target L2 

contrasts (i.e., linguistic perception, categorization and lexical assignment).  The secondary 

goal of this thesis was to examine whether or not the nature of L2 learners’ problems 

associated with their foreign accentedness change during L2 acquisition as a function of L2 

experience.   

With these goals in mind, this thesis addressed six questions: 1) whether or not the 

production patterns in Japanese lexical pitch accent produced by native speakers of English 

show non-target-like patterns when compared with those produced by native speakers of 

Japanese; 2) whether or not native speakers of English have problems in differentiating the 
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target F0 contours; 3) whether or not English speakers have problems in articulating the 

target F0 contours; 4) whether or not English speakers have problems in categorizing 

Japanese lexical pitch accent contrasts in terms of linguistic perception, categorization and 

lexical assignment, 5) whether or not these three factors can explain non-target-like 

production patterns of English speakers; and 6) whether or not problems of English speakers 

change as they gain L2 experience.     

To answer these questions, we have observed the L2 acquisition of Japanese lexical 

pitch accent by native speakers of English.  We proposed that Japanese lexical pitch accent 

provides us with a good testing ground, a locus where there are cross-linguistic differences 

regarding the key acoustic correlate (i.e., F0) between English and Japanese while there are 

nevertheless similarities shared by these two languages.  To learn L2 intonation patterns, L2 

learners need to form the phonetic categories of the intonation patterns and also make the 

association between the target F0 patterns and the target function.  However, to learn lexical 

pitch accent, L2 learners need to go beyond this, and also learn the arbitrary connection 

between the categories of the accent types and each lexical item in the L2.  We are 

particularly interested in cases such as this, where a key acoustic correlate of L2 contrasts 

differs from the L1 in one of its functions while sharing another function with the L1, as in 

these cases there is great potential for shedding light on the issue of foreign accent.  In these 
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cases, the linguistic function of the key acoustic correlate of the L2 contrasts may not be 

completely foreign to the L2 learners, since they also use the shared function in their L1, yet 

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

target L2.  This may cause problems for the learners in learning the phonetic differences 

between the target L2 categories which signal the L2 function and in associating the phonetic 

information with each of the target L2 categories.  We first investigated whether or not native 

speakers of English show foreign accentedness in their productions of Japanese lexical pitch 

accent contrasts (Chapter 3).  Since the learners did show non-target-like productions, we 

were then able to approach the three potential factors regarding the issue of foreign accent.   

Chapter 3 aimed to answer the first question: whether or not the English native 

speakers’ production patterns in Japanese lexical pitch accent show non-target-like patterns 

when compared with those of native speakers of Japanese.  We showed in this chapter that 

the inexperienced learners’ productions of Japanese lexical pitch accent were perceived as 

more non-target-like than the experienced learners’ by the two native speakers of Japanese 

who rated them.  We also showed that the overall F0 patterns produced by the inexperienced 

learners showed more variance than those produced by the experienced learners.  These 

findings provided us with evidence of the acoustic characteristics of English speakers’ 

foreign accent that in their productions of Japanese lexical pitch accent.  The productions of 
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the English-speaking learners were non-target-like in terms of the auditory impression 

assessed by the native speakers, and they also showed non-native-like acoustic patterns.  

Hence, this also provided us with evidence that both experienced and inexperienced learners 

have problems in phonetically realizing the target F0 contours in their productions of 

Japanese lexical pitch accent contrasts.  Particularly, based on the overall F0 patterns 

produced by the learners, they seem to have problems in phonetically realizing where the F0 

peak is and how fast the falling contour is, in order to signal Japanese lexical pitch accent.      

 In Chapters 4, 5, and 6 we conducted a series of experiments on the L2 acquisition 

of Japanese lexical pitch accent by native speakers in order to evaluate the three potential 

factors behind foreign accent.    

 Chapter 4 addressed the question of whether or not the native speakers of English 

have problems in differentiating the target F0 contours. This was done by conducting a 

perception experiment using non-speech stimuli.  In order to control cross-linguistic 

differences between Japanese and English, linguistic information was excluded from the 

stimuli: non-speech stimuli were created in such a way that only the F0 contour was 

extracted from the original sounds (canonical tokens of Japanese lexical pitch accent 

produced by a native speaker of Japanese).  We showed that when linguistic information is 

controlled, English-speaking learners do not have problems in differentiating the target F0 
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contours, regardless of their L2 experience.  This indicates that the learners’ ability to 

hear the differences between the F0 contours is not a plausible source of foreign accent.  In 

other words, the suggestion that foreign accent is caused by problems in differentiating the 

key acoustic correlate of L2 contrasts cannot explain our data.  This offers evidence that in 

spite of their foreign accentedness, the English-speaking learners are not completely lacking 

in perceptual sensitivity to F0, the primary acoustic correlate of Japanese lexical pitch accent.  

Since F0 also has a linguistic function in English even though it does not have a lexical 

function, it is possible that native speakers of English retain their perceptual sensitivity 

towards F0 despite the different linguistic function of F0 in Japanese.    

 In Chapter 5, we investigated whether or not the English speakers have problems in 

articulating the target F0 contours. This was done by collecting non-speech productions 

where the participants had to imitate non-speech stimuli.  We showed that the overall F0 

patterns in the productions of the English-speaking learners (in their non-speech imitations) 

are relatively similar to those of the native speakers of Japanese when we focus only on the 

F0 contours.  However, we also observed that the learners seem to show more individual 

differences in their F0 patterns than the native speakers, particularly in the case of the 

inexperienced learners.  This suggests that the learners’ ability to articulate the F0 contours 

may play some role in explaining foreign accent.  This provides evidence in support of the 
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proposal that the learners’ problems with foreign accent can be partially associated with 

articulatory or motor control, or lack of L2 practice.  As our data showed, both groups of 

native speakers of English were capable of articulating some rising or falling of F0 contours, 

even though the inexperienced learners showed more individual differences compared to 

native speakers of Japanese.  Although English speakers have plenty of practice in 

articulating F0 contours in English (of course with different linguistic functions, such as 

intonation patterns), our findings imply that English-speaking learners have to learn to 

articulate the target F0 patterns which may be specific to the characterization of Japanese 

lexical pitch accent.    

 Chapter 6 aimed to answer the question of whether or not English speakers have 

problems in categorizing Japanese lexical pitch accent contrasts.  This was done by carrying 

out three perception experiments to test three components of the learners’ categorization 

ability.  The first perception experiment used canonical tokens of Japanese lexical pitch 

accent contrasts to test their linguistic perception ability.  This experiment showed that the 

English learners of Japanese are able to hear the difference between the tokens and to 

classify the target item into the correct L2 category based on similarity judgments.  The 

second perception experiment used stimuli on the relevant continuum to test their 

categorization ability.  This experiment showed that the learners have some problems in 
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predicting category membership for items around the boundary of the L2 categories, 

which suggests that the learners seem to have problems in associating the phonetic patterns 

with the L2 categories.  This implied that the learners seem not to have formed sufficient 

phonetic representation of the target L2 categories.  We found that this tendency was stronger 

in the inexperienced learners than in the experienced learners.  A subset of the learners, 

mainly the inexperienced learners (1 experienced learner and 6 inexperienced learners), were 

unable to categorize the intermediate stimuli on the continuum.  This implied that their 

phonetic representations of the L2 categories largely overlap each other, or that they have not 

yet formed L2 categories.  With the third perception experiment, which involved assigning 

labels to the L2 categories, we examined whether or not the learners have problems in 

assigning the L2 categories to a lexical item.  The results implied that the learners seem to 

have problems in lexical-phonological representations of the L2 categories.  We showed that 

whereas the experienced learners managed to lexically assign the corresponding L2 category 

to lexical items, the inexperienced learners still had problems.   

The crucial finding of these three perception experiments was that the learners’ 

ability to categorize Japanese lexical pitch accent contrasts seems to play a role as a factor 

which contributes to foreign accent.  Interestingly, more than half of the variance in the 

foreign accentedness (53.5%) based on the auditory impression by the native speakers was 
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explained by the variance in learners’ categorization ability as a combination of lexical 

assignment and linguistic perception.  The learners’ lexical assignment ability was the 

variable which contributed most to their foreign accentedness as rated by native judges 

(38.6%).  In addition, the learners’ linguistic perception ability also explained some further 

variance in their foreign accentedness (14.9%).   This evidence further supports the view that 

in order to be able to lexically assign a target L2 category to an lexical item, learners may not 

only need to be capable of hearing the differences, but they may also need to have formed 

the target L2 phonetic categories during their L2 speech acquisition.  In addition, they need 

to learn the arbitrary link between the L2 categories and the lexical items.  This might have 

been the reason why the inexperienced learners had more difficulties in lexical assignment 

than the experienced learners.  Due to lack of L2 experience, the inexperienced learners may 

have not formed target-like L2 categories as part of their phonetic representations and may 

not have learned the connection between the L2 categories and lexical items as part of their 

lexical-phonological representations.  To form target-like L2 categories, the learners may 

need to have representations that associate the phonetic information with the L2 categories, 

and to be able to assign labels to each L2 category.  Meanwhile, the experienced learners 

may have phonetic representations and lexical-phonological representations of the L2 

categories which are not fully developed but which are nevertheless more similar to target 
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representations.  Thus, we presented evidence that categorization ability is associated 

with foreign accent, and furthermore shed light on the specific aspects of categorization 

ability that are related to foreign accent in the L2 productions of Japanese lexical pitch 

accent.   

  Having observed that a subset of the learners did not show a categorical function in 

the data obtained in Chapter 6, and having seen that they tended to show different patterns 

from the rest of the group members, we turned in Chapter 7 to re-assess the learners’ patterns 

discussed in Chapters 5 and 6 after excluding this subset of learners.  We diagnosed that non-

categorical performance in Chapter 6 indicates the degree of the problem that a learner has in 

representing the L2 categories.  We addressed the question of whether the learners do or do 

not have a phonetic realization problem and/or an articulation problem, even with a marginal 

representation problem.  This allowed us to specify the learners’ problems and to evaluate in 

depth the factors which may be associated with foreign accent.  After excluding the subset of 

non-categorical learners, the learners’ group data indicated that the inexperienced learners 

managed to show lexical assignment ability just as well as both the experienced learners and 

the native speakers of Japanese.  This suggests that once the learners were able to show 

categorical performance, even when they were still inexperienced, it is possible that they 

were able to form the target L2 phonological categories, even if they may not be fully target-
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like.  This brought us to an important implication, namely that for the experienced 

learners, it may be mainly phonetic realization problems or articulatory problems which lie 

behind their foreign accent, whereas the inexperienced learners may have a combination of 

the three problems, with the possibility that phonetic representation and lexical-phonological 

representation problems are the major element. Hence, this suggests that the nature of the 

learners’ problems behind foreign accent seem to change during the L2 acquisition of the 

target L2 contrasts.    

 

8.2 Further improvements in the experimental design  

One improvement in the experimental design could be made in the analyses of the 

production data (i.e., Experiment 1).  In this study, to assess participants’ production, two 

types of analysis were carried out: intelligibility scores based on native speakers’ auditory 

judgments, and a descriptive analysis of the overall F0 contours in terms of the F0 peak, the 

degree of F0 fall and the F0 range.  These analyses are an appropriate means of capturing 

and comparing the phonetic patterns in the productions of learners and native speakers, 

especially when there have been few studies conducted to compare productions of learners 

and native speakers regarding these three F0 parameters.  However, these descriptive and 

qualitative analyses also have limitations in pointing out whether or not differences in the 
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patterns carry any significance in more concrete terms.  Therefore, an attempt to make a 

concrete quantitative analysis of these three F0 parameters has been carried out.  However, 

due to difficulties in accurately quantifying these properties of the original data, the 

quantitative analyses of the data are not reported in this thesis.  The details of the analysis 

attempts and the problems in quantifying the results are described in Appendix C.  Further 

investigation of methods of quantitative methods is required.  With further improvements in 

the accuracy of measurements, experimental design with quantitative data analyses such as 

those attempted here could potentially provide us with supporting evidence for the findings 

in this study and strengthen the arguments further.        

Regarding the intelligibility scores, a forced choice paradigm was used in this study.  

It was important to assess whether or not the imitations of Japanese lexical pitch accent were 

identified by native speakers of Japanese as being what the speaker intended.  It is also 

possible to use a rating scale to investigate the degree of foreign accentedness and to explore 

intermediate level of foreign accentedness.  This may possibly allow us to further investigate 

which factors are contributing to learners’ foreign accentedness during the developmental 

process of L2 speech acquisition.   

Lastly, another improvement could be made in the label assigning task.  One of the 

important findings of this study was that the ability to match acoustic information with 
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lexical representations plays a significant role in the learners’ foreign accentedness.  

However, this task was initially a by-product from a different task where the aim was to learn 

novel diacritics for Japanese lexical pitch accent.  Hence, the methodologies for investigating 

this ability have room for further improvements, such as separating training and lexical 

assignment more precisely.  To strengthen the arguments in this study, we could also 

investigate whether or not training on lexical assignment would reduce the foreign 

accentedness of the learners who showed poor lexical assignment.                   

 

8.3 Further issues 

One issue which is not clear in our study based on the data presented here is whether or not 

the English learners of Japanese are able to produce Japanese lexical pitch accent like the 

native speakers when it is associated with intonation patterns.  It is possible that the learners 

are unable to produce target-like productions when F0 is being used with the unfamiliar 

function of signaling lexical distinctions.  The learners may not have completely mastery of 

what Japanese lexical pitch accent is due to lack of L2 experience.  This tendency may be 

stronger in the inexperienced learners who have more limited L2 experience than the 

experienced learners.   

The results of the three perception tasks in Chapter 6 showed that the English-
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speaking learners were having a problem in categorizing Japanese lexical pitch accent 

contrasts.  Moreover, the result of the labeling task, where we examined the learners’ ability 

to lexically map an item onto the corresponding L2 categories, further led us to an important 

speculation that the English speakers may be having a problem in associating the function of 

F0 in Japanese with Japanese lexical pitch accent categories as part of their mental 

representation.  If the English-speaking learners were having a problem in associating the 

lexical function of F0 with their interlanguage categories of Japanese lexical pitch categories, 

it is also possible that this leads to difficulty in phonetically realizing target-like F0 in 

producing Japanese lexical pitch accent.  To produce a target-like F0 profile in Japanese may 

require the learners to retrieve the information on the lexical function of F0 from their mental 

representation.  Hence, the ability to associate the lexical function of F0 with the target L2 

categories could be a good indicator of the type of non-target-like F0 patterns which native 

speakers of English will produce.  For this reason, although not much attention has been paid 

to this ability as a problem of L2 speech acquisition, this could potentially shed light on a 

crucial aspect of L2 learners’ ability that could help to explain foreign accent more fully.   

 The importance of the internalizing process of L2 linguistic knowledge, such as 

when the linguistic function is associated with the target L2 categories, has been pointed out 

as a key aspect of achieving native-like productions.  Shehadeh (2003) argues that L2 
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learners are having difficulty in the process of internalizing linguistic knowledge.  Swain 

and Lapkin (1995) suggest that noticing a problem will help learners to internalize their L2 

knowledge and that this process enhances L2 proficiency in general.  However, to my 

knowledge, there are few studies which have investigated the problem of internalizing 

lexical function of L2 with respect to foreign accent.  Most probably this is due to difficulty 

in testing the internalization process empirically. 

 If the English-speaking learners are actually considering the tasks of Japanese lexical 

pitch accent as tasks regarding intonation patterns, we may see some difference between two 

conditions where the tasks are presented as a lexical task under one condition and as an 

intonation task under the other condition.  More specifically, we would predict that the 

learners may perform better on tasks where Japanese lexical pitch accent is treated as a 

matter of intonation patterns rather than of lexical distinctions.  However, this needs to be 

investigated further as a future issue.   

 

8.4 Conclusion 

The aim of this thesis was to investigate the factors behind foreign accent in L2 speech 

acquisition.  The main goal was to account for foreign accent in adult L2 learners through 

evaluating these three potential factors, and the secondary goal was to provide empirical 
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evidence of whether or not learners’ problems with foreign accent change as they gain 

L2 experience.   

Regarding the evaluation of potential factors behind foreign accent, our findings 

from the experiments led us to the following conclusions.  In the acquisition of Japanese 

lexical pitch accent by native speakers of English, where the key acoustic correlate of L2 

contrasts (i.e., F0) differs from their L1 in one of its functions while sharing another function 

with the L1, L2 learners do not have problems in differentiating the acoustic correlate of the 

target L2 contrasts.  However, English-speaking learners do have problems in articulating the 

acoustic correlate of the target L2 contrasts, even when the focus is on purely the articulation 

of F0 contours without the linguistic information.  Meanwhile, the learners’ categorization 

ability, particularly their lexical assignment ability, which may involve the formation of 

lexical-phonological representations, was also found to be important to explain their foreign 

accentedness.  Hence, this study has shown that it is not a single factor but a combination of 

factors (i.e., an articulation problem, a phonetic realization problem and a categorization 

problem) which is related to foreign accent.   

This study has also shown that the problems that contribute to foreign accent may 

change during L2 acquisition.  As learners gain more L2 experience, the main source of 

foreign accent seems to shift from phonological representation problems to phonetic 
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realization or articulation problems.  This suggests, importantly, that L2 learners are able 

to form their interlanguage phonological categories that are developing towards the target L2 

phonological categories as a function of L2 experience.    

There are therefore three contributions which this study offers to the field.  The first 

contribution is that with a cross-sectional approach, we captured the part of the learning 

process where L2 learners’ problems in terms of foreign accent emerge during L2 speech 

acquisition.  The second contribution is that by testing the same groups of learners 

throughout the whole experiments in this study, we evaluated the factors associated with 

foreign accent in depth.  We would like to emphasize that the analysis of multiple factors is 

our original and valuable contribution to the field.  Up to now, individual studies have 

investigated only a single factor at a time.  However, our findings show that there is a great 

deal of value in investigating multiple factors, as otherwise we are not able to capture the 

nature of foreign accent in L2 productions.  The third contribution is that, by making use of 

the cross-linguistic difference in the function of an acoustic correlate which is in other 

respects shared between the learners’ L1 and L2, we shed light on a valuable aspect of 

foreign accent in L2 prosodic acquisition.  Although the linguistic function of the key 

acoustic correlate of the L2 contrasts is not completely foreign to the L2 learners, yet they 

still need to learn the different function of this acoustic correlate as it is employed in the 
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target L2.  Both the fact that the acoustic correlate shares a similar function in the 

learners’ L1 and L2, and the process of learning the function that is specific to their L2, 

could potentially assist the formation of L2 phonological categories by allowing learners to 

make use of their phonetic and phonological representations of the equivalent L1 categories.    

These three contributions have significant theoretical implications for current models 

of second language speech learning, including Flege (1995)’s Speech Learning Model 

(SLM) and Best (1995)’s Perceptual Assimilation Model (PAM).  The SLM mainly focuses 

on experienced learners whereas PAM’s targets are inexperienced learners.  However, our 

findings suggest that L2 learners seem to have different problems in learning L2 contrasts 

depending on how much L2 experience they have.  Hence, the current models need to be 

refined in such a way that they can explain the speech learning patterns both of experienced 

and of inexperienced L2 learners.  Secondly, the current models focus on perception ability 

to predict L2 speech learning process.  However, according to the present findings, it is not 

only learners’ perception ability but also other abilities that seem to be relevant to foreign 

accent.  It was shown here that articulation ability (which may involve language-specific 

phonetic settings) was also an important factor for foreign accent, but in current models, 

problems which stem from abilities other than perception cannot be predicted.  This is 

therefore another point which needs to be incorporated into current models.  Finally, the 
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current models suggest that cross-language phonetic similarity between L1 and L2 

brings perceptual problems for L2 learners (and therefore, production problems).  However, 

our findings clearly indicate that English learners of Japanese can benefit from the cross-

language phonetic similarity between English and Japanese regarding F0 in learning 

Japanese lexical pitch accent.  This is not predicted by either SLM or PAM.  This therefore 

also needs further investigation, along with the question of how best to define cross-language 

phonetic ‘similarity’ (e.g., Flege et al., 1997; Mennen et al., 2007).  In these various ways, 

our findings call for current models of second language speech learning to be amended, in 

order to provide a more adequate account of the L2 acquisition process.       

In addition to the theoretical insights for the field of L2 speech acquisition research, 

this study also offers practical insights for the L2 classroom.  Some implications of our 

findings which can be put into practice include methods for assessing the productions of L2 

learners, or where to put the focus in pronunciation practice in the L2 classroom in order to 

improve learners’ productions towards target-like patterns.    

Due to the complex nature of the L2 acquisition and the factors involved in speech 

production and perception, the issue of foreign accent requires much further investigation in 

many different directions.  Nevertheless, this research constitutes another important step 

towards understanding the issue of foreign accent in the acquisition of L2 prosodic contrasts.   
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Appendix Appendix Appendix Appendix AAAA: Questionnaire for English speaking learners: Questionnaire for English speaking learners: Questionnaire for English speaking learners: Questionnaire for English speaking learners    

 Please fill in the following questions.     質問質問質問質問
しつもん

ですですですです。。。。 
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, 
Kanji Test etc.)? 

Test                           Level/Score                                       

Are you able to participate in the 2nd 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:          

ありがとうございます！  
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Appendix Appendix Appendix Appendix BBBB: The non: The non: The non: The non----equidistance algorithm by Dabrunz (2009)equidistance algorithm by Dabrunz (2009)equidistance algorithm by Dabrunz (2009)equidistance algorithm by Dabrunz (2009)    

# Smoothing that does not expect equidistant points. 
# 
# For each point, the smoothed value is calculated by looking for points at equal distances around the 
# current point and using their values for triangular smoothing. If no points can be found at those  
# distances, for each point the values of the two nearest points are interpolated and used instead. 
# 
# The algorithm avoids the artifacts created by smoothing that is not aware of the point distances. In  
# particular, the huge distortions to the derivates of the resulting curve are avoided. 
# 
# This algorithm applies triangular smoothing to non-equidistant points. 
# The non-equidistant version is (C), devised and implemented by Olaf Dabrunz 
# 11/May/2009. 
# 
procedure Smooth_NED curve_in$ curve_out$ width 
 Create PitchTier... 'curve_out$' sampleStart sampleEnd 
  
 for j from 1 to width       ; make a 
triangular window of size = width  
  if j < width / 2 + 0.5 
   weight'j' = j 
  else  
   weight'j' = width - j + 1 
  endif 
 endfor 
 
 select PitchTier 'curve_in$' 
 smooth_end = Get number of points 
 
 for i from 1 to smooth_end     ; smooth from 1 to end 
  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 right boundaries of the 
   ; tier, need to detect that 
   have_point = 1 
 
   rawsample_time = sample_time - (round(width / 2) - j) / f0_sample_rate 
      rawsample_index_left = Get low index from time... rawsample_time 
      rawsample_index_right = Get high index from time... rawsample_time 
 
   if rawsample_time < sampleStart or rawsample_time > sampleEnd or 
    ... rawsample_index_left < 1 or rawsample_index_right > 
smooth_end 
    have_point = 0 
   elsif rawsample_index_left = rawsample_index_right 
    rawsample = Get value at index... rawsample_index_left 
   else 
    rawsample_left = Get value at index... rawsample_index_left 
    rawsample_right = Get value at index... rawsample_index_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 be a problem here 
    rawsample = rawsample_left + 
     ... (rawsample_right - rawsample_left) * 
(rawsample_time - rawsample_time_left) 
     ... / (rawsample_time_right - rawsample_time_left) 
   endif 
 
   if have_point 
    smoothsample += weight'j' * rawsample 
    n += weight'j' 
   endif 
  endfor 
  smoothsample /= n 
  select PitchTier 'curve_out$' 
  Add point... sample_time smoothsample 
 endfor 
endproc  
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AppendixAppendixAppendixAppendix    CCCC:  Difficulties :  Difficulties :  Difficulties :  Difficulties in in in in quantifying the three acoustic parameters (i.e., F0 peakquantifying the three acoustic parameters (i.e., F0 peakquantifying the three acoustic parameters (i.e., F0 peakquantifying the three acoustic parameters (i.e., F0 peak    

locationlocationlocationlocation, degree of F0 fall and F0 r, degree of F0 fall and F0 r, degree of F0 fall and F0 r, degree of F0 fall and F0 range) in the production data and details of attempted ange) in the production data and details of attempted ange) in the production data and details of attempted ange) in the production data and details of attempted 

analysesanalysesanalysesanalyses    

In addition to qualitative analyses of the production data (i.e., intelligibility scores and the 

analyses of the overall F0 patterns reported in Chapter 3), attempts were made to quantify 

three F0 parameters, namely, F0 peak location, degree of F0 fall and F0 range.  However, 

some difficulties in accurately quantifying these properties of the original data require 

further investigation.  Hence, the quantitative analyses of the data are not reported in the 

main body of this thesis.  Nevertheless, the details of such attempts are described here as it is 

still possible that such details can be a useful contribution to the field.  First, the main 

problems in quantifying the three F0 parameters are described.  Then, the details of the 

attempted data analyses are reported in terms of methods and results.  Lastly, possible 

solutions which still require further research are suggested.    

 The aim was to capture overall patterns regarding the three F0 properties in the 

productions, and to compare the learners’ patterns with native speakers’ patterns.  In order to 

investigate the overall F0 patterns in the productions while ignoring micro-level differences, 

the original data needed to be smoothed out.  This involves some distortions and yields some 

artifacts in the data analyses.  The main issues for this process are therefore how far to 
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smooth out the original F0 contours and how to control the errors caused by smoothing 

algorithm (the degree of F0 fall in particular).  Although some errors will remain after 

smoothing, at least we should be able to calculate other errors, and also to make an accurate 

quantification of the distortion by the algorithms if possible, in order that it can be resolved 

to some extent with further investigation.  To avoid such artifacts from using scripts, it is in 

theory possible to manually detect each of the three F0 parameters for each utterance.  

However, in practice it is not efficient to rely solely on manual detection, considering the 

amount of data in this study.  To quantify the three F0 parameters, the following attempts 

were carried out.   

 

Method 

F0 peak alignment (F0 peak location) 

To quantify F0 peak location, the F0 peak was identified in relation to the segmental 

landmarks in each utterance.  As discussed in Chapter 3 (3.4.3), in order to observe the F0 

peak location relative to the segments, smoothed F0 values in each segmental interval were 

divided into 10 time-normalized points.  The utterances in the speech imitation task each 

consisted of six segments, which yield six corresponding intervals (see Table 3.4 in Chapter 

3).  Thus, there were 60 points for each utterance.  The location of the highest F0 in the 
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overall F0 contours among these 60 points was measured as the F0 peak point.  To detect 

the time-normalized F0 values, Xu (2008)’s PRAAT script was used; this script 

automatically saves the trimmed F0 values.     

 

Maximum velocity (degree of F0 fall) 

As discussed in Chapter 3 (3.4.3), what we are interested in is the degree of F0 fall after the 

F0 peak.  For pitch accented words, F0 patterns in the productions of native speakers of 

Japanese tend to show a rapid fall after the F0 peak, whereas for unaccented words, F0 

patterns does not show such a rapid fall.   

 To calculate the velocity of each F0 contour, Xu’s (2008) PRAAT script was 

modified and used for the analysis.  There were two steps.  These steps yielded problems of 

artifacts and distortions, although some distortions were expected due to the nature of 

smoothing processes.  First, the F0 contours were smoothed out with a smoothing value of 

0.15 (window size 6.7 Hz).  With this relatively large smoothing value, all the micro-level 

changes in F0 were removed from the F0 contours (see Figure 1) while preserving the global 

pattern of the original pitch data.  We also found that micro-level changes in F0 tend to yield 

extremely high velocity values.  Thus, smoothing the F0 contours allows us to capture the 

general shape of the contours and the degree of F0 fall.  At the same time, this involved 
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compromising the original values, as we can see in the two panels in Figure 1.   

 

Figure Figure Figure Figure 1111. An example of F0 smoothi. An example of F0 smoothi. An example of F0 smoothi. An example of F0 smoothing.  ng.  ng.  ng.      

The top figure illustrates the trimmed F0 contour before smoothing.  The figure below illustrates the 

smoothed F0 contour of the same utterance.  In both figures, the x-axis represents the actual time in 

seconds and the y-axis represents the frequency in semitones.   

 

 

 

 

 

The second step of the calculation was that the maximum velocity after the F0 peak 

for each utterance was detected individually from the velocity values, and visually inspected 

to confirm that the value was correct.  The triangular filter algorithm in Xu’s script was used 
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for calculating the velocity to smooth out the F0 contours with a smoothing value of 0.05 

(window size 20 Hz).  However, the velocity contour depicted by his script tended to show 

errors around each segmental boundary area in my data.  This turned out to be a problem 

with the triangular filter algorithm in Xu’s script which related to applying the algorithm to 

my data in combination with errors induced by other factors such as creaky phonation.  

Whereas the algorithm assumes equidistance between points, this is actually not the case 

with the points next to the boundaries, because the sampling is applied in each segmental 

interval.  In some cases the distance between the two points near a segmental boundary is 

very small, and this yielded extremely large velocity values.  By using the non-equidistance 

algorithm written by Dabrunz (2009) (see Appendix B) as a substitute for the triangular filter 

algorithm within Xu’s script, these errors were considerably reduced and thus, Dabrunz’s 

algorithm was applied for the velocity calculation in this analysis.  Once the velocity values 

were calculated, each velocity contour was further smoothed out with a smoothing value of 

0.075 (window size 13.3 Hz). This is illustrated in Figure 2.  As mentioned earlier, there is a 

tradeoff between a large smoothing value and the accuracy of measurements (see Hertrich & 

Ackermann 1997; Xu, 1999), and therefore, the smoothing value was as low as possible 

while still being sufficient to provide with us the global shape of the F0 contour.  However, 

this process again accumulates further artifacts.   
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Figure Figure Figure Figure 2222.  An example of velocity smoothing.  .  An example of velocity smoothing.  .  An example of velocity smoothing.  .  An example of velocity smoothing.      

The top figure illustrates the velocity contour before smoothing.  The lower figure illustrates the 

smoothed velocity contour of the same utterance.  In both figures, the x-axis represents the actual time 

in seconds and the y-axis represents the velocity in semitones per second. 

 

 

    

F0 range 

As we also reported in Chapter 3 (3.4.3), in order to make comparisons among speakers 

possible, the F0 values (Hz) on the time-normalized scale were converted into normalized F0 

values using Z-score transforms (e.g., Earle, 1975).  We quantified the width of the F0 

contours (i.e., difference between the minimum and the maximum values) in each utterance.  

To measure F0 range by itself is not a big problem.  However, the above mentioned 
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smoothing issues also affect the F0 range values, as smoothing changes the original 

shape of the F0 contours.   

 

Results:  Mean F0 values 

The sound files of the mene data set were analyzed as representative of the whole data in 

terms of their acoustic properties.  There were 216 tokens analyzed (24 participants x 3 

accent types x 3 repetitions) (details are discussed in 3.5 in Chapter 3).  In addition, the 

corresponding 216 non-speech tokens in the non-speech imitations were analyzed.  In this 

Appendix, only the speech data analyses are described.  Annotation and acoustic analyses 

were performed using PRAAT as described in Chapter 3.        

 

F0 peak alignment (F0 peak location) 

The means and standard deviations of the F0 peak alignment as produced by the native 

Japanese speakers and the two groups of the learners are presented in Table 1.  The values 

are based on the F0 peak location expressed as a percentage of the duration of each utterance 

based on the time-normalized point in relation to the segmental landmarks.  To make sure 

that the location of the F0 peak was correctly identified, special care was taken when the F0 

peak locations happened to be the beginning or the end of the utterance.  If the peak 
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alignment value is 0%, this means that the F0 peak occurs at the onset of the first 

consonant, i.e., the onset of the whole utterance.  If it is 100%, the F0 peak occurs at the 

offset of the last vowel, i.e., the offset of the whole utterance.  Figure 3, Figure 4 and Figure 

5 represent the mean F0 contour of each accent type among the three groups for reference.  

These contour values are the values after trimming to remove outstanding bumps but before 

smoothing.  Thus, in these figures, the large bumps of the F0 contours have been clipped but 

the contours still show bumpy curves.1     

 

                                                

1 These values, i.e., the trimmed but not smoothed F0 contours (as originally designed in Xu (2008)’s 

script), were used to detect the locations of F0 peak on the time-normalized scale.  Xu’s purpose was 

to detect precise phonetic values for F0 peaks which are as close as possible to the authentic values.  

However, for any future analyses with aims similar to this study (i.e., to capture a global view of the 

F0 contours), if it is technically and practically possible to detect the F0 peak alignment of the global 

F0 contours, it might be more beneficial to use F0 peak locations that are detected after the target F0 

contours are smoothed, in order to avoid the marginal errors that are caused by bumps in unsmoothed 

F0 contours.    
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Table Table Table Table 1111.  The mean F0 peak alignment of each group (%).  .  The mean F0 peak alignment of each group (%).  .  The mean F0 peak alignment of each group (%).  .  The mean F0 peak alignment of each group (%).      

The column “Mean (/60)” next to the mean indicates the F0 peak point on the time-normalized scale 

where each segment has 10 time-normalized points.     

      

  
Accent 
type Mean 

Mean 
(/60) 

Std. 
Deviation 

NJ Accent0 75.00 45.00 35.66 
 Accent1 25.22 15.13 15.57 
  Accent2 62.15 37.29 4.38 
NEexp Accent0 53.51 32.10 41.54 
 Accent1 21.32 12.79 26.04 
  Accent2 57.43 34.46 32.44 
NEinexp Accent0 51.04 30.63 45.55 
 Accent1 42.61 25.57 37.03 
  Accent2 52.46 31.48 35.39 

   

Figure Figure Figure Figure 3333.  Mean F0 contour for A0.  .  Mean F0 contour for A0.  .  Mean F0 contour for A0.  .  Mean F0 contour for A0.      

Each F0 contour represents each group’s mean.  F0 contours are trimmed but not smoothed.   
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Figure Figure Figure Figure 4444.  Mean F0 contour for A1.  Mean F0 contour for A1.  Mean F0 contour for A1.  Mean F0 contour for A1    

Each F0 contour represents each group’s mean.  F0 contours are trimmed but not smoothed.   
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Figure Figure Figure Figure 5555.  Mean F0 co.  Mean F0 co.  Mean F0 co.  Mean F0 contour for A2ntour for A2ntour for A2ntour for A2    

Each F0 contour represents each group’s mean.  F0 contours are trimmed but not smoothed.   
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The mean F0 peak location for A1 produced by NJ occurred at 25.2% of the 

utterance (using the time-normalized values).  This indicates that for NJ the F0 peak 
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occurred within the first syllable, which is the accent bearing unit of A1.  More 

specifically, in A1, the F0 peak aligned with the 15th time-normalized point, which is 51.3% 

of the first vowel (V1).  In the case of A2, the mean F0 peak occurred at 62.2% in NJ’s 

productions.  This means that in A2 the F0 peak is located within the second syllable, which 

is the accent bearing unit of A2.  More specifically, for A2, the F0 peak aligned with the 37th 

time-normalized point, which is 72.9% of the second vowel (V2). In the case of A0, the 

mean F0 peak or the highest F0 occurred at 75.0% of the whole utterance.  This is the 45th 

time-normalized point, which is within the last syllable, which corresponds to the post-

positional particle mo, which is 50% of the third consonant (C3).  There are a few slight 

mismatches between the mean F0 peak alignment values in Table 1 and the mean F0 values 

in Figure 3, Figure 4 and Figure 5.  The main reason for these mismatches seems to be that 

marginal errors in individual F0 contours (due to the bumps that remained on the F0 contours 

after trimming) were accumulated, and the mean F0 peak in Table 3.5 seems to have caused 

the F0 peak locations to be slightly shifted from the mean F0 figures shown in Figure 3, 

Figure 4 and Figure 5.   

The analysis of the F0 peak alignment showed that three groups produced different 

patterns across the three accent types.  According to a mixed design ANOVA (Accent (3 

levels) x Group (3 levels)), there was a significant interaction effect (p <0.001) as well as a 
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main effect of Accent (p <0.001), but the effect of Group was not significant.  A set of 

one-way ANOVAs among the three accent types within each group indicated that the F0 

peak for A1 was earlier than A0 and A2 in the NJ’s productions.  The same pattern was 

observed in the NEexp’s productions.  Meanwhile, the F0 peak location was not 

differentiated in the NEinexp’s productions.   

Another set of one-way ANOVAs was also conducted among the three groups 

regarding each accent.  The only significant difference was that F0 peak locations for A1 in 

the NEinexp’ productions was later than the peak locations in the NEexp’s productions.  

However, they were not statistically different from the NJ’s values.  We should also note 

large SD values in the learners’ means which indicates large individual variability in the two 

learner groups.  Such variability was observed in the learners’ individual F0 patterns in 

Chapter 3 (3.5.2).  In addition, the mean F0 peak values in the productions of the NEexp and 

those of the NEinexp seem to be lower than the values in the productions of the NJ.   

 

Maximum velocity (degree of F0 fall) 

The means and the standard deviations of maximum velocity after the F0 peak are presented 

in Table 2.  As it was the maximum velocity after the F0 peak which was detected, all the 

mean maximum velocity values were negative, indicating that the greatest speed after the F0 
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peak was a falling contour.  When the F0 peak happens to occur at the end of the F0 

contour, the velocity is zero as there is no following point.  For these cases, after carefully 

checked the contours, the maximum velocity at the previous point was used. This sometimes 

showed a positive value, indicating a rising contour.  As expected, the mean maximum 

velocity in NJ’s utterances of the accented words, i.e., A1 and A2, showed relatively large 

negative values.  In contrast, we see a much smaller maximum velocity value in NJ’s 

productions of unaccented words, i.e., A0.  Meanwhile, as can be seen in Figures 3, 4 and 5, 

the mean F0 patterns in the learners’ productions were less curvy than those in the NJ’s.  This 

tendency appears to be stronger in the mean F0 fall in the productions of the NEinexp than 

those of the NEexp.  This indicates that the mean degree of F0 fall in the learners’ 

productions is less rapid compared to that in the NJ’s.    

 

Table Table Table Table 2222.  The mean maximum velocity of each group (semitones/second).  The mean maximum velocity of each group (semitones/second).  The mean maximum velocity of each group (semitones/second).  The mean maximum velocity of each group (semitones/second) 

        

  
Accent 
type Mean 

Std. 
Deviation 

NJ Accent0 -1.54 14.35 
 Accent1 -41.05 12.58 
  Accent2 -50.22 16.06 
NEexp Accent0 -13.54 16.13 
 Accent1 -29.99 15.17 
  Accent2 -28.72 18.25 
NEinexp Accent0 -12.42 17.01 
 Accent1 -21.47 19.05 
  Accent2 -25.09 17.54 

 

The analysis of maximum velocity (i.e., the degree of F0 fall) also indicated that the 
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learners’ patterns were different from the native speakers’ norms.  According to a mixed 

design ANOVA (Accent (3 levels) x Group (3 levels)), there was a significant interaction 

between Accent and Group (p <0.001) as well as a main effect of Accent (p <0.001) and a 

main effect of Group (p <0.01).  Post hoc comparisons indicated that the maximum velocity 

produced by both learner groups was significantly different from that produced by the NJ 

(NEexp: p < 0.05; NEinexp: p <0.001) but the learner groups did not differ from each other.  

One-way ANOVAs were conducted among the three accent types within each group. In the 

NJ’s productions, the maximum velocity for A0 was smaller than for A1 and A2, and the 

maximum velocity for A1 was smaller for A2.  A similar pattern was observed in the 

NEexp’s productions but the maximum velocity of A1 was not significantly smaller than that 

of A2 in their productions.  In the NEinexp’s case, the maximum velocity was not 

differentiated among the three accent types.  Another set of one-way ANOVAs was also 

conducted among the three groups regarding each accent.  The results indicated that the 

maximum velocity for A0 was faster (p <0.05) in the learners’ productions than the NJ’s 

values while the maximum velocity for A1 (p <0.001) and A2 (p <0.001) were slower than 

the NJ’s value.   
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F0 range 

The means and the standard deviations of the F0 range are presented in Table 3.  The mean 

F0 range for A1 in NJ’s productions seems to be slightly narrower than that of A0 and A2.  

The mean F0 range of A0 and A2 happens to be the same in NJ’s productions.  Similar F0 

range values for A0 and A2 is not surprising considering that these two accent types show 

similar F0 contour patterns up to the F0 peak.  Meanwhile, the mean F0 range for A1 seems 

to be narrower in the learners’ productions compared to that in the NJ’s productions.  The 

mean F0 range for A2 seems to be wider in the learners’ productions compared to that in the 

NJ’s productions.    

 

Table Table Table Table 3333.  The mean F0 range of each group (normalized value with Z.  The mean F0 range of each group (normalized value with Z.  The mean F0 range of each group (normalized value with Z.  The mean F0 range of each group (normalized value with Z----score transforms)score transforms)score transforms)score transforms) 

        

  
Accent 
type Mean 

Std. 
Deviation 

NJ Accent0 3.62 0.82 
 Accent1 3.04 0.33 
  Accent2 3.62 0.47 
NEexp Accent0 3.76 0.86 
 Accent1 3.30 0.48 
  Accent2 3.41 0.57 
NEinexp Accent0 3.78 0.79 
 Accent1 3.38 0.67 
  Accent2 3.61 0.86 

 

In the analysis of F0 range, a mixed design ANOVA revealed that the main effect of 

Accent was significant (p < 0.001) but there was no significant main effect of Group and no 

significant interaction between Accent and Group.  Another set of one-way ANOVAs (3 
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levels) showed that it was only the NJ whose F0 range was significantly different among 

the three accent types; their F0 range was narrower for A1 than for A0 (p < 0.001) and A2 (p 

< 0.001).  On the other hand, the F0 range produced by the learners did not yield significant 

differences among the three accent types.   

 Overall, regarding the three F0 parameters, the results of the quantitative analyses 

indicated similar results to the tendency found in the qualitative analyses of overall F0 

patterns reported in Chapter 3.  In short, F0 patterns in the productions of the learners are 

non-target like in the following ways: learners have a less rapid fall after the F0 peak 

compared to the NJs; learners show great variability in the mean F0 peak location values; 

and the learners’ divergence from the NJ patterns is greater when L2 experience is more 

limited.  This suggests that with further improvements in the accuracy of measurements, 

experimental design with quantitative data analyses such as those attempted here could 

potentially provide us with supporting evidence for the findings in this study and strengthen 

the arguments.   

 As one of possible solutions to reduce errors and increase accuracy, we could limit 

the number of the participants (and thus the amount data), and solely conduct the acoustic 

measurements manually.  In this case, the limited number of participants would leave us with 

the issue of how far we could generalize the findings.  Another possibility is that for any 
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future analyses with aims similar to this study (i.e., to capture a global view of the F0 

contours), if it is technically and practically possible to detect the F0 peak alignment of the 

global F0 contours, it might be more beneficial to use F0 peak locations as detected after the 

target F0 contours are smoothed, in order to avoid the marginal errors that are caused by 

bumps in unsmoothed F0 contours.  Another possibility is to conduct further research on 

how to reduce errors from detecting overall F0 contours and from smoothing in order to 

increase the accuracy of calculating the speed of F0 fall.  It would be particularly useful to 

explore methods of getting rid of the accumulated errors, and/or methods of dealing with 

flattening slope.  However, this needs further thought and further investigation.                  
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AppendixAppendixAppendixAppendix    DDDD:  :  :  :  PPPPilot ilot ilot ilot study: three novel diacritics for elicitistudy: three novel diacritics for elicitistudy: three novel diacritics for elicitistudy: three novel diacritics for eliciting Japanese pitch accent ng Japanese pitch accent ng Japanese pitch accent ng Japanese pitch accent 

productionsproductionsproductionsproductions....    

The three diacritic systems (accent on 1st syllable, accent on 2nd syllable, and unaccented) 

1) line/bracket  “      “/” ¬ ” 
 

めね             めね              めね 
 

2) iconic object 

めね     めね             めね 
 

3) point  “ ́  ” 
 

め΄ね            めね΄            めね 
 

Results of production performance with three different accent markers Results of production performance with three different accent markers Results of production performance with three different accent markers Results of production performance with three different accent markers     
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