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Abstract (in English)

Phonological representations of the Japanese language were explored in terms of the
orthographic influences at the different levels of attention, one at the level of
phonological awareness in which listener’s attention was paid to speech sounds at
maximum and the other at the preattentive level functioning for unattended speech
being analyzed only passively. Phonological representations of sublexical units
including phonemes, which had been little studied, were explored in the population of
Japanese adults who have already acquired both Japanese and alphabetic writing
systems. The study employed cognitive psycholinguistic experimental approach.

The first research work examined the nature of the units of phonological awareness.
In three experiments, participants were asked to perform a reversal task. The results
show that morae are the most prominent units in spontaneous reversal. On the other
hand, the participants were perfectly able to manipulate phonemes under request. Yet,
detailed analysis of their introspective reports reveals that, most subjects used an
interchange of written kana characters instead. The use of such a strategy implies the
ability to analyze a kana consisting of a consonant and a vowel into their internal CV
constituents. Thus, whereas the nature of the first acquired writing system seems to
exert a strong, pervasive influence on the native speaker’s metaphonological procedures,
such language-specific procedures amount to the ability to perform metalinguistic
operations at the phonemic level.

The second research work explored the functional units of speech segmentation in
Japanese using dichotic presentation and a detection task requiring no intentional
sublexical analysis. Indeed, illusory perception of a target word might result from
preattentive migration of phonemes, morae or syllables from one ear to the other. First,
Japanese listeners detected targets presented in hiragana and/or kanji. Phoneme
migrations did occur, suggesting that orthography-independent sublexical constituents
play some role in segmentation. However, syllable and especially mora migrations were
more numerous. This pattern of results was not observed in French speakers, suggesting
that it reflects native segmentation in Japanese. Further, to control for the intervention of
kanji, Japanese listeners were presented with target loanwords that can be written only
in katakana. Again, phoneme migrations occurred, while the first mora and syllable led
to similar rates of illusory percepts. Overall, these findings suggest that multiple units,
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such as morae, syllables, and even phonemes, function independently of orthographic
knowledge in Japanese preattentive speech segmentation.

The role of the above basic research works is to contribute to facilitating the
acquisition of alphabetic spelling in foreign language learning and teaching for Japanese
as well as its application to the computer aided instruction. Another contribution is
expected for remediation and support for the dyslexics and persons with reading
disabilities.

Keywords:
phonological awareness, preattentive processing, speech segmentation, phoneme, mora,
syllable, orthographic influences, Japanese
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Chapter 1: Introduction

“Father McKenzie
Writing the words of a sermon that no one will hear

No one comes near...”

When I hear these lyrics from “Eleanor Rigby,” a well-known Beatles
song written by Lennon and McCartney (1966), | am reminded of an article
in a Japanese pop-music magazine, in which the writer mentions a boy in
her neighborhood who sang the first words as Hazama Kenji instead of
Father McKenzie. Although non-native Japanese speakers may find this
strange, for me as a Japanese native speaker it seems very natural and also
interesting. Yes, to my ears Father McKenzie really does sound like the
Japanese male name Hazama Kenji. An understanding of the phonological
representations of the Japanese language will help to explain why. | will
introduce this theme in section 1.1 of this dissertation.

The sound of the English name even reminds me of the kana sequence
‘12 & F 1F A U’(hazama kenji). Why do we remember a letter string when
we listen to just speech or spoken words? “Writing the words of a sermon
that no one will hear ”. Yes, when we prepare a speech to be heard by native
speakers of our language, we write words in our native writing system. Most
of us acquired literacy at an early age and cannot remember how we learned
to read and write, or more specifically, how we learned that a speech sound
corresponds to a letter. Listening and reading are closely related to each
other, as are speaking and writing. The issue of orthographic influences on

speech processing will be introduced in section 1.2.

How do we listen to speech? How do humans process speech? Adult
native speakers listen to the spoken words without paying much attention to
how they listen to their native language speech sounds, and they segment
the words with almost no effort when listening to running speech. Is there
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any difference between situations when we pay attention to speech and
those when we do not? These questions have attracted the attention of
cognitive  psychologists, especially cognitive psycholinguists and
phonologists. The question of how much attention we pay is one of the main
focuses of this study, and will be introduced in section 1.4, specifically
section 1.4.2.

How do native listeners recognize words from fluent speech, often on
the basis of partial acoustic information? Words are recognized through the
interaction of sound and knowledge. Thus, human speech processing
includes two ways of processing information: a bottom-up process and a
top-down process. A bottom-up process of word recognition starts from
acoustic analysis in the auditory organs, and is based on the results of data
analysis from the acoustic information present in the speech signal to
discover what word is being uttered. It is data driven and passive, whereas a
top-down process is concept driven and active, and based on higher-level
information. A top-down process uses broad knowledge corresponding to a
topic in context; as well as common sense, or concepts for understanding
speech stored in the long-term memory; and pragmatic, semantic, and other
forms of linguistic information. In other words, at one end of speech
processing, there is the pure sound information from what we hear in speech.
At the other end, we can use information about a language — for example, by
imagining what is a possible word in the language. Listeners are always
actively seeking to make sense out of a spoken message. Thus, human word
recognition integrates these two processes (e.g., Ishizaki, 2013; Ryalls,
1996).

In spoken word recognition in one’s native language, retrieving a
mental representation from the speech input is almost automatic and
extremely difficult to describe. We need to locate word boundaries in a
continuous speech stream and find a single representation corresponding to
highly variable acoustic waveforms. Over the last 20 years, speech
perception studies have assumed that the acoustic waveform is analyzed

into a set of discrete, symbolic sub-lexical units in the representation, which
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mediate the mapping between the acoustic signal and the mental lexicon in
our mind (Kolinsky, 1998).

| should justify here the reasons why the study of phonological
representations of the Japanese language is important and has both
theoretical and practical significance.

First, phonological studies on the Japanese language have made a
considerable contribution to speech processing studies, because of the
importance of a phonological unit, the mora, which is different from the
phoneme! and the syllable (e.g., Shibatani, 1990) and is an intermediate unit
between them. These phonological units will be introduced in the next
chapter (see 2.1.1). Indeed, the rhythm of the Japanese language has been
described as being based on the mora (e.g., Ladefoged, 1975; Port, Dalby, &
O’Dell, 1987; Shibatani, 1990; see more recent proposals in Grabe & Lowe,
2002; Ramus, Nespor, & Mehler, 1999), which functions as a rhythmic unit
in the composition of poems like waka and haiku (Shibatani, 1990) and
which plays an important role in word formation rules (1td6, 1990; Mester,
1990; Poser, 1990).

Second, the Japanese language is very unique as regards its writing
systems. The language has three kinds of traditional writing systems,
generally described as being based on three kinds of signs: a logographic
system of Chinese origin, namely kanji, and two sets of Japanese moraic
phonographic systems that stand in a perfect one-to-one correspondence to
each other,> namely hiragana and katakana. In addition, the Roman
alphabet, called romayji, is used in some cases. The Japanese writing systems
will be discussed in more detail in the next chapter (see 2.1.2).

1.1 Phonological Representations

Phonological representations can be articulated from various points of
view, which vary in degree of abstractness from surface acoustic-phonetic

descriptions to abstract categories. First, phonological representations can
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be defined as pure linguistic representations, which are the research
interests of linguists, especially phonologists. Such linguistic
representations include units ranging from phones or phonemes to
intermediate units between a phoneme and a word, such as mora, syllable,
and foot. In many languages, even the internal structural representations of
a syllable are the concerns of phonologists. Goldsmith (1993) maintained
that all theories of phonology can be usefully divided into theories of
representations, of levels, and of rules; the theory of representation is the
most familiar at present.

Second, phonological representations can be regarded in terms of
abstractness® of the acoustic details of the input, regardless of gender or
individual differences. Such phonological representations can be considered
mental representations, and these have attracted the interest of many
researchers in psycholinguistics.

Vihman et al. (1994) stated that a phonological mental representation is
something more abstract than a vocal motor scheme operating in
combination with perceptual attention to particular auditory patterns. In
child phonology the term “internal representation” is intended to
characterize underlying aspects of the child’s understanding and production
of speech, and generally is taken to refer to a form of mental “storage”
(Vihman et al., 1994, p.17).

However, the child’s internal representation and the linguist’s
description are sometimes assumed to be isomorphic. When the linguist
equates psychological reality with internal representation, that reality can
best be considered roughly equivalent to the psychologist’s term “mental
representation,” which is a form of mental processing. Some linguists even
have the same view of representations as psychologists have. According to
Coleman (1998), to the extent that cognitive representations of linguistic
knowledge are “computed” by the human brain, it seems reasonable to
demand that the representations proposed in linguistic theories will be at
least capable of supporting computation of some kind (e.g., generation,
acceptance, transduction, or parsing). Boersma and Hamann (2009)

proposed a bidirectional linguistic model with three representations:
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If perception is regarded as the mapping from a universal phonetically
detailed form to a language-specific phonological structure without
lexical access, an inclusion of perception into the grammar model could
require three representations. Similarly, many psycholinguists, e.g.
McQueen and Cutler (1997), argue that comprehension is not a single
module but consists of two sequentially ordered modules for prelexical
perception and for word recognition. The listener is confronted with
overt phonetic forms from which he/she has to construct an abstract
surface structure in a language-specific way.

(Boersma & Hamann 2009, p. 9)

Third, phonological representations should be accounted in terms of a
“levels of processing” approach, which will be described in detail in section
1.4.2. In that frame, | studied the nature of phonological representations in
Japanese at two levels, and these will be introduced in my dissertation:
post-perceptual (phonological) representations will be presented in Chapter
3, and perceptual (phonological) representations in Chapter 4.

1.2 Orthographic Influences

1.2.1 From Sound to Letters: From Phonology to Orthography

One of the remarkable things in the history of human language is the
invention of “letters”, especially phonograms (a visual system of language)
transcribed from speech sounds (an auditory system of language). Here |
focus only on the relation between phonemes in the Japanese language and
two kinds of phonogram, namely, kana and alphabets.

Around the 11th century, more than five hundred years before the first
alphabet transcription for Japanese, and just after the invention of the
Japanese kana writing system, Japanese Buddhist monks developed a kana
syllabary called gojuonzu based on the Chinese phonology at that time, in
order to study the sound and the writing system of Sanskrit, the formal
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language of the ancient Indian Buddhist canon. It was not until the 16th
century that Japanese works were transcribed using phoneme-based
alphabets. However, a phoneme-like description was added to the appendix
of the old kana syllabary in 1079 as 1 - (i.e., /i-i/) 2 -3 (/ro-0/) /~-7
(/ha-a/), etc. only by kana being used, indicating extraction of vowels by
lengthening the syllable. Considering the fact that old Japanese scholars
distinguished Mata (vowels) from Taimon (consonants) even though they
only used the kana syllabic characters, the notion that Japanese has a single
sound as a unit must have been established at least in the domain of Sanskrit
study in the Heian Era (11C; Komatsu, 1981). This fact suggests that those
ancient scholars who used syllabograms (i.e., syllable-based phonograms)
could analyze the internal structure of a syllabogram and extract, at least, a
vowel from a syllabic structure.

Japanese was first transcribed into an alphabet (based on Portuguese
sounds) by Portuguese missionaries at the end of the 16th century. After the
Japanese government closed the door to foreigners other than Dutch people
(mid-17C-mid-19C), Dutch traders did a transcription based on Dutch
sounds. Then an American missionary did a transcription based on English
sounds around the time of the Meiji Restoration (mid-19C) in order to
introduce the Japanese language into the Western world (Koizumi, 1978).

However, the role of the phoneme in the speech processing of Japanese
native speakers has not received much attention. As we will review in
section 2.1, Japanese is not a phoneme-based language, but a syllable or
mora-based language. However, is it not necessary to investigate Japanese
speakers’ awareness of phonemes, and the role of phonemes in speech

segmentation?

1.2.2 Orthographic Influences on Speech Processing

Orthographic influences on speech processing have been reported by
many psycholinguistics researchers. These influences will be introduced in
Chapter 2 (2.2.3 at the level of linguistic awareness, and 2.3.3 at the level

of word recognition). Orthographic knowledge, which is related to literacy,

6



modulates literate people’s speech processing in purely auditory tasks. In
fact, orthographic representations modulate the pronunciation of novel
words in word learning situations. For example, in a study by Rastle,
McCormick, Bayliss, and Davis (2011), participants had to learn
associations between novel spoken words and pictures, and then learned to
spell these words. When asked to name the pictures, they named the novel
words more quickly when their spellings were regular rather than irregular
(e.g., for initial /k/, k vs. ch; see also Birki, Spinelli, & Gaskell, 2012).
Rastle et al. found significant orthographic effects on speech perception in a
situation in which spelling-sound consistency was manipulated, and
discussed the results in terms of a highly interactive language system in
which there is a rapid and automatic flow of activation in both directions
between orthographic and phonological representations (p.1588).
Orthographic representations also help children acquire new oral
vocabulary: exposing them to the spellings of new words enhances their
memory for both pronunciation and meaning of the words (e.g., Ehri &
Wilce, 1979; Ricketts, Bishop, & Nation, 2009; Rosenthal & Ehri, 2008).
Spellings are effective because they provide readers with orthographic
images that are useful for symbolizing and storing sounds in memory.
Spelling-aided sound learning scores were highly correlated with subjects’
knowledge of printed words, indicating that this representational process
may be used by beginning readers to store printed words in lexical memory
(Ehri & Wilce, 1979, p.26). Spellings improved students’ memory for
pronunciations and meanings of new vocabulary words, and enhanced their
memory for pronunciation and meanings compared to no spellings. In
addition, orthographic knowledge benefited vocabulary learning and
diminished dependence on phonological memory (Rosenthal & Ehri, 2008,
p.175). Children showed robust learning for novel spelling patterns after
incidental exposure to orthography, and stronger learning for
nonword-referent pairings trained with orthography. The degree of
orthographic facilitation observed in posttests was related to children’s
reading levels, with more advanced readers showing more benefit from the
presence of orthography (Ricketts, Bishop, & Nation, 2009, p.1948).
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1.3 The Objectives of the Present Studies

This research aims to explore, from the attention-oriented point of view,
how phonological representations of the Japanese language differ according
to the levels of speech processing, which will be introduced in section 1.4.

More specifically, the main objective is to examine the relative
importance of different phonological units — namely, syllables, morae, and
phonemes — at the different levels of processing. One is at the conscious
level of speech processing, at which the listener pays the most attention to
speech sounds (Chapter 3), and the other is at the early (preattentive) level
of speech processing (Chapter 4). Both of these levels will be explained in
detail in section 1.4. The two studies presented in this dissertation were
conducted in the population of Japanese adults who have already acquired
both Japanese and alphabetic writing systems. The research also aims to
investigate to what extent these adults are aware of the phoneme and its role
in speech segmentation.

Another objective is to explore orthographic influences on the
phonological representations at those two levels of processing.

The relation between the objectives of the two core research works in
Chapter 3 and Chapter 4 and the “levels-of-processing” approach are
presented in section 1.4 and summarized in Figure 1.2.

1.4 Approach
1.4.1 General Approach

The present research is situated in cognitive psycholinguistics, which
belongs to the broader field of cognitive science, and relates not only to
language education and educational engineering as well as computer science,
but also to medical science, specifically cognitive neuropsychology and
speech pathology.

Psycholinguistics is the psychology of language built on theories that
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attempt to explain the mental processes behind speaking, listening, and
acquisition by a systematic account of the phenomena. Two approaches are
used in the research: experiments and naturalistic observations.

In order to pursue the objectives stated in section 1.3, the present
research employed an experimental approach, as did most of the previous
studies on phonological awareness and speech segmentation.

1.4.2 Specific Approach: Levels of Speech Processing

In cognitive psycholinguistics, the issue of human speech processing
has been studied in two separate research domains: the study of spoken
word recognition dealing with the units represented in perceptual codes;
and that of learning to read and write, which is concerned with
post-perceptual, intentional, conscious access to grapho-phonological units,
or more commonly called “metaphonological ability” (Kolinsky, 1998).

To determine the speech representations used by the speaker-hearer of a
language, it is most helpful to use a “levels-of-processing” approach.
Morais, Kolinsky, and Nakamura (1996) proposed a three-level model of
speech processing that was further developed in Kolinsky’s (1998)
stage-processing approach, which includes three processing stages. Each
level was assumed to be sensitive to different parameters (see Figure 1.1 for
an integration of both models, with modifications that will be described
later in this section).

The first and lowest level functions for “perceptual” processing
(Morais et al., 1996) as well as for modular, mandatory perceptual processes
(Kolinsky, 1998, 2006) including modular operations. This level is
influenced only by one’s early linguistic experiences before literacy is
acquired (Morais et al., 1996; Kolinsky, 1998). According to the modular
theory, this process and low-level representation are not directly accessible
to consciousness (e.g., Fodor, 1983; Pylyshyn, 1981).

The second level is for “processes of post-perceptual re-elaboration”
(Morais et al., 1996) or “post-perceptual processes” such as recognition and

identification (Kolinsky, 1998). Between perception and conscious
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recognition or identification, there is space for a level of processing whose
function is to re-elaborate the output of the perceptual module — which is
itself unconscious — to take account of further relevant knowledge of the
same objects or events (Morais et al., 1996) while it contributes to
recognition (Kolinsky, 1998).

Both types of processes operate unconsciously, but one might reserve
the term “perception” for the modular processes.

The third and highest level is called “conscious access” to the properties
represented in the speech percept, in which one is most aware of speech
sounds. This level of attention depends on both the format or structure of
the representation and the availability of conscious representations (Morais
et al., 1996). It is an “intentional analysis process” (Kolinsky, 1998)
concerned with explicit analysis of the recognition outputs, and hence
entails metaphonological activity or phonological awareness, which is one
aspect of linguistic awareness (see Chapter 2).

Both the second and the third levels include the processes that can be
influenced by knowledge related to literacy and attentional strategies. In the
three-level model, the difference between the two last stages of processing
is that the second contributes to recognition, while the third one is
concerned only with the explicit analysis of the result of the output of the
recognition. Therefore, we must suppose that each level of analysis is
constrained by the structure of the output of the precedent level, at least in
the processes of word recognition. However, as Kolinsky (2006) pointed
out,

there is not necessarily full isomorphism between perceptual
processing units and metaphonological units. This issue of isomorphism
is related to the question of whether the conceptualization of units

(metaphonology) would be only a matter of access; that is, it could be

realized only if those units are already represented in the earlier stages

of processing (e.g., Fodor, 1972; Morais, Alegria, & Content, 1987;

Rozin, 1976). Alternatively, there would be no isomorphism between

the way we conceptualize speech and the perceptive processing of it. In

fact, the metaphonological representations could be derived from the
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perceptive representations by processes that modify the form of the
original representations (e.g., Marcel, 1983; Morais, Content, & Alegria,
1987; see above for more detailed discussion). However, the units of
perceptual processing would not necessarily correspond to the
conscious representations of “metaphonological” units. In these two
cases, as well, the use of “direct tests”, implying a discrimination or all
the other types of voluntary response based on one unit or the other, is
not adequate for identifying the form of perceptive representations.
(Kolinsky 2006, pp.35-36, my translation)

Although the model is very rough and incomplete and requires further

development, and must be considered as only a working hypothesis, the

level-of-processing approach provides a guide to the interpretation of the

experimental results in Chapter 3 in terms of conscious access level, and the

results in Chapter 4 in terms of perceptual level. Therefore, the same

approach of levels of processing was adopted in the present study.

For most people, perception of speech is an unavoidable part of life, and

one hears speech even when not paying attention to it. Therefore, | try to

reconsider this model from the attention-oriented viewpoint as well. What |

propose here in my dissertation is to add one more term, “early stage of

preattentive processes,” to be included in the lowest and/or early level of

perceptual processes in relation to the study presented in Chapter 4.
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Literacy-dependent knowledge
and attentional strategies

A Recognition output (conscious percept)
Post —perceptual processes J

Perceptual output

A Metaphonological representation
|

I Processes of intentional analysis

i

1

1

Modular, mandatory perceptual processes < Early linguistic experience

Early stage of preattentive processes

Speech input

Figure 1.1: Levels of human speech processing.

(Modified from Morais, et al. 1996; Kolinsky, 1998)

First, 1 should mention the nature of attention. In fact, attention has many

senses and “is notoriously difficult to define” (Allport, 2011, p.24).

According to Allport, the term “attention” is widely used to denote any and

all of the following:

1.

At the person level, a relationship between observer and object. At the
system level, any such relationship is realized by a corresponding
relationship among brain, body, and environment, including an

appropriate, integrated whole-organism brain state.

. A processing constraint (e.g., “limited capacity”).

3. A control process, or indeed a control system.

4. A variety of postulated lower level mechanisms implementing such

selective control.
(Allport 2011, p.26)
In Broadbent’s (1958) view, attention selects a subset of the information

that has been processed by one part of our perceptual system in such a way

as to make that information available for processing by a later part of the
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system that operates with a smaller processing capacity. The more or less
orthodox view, drawing on research by Pylyshyn and colleagues (e.g.,
Pylyshyn & Storm, 1988) is that attention directly selects a small subset of
the objects in the visual scene (Mole, Smithies, & Wu 2011). What can we
find in the auditory scene? In his proposed object-oriented episodic record
(O-OER) model of working memory, Jones (1993) argued that objects of
auditory origin can be formed without conscious control, and separate
objects are derived from an auditory stream by relatively simple
preattentive processes of streaming and object information.

Returning to the preattentive level of processing (or preattentive
processes), in the domain of visual attention, “high-speed serial models”
generally assume two stages of processing: a parallel preattentive stage
followed by a serial stage of selective attention (Neisser 1967). Early
preattentive processes are meant to segregate, group, and otherwise
organize the visual array to facilitate the subsequent allocation of attention
(Ward, 2001). Treisman (1993) made a further distinction between divided
attention and preattention. Preattentive processing cannot directly affect
responses or experience; it is an inferred stage of early vision. Before any
conscious visual experience is possible, some form of attention is required.
Treisman assumed that there was a dichotomy between preattentive and
attentive processing levels.

Neisser (1967) proposed the notion of “preattentive control” in visual
attention. He maintained that there seem to be two classes of movements
that are most often under preattentive control. One of these, which includes
head and eye movements, consists of redirections of attention itself. Motion
is an effective cue of this sort; when something moves in a portion of the
field to which we are not attending, it usually captures our attention almost
at once. According to Neisser, “much cognitive activity in daily life is
preattentive” (p.92).

With regard to auditory processing, Neisser (1967) distinguished
between two levels of processing: a preliminary analysis at a relatively
passive preattentive stage provides information, which in turn guides the

more active process of synthesis itself. At one level, preliminary
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identification of words and other cognitive units is carried out by a passive
filter system, which is normally supplemented by an active process of
analysis-by-synthesis, suggesting that this constructive process is itself the
mechanism of auditory attention. Irrelevant, unattended streams of speech
are analyzed only by the passive mechanisms, which might be called
“preattentive processes” by analogy with the corresponding stage of vision
(Neisser 1967, p. 213).

Chapter 4 of my dissertation provides some evidence for this
preattentive processing of auditory attention. Therefore | add a
“preattentive level” that serves as a sublevel of processing at the first and
lowest level (see Figure 1.2). In contrast, the third and highest level of
processing, which can be influenced by literacy-dependent knowledge and
attentional strategies, is supported by the findings in Chapter 3. Therefore,
it is important and significant to view all three levels of processing from the
point of view of attention in order that the research works introduced in
Chapter 3 and Chapter 4 can deliver consistent attention-oriented accounts.

1.5 Dissertation Outline

The present dissertation consists of five chapters.

In this chapter, I have introduced the general view of phonological
representations and orthographic influences, as well as the
“level-of-processing” approach and the objectives of the dissertation.

Chapter 2 introduces, first, the Japanese language and writing systems,
and second, more specific background of the related studies on
phonological awareness as well as speech segmentation.

In Chapter 3, the research experiments in the frame of cognitive
psycholinguistics on phonological awareness and the orthographic
influences are presented, with method, results, and discussion.

Chapter 4 presents another set of research experiments on speech
segmentation and the orthographic influences, also with method, results,

and discussion.
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Finally, Chapter 5 delivers the conclusion, implications for further

studies, and future directions.

Metaphonological representation

Chapter 3: Phonological Awareness in Japanese Native Speakers
and the Influence of Orthography

Processes of intentional analysis Literacy-dependent knowledge
and attentional strategies

——————>

A Recognition output (conscious percept)

Post —perceptual processes
Perceptual output

Modular, mandatory perceptual processes < Early linguistic experience

Early stage of preattentive processes

Chapter 4: Speech Segmentation in Japanese

Speech input
and the Influence of Orthography

Figure 1.2: Relation between the levels of human speech processing
and two core research works in the dissertation.
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Chapter 2: Related Studies

2.1 Japanese Phonology and Writing System
2.1.1 Japanese Phonology on Syllable and Mora

As can be seen in Figure 1, modern Japanese language consists of 19
phonemes®: five vowels (/a, i, u, e, o/), two semivowels (/j, w/), and 12
consonants (/p, b, t, d, k, g, z, s, h, m, n, r/). As can be seen in Figure 1,
some phonemes present various allophones (consider for example the
different realizations of /h/). In addition, there are some special phonemes,
sometimes referred to as archiphonemes, i.e. phonemes for which some
features are left unspecified (e.g., Shibatani, 1990), namely /N/ (called
hatsuon); /Q/ (sokuon), and /R/(choon), each of which constituting one
mora by itself. The nasal phoneme /N/ is peculiar in that it never appears at
the onset of a syllable, and its articulation is homorganic with the following
segment. In word final position it is realized as the uvular [N].

As for the syllable structure, Japanese does not admit consonantal
clusters at syllable onsets and the sole possible coda consonants are either
IN/ or the first member of a heterosyllabic geminate cluster. Besides,
phonetic length is distinctive for both consonants and vowels, as illustrated
by minimal pairs like /saka/-/saQka/(saka, meaning “slope” - sakka,
“writer”) and /tori/- /toRri/ (tori ,“bird” - toori, “street”).?

A mora is a noteworthy dimension of standard Japanese phonology. In
Japanese, it is a unit that can be represented by one letter of kana and
functions as a rhythmic unit in the composition of Japanese poems, e.g.
waka and haiku (Shibatani, 1990). Beside its role in the realization of the
Japanese accentual patterns, the phonological interpretation of vowel or
consonant length is often described by using the notion. It is usually
considered to be a subsyllabic unit that can be larger than the phoneme and
serves the purpose of measuring syllabic weight (Hyman 1985; Hayes 1989).
According to Hyman(1985), “a light syllable has one mora and a heavy
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syllable two”, and MaCawly (1977) describes mora as “something of which
a heavy syllable consists of two and a light syllable consists of one”.

Although many Japanese words involve simple combinations of a
consonant and a vowel (CV hereafter, e.g., tatemono, meaning “building”),
in which case the number of morae equals the number of syllables
(/ta.—te.—mo.—no/)?, the distinction between morae and syllables becomes
obvious with other structures. Indeed, there are morae called “special morae”
(or “weak” or even “deficient” morae; Labrune, 2012a; b) and also “special
phonemes”, given that each of them is constituted by only one phoneme
(this is also the case with vowels, but, except for the non-initial i, these are
considered as “regular” morae [cf. Labrune, 2012a; b] or “autonomous”
morae in traditional Japanese phonological theories [e.g., Shibatani, 1990;
Tsujimura, 2007]). There are four kinds of special morae: /N/, the final
nasal of a syllable, referred to as hatsuon; /Q/, the non-nasal moraic
consonant referred to as sokuon, the first member of a geminate obstruent
consonant®; /R/, the second member or lengthened part of a long vowel,
called choon; and the second member of a diphthong (or vowel sequence) in
the case of [i], transcribed /J/ in Japanese. These special morae are
hierarchically ordered in terms of phonological independence (i.e., whether
each of these special morae should be treated as an independent
segmentation unit or part of a syllable) as /J/, IR/, IN/, and /Q/, with /J/ and
/Q/ displaying the highest and lowest independence, respectively, probably
as a function of their sonority (e.g., Kubozono, 1999b; Tanaka, 2000, 2008;
Ujihira, 1996) °.

In short, the basic syllable structure of Japanese is CV (or V). Japanese
phonology does not allow closed syllables, except those in which the coda
consonant is either /N/, the syllable final nasal, or /Q/, sokuon. Hence,
Japanese syllables and morae are mostly isomorphic, but non-isomorphism
arises when any of the special morae described above comes just after a CV
mora (Kubozono, 1995). The latter part of a syllable (i.e., the special mora)
has been interpreted as determining the syllable’s weight. A light syllable
consists of one independent mora such as CV or V, while a heavy syllable

consists of two morae (an independent CV or V mora plus a special mora,
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e.g., Tanaka, 2008). In present study, | will follow other authors (e.g.,
Kubozono, 1995; 1999a; McCawley, 1968; Shibatani, 1990; Tanaka, 2008)
by using the term “syllable” to refer to the heavy syllable. Thus, a word
such as Nippon (meaning “Japan”) consists of four morae (/ni—Q-po—N/)
but to only two syllables (/niQ.poN/).

Both syllables and morae may play a role at the prosodic level, namely
in accent assignment in Japanese (e.g., Kubozono, 1998; 1999c; 2003;
Shibatani, 1990). For example, Kubozono’s (1999c) careful analysis of the
loanword accent rule in Japanese showed that a rule referring only to morae
(stating that an accent is placed on the antepenultimate mora, as in e.g.
/re.—ba’.—n0o—-N/, “Lebanon”, with ’ denoting the accent) would fail to
explain why words like /ro’~N.—do—-N/ (“London”) and /so’—Q.—ku.—su/
(“socks™) are accented one mora leftward. In most of the latter cases, the
antipenultimate mora is a non-syllabic mora (in the above examples, /N/ and
/Q/). Hence, the best and more general rule seems that accent is placed on
the syllable containing the antepenultimate mora. Kubozono also illustrates
that the syllable plays an indispensable role by referring to various other
accentual phenomena in Japanese like compound word accentuation. In
addition, he argues that morphological processes also require reference to
the syllable structure. For example, in loanword clipping, long words (e.g.,
demonstration, which through the process of vowel epenthesis becomes
demonsutoreesyon in Japanese) are often shortened to the length of two to
four morae (e.g., demo). Interestingly, the resultant form must be at least
bisyllabic, even when the original loanword begins with a bimoraic syllable
(e.g., pamphlet, pa—n.—hu.—-re-t.—to, becomes pa-n.-hu). In fact, in Tokyo
Japanese, the syllables carry the accent (i.e., the mark of pitch fall), but
Japanese accentuation rules must refer to both morae and syllables
(Shibatani, 1990): syllables bear accents, but morae bear accentual and
phrasal tones.

2.1.2 Japanese Phonology and the Writing System

As regards the writing system, the traditional Japanese system is
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generally described as being based on three kinds of signs, namely,
logographic system of Chinese origin, kanji, and two sets of Japanese
moraic phonographic systems that stand in a perfect one-to-one
correspondence to each other, namely hiragana and katakana.® Lexical
morphemes such as nouns as well as verbal and adjectival roots are usually
transcribed by kanji characters, whereas function words, grammatical
particles, and verb or adjective inflections are written by means of hiragana.
Katakana is primarily used for loan words and onomatopoeia. In the
everyday life, all three kinds of characters are usually combined in the same
text. Besides, the Roman alphabet, romaji, is used for the sake of
international communication essentially for proper nouns (e.g. train station
names, street and highway signs), and more recently for operating the
computers and word processors. Romaji transcribes each kana character into
an alphabetic sequence. ” There are two transliteration system for writing
Japanese alphabetically: (1) the Hepburn system (Hebon-shiki or standard
system), a system based on English spelling pronunciation developed by
American missionary, James Curtis Hepburn (1815-1911), and (2) the kunrei
system (kunrei-shiki or Cabinet Ordinance system), a phonemic system
promulgated by Japanese government (cf. Shibamoto-Smith 1996). The
kunrei system is taught at school but it is the Hepburn system which is the
most often used in everyday life.®

Hiragana as well as katakana are taught at school by using a table in
which the characters are arranged in a systematic way. As illustrated in
Figure 2.1, columns and rows are organized so that all the kana appearing in
the same column begin with the same consonantal sound, except the first
column which contains the five vowels, and all the kana of the same row
share the same vowel. This reference table is called gojuonzu (literally
“50-sounds table”) after the original table of old Japanese.? There exists a
canonical order of recitation of the table which goes column by column
from top to bottom and right to left (/a i u e o/, /ka ki ku ke ko/, etc.). Lists
of words and proper names like dictionaries and telephone directories, for
instance, respect this order, exactly as English dictionaries and directories

are built up according to the alphabetical order.
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The Standard Syllabary (hiragana characters) of Modern Japanese, or "Gojuonzu"

CHOKUON
SEION
A b =) * E3 [ES IS = & Pl »
N/ jwal  fra/ fja/ /ma/  /ha/ /na/ /ta/ /sa/  /ka/ /al
Y &H 3 i< 5 L =4 (A
fri/ /mi/ /hi/ i/ fcif /si/ i/ 1)
[¢i] [tfil  [ei]
% (] 8] A L} ] El < >
/m/ fju/ /mu/ /hu/ /mu/ feu/ /su/ ku/ fw/
[ow] [tsw] [w]
h & ~ 12 € =4 I+ Z
Ire/ /me/  /he/ /ne/ Ite/ /se/ kel fel
) & 3 &£ k3] [ES @D & £ s s
Q/ ol /ro/ fjo/ /mo/  /ho/ /mo/  Jto/ /so/ ko/ /ol
[o]
HANDAKUON] DAKUON
9 & v & h
/pa/ /ba/ /da/ /zal /gal
[dza)
[63 63 5 c F
/pi/ /bi/ /dif /zi/ /gif
[dsi]  [dsi]
A A ) 7 ¢
/pu/ /bu/ /du/ fzu/ fgn/
[dzw] [dzw]
~ ~ T = v
/pel /be/ /de/  /zel Igel
[dze]
1% 1& & £ z
/po/ /bo/ /do/  Jzo/  /go/
[dzo]
YOON
HAN- | DAKUON CHOKUON
DAKUON
Ue [Ue Be Le Fo (U Hr e Be  Lv &
/pja/ |Mbja/  /dja/  /zja/ lgja/  |/rja/ /mja/  /hja/  /tja/ /sja/ kju/
[eia]
Un |Uw B9 Lo & |Yp & Vv Bw Lp Ep
/pju/ |bju/  Adjw/ fzin/ Jgiu/ e/ /mjn/ Jhjn/ Gu/ /siu/ /kju/
[giw]
Ux |Ue B L& Fx |Ye H& D& B: L& #F&
/pjo/ |bjo/  Idjo/  /zjo/  /gjo/ |/rjo/  /mjo/ /hjo/  fjo/  Isjo/  /kjof
[gio]

Figure 2.1. Standard syllabary (hiragana characters) of modern

Japanese, or “gojuonzu” table.
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Figure 2.1 also shows that the set of 105 kana syllabograms which
corresponds to 105 sets of mora of Modern Japanese is divided into two
large subsets: simple kana are grouped under the name of chokuon, and
combinations of two kana are called yoon. All yoon contain three sounds of
which the middle one is the palatal /j/. The first kana is always one of the
second row of chokuon, namely those ending with the vowel /i/. The second
kana, written in reduced size, is always a chokuon of the /j/ initial column
(for example /ki/ + /ja/>/kja/ &+X—&F%). Note that although yoon are
written by means of two kana, they count as one mora. The summary is
sketched in Figure 2.2 with the examples of special morae and kanji/kana
transcription.

Orthography
Kana + A &
Kaniji R E
Phonology
Syllable /o\ c
Mora H B M
Cv VvV CcV
Phoneme /ge N do/
Phonetic [ge n do] [ ]IPA
segment

Notes: Japanese Syllable = CV(V) mora + special mora
(CV (V) +(/3/, R/, /N/, or /Q/)
Examples of Japanese syllable with different special morae
Phonemic transcription:  /ka/ +/)/, /ka/+ /R/, /ka/+ /N/, or /ka/+/Q/

IPA transcription: [kai], [ka:], [kan], [kat] ([te])

Kana transcription: AN . VYN Mo

Kanji (and Kana) transcription: B, & & SA. fh. B (F)

(English meaning) (shell) (mother) (can)  ((the first part of) automatic )

Figure 2.2. Summarized sketch of Japanese phonology and writing
system.

21



2.2  Research Background of Linguistic Awareness
2.2.1 Metalinguistic Ability and/or Linguistic Awareness*®

Metalinguistic ability and/or linguistic awareness may be defined as an
ability to think about and reflect upon the nature and functions of language,
and one of several ‘metacognitive abilities’ (cf. Pratt & Grieve, 1984a,b) as
well as an individual’s ability to focus attention on language as an object in
and of itself and to evaluate it. “Metacognition refers to an individual’s
awareness of strategies and mental activities which carrying out various
cognitive processes such as memory, comprehension, learning, and
attention.” (van Kleeck, 1987, p.vi, cited from Birdsong, 1989, p.1).

The term “metalinguistics” has been used to describe our conscious
knowledge about language, and regulation of its use. Because language use
is a cognitive process, a separate, higher-order understanding of language
use may thus be termed “metacognitive” (Kurts, 1991). It requires an
objective knowledge of the linguistic features and conscious manipulation
of them (Bialystok, 1985), and therefore the term “linguistic awareness” is
also applied to represent this ability.

Since 1971, a large number of research related to linguistic awareness
have been conducted throughout the world. Eight strands of research have
been identified by Hutson (1979). A slightly modified version of her topics
follows:

1) The nature and functions of reading

2) The conventions by which we represent language in print

3) Definitions of “word,” “sound,” and “sentence,” and differentiation of
one term from another

4) Understanding of the relationship between words and sentences

5) The relationships between words and sounds

6) The development of metalinguistic judgment and the ability to hold
language as an object of thought and to perform certain logical
operations upon it

7) The ability to manipulate units of speech intentionally
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8) The development of expectations about the literary forms one will
encounter in oral and written language.
(cf. Johns, 1984, p.58)
Among the above strands, the research work presented in Chapter 3 is
concerned about 7), the ability to manipulate units of speech intentionally.
From the developmental viewpoint, Clark (1978) has reviewed
literature on phenomena of language awareness and has classified different
types of awareness. The following list contains those different types in their
order of emergence and can be interpreted as a preliminary and tentative
taxonomy of instances of language awareness:
1. Monitoring one’s ongoing utterances
Checking the result of an utterance
Testing for reality
Deliberately trying to learn

o~ LD

Predicting the consequences of using inflections, words, phrases, or
sentences
6. Reflecting on the product of an utterance (Clark, 1978, p.34)

Hakes (1980) has pointed out important differences between earlier and
later forms of metalinguistic performances. While earlier forms seem to
arise spontaneously in the ongoing course of conversing, older children
are not only able to discriminate spontaneously the properties of
utterances but they are also capable of deliberately reflecting on speech.
Hakes concludes “that the change in children’s metalinguistic abilities is a
change in the systematicity and variety of their performances and in the
extent to which they can engage in such performances deliberately” (cf.
Valtin, 1984, p.208-209).

Further, Levelt, et al. (1978) argues about the causes of linguistic
awareness that skills are, by definition, automated activities, in which
low-level decisions do not require conscious attention. For any skill,
however, there are two obvious circumstances where conscious reflection or
decision-making, and therefore awareness, occur. The first one is during
skill acquisition. The second circumstance where awareness can be
observed in the execution of skills is at moments of failure, i.e., when
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unexpected or undesired results occur. A similar claim can be found in
Piaget (1974) where the child becomes aware in cases of disequilibrium, i.e.,
where the automatic regulations in performing intentional acts are no longer
sufficient to attain a goal (cf. Levelt 1978, p.8).

2.2.2 Language as an Object: Metalinguistic Thinking

As stated in the beginning of the previous section, metalinguistic ability
and/or linguistic awareness is defined as an individual’s ability to focus
attention on language as an object. Therefore, it should be also considered
from the viewpoint of “decontextualization” or “objectification” of
language as people acquire literacy. In fact, according to Birdsong (1989),
“Metalinguistic performance in its broadest sense can be understood as any
objectification of language” (p.1).

Denny (1991) suggested that the major new thought pattern attributable
to literacy is a property called “decontextualization”. Denny found support
in Feldman’s (1991) work, which showed that Western literacy is not unique
in its property of fixing a text and permitting interpretation of it. Feldman
pointed out that literacy facilitates memory for texts and interpretations,
enabling the reservation of more textual material and the development of a
longer sequence of commentaries upon commentaries (cf. Denny, 1991,
p.77).

Olson (1991) suggested that literacy allowed the “objectification” of
language and consequently the development of formal thought skills. He
described how writing makes language into an object of such reflection.
Writing is used for representing language; it makes it possible to reflect on
— to become aware of — language, and thus literacy affects thought. In
dealing with written language, one is simultaneously aware of two things:
the world and the language. Writing takes language for its object, and just
as language is a device for “fixing” the world in such a way as to make it an
object of reflection, so writing “fixes” language in such a way as to make it
an object of reflection. This objectification of language through writing

adds to the already existing set of devices for turning speech into an object
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of discourse (Olson, 1991, p.266).

The property stated above is similar to the Piagetian term
“decentration” used by some authors (e.g., Hakes, 1980; Lundberg, 1978) to
refer to the ability to pay attention to (and hence be able to analyze) the
expressive or phonological properties of speech while disregarding meaning.
The central aspect of linguistic awareness is an attention shift from content
to form, the ability to make language forms opaque.

Both young children (e.g., Berthoud-Papandropoulou, 1978) and
illiterate adults (Kolinsky, Cary, & Morais, 1987) present difficulties in this
domain, asserting for instance that (a drawing of) a cat has a longer name
than a butterfly — .because an actual ‘cat’ is bigger than an actual ‘butterfly’.
Usually by the age of six or seven, words are seen as labels that correspond
to things, and as such, have an independent existence. When asked to
produce long or short words, children of seven and above appear to situate
word-length at the level of the graphic representation of the signifier. A
general developmental trend in metalinguistic thinking appears in the sense
of a reflection on the nature of language itself. Metalinguistic thinking first
focuses either on the elements of reality designated by the linguistic units or
on the speaker, whether in the characterization of words, in the judgments
and production of words, or in the segmentation of sentences. Becoming
aware of what goes on when one names objects or action, utters a command,
or reads or writes, the child detaches signifiers from their signifieds and
starts to reflect on the correspondence between words and things. At this
level, words become composite elements that have status proper in their
graphic or phonic substance. Simultaneously, the child becomes aware of
the possibility of analyzing his own (or others’) utterances into smaller
units. At the highest level observed in the present experiments, the children
were also able to make explicit the linking of words as signifiers to what
they signify, and the links that join words together into groups of units in
general discourse (Berthoud-Papandropoulou, 1978, p.58).

25



2.2.3 Phonological Awareness and Phonemic Awareness

Phonological awareness®! is the very large and heterogeneous set of
conscious representations that are acquired by focusing attention on the
speech percept. This concept must be unpacked by specifying the
phonological properties the individual is aware of. (e.g., Morais, 1993).
Different forms of phonological awareness are presumably involved; in
judging whether two nonsense utterances are identical or different, in
deciding which of two evoked name is longer, in appreciating or using
rhymes and alliterations (e.g. Bryant, et al., 1990), and in analyzing short
utterances into syllables and phonemes (e.g. Byrne and Fielding-Barnsley,
1990).

Phonemic awareness is one of the metaphonological abilities; that is, it
entails phonological awareness at the phonemic level as well as the set of
conscious representations of the individual phonemes of the language. To
date, research on phonemic awareness has focused mostly on alphabetic
literacy in alphabetic language speakers (see section 2.2.4).

The focus on problems with phonemic segmentation as a potential cause
of reading disabilities can be dated to 1970, when Isabelle Liberman gave
an invited presentation to the Orton Dyslexia Society (Mann, 1991).
Liberman maintained that reading in the alphabetic system required
awareness of the phonemic structure of the language (Liberman, 1971). The
same statement was made in the following years by other outstanding
researchers such as Mattingly (1972) and Elkonin (1973). The idea, which
may seem obvious today, provided the basis for a revolutionary
development in the study of reading acquisition and its failures (e.g.,
Morais, 1987).

Thus phonological awareness is a major concern of those who are
concerned with reading difficulties — not only researchers on literacy
acquisition (including illiteracy and reading problems) and dyslexia, but
also language teachers, children and parents of children with reading
difficulties, and dyslexia patients and their speech pathologists. The study

of phonological awareness does have an important role to play in helping
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those who are in the process of acquiring literacy or have difficulties with it,
and those who assist them. This issue is explored in a set of experiments
presented in Chapter 3.

2.2.4  Previous Studies on Phonological Awareness in Alphabetic
Language Speakers

Most of the studies on phonological awareness in the past 45 years have
been undertaken in countries in which alphabetic languages are spoken (for
summary, see Bertelson, 1987; Mann, 1991; Morais, 1991), and have
addressed literacy and orthography acquisition as well as dyslexia (e.g.,
Ellis, 1993, Gathercole & Baddeley, 1993). According to Morais (1991),
phonological awareness constitutes a bridge between language and
literacy.?

Phonological awareness is of considerable importance to speakers of
alphabetic languages. In particular, alphabetic literacy plays a critical role in
the development of phonemic awareness. Among speakers of these languages,
only preliterate children (e.g., Liberman, Shankweiler, Fisher, & Carter,
1974) and adults who have never learned an alphabet (fully illiterate adults,
e.g., Morais, Cary, Alegria, & Bertelson, 1979; Morais, Bertelson, Cary, &
Alegria, 1986) are not aware of phonemes.

In alphabetic literate people, orthographic knowledge modulates
performance in purely auditory phonological awareness tasks, because
metaphonological representations are closely linked to reading acquisition
(e.g., Adams, 1990; Ehri et al., 2001). According to Seidenberg and
Tanenhaus (1979), a congruency effect of phonology and word spelling
knowledge was found in a purely aural rhyme judgment task. The time taken
to decide that two spoken words rhyme was shorter when their spellings were
similar (e.g., toast-roast) than when they were not (e.g., toast—ghost); the
opposite holding for negative decisions (e.g., faster for leaf-ref than for
leaf—deaf).

Orthographic influences on phoneme deletion, with faster responses for

orthographically matched stimulus-response pairs (e.g., wage—age) than for

27



orthographically mismatched pairs (e.g., worth—earth), were reported by
Tyler and Burnham (2006). With regard to phoneme counting, Ehri and
Wilce (1980) found that the number of letters influenced performance; for
example, listeners counted an additional phoneme in pitch (/pit]/) compared
to rich (/rit]/). Castles, Holmes, Neath, and Kinoshita (2003) found better
performance for orthographically transparent phonemes, for which there is a
direct correspondence with letters (e.g., /d/ in dentist), than for
orthographically opaque phonemes, for which there is a complex
correspondence between the phoneme to be manipulated and the letters
representing it (e.g., /n/ in knuckle).

Studies of alphabet literate people show that orthographic
representations also shaped explicit phonological judgments of the structure
of syllables when aurally blending two consonant-vowel-consonant (CVC)
monosyllabic words into a new CVC word (Treiman, 1983). Portuguese
adults prefer C/VC blends when the word spellings end with a consonant, as
in bar-mel, /bar mel/, but when the word spellings end with a mute e, as in
cure—pele, /kur pel/, they prefer CV/C blends (Ventura, Kolinsky,
Brito-Mendes, & Morais, 2001). Even letter names affect metaphonological
judgments: in a phoneme counting task, syllables that are letter names (e.g.,
[ar]) are judged as containing fewer “sounds” than syllables that are not
letter names (Treiman & Cassar, 1997).

Furthermore, the influence of orthographic representations extends
beyond sub-lexical units: a congruency effect was observed between lexical
tones and their orthographic markers at the suprasegmental level in the Thai
language (Pattamadilok, Kolinsky, Luksaneeyanawin, & Morais, 2008). Thus,
alphabetic language listeners change the way in which they perform
phonological awareness tasks, using their spelling knowledge in purely aural
situations when they become literate (Kolinsky, in press).

2.2.5 Previous Studies on Phonological Awareness in Japanese and
Non-alphabetic Language Speakers

A matter of concern in psycholinguistic research is the nature of the
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constituent units in the Japanese speakers’ conscious representations of
Japanese utterances. What are the metaphonological units that Japanese
speakers develop for their native language? For the Japanese language, the
mora has often been proposed as a basic structural unit (e.g., Sugito, 1989).
This is partly due to the fact that the number of kana per word nearly always
reflects its number of morae. As Fujimura (1966, p.49) explains, “a sense of
the mora is traditionally entailed in the Japanese language. The explicit
awareness of morae provides the basis for the metrics of Waka and Haiku,
two traditional Japanese short poem styles. The kana character is very close
to this timing unit as if it had been created according to it.”

Other social activities such as word games, in which both adults and
children engage, also suggest that the kana, hence the mora, is a prominent
metalinguistic unit (e.g., Imada 1990). In the sakasa-kotoba game, people
play with “reversed words” (e.g., & & < Miyoko & K& Koyomi),
which is actually the literal translation of the name of the game. People play
with words mainly (but not exclusively) by reversing the order of kana
characters, as shown by the reversal of words containing long vowels (e.g.,
L A5 Shird, [firo:] — 5 A L Uroshi). The game has no fixed and
established rule neither for the basis of the reversal operation nor for
definition of a winner/loser.

On the contrary, the game of shiritori has been much more studied
because it has more established rules. In fact, it constitutes a good indicator
of what unit is actually used in a metalinguistic activity (e.g., Muto, 1987;
Katada, 1990; Hatano & Inagaki, 1992). In this game, players take turns
giving a word that begins with the end of the precedingly uttered word. The
game is over when the word ends with /N/, since no Japanese word can
begin with this phoneme (e.g., neko, meaning “cat” — kodomo, “child” —
moN, “gate” — game over). Since playing shiritori starts in the preliterate
period, one can follow the progression of the chosen unit from children’s to
adults’ rules. Muto’s (1987) study revealed that shiritori players of about
four years of age first refer to syllable-based rules. Then after the beginning
of kana literacy acquisition, they move towards kana-based (close to

mora-based) strategies during their fifth year of age. Muto also reported
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some responses based on the last vowel or mora. Unfortunately, the data do
not permit to make the difference between the vowels that are part of a CV
mora (e.g., kisha, “train” — ashi, “foot”) and those that constitute a whole
mora (e.g., tokee, “clock” — eki, “station”). Yet, more evidence (Hatano
and Inagaki, 1992) has reinforced the idea that young children progressively
turn syllable-based into kana-based shiritori rules as their kana reading
competence increases. Hatano and Inagaki (1992) concluded that the
emergence of the concept of mora as a basic phonological unit of Japanese
is subsequent to the acquisition of kana literacy.

Experimental tasks of segmentation corroborate the hypothesis of a
progressive emergence of the mora as the basic segmentation unit after a
period in which both the syllable and the mora are used. This is the case, for
instance, of Inagaki and Hatano’s (1992) study, inspired by Amano’s (1970,
1986, 1988) and Muraishi and Amano’s (1972) pioneering works.

On the other hand, some experimental studies, such as those of Mann
(1986) and of Spagnoletti, Morais, Alegria, and Dominicy (1989), were
designed to assess the awareness of morae and phonemes in relation to
literacy acquisition. Both studies showed that children as young as
first-graders excelled at manipulating morae. As regards phonemes, the
children’s performance depended on the task. On phoneme counting, Mann
found that the task remained a difficult one even by grade six (75% correct
responses, 33% being chance level) although Japanese children were clearly
above chance level at least from grade four on. Western alphabetized
children are, by the end of grade one, nearly at the same level as the
Japanese sixth graders (Backman, 1983; Tunmer, Herriman, & Nesdale,
1988). Spagnoletti et al.’s study highlights the strategy used by Japanese
first-graders at phoneme counting (namely, tapping). Indeed, CV and VCV
items were almost always tapped incorrectly once and twice, respectively,
while V and VN items were almost always tapped correctly once and twice,
respectively. This strongly suggests that children were tapping by reference
to morae or kana.

On phoneme deletion, Mann found poor scores in Japanese first-graders,

with an advantage for [k] over [[] deletion (31% vs. 18% correct,
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respectively). Spagnoletti et al.’s first-graders performance was overall
better than Mann’s ones, but showed the same effect of phoneme type (67%
vs. 57% correct for [k] and [[], respectively). !* This performance pattern is
the opposite of the one found in Western children (Content, 1984), while it
Is consistent with a kana-based strategy consisting in replacing the initial
CV kana by the corresponding V kana standing in the same row of the
gojuonzu matrix. Indeed, in the kana syllabary, [Kk] initial characters are
spatially closer to vocalic characters than [[]; moreover, the majority of [J]
initial morae are spelled by means of digraphs made of the kana for [[i]
followed either by that of [ja], [ju], [jo].

From the results of phoneme counting or deletion studies, it thus
appears that Japanese first-graders are not aware of phonemes. Nevertheless,
Mann (1986) suggested that learning a phonographic system, regardless of
whether it represents phonemes or not, can even elicit phonemic awareness.
Why she suggested so is because fourth-graders who had not yet learned the
alphabet even obtained a higher score than first-graders on phoneme
counting. Mann further argued that the improvement of performance of her
fifth and sixth graders was in part due to the introduction of romaji (the
Roman alphabet) in the academic program. The lessons of romaji, eight
hours during the second semester of the fourth grade, cannot be compared to
the intensive training that pupils receive in western countries. However, the
way romaji is taught might trigger the awareness of submoraic/subsyllabic
constituents of speech in some way.

Since the kana syllabary is based on a certain kind of phonemic
orientation, the instruction provided in the educational context (either in
formal setting (school) or informal setting (home)) and also the later
awareness of the kana (syllable or mora) manipulation might elicit and
bring out their phonemic awareness.

Some properties of the Japanese writing system might actually give hints
at the phonemic structure of speech. First, the arrangement of kana into a
table in which all the elements that appear in the same row share the vowel
might help the discovery of the phonemic structure. Second, some of the
morae represented by kana consist of one phoneme, namely the vowels and
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the /N/. Third, diacritics are systematically used to distinguish voiced from
voiceless initial consonants. Then fourth, some digraphs imply an
inframoraic analysis. It has for example been proposed to relate phonemic
awareness to the acquisition of yoon reading and spelling.

Therefore, another proposal would be to relate phonemic awareness to
the acquisition of yoon reading and spelling. Endo (1991) showed that the
better Japanese preschoolers can read and compose yoon syllables, the
better they can detect phonemes. However, Morais claims that her evidence
is not conclusive since a relatively good performance on some phoneme
detection tests can be obtained by illiterate people, who fail at more
stringent test of phonemic awareness such as consonant deletion and
phoneme reversal . (Morais, 1991; Morais & Kolinsky, 1994, 1995; Morais,
Kolinsky, Alegria, & Scliar-Cabral, 1998) **

Further, the characteristics of the Japanese phonological system (see
2.1.1) may have profound implications for the nature of the Japanese
speakers’ phonological units both in speech production and in speech
perception. On the production side, reports of speech errors tend to support
either the CV syllable (Kamio & Tonoike, 1979) or the mora (Kubozono
1992) as a basic phonological unit of Japanese from linguistic points of
view. Yet Terao (1992) reports that in his study only 9% of errors involved
the replacement of the whole mora whereas the remaining cases preserved
either the vowel or the consonant. Consequently 91% of Terao’s corpus of
errors can be interpreted as resulting from an interchange of phonemes.

The hypothesis that non-alphabetic phonographic systems may elicit
phonemic awareness if they present some useful alphabetic cues is thus not
unequivocally supported. As acknowledged by Mann, her own results are
ambiguous: the fourth-graders of her study may have been able to discover a
useful strategy during the training phase. As a matter of fact, by adding one
tap to the number of kana whenever the item includes a mora that is not a
vowel or /N/, a correct score of 88% could be reached.® thus, in the absence
of further empirical evidence, Mann’s (1986) proposal of a late maturation
of the phonemic awareness capacity seems too strong. A more conservative

position would be that only the learning of a system that explicitly
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represents phonemes elicits awareness of these units.

In this theoretical framework, one may wonder whether learning the
alphabetic system after having first learned a non-alphabetic system would
elicit the development of conscious phoneme representations up to a
reasonable level. To our knowledge, up to now only a few studies addressed
this question.

Holm and Dodd (1996), focusing mainly on literacy acquisition in a
second language, suggested that the non-alphabetic nature of the
first-acquired writing system may have long-lasting detrimental effects on
both phonological awareness abilities and the capacity to read and write an
alphabetically written second language. These authors compared the
performance of four groups of Australian students on a series of tasks that
assessed phonological awareness and reading and spelling skills in English,
a second language mastered by all the participants. One group of
participants was coming from Hong Kong, where the alphabetic notation
Hanyu Pinyin is not taught but where literacy in the Chinese logographs is
achieved through the use of a look and say approach with the whole
character as the basic unit. A second group of participants was coming from
the People’s Republic of China, where children are first introduced to
Pinyin as a transitional alphabet for learning literacy of Chinese
logographic system; participants of the third group were coming from
Vietnam, where the first written language is an alphabet that uses Roman
characters; the fourth group included Australian participants whose first
language was English. Holm and Dodd showed that the Hong Kong students
had limited phonological awareness compared to the other groups, as well
as difficulties in processing English-like nonwords. In particular, the Hong
Kong participants were much poorer both for counting the number of
phonemes in word stimuli with a one-to-many phoneme to grapheme
correspondence (like whistle, in which the number of letters fails to
correspond to the number of phonemes) and for producing spoonerisms on
letter-digraphs pairs of stimuli like soft cheese, relying far more than the
other participants on spelling knowledge (e.g., responding coft sheese

instead of choft seese).
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The influence of orthography in metaphonological tasks including
phoneme judgments is commonly observed in first-language users, both in
children (for example, English-speaking children may count one segment
more in the pronunciation of a word like pitch than in the pronunciation of
rich, e.g., Ehri, 1984; Ehri & Wilce, 1980; Perfetti, Beck., Bell, & Hughes,
1987, see also Perin, 1983) and in experienced, mature readers (for example,
American adults conceptualize the identity of alveolar flaps as a function of
their spelling rather than on a phonetic basis; see Ehri & Wilce, 1986; see
also other evidence in Treiman, 1985; Treiman & Cassar, 1997). Yet,
over-reliance on the spelling of words seems to be observed mainly in cases
where phonemic awareness is defective, as in dyslexics (e.g., Campbell &
Butterworth, 1985).

Thus, Holm and Dodd (1996) interpreted the over-reliance on spelling as
a symptom of the Hong Kong participants’ inability to detect phonemes
rather than as the use of an inappropriate strategy. Support for this view
comes from the fact that the absence of orthographic information (i.e., of a
known spelling), as realized in a non-word phoneme counting task, did not
ameliorate the Hong Kong participants’ performance (about 20% correct).
Since in addition they performed as well as the other groups in word reading
and spelling but very poorly in reading and spelling non-words involving
either frequent or infrequent graphemes (cf. Treiman, Goswami, & Bruck,
1990), they seemed to use neither grapheme-phoneme conversion nor an
analogy process effectively. The authors concluded that when the
phonological awareness required for literacy in English had not been
developed in the first language, people learning English as a second
language transfer their skills formed during first language literacy
acquisition to English, being limited, in the case of the Hong Kong students,
to poor phonological awareness and to a whole-word, visual reading and
spelling strategy.

Yet, one may find good alphabetic readers in adults having acquired an
alphabetically written second language. So, if one uses as criterion of
selection the participants’ nonword reading score in their second, alphabetic

language, rather than only the nature (alphabetic versus non-alphabetic) of
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their first-acquired writing system, one may observe that the non-alphabetic
nature of the first-acquired writing system does not prevent developing
explicit phonemic representations later on, once an alphabetic system has
been taught.

As a matter of fact, studying Chinese residents in the Netherlands who
came mostly from Hong Kong, de Gelder, Vroomen, and Bertelson (1993)
contrasted a “non-alphabetic” group of participants who could only read
Chinese characters with an “alphabetic” group of participants who had since
their arrival in the Netherlands acquired some basic Dutch reading ability.
The authors observed that on phonemic awareness tests (e.g., deleting the
initial consonant from Dutch pseudowords) the “alphabetic” participants
obtained far better scores than the “non-alphabetic” ones (e.g., for
initial-consonant deletion, on the average 69% vs. 14% correct,
respectively). As the findings of Holm and Dodd (1996), this result clearly
confirms the main conclusion from studies with illiterate adults that explicit
phonemic representations do not develop spontaneously, but only when
reading instruction is provided with an alphabetic system (see Adrian,
Alegria, & Morais, 1995; Morais, Cary, Alegria, & Bertelson, 1979; Morais,
Bertelson, Cary, & Alegria, 1986, for data on illiterate adults; see also Read,
Zhang, Nie, & Ding, 1986, for data on Chinese alphabetic vs.
non-alphabetic literates). Moreover, de Gelder et al.’s results suggest that
learning the alphabetic system after having first learned a non-alphabetic
system may elicit the development of conscious phonemic representations,
at least when the reader has achieved a reasonable level of alphabetic
reading competence.

However, since the de Gelder et al.’s (1993) study was run with Chinese
participants, its conclusion may be valid only as far as morphographic or
logographic first-acquired writing systems like Chinese hanzi and Japanese
kanji are concerned. As already been discussed, a moraic system like the
Japanese kana does afford its learners clear infra-syllabic,
metaphonological units, namely the morae. One may thus wonder whether
Japanese adults who learned the alphabetic system after the Japanese kanji
and kana would nevertheless develop explicit phonemic representations, or
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whether they would still rely on morae in analyzing speech explicitly. This
issue is examined by a set of experiments in Chapter 3.

2.3 Research Background of Speech Segmentation

2.3.1 Background of Speech Segmentation and Perceptual Units

In spoken word recognition, retrieval of unique mental representations
from speech input involves the difficult tasks of locating word boundaries
in a quasi-continuous stimulus and finding the single representation that
corresponds to highly variable acoustic forms. Many researchers have
proposed that these segmentation and categorization problems are easier to
solve at the sublexical (information below the word level) than the word
level: sublexical representations mediate the mapping between the acoustic
signal and the mental lexicon.

In particular, the pioneering work of Mehler, Dommergues, Frauenfelder,
and Segui (1981) on French suggested that the syllable plays a key role in
this crucial step. Using a fragment detection task in which French-speaking
participants had to monitor words for a target fragment like ba
(consonant-vowel, henceforth CV) or bal (CVC), these authors observed an
interaction between target structure and word structure, with CV targets like
ba detected more rapidly in words like balance (syllabified as ba.lance,
CV.CVC ) than in words like balcon (syllabified as bal.con, CVC.CV),
whereas the opposite result was found for CVC targets like bal, which are
detected more rapidly in balcon than in balance. Thus, French listeners’
performance in detecting word-initial target fragments was significantly
better when the target corresponded exactly to the first syllable of the
target-bearing word than when the target constituted more or less than the
initial syllable; this suggests a syllable-based segmentation procedure.

Since then, several studies have shown that the basis of speech
segmentation differs according to the listener’s native language. Several

language-specific speech segmentation strategies have been reported, for
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example, one that describes segmentation in English according to lexical
stress rather than syllables or feet (e.g., Cutler, Mehler, Norris, & Segui,
1983; Cutler & Norris, 1988).

Findings on speech segmentation lead to the possibility of universality
as well as language specificity. With regard to universality, studies of
newborns show that they are sensitive to the number of syllables in words,
and that the syllable is the universal unit for representing speech (e.g.,
Mehler & Christophe, 1995); while studies of illiterates indicate that the
automatic extraction of phonetic information is unaffected by literacy, and
similar patterns of results in literate and illiterate people were obtained
(e.g., Morais & Kolinsky, 2001). On the other hand, language specificity on
speech segmentation has also been reported. First, infants’ early sensitivity
to the rhythmic properties of a language lead them to adopt a speech
segmentation strategy appropriate to their language (Mazuka, 2009). The
emergence of segmentation abilities differs cross-linguistically as a
function of the rhythmic class of the language in acquisition (Nazzi,
Bertoncini, & Mehler, 1998; Nazzi, lakimova, Bertoncini, & Frédonie,
2006).

Evidence indicates that native listeners — even if they employ a
preferred segmentation strategy — can call upon different processes when
these are useful given the nature of the input or the task. For example, the
basis of the segmentation processes differs between situations of stimulus
presentation in noisy and quiet conditions or when the listeners are put
under attentional load (e.g., in lexical decision making with cross-modal
fragment priming: Mattys, 2004; Mattys, White, & Melhorn, 2005; in a
word identification task: Mattys, Brooke, & Cook, 2009; in artificial
language learning: Fernandes, Ventura, & Kolinsky, 2007; Fernandes,
Kolinsky, & Ventura, 2010). Even when there is neither physical noise nor
attentional load, whether participants resort to a specific segmentation
procedure seems to depend on the precise phonetic and phonological nature
of the input. For example, whether or not native speakers of French and
English resort to a syllabic-based segmentation procedure depends on the

nature of the syllabic boundary and/or task demands. In fragment detection

37



in French, syllables are less relevant when the pivotal consonant is not a
liquid (cf. Content, Meunier, Kearns, & Frauenfelder, 2001, who in addition
to the liquids /lI/ and /r/ already used by Mehler et al., 1981, also used
fricatives or stops as pivotal consonants). Furthermore, in English, when the
task taps early, prelexical segmentation processes, syllables do play a role
in stimuli that are not ambisyllabic (i.e., those that have clear syllable
boundaries; Mattys & Melhorn, 2005).

Those data cast doubt on the idea that a unique mechanism or level of
structure is always used in speech segmentation. Several mechanisms may
coexist. First, these mechanisms are not necessarily mutually exclusive. For
example, a syllabic approach to English is not necessarily at odds with the
view that lexical access is influenced by the stress-timed properties of the
language. As discussed by Mattys and Melhorn (2005, p. 246), “Because
syllables are the domain on which stress is applied, perceiving the speech
input as a string of syllables is in fact entirely compatible with, and perhaps
even implied in, stress-based segmentation” (see related discussions in
Kolinsky, Morais & Cluytens, 1995; Murty, Otake, & Cutler, 2007). Second,
several phonological constituents might play parallel roles, because some
lower-level structures may (at least transitorily) be useful in constraining
the specification of other, higher-level structures (Church, 1987; Frazier,
1987).

2.3.2 Previous Studies on Speech Segmentation in Japanese

In a fragment detection task, Otake, Hatano, Cutler, and Mehler (1993)
found evidence for a moraic rather than a syllabic effect. Participants were
required to monitor Japanese words for the occurrence of either CV (e.g.,
ta) or CVN (e.g., tan, /taN/) targets carried by either CVCVCV words like
tanishi, which include three morae and three syllables (ta.—ni.—shi) or
CVNCV words like tanshi, which include three morae (ta—n—shi, with /N/ as
the second mora) but only two syllables (tan.shi). The targets that
mismatched the morae boundaries of the carrier words were difficult to

detect; particularly, CVN targets (/taN/) were much faster and easier to
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detect in CVN.CV words such as ta—n.—shi (in which the nasal coda, /N/,
served as a separate mora) than in CVCVCV words like ta.—ni.—shi (in
which the target is only part of a mora); in the latter case, the target was
missed more than 60% of the time (see also Otake, Hatano, & Yoneyama,
1996). This pattern was not observed when the same experiment was run
with English- or French-speaking participants, leading Otake et al. (1993)
to conclude that Japanese speech segmentation occurs at the boundaries
between morae.

A similar effect was replicated later in a word spotting task in which
Japanese listeners detected Japanese words embedded in nonsense
sequences (McQueen, Otake, & Cutler, 2001): words like uni (/uni/,
meaning “sea urchin”) were detected more rapidly and more easily when
they were aligned with the morae boundaries of the carrying sequence (as in
gya—o—u—ni and gya—N-u-ni) than when they were not (as in gya—bu-ni);
the latter condition led to 99% omissions (see also Sakamoto’s 2005 results
on Japanese children). In addition, Cutler and Otake (1994) found that
Japanese listeners detected moraic target phonemes more rapidly than they
detected targets forming parts of CV morae; thus, for example, /N/ was
detected more rapidly in kanko (/kaNko/) than in kanojo, and /o/ was
detected more rapidly in taoru than in kokage (see also Otake, Yoneyama,
Cutler, & van der Lugt, 1996).

However, the exact status of the mora in Japanese remains controversial,
as Japanese listeners also seem sensitive to other types of phonological
information. As first proposed by McCawley (1968), the syllable may be
important as well; that led McCawley to consider Japanese as a
“mora-counting syllable language”. The notion that Japanese listeners are
sensitive to syllables is supported by analysis of the language’s poetic
structures. Although Japanese poetry is largely based on moraic rhythms,
according to some authors, both syllables and morae are involved (e.g.,
Tanaka, 1999, 2008). The analysis of speech production errors also offers
evidence for the importance of the syllable in Japanese (Kubozono, 1989).

Such a view would be consistent with the observation that for Japanese

listeners, the relevant metric of similarity (which allows listeners to
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identify a distorted word in a pun or to reconstruct a word from a nonword
in a word reconstruction task) is based on phonemes, not on morae. It would
also be consistent with the fact that the point at which a nonword can be
rejected in a lexical decision task is predicted better by the phoneme
(relative to the mora) boundary at which it diverges from the nearest word
(Cutler & Otake, 2002; see also the work on similarity in rap rhyming and
Japanese puns by Kawahara, 2007, and Kawahara & Shinohara, 2009a; b).

2.3.3 Influences of Woriting System on Speech Segmentation in
Japanese

It is noteworthy that several studies argue literacy effects on speech
segmentation. First, as for preliterates, Japanese children, for example,
shifted their segmentation preference from a mixture of syllable- and
mora-based representations to a predominantly mora-based representation
as they learned to read kana letters (Otake, Hatano, & Yoneyama, 1996).
Whereas, illiterate study discusses that they show an ability to discriminate
between the syllables presenting a minimal pair, i.e. the contrastive pair in
meaning with only one different phonetic segment (Morais, Castro,
Scliar-Cabral, Kolinsky, & Content, 1987).

Dupoux and Mehler (1992) argued that the intervention of a fast
orthographic (or associated metaphonological) strategy of
target-to-stimulus matching might account for the Japanese fragment
detection results reported by Otake et al. (1993). More generally, Kolinsky
(1998) argued that tasks such as fragment detection, word spotting, or
phoneme detection involve late representations — either metaphonological
(i.e., resulting from an intentional and explicit analysis of speech input into
sublexical constituents) or orthographic.

Acquisition of metaphonological, explicit representations of speech —
particularly at the level of the phoneme — depends on reading acquisition
(specifically on learning to read an alphabet): neither preliterate children
(e.g., Liberman, Shankweiler, Fisher, & Carter, 1974) nor adults who have

not learned an alphabet (either fully illiterate individuals, e.g., Morais, Cary,

40



Alegria, & Bertelson, 1979; or individuals literate in nonalphabetic systems,
e.g., Read, Zhang, Nie, & Ding, 1986) are aware of phonemes. For instance,
they cannot tell that there are three phonemes in a word like car and are
very poor at manipulating phonemes in deletion (e.g., car-ar) or inversion
(e.g., car-rack) tasks and at performing phoneme detection (Morais,
Bertelson, Cary, & Alegria, 1986; see discussion in Morais, Kolinsky,
Alegria, & Scliar-Cabral, 1998). The metacognitive, explicit representations
involved in such tasks differ from perceptual representations. Indeed, the
very same illiterate adults who perform poorly on such tasks perform very
well (similarly to literate individuals) in perceptual tasks like phoneme
discrimination (e.g., Scliar-Cabral, Morais, Nepomuceno, & Kolinsky,
1997; see further evidence in Morais & Kolinsky, 1994; Serniclaes, Ventura,
Morais, & Kolinsky, 2005).

Not surprisingly, as metaphonological representations are closely linked
to reading acquisition, orthographic knowledge modulates performance in
(auditory) metaphonological tasks, like phoneme counting (e.g., Ehri &
Wilce, 1979), phoneme deletion or inversion (e.g., Castles, Holmes, Neath,
& Kinoshita, 2003), phoneme monitoring (e.g., Frauenfelder, Segui, &
Dijkstra, 1990) and rhyme judgment (e.g., Seidenberg & Tanenhaus, 1979),
as was already introduced in the former section (see 2.2.4 (Previous Studies
on Phonological Awareness in Alphabetic Language Speakers).

Furthermore, orthographic knowledge affects not only metaphonological
performance but also auditory word recognition. Indeed, responses are
slower in auditory lexical decision (e.g., Ziegler & Ferrand, 1998; Ventura,
Morais, Pattamadilok, & Kolinsky, 2004) and auditory semantic and gender
categorization (e.g., Peereman, Dufour, & Burt, 2009) to words like deep —
which include rhymes that can be spelled differently in other words of the
test language (e.g., as in heap) — than to words with rhymes that can be
spelled only one way (e.g., obe in probe). Hence, orthographic and/or
associated metaphonological knowledge may also affect performance in the
fragment detection task, in which listeners have to detect an embedded
sublexical — and even sub-syllabic or sub-moraic — target (e.g., ba in
balcon; tan — /taN/ — in ta.—ni.—shi) intentionally.
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In fact, the notion that the fragment detection task involves
literacy-related knowledge has been demonstrated in a Japanese
developmental study that examined the influence of knowledge of the kana
script on fragment detection (Inagaki, Hatano, & Otake, 2000). Indeed, in
Japanese, one mora usually corresponds to one kana character. There are
two types of kana, which are the Japanese phonographic symbols: hiragana
and katakana (see 2.1.2 Japanese Phonology and the Writing System).
Although their usage differs, as was already introduced in 2.1.2, for both,
there is an almost systematic one-to-one correspondence of kana to mora.
For example, the four morae of the word Nippon (/ni—-Q—po—N/) correspond
to four kana (phonographic) symbols ({Z > X A in hiragana or = v 4"
in katakana). In addition to the two moraic phonographic systems, the third,
logographic system of kanji represents syllables; for example, the two
syllables of the word Nippon (/niQ.poN/) correspond to two kanji symbols
(H A&). In addition, it is worth noting that in Japanese, although the
different vowels correspond to different kana (each of which corresponds to
one mora), no written sign corresponds to an isolated consonant, except for
hatsuon (A, IN/), which always serves as a separate, special mora (see 2.1.1
Japanese Phonology on Syllable and Mora).

As their orthography does not explicitly represent (at least consonantal)
phonemes, Japanese children, and even adults, have difficulties in
metaphonological tasks that require them to analyze speech intentionally
into phonemes (Mann, 1986; Nakamura, Kolinsky, Spagnoletti, & Morais,
1998; Spagnoletti, Morais, Alegria, & Dominicy, 1989), including in
phoneme monitoring, as remarked by Otake et al. (1996).

Therefore, orthography and/or writing system also affects speech
segmentation in Japanese, at least as measured through fragment detection.
Using this task, Inagaki et al. (2000) compared Japanese preschool children
who were not yet able to read with older Japanese children who were able to
read kana. They found that only the literate children showed the moraic
effect first reported by Otake et al. (1993), which they replicated in adults
using their own material. The children’s results mirrored those observed by

the same authors in a metaphonological task, in which children shifted their
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segmentation preference from a mixture of syllable- and mora-based
representations to a predominantly mora-based representation as they
learned to read kana letters (see also Muto, 1987; Otake & Imai, 2001). In
addition to showing the relevance of both syllables and morae as
segmentation cues in Japanese, these results thus suggest that in the
fragment detection task, the acquisition of kana literacy enhances the
relative importance of morae compared with syllables.
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Chapter 3: Phonological Awareness In
Japanese Native Speakers and the

Influence of Orthography

As we saw in Chapter 2, the metaphonological as well as the
phonological units of Japanese may differ from those of English or French
for at least two reasons, namely, the characteristics of both the Japanese
phonology and the Japanese writing system.

The phonological interpretation of vowel or consonant length is often
described by using the notion of mora. The mora is usually considered to be
a subsyllabic unit that can be larger than the phoneme and serves the
purpose of measuring syllabic weight (Hyman, 1985; Hayes, 1989). In
Japanese, light syllables (i.e., open syllables containing a short vowel)
contrast with heavy ones (i.e., open syllables containing a long vowel, and
closed syllables). Stated differently, a short vowel (preceded or not by an
onset consonant) counts as one mora, a long vowel counts as two, and each
coda consonant counts as an extra mora. *

3.1 Objectives

The goal of the present study was to collect evidence on the relative
prominence of different phonological units, namely syllables, morae, and
phonemes, in the conscious mental representations of Japanese speech by
Japanese adults who know both mora-and phoneme-based writing systems.
Using the methodology of the reversal task inspired by Alegria, Pignot, and
Morais (1982), the participants were asked to reverse Japanese-like
pseudowords after the presentation of a short series of examples. The choice
of this methodology was motivated by the fact that reversal operation is
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considered to function as the most difficult metaphonological task (Carrillo,
1994,; Yopp, 1988; see also Sasanuma, Ito, Patterson, & Ito, 1996) and
consequently seems appropriate for the study of adults. In addition, unlike
other difficult tasks such as initial phoneme deletion, it cannot be carried
out by using non-phonemic strategies (Content, Kolinsky, Morais, &
Bertelson, 1986) and since it implies both segmentation and fusion
processes as well as some phonological working memory, it relies on
elaborated, stable metaphonological entities rather than on perceptual
representations

3.2 Experiment 1: |Isthe Phoneme Spontaneously Used
in a Reversal Task?

We know from previous studies that Japanese people can isolate syllabic
or moraic units and use them intentionally with great ease. Therefore it was
expected that, when involved in a reversal task on Japanese pseudowords,
they would spontaneously refer to syllables or morae rather than to
phonemes. This prediction was tested in the present experiment. In addition,
we wanted to check whether participants used a third strategy, namely, the
reversal of graphic, kana characters. Thus, in addition to a simple V,CV;
material, some yoon items (V1CjV;) were included in the experiment. As
shown in Table 3.1, since yoon are written by means of two kana signs but
count as one mora, reversing written, kana units would yield different

responses than reversing phonological units.
3.2.1. Method

Participants: The Participants were 20 adult native speakers of Japanese, 19
females and one male, aged 19 to 57 years old (mean age: 31.6), belonging
to the middle or upper middle class. Among them, 18 were tested in
Brussels and two in Japan. Mostly because of their professional occupation,
all the participants were well acquainted with at least one alphabetically
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written foreign language (mainly English but also French, German, or
Spanish). They all had higher education (up to university) and had received
formal education on English for 8.5 years, on the average (ranging from six
to fifteen years), starting at junior high school (except for three participants
who started during elementary school) up to the university. Nine
participants learned French in addition to English, for a mean of 2.9 years
(range: 1-9 years). Among them, one started during elementary school. Two
participants had also learned Spanish (one for six months, the other for one
year), and one participant had learned German (for two years). Beside
formal education, eleven participants also have had informal, out of school
experience with a western language, mainly during stays out of Japan. Four
subjects were teachers of English and one was that of Japanese. The
participants’ alphabetic reading experience was assessed by a test in which
they were invited to read aloud a short newspaper article, either in English
or in French, according to their own preference. Their reading was recorded
for later analysis. The English reading test was evaluated by an English
teacher, who was an English native speaker and agreed that all participants
were able to read at a reasonable level of fluency. The French reading test
was evaluated by two independent French speaking judges. Reading errors
were rare (about 2%). It is worth noting that the two participants tested in
Japan did not show any difference with the other participants tested in
Belgium, either in terms of their foreign language experience or in terms of
their performance in the tests.
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Table 3.1. Experiment 1: Expected response types (with examples)
according to different reference units.

Stimulus type  Example Reversal type
phoneme mora or syllable kana

V:-.CV,

[ e mo ] [ 0 me] [ moe] [ mo e ]
Z % s & Y $ %
V1-.CjV,

[ a kjur ] [w kja ] [ kjur a] [ ju ki a]
H =W 2 E® e H WEH

Hyphens and periods are used to mark moraic and syllabic boundaries, respectively.

The Japanese signs are the kana transcription of the stimuli and the responses.

Material and procedure - Each participant was tested individually in a quiet
room. The instructions were given in Japanese by a Japanese female native
speaker (the author). The material, recorded by the same speaker, was
presented by means of an audio-tape. The required manipulation was a
reversal operation. In order to observe the participants’ spontaneous
behavior, they were merely asked to reverse the items in the way they liked,
without specific instruction or feedback correction, then 3 examples and 14
preparatory V;V, trials were presented to them, which were neutral as
regards the nature of the reversed unit.

In the experimental phase, 10 three-phonemes disyllabic bimoraic V1CV;
sequences were used. As shown in Table 3.1, this structure would give
different responses according to the kind of unit (syllable or mora vs.
phoneme) taken as reference. Among these items, two included a yoon
(V1CjV2), which, as also shown in Table 3.1, may reveal kana-based
reversals. With a few exceptions, the items and the expected responses were
pseudowords. The experimental items were presented in a quasi-random
order so as to avoid either sound or kana similarity between adjacent items.

In order to gain more information on the strategies they used, after
completion of the experiment the participants were invited to explain how
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they performed the task. This post-hoc interview was recorded for later
transcription and analysis.

3.2.2. Results and Discussion

As expected, in the preparatory phase the participants did not show any
difficulty for reversing vowels: they performed, on the average, at 99.2%
correct responses. The instructions to reverse the sequences were thus well
understood. Figure 3.1 presents the percentages of each type of response
observed on the experimental material, separately for V;CV; and forV;CjV;
stimuli.

The vast majority of answers corresponded to syllable- or mora-based
inversions. Only one participant provided a phoneme-based inversion:
[wdza] was reversed as [adzw], but at the same time this participant was
wondering whether the syllable- or mora-based response [dzaw] would have
been more appropriate.

The responses to the items including a yoon did not pattern differently
from those to the other items: inversions of written signs were virtually
non-existent (only one case was observed). Since yoon are written with two
kana characters but constitute one phonological unit (at both moraic and
syllabic levels) for the Japanese speaker, one might conclude that the
participants did not refer to written units when they have the opportunity to
base their response on the mora or the syllable. Yet, during the post-hoc
interviews, most participants (65%) reported that they did refer to written
signs. Among them all but two reported that they referred to kana constantly
(mostly hiragana). Thus, we cannot rule out the possibility that participants
processed the graphical compounds (yoon) as one unit, exactly like the
other kana.
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Figure 3.1. Experiment 1: percentage of the different types of
correct reversal responses.
In black: V,CV; items, in gray: V1CjV, items.

In any case, it may be concluded that in a task involving an explicit
manipulation of speech presented in such a way as to remain unclear on
what basis the manipulation must be accomplished, Japanese speakers
predominantly refer to the syllabic, moraic, or kana components of their
mental representations, but not to phonemes. Phonemes are definitely not
the prevalent components of the conscious speech representations of
Japanese native speakers.
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3.3 Experiment 2: Mora-versus Syllable-based
Spontaneous Reversals

In the former spontaneous reversal task, we observed that the vast
majority of responses consisted of mora- or syllable-based reversals, as
opposed to phoneme-based reversals. While suggesting that the basic
metaphonological unit of the special, multiliterate, Japanese population
tested here is not the phoneme, the results observed so far have not told us
yet which of the syllable or the mora the participants tended to use most
spontaneously. The purpose of the present experiment was to specify
whether it is the syllable or the mora which is the preferred
metaphonological unit of Japanese speakers who, while being native
speakers, have a long experience with other, stress- or syllable-based
language like English and French. In order to examine this question, used
were disyllabic three-moraic sequences, i.e., items in which the syllabic and
moraic boundaries do not correspond. Indeed, as shown in Table 3.2, such
items would lead to different reversal responses for reversing morae than
for reversing either syllables or phonemes.

3.3.1 Method

Participants: The participants were 12 adults, 10 females and two males,
aged from 25 up to 58 years (mean: 35yrs), among whom 7 participated in
the former experiment. The fresh participants presented the same
characteristics of literacy and foreign language experience as the others.
Their mean duration of formal education on English (from junior high
school till university) was 7 years, ranging from 6 to 9 years; their mean
duration of additional formal education on French was 4 years, ranging from
3 to 5 years; 1 participant had learned English at elementary school for 4
years; 3 participants had also informal experience with western languages
during stays abroad. Among those who had learned both English and French,
2 had also learned German (1 for 1 year, the other for 2 years), the latter
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having also learned Italian for 1 year. Four of them were language teachers
(3 English teachers among whom 1 also taught French and 1 teacher of
Japanese).

Table 3.2. Experiment 2: Expected response types (with examples)
according to different reference units.

Stimulus type Example Reversal type
phoneme-based mora-based syllable-based

V1-N-.CV, [i N pe] [epNi] [ pe Ni] [ pe i N ]
LWAR A* IC XA RWA
V1-.CVoN [ wse N] [Nesuw] [ N se w ] [ se N uw ]
StEA AMRT At S A

Hyphens and periods are used to mark moraic and syllabic boundaries, respectively.
The Japanese signs are the kana transcription of the stimuli and the responses when they

can be pronounced.

Material and procedure: The test included 20 experimental items, which
were constructed by adding to each experimental item used in Experiment 1
the moraic nasal phoneme /N/ either after the first vowel (leading to 10
V1-N-#CV;) or at the end of the item (leading to 10 V- #CV, -N). Before
being presented with this material, participants had been presented with V-
#CV, (/oda/ and /azu/) or Vi- #V, (/oa/ and /au/), in which syllabic and
moraic boundaries do coincide. The other aspects of the material
construction and of the procedure were similar to those of the former
experiment, except that no post-hoc interview was administered.

3.3.2. Results and Discussion

As can be seen in Figure 3.2, mora-based reversals were far more
numerous than syllable-based ones.? Besides, no participant gave any
phoneme-based response, despite the fact that at least some of the examples
(the Vi- #V, ones) could induce phoneme-based reversals. All the
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participants gave a majority of mora-based responses. However, two
participants out of 12 presented about half of syllable-based responses for
the items with the V;CV, N structure, and four other participants gave at
least one such response. On the contrary, no participant presented a single
syllable-based response to V;NCV; items. This response pattern is most
probably linked to the fact that mora-based reversals of V;CV;,;N items,
although pronounceable without difficulty, would give /N/ initial sequences,
which are non-existent in Japanese (see Table 3.2).

The present pattern of results thus shows that Japanese native speakers
well acquainted with foreign languages like French and English use the
mora to a much greater extent than the syllable when required to perform an
explicit manipulation of speech sequences. In addition, while the syllabic
structure is available to them, as suggested by the fact that they sometimes
resort to it when a mora-based reversal would lead to an illicit sequence (as
was the case for the V;CV;N items), the majority of participants prefer to
produce such illegal sequences than legal syllable-based sequences. These
results are thus coherent with those observed on monolingual monoliterates
in revealing the mora as the Japanese speakers’ most prevalent

metaphonological unit.
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Figure 3.2. Experiment 2: Percentage of the correct mora or syllable
based reversal responses. In black: ViNCV; items; in gray: V:CV;N items.
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3.4 Experiment 3 : Induced Phonemic Reversal Task

The results of Experiment 1 showed that Japanese native speakers, even
when knowing an alphabetic, phoneme-based, writing system are not prone
to spontaneously refer to phonemes when they are asked to reverse VCV
sequences. Coherently, in Experiment 2, while at least some of the examples
(the Vi1-#V, ones) could induce phoneme-based reversal, a phonemic
strategy was never observed. Besides, participants were found to prefer
mora- over syllable-based reversals, even when the mora-based operation
led to an illicit sequence. Yet, none of these two sets of results implies that
Japanese native speakers well acquainted with an alphabetic language
would be unable to resort to phonemes when induced explicitly to do so.

Experiment 3 aimed at examining this possibility by inducing participants
to perform phoneme reversals. It was also aimed at determining whether the
units involved in the reversal operation correspond to phonological or to
orthographic units. Indeed, given that the participants were all well
acquainted with at least one alphabetic orthography, they were expected to
be able to manipulate phonemes under request. But since alphabetic writing
is not their first learned writing system, they might tend to resort to written
kana or to the alphabetic romaji spelling when performing a phonemic,
hence perhaps difficult, task.

A particular interest was taken in checking whether they would use
gojuonzu-like table-based strategies, as was already suggested by
Spagnoletti et al.’s (1989) study on monolingual Japanese children. A
quantitative and qualitative analysis of the participants’ responses,
combined with examination of their introspective reports, might reveal such
procedures.

If the participants were using an orthographic, table-based strategy, the
most difficult items to deal with will be those including a yoon, since in this
case the table-based localizations and replacement of the units are not
straightforward. Furthermore, it was predicted that the participants’
response types to the yoon items would differ as a function of their
strategies. As a matter of fact, whereas a V,CjV; response (e.g., /apjo/) to a
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V1CjV, item (e.g., /opja/) may be obtained on the basis of a visual,
table-based strategy (see Figure 3.4), a V,CiV response (e.g., /aipo/) would
be almost impossible to reach using such a strategy. °

The participants’ response types to some other special items would also
differ according to their strategy. This should be the case with items
including a palatal fricative or affricate in the middle position. Indeed, in
Japanese a number of consonants are pronounced with a palatal friction
when followed by the vowel /i/. For example, before /i/, the [¢] sound
corresponds to the allophone of the phoneme /s/. What is interesting for the
purpose is that in the gojuonzu table (see Figure 2.1), the kana representing
[ ¢ i] stands in the i row of the sa column, implying that [¢ i] belongs to the
same phonolocical category as [sa], namely, the category of all the syllables,
or morae, that begin with the same consonantal phoneme. However, the
Japanese language allows sequences in which the sound [{] appears before
other vowels than /i/, namely before /a/, /u/, and /o/, which is not usually
the case with allophonic variants. Japanese scholars agree to describe [{i] as
the allophonic realization of /si/ whereas the sequences [fa], [fw], and [fo]
correspond phonemically to /sja/, /sju/ and /sjo/ (e.g., Shibatani, 1990).
Coherently, in kana orthography the sequences [{a], [fw], and [fo] are each
transcribed by means of a compound kana, namely, the kana for [{i], written
in full size, followed by the kana for [ja], [ju], and [jo], respectively in a
smaller size than the first one. The same reasoning holds true for the
affricates [tf] and [d3] (see Imada, 1990; Koizumi, 1978; 1989). For
example, [tfi] corresponds to /ti/, whereas [tfa], [tfw], and [tfo] correspond
to /tja/, /tju/, and /tjo/, respectively.* Thus, participants using an
orthographic, table-based strategy, would tend to show more phonemic-like
reversals (e.g., [isa] when presented the item [afi]) than participants using
the alphabetic romaji spelling. This prediction relies on the fact that the
phonemic-like response [isa] may result from a quite simple visual cell
interchange in the gojuonzu table (see Figure 2.1), whereas the romaji
spelling, which gives an almost allophonic transcription, could lead to the

phonetic-like response [ifa].”> Similarly, [od3i] should be reversed as [idzo]
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if the reference were table cells, whereas it could be reversed as [id3o] if
the participants were relying on the alphabetic romaji spelling.

3.4.1. Method

Participants. The 20 participants were the same as in Experiment 1.
Material and procedure. Participants were induced to perform a phoneme
reversal by presenting them with a series of 10 V,CV;, examples which were
reversed as V,CV; responses. The 20 experimental trials consisted of 10
V1CV, sequences, 6 V;CjV, yoon items, and 4 items including palatal
fricative or affricate in the middle position ([afi], [atfi], [od3i], and [ed3i]).

The other aspects of the material construction and of the procedure were
similar to those of the two former experiments. As in Experimentl, after
completion of the experiment, the participants were asked to explain how
they performed the task. This post-hoc interview was recorded for later
transcription and analysis.

3.4.2. Result and Discussion

When induced to perform a phoneme-based reversal operation, Japanese
adults are quite able to do so. Indeed, they obtained 79.5% correct, on the
average. Yet, there was a strong effect of item type: performance was
clearly superior for the VCV than for the VCjV structure, with on the
average 88 vs. 59% correct responses, respectively, t(19)= 4.47, p< .0001.

The use of orthographic table-based strategies, i.e., of an interchange of
table cells instead of a genuine reversal of phonemes, could be responsible
for the low scores recorded for the VCjV items. Indeed, for these items the
correct answer requires a rather complex cells interchange.

In the post-hoc interview, resort to a strategy referring to the whole or to
part of a gojuonzu-like table was acknowledged by the majority (60%) of
the participants (see Figure 3.3). Two major table-based techniques that are
very much alike were reported. In one technique, the participants recalled

either the whole gojuonzu table or the relevant part of it, localized the heard
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units, and exchanged the kana cells of the two different columns of the same
row. For example, as illustrated by a participant’s sketch presented in
Figure 3.4, the item /uke/ was analyzed as the /u/ cell of the a-column,
u-row; followed by the /ke/ cell of the ka-column, e-row. Then the /u/ was
substituted by the unit that corresponded to that of the column of the /ke/
but of the same row as the /u/, which gives /ku/. The same reasoning is
applied to the /ke/ which is replaced by /e/, the net result being the correct
response /eku/. The other technique is similar, except that participants
reported that they first prolonged the final morae as to extract the final
vowel (e.g., /ukeee/ — /el). Interestingly, some participants (20%) also
mentioned the fact that they sometimes use a table representation that

included romaji characters.

B Table-based

B Alphabetic spelling-
based

Others

Figure 3.3. Percentages of participants’ strategies reported in the
post-hoc interview.
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/eku/ — /uke/ /ezi/ — /Jize/
eku — uke eji — ije

Figure 3.4. Example of a participant’s sketch made during the
post-hoc interview. (Above: Table(Gojuonzu)-based strategy, Below:
Alphabetic (Romaji, Hepburn-system) spelling-based stragegy)

The example on the above-left illustrates the kana table-based strategy
used to reverse the items /uke/ into /eku/; the example on the above-right
shows how /ezi/ was reversed into /ize/ by reference to the kana table (the
phonemic transcriptions are added).

Even if a table-based strategy becomes rather complex when involving
VCjV items, the mean score observed on the participants having reported to
use table-based representations was not lower than that of the 30% of the
participants who reported to use exclusively the romaji spelling as visual
support (on the average, 57% vs. 51%, respectively). Nevertheless, as
predicted, the first, table-based, group only gave V,CjV; responses, whereas
the second group, using the romaji spelling strategy, showed 24% V,iCV;
and 28% V,CjV; reversals. As may be seen in Figure 3.5, there was a small
but significant interaction between the reported strategy and the type of
reversal of yoon items, F(1, 13)= 4.59, p < .05.

The fact that the medial consonant presented a friction (e.g., [afi]) did not
reduce significantly the performance level in comparison to the other VCV
items (85% vs. 89% correct, respectively, t(19) = 1.06). However, as

predicted, the response type did vary as a function of the reported strategy:
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phonetic-like responses ([ifa]) were absent in the participants having
reported to use a table-based strategy, whereas it was the predominant
response for the participants who reported using the romaji spelling.
Inversely, phonemic-like response ([isa]), which may result from a quite
simple visual cell interchange in a gojuonzu-like table, were the dominant
response only in the table-based group of participants. As shown in Figure
3.6, there was a significant interaction between strategy and reversal type
for the items including a friction, F(1, 13)= 89.97, p < .0001.

100
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80

70

60

50 -

mV2CiV1
40 i responses

V2iCV1
responses

20 -

10 ~

Table-based Alphabetic
group spelling-based
group

Figure 3.5. Percentages of correct response types and reversal
response types of the participants to items including a yoon (V1CjVy as
a function of their reported strategy.

In black: V,CjV responses; in gray: V,iCV; reponses.
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Figure 3.6. Percentages of correct response and reversal response
types of the participants to items including a friction (e.g., [afi] ) as a
function of their reported strategy.

In black: phonemic-like responses like [isa]; in gray: a phonetic-like
responses like [ifa].

Besides, it is worth noting that in the group of participants who used the
romaji spelling, some responses to these special items revealed a purely
letter-oriented strategy. This is for instance the case for the reversal of [atfi]
into [i:ka]. As a matter of fact, given the Romaji transcription achi,
reversing letters yields ihca, with the letter h indicating vowel length. Other
participants, while responding [ika], explained that they didn’t pronounce
the “h”. Such errors were never observed in the participants who relied on a

table-based strategy.
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Thus, despite their fairly good ability to perform conscious operations at
the phoneme level on Japanese-like utterances when induced to do so by
explicit examples, many Japanese adults speakers who are alphabetic
literates living in a foreign country prefer a strategy based on the gojuonzu
table to a phonemic or an alphabetic strategy. Thus, the nature of the first
acquired writing system seems to exert a strong, pervasive influence on the

native speaker’s metaphonological behavior in their native language.

3.5. General Discussion

The present investigation aimed at examining the nature of
metaphonological units used by Japanese adult speakers who also have an
advanced knowledge of alphabetic languages like French and/or English.
The analysis of reversal performances reveals that the mora is the most
prominent unit, but that the syllable can also be used as a spontaneous
reference unit when the mora fails to give a satisfactory result.

The participants showed to be also quite able to perform the reversal
operation on the phoneme level when explicitly instructed to do so.
However, introspective reports revealed that the majority of participants
spontaneously imagined a gojuonzu-like table while performing the
phoneme-oriented reversal task. As a matter of fact, they mainly reported a
strategy which consists of an interchange of kana cells instead of a reversal
of phonemes. The use of such a strategy was pointed out in the participants’
results by several facts. As predicted, the most difficult items to deal with
were those including a yoon, for which no simple cell interchange is
possible in a gojuonzu-like table. Furthermore, the participants who
reported such a table-based strategy showed qualitatively distinct responses
for the yoon items as well as for items including a friction than participants
who reported a romaji spelling-strategy. It is worth noting however that in
neither case the type of strategy used by the participant affected his/her
overall performance level. Even for difficult items like yoons, participants
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resorting to a table-based strategy were not poorer at the reversal task than
participants resorting to the romaji spelling.

The rather indirect path used by many participants to accomplish the task
shows that for them phonemes per se are not easily accessible
metaphonological units. But at the same time, the identification of the
relevant cells to be interchanged in the kana matrix does imply the ability to
recognize that a CV kana can be analyzed as a consonant followed by a
vowel, and that a vowel can be associated to an initial consonant to give a
new CV kana, which amounts to the ability to perform metalinguistic
operations at the phonemic level. Thus, despite the fact that the Japanese
participants examined in the present work have a rich experience with
alphabetically written languages, most of them do not use the same access
procedures to the segmental units represented by the French or English
orthographies as native learners do, but prefer to use the spelling resources
of their native language.

As was introduced in the previous chapter, studies show that newborns
are sensitive to the number of syllables in words, and that the syllable is the
universal unit for representing speech (Mehler & Christophe, 1995; see also
section 2.3.1, p.37). Furthermore, one phonologist claimed the universality
of both mora and syllable (Kubozono, 1998) for Japanese speakers/listeners,
while other psycholinguists argued for awareness of the subsyllabic unit
(mora) and the universality of the mora (Otake & Imai, 2001). In contrast,
Morais, Alegria, and Content (1987) maintained that “the ability to deal
explicitly with the segmental units of speech is not acquired spontaneously
in the course of cognitive growth, but demands some specific training,
provided by learning to read and write in the alphabetic system” (p.416).
Morais et al. proposed an interactive view of the relationships between
segmental analysis and alphabetic literacy. Thus, the reason why the
acquisition of phoneme or segmental unit is not spontaneous and needs
specific training and/or literacy education has not yet been clarified. This is
another matter of interest and it should be examined in a systematic way.
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Chapter 4: Speech Segmentation in
Japanese and the Influence of

Orthography

4.1 General Framework

This chapter presents a study in which the basis of speech segmentation
in Japanese was examined. Studies of the Japanese language have made an
interesting contribution to research on speech segmentation, because of the
importance of a phonological unit, the mora, which is different from (and in
a sense intermediate between) the phoneme and the syllable (e.g., Shibatani,
1990). Indeed, the rhythm of the Japanese language has been described as
being based on the mora (e.g., Ladefoged, 1975; Port, Dalby, & O’Dell,
1987; Shibatani, 1990; see more recent proposals in Grabe & Lowe, 2002;
Ramus, Nespor, & Mehler, 1999), which functions as a rhythmic unit in the
composition of poems like waka and haiku (Shibatani, 1990) and plays an
important role in word formation rules (1t6, 1990; Mester, 1990; Poser,
1990).

To avoid potential effects of literacy-related knowledge introduced in
Chapter 2 (see 2.3.3), some researchers (e.g., Kolinsky et al., 1995; Mattys
& Melhorn, 2005) used tasks that do not require listeners to analyze the
input intentionally at the sublexical level. They suggested that it is possible
to elicit a particular kind of combination error in speech perception, which
is called the “migration” of speech constituents (Kolinsky et al., 1995; see
also Kolinsky & Morais, 1996). Following the logic of so-called “illusory
conjunctions” (Treisman & Schmidt, 1982), we took advantage of the
dichotic listening technique to elicit word illusions resulting from the
erroneous combination (“migration”) of certain pieces of information

presented to one ear with other pieces of information presented to the other

63



ear (see Figure 4.1 for the schematic illustration of migration experiment).

The migration paradigm originated from studies in the domain of visual
perception. Treisman and Schmidt (1982) observed that, when presented
with red squares and green circles, participants frequently experienced the
presence of a red circle or a green square. According to Treisman and
Paterson (1984), such blend errors show that the involved attributes must
have been separately registered as independent entities at some (presumably
early, preattentive) processing level. This suggestion led to intensive
research on blend errors, including those involving written words (e.g.,
McClelland & Mozer, 1986). By using dichotic stimulus presentation, we
adapted this reasoning to the speech domain successfully and observed
blending between sublexical portions of the input, namely “migration errors”
(Kolinsky & Morais, 1996; Kolinsky et al., 1995). As illustrated in Table
4.1 for the Japanese stimuli used in Experiment 1, two pseudowords were
presented simultaneously, one to each ear. The stimuli were constructed so
that they could lead to the illusory perception of a target word by
“migration” of some sublexical constituent (phonetic features, phonemes, or
syllables) from one paired stimulus to the other. Such errors may help to
uncover representations of speech constituents, and are the rough
perception-domain equivalent of some slip-of-the-tongue errors (namely of
spoonerisms, as in saying The Lord is a shoving leopard instead of The Lord
is a loving shepherd) described in production studies (e.g., Dell & Reich,
1980; Fromkin, 1973; MacKay, 1970; Studdert-Kennedy, 1981).

The migration technique has already been used to study speech
segmentation in French (e.g., Kolinsky et al., 1995), English (Mattys &
Melhorn, 2005; Mattys & Samuel, 1997), and Portuguese (see Morais &
Kolinsky, 1994). There is evidence that migration errors occur at a
relatively early, preattentive processing level that is unaffected by
literacy-associated knowledge. First, phonetic feature blending — the
“ancestor” of the migration paradigm — occurs at a level at which the
acoustic signal is checked against phonetic categories (e.g., Cutting, 1976;
Day, 1968). Second, even illiterate adults, who are not aware of phonemes
(e.g., Morais et al., 1979), experience migration of consonantal phonemes
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(Morais & Kolinsky, 1994) as well as phonetic feature blending (Morais,
Castro, Scliar-Cabral, Kolinsky, & Content, 1987; see also Castro, Vicente,
Morais, Kolinsky, & Cluytens, 1995, for data from preliterate children). In
addition, the migration technique allows for direct comparison between
several speech constituents potentially involved in speech segmentation.

Booklet for hiragana group Booklet for kanji group
Target  detection Target detection
answer answer
(+ for “yes™ (+ for “yes”
- for “no™) - for “no™)
FAE ... BE ...

Figure 4.1. Schematic illustration of an experimental trial in the C1
condition for the detection of the target word gendo, presented either in

hiragana (i.e., kana, for one group) or in kanji (for the other group).
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Table 4.1. Example of target-absent trials designed for the pair of target
words hairu (/hairu/) and gendo (/geNdo/). Letter case signals the
distribution (as seen above). Bold characters signal the parts of the experimental
trials that have been changed in the control trials. M1("), M2("), and M3(") are the first,

second, and third mora, respectively. C: consonant; V: vowel.

Tested constituent ~ Target Trial type Dichotic pair
Pseudoword presented to one ear Pseudoword presented to the other ear
M1 M2 M3 M1 M2 M3
C1 V1 c2 V3 (e ig v C3' v2
C1 hairu or gendo  Experimental G a i T u h E N D (@]
hairu Control G a 1 r u b E N D o
gendo Control K a i r u h E N D o
Vi hairu or gendo  Experimental h E i r u G a N D (@]
hairu Control h E i T u G 0 N D o}
gendo Control h o i r u G a N D o}
M1 hairu or gendo  Experimental G E i r u h a N D @]
hairu Control (on initial) G E o t e h a N D (o]
hairu Control (on final) G E i r u t 0 N D [¢]
gendo Control (on initial) G E i r u h a Q* B A
gendo Control {on final) B U i 5 u h a N D (@]
Syllable hairu or gendo  Experimental G E N r u h a i D (e}
hairu Control (on initial) G E N t e h a i D (@]
hairu Control (on final) G E N r u p 0 e D o
gendo Control (on initial) G E N r u h a i B A
gendo Control (on final) K U Q™ r u h a i D (e]

© stands for the first member of 3 geminate consonant
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4.2  Research Questions and Objectives

In the present work, exactly the same technique as Kolinsky et al.
(1995) was used to explore the functional units in the preattentive
segmentation of speech in Japanese. Indeed, by allowing direct comparison
between several speech constituents, the migration technique seems
appropriate to test the hypothesis that, in addition to morae, both
consonantal phonemes and syllables may play roles in Japanese speech
segmentation.

Japanese also offers an opportunity to study the role of consonantal
phonemes relatively independently of orthography and metaphonology. As
no written sign corresponds to an isolated consonant, except for hatsuon (A,
IN/), which always serves as a separate, special mora, observing
consonantal non-moraic migrations in such a language would constitute
strong evidence for a phoneme-based phonological code that is unaffected
by orthography and/or metaphonology. Indeed, although for Japanese
listeners, morae are more easily accessible to awareness than phonemes
(e.g., Mann, 1986; Spagnoletti et al., 1989; Nakamura et al., 1998) and are
predominantly used in fragment detection (e.g., Otake et al., 1993),
phonemes (like syllables) could nevertheless be involved in early,
preattentive speech processing.

To examine such a possibility, compared were the rates of migration
errors of the first consonant (henceforth, C1), first vowel (V1), first mora
(M1), and syllable in Japanese. As illustrated in Table 4.1 for the target
words hairu (/ha—J.—ru/, meaning “to go in”, “to come in”) and gendo
(/ge—N.—do/, meaning “a limit”), manipulated was the distribution of
information across pairs of dichotic pseudowords for which the target was
not present but could be erroneously blended (henceforth, target-absent
trials) to compare levels of migration errors involving each of these four
types of sublexical constituents. For each constituent, in addition to these
experimental trials, we also used control trials in which the critical
information was missing (e.g., for the target hairu, the C1 experimental trial
was hendo gairu, while the C1 control trial was bendo gairu; see Table 4.1).
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The questions of interest are, first, which migration rates are significant,
and second, whether or not migration rates differ between constituents. As a
target detection task was used, analyzed was the Signal Detection Theory
discrimination index 4’ (Macmillan & Creelman, 2005). This score is
obtained by combining the z-transforms of the false alarm (FA) scores on
target-absent trials (i.e., incorrect detections of the target) with those of the
hit scores (i.e., correct detection scores of the target on dichotic pairs in
which the target was actually one member of the pair, henceforth,
target-present trials); thus, it provides a better, more bias-free indicator of
performance than FAs alone.

From the hypothesis that the constituents would be extracted correctly
but combined erroneously, it was predicted that the target-absent
experimental trials would lead to more FAs than the target-absent control
trials and hence be more difficult to distinguish from target-present trials,
thus leading to lower d’ scores than those thus leading to obtained on the
target-absent control trials. Under the hypothesis that phonemes are used in
early preattentive speech code independently of orthography, it was
predicted that this would hold true for all speech constituents, including C1
and syllables. However, under the hypothesis that segmentation of Japanese
predominantly employs both morae and syllables, it was expected to
observe an interaction between trial type (experimental vs. control) and
speech constituent: a larger effect of trial type was expected for M1 and
Syllable compared with C1 and V1. In addition, if the most preferred
segmentation procedure were a moraic one, we would observe also a larger
effect of trial type for M1 compared with Syllable.

In Experiment 1, the target words were chosen such that there were
systematic (except for one case), one-to-one correspondences between the
moraic structure and the kana written transcription of the target word and
between the syllabic structure and the kanji written transcription of the
target word (see illustration in Figure 4.1). For example, the target words
hairu and gendo are written in hiragana with three kana symbols each (I%
% and I A £, which correspond to the three morae /ha-J-ru/ and
/ge—N—do/, respectively), while in kanji, the same words are each written
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with only two characters, A % (a kanji character plus a hiragana suffix,
the so-called okurigana) and FBE B  (two kanji characters), which
correspond to the two syllables /hal.ru/ and /geN.do/, respectively. Such
words were chosen to control for the possible influence of the written
transcription. Indeed, the kana transcription may push listeners to rely on
the corresponding moraic representations, while the kanji (or kanji plus
okurigana) transcription may push them to rely on the corresponding
syllabic representations.

In Experiment 2, the same material as in Experiment 1 was presented
(with oral targets) to non-native (French-speaking) listeners. This allowed
us to check whether the results observed in Japanese speakers in Experiment
1 reflect native language segmentation processes rather than
material-dependent strategies.

Finally, in Experiment 3, examined was the possibility that the response
pattern observed in Japanese participants in Experiment 1 might have been
affected by activation of specific mental representations of the words’
spellings (i.e., their kanji representations). Although all target words used
in Experiment 1 can be transcribed into kana characters only, Japanese
people would usually transcribe them by means of either two Kkanji
characters or a single kanji character plus a hiragana suffix. Thus, to detect
the auditory presence of such words, Japanese participants might revert to
their mental representations in kanji, whatever the actual transcription of
the target word.

Hence, the fact that one kanji character often corresponds to one
syllable may have favored the syllable as the basis of segmentation in
Experiment 1. To check for this possibility, in Experiment 3, used were only
loanwords for which there exist no kanji representations (but only katakana
ones) as targets.

In this latter experiment, the material was chosen in order also to
examine the involvement of the second mora in migration errors.
Specifically, examined was the role of the “special morae” /N/ (hatsuon)
and /J/, [i], the second member of diphthong. These constitute the latter
parts of heavy syllables and probably do not have the same phonological
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29 <¢

independence as “regular,
Tanaka, 2000, 2008; Ujihira, 1996).

In sum, two main issues were addressed in this investigation: (1)

autonomous” morae (e.g., Kubozono, 1999b;

whether in a language such as Japanese — which presents a complex
hierarchy of phonological constituents — several of these constituents are
functionally relevant at an early, preattentive, stage of processing, and (2)
whether orthography and/or metaphonology pervades this processing level,
or instead, whether this level is immune to the influence of literacy-related
knowledge.

4.3  Experiment 1: Units that Migrate in Japanese: Are
They Affected by the Target Script?

In the present experiment, native speakers of Japanese were presented
with dichotic pairs and had to detect target words that were presented to
them visually, either in kana only (more precisely, in hiragana) for one
group of participants, or in kanji (or kanji with a hiragana suffix) for
another group (see Figure 10). The migrations of C1, V1, M1, and Syllable
were examined; it was predicted that migrations would occur for several
speech constituents, including C1, even though single consonants had no
isolated orthographic counterparts in the written transcription of the target
words (except for /N/, but this cannot be a C1 in Japanese).

The influence of orthography was further examined by comparing the
relative rates of M1 and Syllable migrations, checking whether they depend
on target script. If orthography affected the segmentation units — as there
were almost systematic one-to-one correspondences between the target
word’s moraic structure and kana written transcription and between its
syllabic structure and kanji written transcription — we would observe more
M1 and Syllable migrations in the groups presented with the targets written
in hiragana and kanji, respectively.
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4.3.1 Method

Participants: All participants were native speakers of Japanese, 61% of
them being from the Tokyo area; 28 were tested at Dokkyo University (ages
18-21 yrs; average: 20 yrs; 14 women) and 28 at Université Libre de
Bruxelles, Belgium (ages 19-47 yrs, average: 31 yrs; 18 women). The latter
were all well acquainted with at least one foreign language (mainly English,
but also French, German, or Dutch); their average duration of stay in
Brussels was 2.2 years. All participants were paid for their participation.
Within each group, half of the participants were randomly assigned to the
targets written in hiragana (kana system), and the others received targets
written in kanji.

Material: AIll the stimuli were pseudowords, and all the targets were
Japanese words. These words were all intended to include three morae and
two syllables, as they were CVVCV, CVNCV or CVQCYV sequences.

In addition, a metaphonological test checked whether the target words
are indeed considered as including three morae and two syllables by native
speakers of Japanese. The test was necessary because the CVVCV
sequences included not only the C+ai (/alJ/) sequence, constituting a
syllable in Japanese, but also the C+oe sequence although /oe/ is not
considered as a syllable in Japanese phonology (e.g., Fujimura, 2007;
Kasuya & Sato, 1990; Kubozono & Ota, 1998; Saito, 2003; Shirota, 1993).
Nevertheless, some researchers admit that it is not clear whether two
adjacent non-identical vowels belong to a single syllable or two separate
syllables (e.g., Vance, 1987; 2008). In other words, in the first case, a
sequence like /oe/ is analyzed (as other VV sequences) as a diphthong.

In the metaphonological test, after having presented some of the spoken
target words (hairu, maido, soegi, moeru), nine independent naive native
speakers of Japanese (all female, aged 20-49 yrs) were asked to divide the
sound, wherever and into how many fragments they thought appropriate. So
did we for another six similar CVVCV words (total: 10 words). We observed

more than 75% “two” responses, according to which the word seems to
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correspond to two syllables; the other responses were 23% “one” responses
(i.e., no segmentation) and 2% “three” responses (probably corresponding
to mora- or kana-based responses). Thus, they agreed with the idea that the
stimuli had a disyllabic structure although these results are somewhat
surprising as they reveal a preference for a syllabic mode of explicit,
intentional segmentation. This is perhaps because they were induced by the
vague instructions given to the participants. This holds true even for the
sequences involving /oe/, probably because this is analyzed (as other VV
sequences) as a diphthong. Yet, another possibility is that the sequence
C+/oe/ is considered as a bimoraic foot, which is also a well-known
rhythmic unit playing an important role in Japanese accentuation as shall be
discussed later on (e.g., Kondo, 2006; Kondo & Arai, 1998; Kubozono,
1999c; 2006; Mester, 1990; Nasu, 2006; Poser, 1990; Shinohara, 2000;
Tanaka, 1998; Tsujimura, 2007).

Sets of pseudoword pairs were chosen so that all experimental trials
corresponding to one set would share the same resulting word illusion pair.
Each of the pairs of stimuli differed in the particular constituent, for which
erroneous perception of the target word would occur because of possible
migration from one stimulus representation to the other (see, e.g., Table
4.1). Here, migration of C1, V1, M1, and Syllable was examined. Material
included five sets of pseudoword pairs, corresponding to five sets of target
words: hairu and gendo, shukko and zange, shusse and maido, dappi and
moeru, and shukka and soegi. Thus, one set included CVVCV and CVNCV
sequences, one included CVQCV and CVNCYV sequences, and three sets
included CVQCV and CVVCYV sequences.

In terms of prosodic structure (which is important, as pitch accent is
lexically contrastive in Japanese —e.g., Haraguchi, 1999; Shibatani, 1990),
all words (and hence all pseudoword stimuli) were LHH (with syllables
bearing a pitch accent, labeled high, H, in contrast to syllables labeled low,
L), except for the hairu and gendo set, which was HLL. ! The accent
patterns of all the stimuli were verified in a Japanese accent dictionary
(NHK, 1998).

As illustrated in Table 4.1, for each examined constituent, all target
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constituents were present but distributed between the two stimuli of the
dichotic stimulus pair in the experimental trials. This allows erroneous
perception (i.e., FAs) of the target word by information blending between
the two ears. However, FAs may occur due to mere misperception rather
than migration of some phonological constituent.

To control for this possibility, control trials were employed. These
differed from the experimental trials in terms of only one stimulus of the
dichotic pair. For C1 and V1, only one type of control trial was used. Indeed,
for these constituents it was easy to decide which stimulus of the
experimental pair was perceptually closer to the target: as illustrated in
Table 4.1, one dichotic pseudoword shared all phonemes with the target
except one (C1 or V1), whereas the other differed from the target in terms
of all phonemes except one (C1 or V1). Therefore, for C1 and V1, the
control trials included the stimulus that, in the experimental pair, was
perceptually closer to the target, and the other stimulus of the experimental
pair was changed minimally to lack the critical phoneme that would have
allowed a migration error. For M1 and Syllable, it was difficult to decide a
priori which of the two experimental stimuli was perceptually closer to the
target. Thus participants were presented two different control pairs for M1
and Syllable: one shared with the target (and hence with the experimental
pair) the initial portion, the other shared the final portion (see Table 4.1).

Thus, there were 10 different types of target-absent trials for each target.
Each type of target-absent trial was presented six times: three times for each
ear assignment pattern (e.g., for the C1l experimental trials, gairu was
presented to the left ear and hendo to the right ear, or vice versa; see Table
4.1).

There were also 14 different types of target-present trials for each target.
The target-present trials were constructed by replacing either of the original
stimuli of the dichotic pair with the target (e.g., for C1 and the target gendo,
the target-present trials paired gendo with gairu, hendo, or kairu). Each
type of target-present trial was presented twice, counterbalanced for ear
assignments.

This yielded 880 trials, which were preceded by 60 training trials
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constructed from different sets (with the words gunte and kaori, denju and
taiho, denbu and kappo, and dango and mekki as targets) paired according to
the same principles. The whole experiment included 180 additional trials
that were not analyzed; they were intended to test migration of the second
mora, but this led to serious interpretation problems given the use of
geminate stop consonants (realized as silence, cf. Fujimura, 2007; Fukumori,
2010; Muraki & Nakaoka, 1990; Saito, 2003; Sato, 2001; Takayama, 2011)
in four of the five sets.

The pseudoword stimuli and the target words were pronounced naturally
by a native speaker of Japanese and were recorded in an anechoic room. All
stimuli were digitized at 16-bit and 32 KHz sampling rate on a
computerized speech workstation (DigiDesign’s Sound Tools II™ running
on a Macintosh Il FX). Each mono file corresponding to an individual
stimulus (pseudoword or target word) was then normalized (scaling all
values upward so that the peak is at the maximum allowable value of the
dynamic envelope — hence achieving optimal dynamic range).

In each dichotic pair, the stimuli were synchronized as much as possible
at both the onset and offset of the critical constituents. a perceptual
criterion was used: first, for each isolated (mono) stimulus (e.g., geiru,
hando), a native speaker of Japanese (the author) told the research assistant
who was operating the digital audio workstation when she thought she heard
the onset and offset of the critical constituent (e.g., the beginning/end of
M1). After that, to synchronize the dichotic stimuli, when necessary, the
duration difference between the two sequences (e.g., that between ge and ha
in the geiru-hando pair or between gen and hai in the genru-haido pair) was
calculated and then equalized both by cutting the appropriate number of
cycles in the steady state part of the first and/or final vowel of the longer
sequence and by multiplying one cycle of the most stable part of the first
and/or final vowel of the shorter sequence as much as necessary (see Figure
4.2).

Thus, the co-articulatory indices between consonant and vowel as well
as between morae and syllables were not affected by the signal
manipulations. Finally, the author perceptually checked the result of this
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synchronization in order to confirm the naturalness (including rhythmic
normality) of each stimulus. The average duration of the 225 different
stimuli we measured (excluding repetitions) using Praat software (Boersma,
2001; Boersma & Weenik, 2013) was 812 ms (SD: 54 ms).
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Figure 4.2. Illustration of the waveforms of the stimuli of a dichotic
pair used in the experimental M1 condition of Experiment 1 for the
detection of the target word gendo or hairu. The waveforms corresponding to
geiru and hando are on the top/bottom, respectively. For both, the numbers on the left
(for geiru) or the right (for hando) of the Y axis correspond to the amplitude; the
duration of both stimuli (X axis) was 737 ms, with a total file duration (final silence
included) of 767 ms. The measurements and figure were made using Praat software

(Boersma, 2001; Boersma & Weenik, 2013).
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Procedure: Trials were presented pseudorandomly. The stimuli were played
back through headphones by means of a digital recorder at approximately 70
dB SPL with a 2-s silent interval between successive trials. Ear assignment
of headphones was counterbalanced between participants. As illustrated in
Figure 4.1, the participants were given a booklet in which the written
targets were listed for each trial. For one group of participants, targets were
presented only in hiragana, while for the other group, targets were presented
either in kanji alone or in kanji plus a hiragana suffix (okurigana). In the
first case, the three written symbols corresponded to the three morae of the
word (e.g., J A &, Ige.N.do/; 72 - X, /da.Q.pi/; 1%, /ha.d.ru/). In
the second case, the kanji and hiragana corresponded to syllables for most
of the words, whether they were written with two kanji characters, as in
gendo R (/geN/ in kanji + /do/ in kanji) and dappi Wi (/daQ/ in kanji
+ /pi/ in kanji), or with one kanji and one kana character, as in hairu A %
(/had/ in kanji +/ru/ in hiragana)®.

Participants were told that during each trial, they would hear two speech
stimuli that could be meaningful or meaningless and were asked to pay
attention to both items (i.e., to both ears) in order to decide whether or not
the target indicated in the booklet for each particular trial had been
presented; they answered by drawing either a plus or a minus sign,
respectively. The experimental session lasted about 1 hour.

4.3.2 Results

The d’ scores were calculated for each subject from the hit (correct
detection of the target on target-present trials) and FA (incorrect detection
of the target on target-absent trials) percentages®. The average values of all
these scores are presented in Table 4.2, separated according to experimental
vs. control trials, speech constituent, and target presentation (hiragana vs.
kanji).

An ANOVA performed on d’ scores” took into account constituent and
trial type (experimental vs. control trials) as within-subjects variables plus

target script (hiragana vs. kanji) and country of test administration
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(Belgium vs. Japan) as between-subjects variables. It showed significant
effects of constituent, F(3, 156) = 127.42, p < .0001, and trial type, F(1, 52)
= 262.75, p < .0001. There were no significant effects of target script or
country of test, both Fs < 1, and these variables did not interact with the
other ones, all Fs < 1. There was however a significant interaction between
constituent and trial type, F(3, 156) = 57.95, p < .0001, which is illustrated
in Figure 4.3. This interaction showed that, although the differences
between the experimental and control trials were significant for all speech
constituents (Bonferroni-corrected post-hoc tests: Fs(1, 156) = 30.63, 17.37,
401.76, and 223.64 for C1, V1, M1, and Syllable, respectively, all ps
<.001), this difference was larger for M1 than for any other constituent (vs.
Cl: F(1, 156) = 105.26; vs. V1: F(1, 156) = 126.03, both ps < .001),
including Syllable, F(1, 156) = 12.95, p < .005. Syllable also yielded a
larger difference between experimental and control trials than did C1 and
V1, F(1, 156) = 44.37 and = 56.18, respectively, both ps < .001.

77



Table 4.2. Average percentages of false alarms on target-absent trials

and of correct detections on target-present trials, plus average d’ scores

for each speech

constituent

tested

presented in hiragana vs. kanji, and overall.

Standard deviations in brackets.

on

the

participants examined in Experiment 1, separately

Japanese-speaking

for the targets

Constituent Target Trial Type
script Target-absent Target-present d'scores

Experimental Control Experimental Control Experimental Control

Cl kana 35.54 23.69 92.68 9223 1.97 2831
[21.01] [14.38] [4.35] [4.48] [0.79] [0.72]

kanji 27.98 1839 91.25 90.71 2.11 2.39

[15.73] [11.45] [5.20] [4.99] [0.66] [0.58]

average 31.76 21.04 91.96 91.47 2.04 235

[18.78] [13.16] [4.81] [4.76] [0.73] [0.65]

V1 kana 11.37 8.75 91.16 92.14 2.93 3.14
[13.60] [11.70] [6.75] [6.00] [0.78] [0.78]

kanji 7.32 5.24 87.05 88.57 2.87 312

[7.91] [7.15] [8.39] [7.05] [0.74] [0.80]

average 9.35 6.99 89.11 90.36 2.90 313

[11.21] [9.77] [7.82] [6.73] [0.76] [0.78]

Ml kana 14.52 1.96 90.71 92.90 2.70 3.82
[14.98] [2.83] [6.66] [4.93] [0.80] [0.65]

kanji 10.71 0.89 90.89 92.72 2.82 3.95

[10.08] [1.62] [5.58] [421] [0.71] [0.47]

average 12.62 1.43 90.80 92.81 2.76 388

[12.80] [2.34] [6.09] [4.54] [0.75] [0.56]

Syllable kana 11.43 1.99 91.70 92.63 297 3.78
[13.51] [2.53] [5.93] [5.26] [0.90] [0.62]

kanji 7.08 0.89 8946 90.98 3.021 3.89

[7.75] [1.36] [7.86] [6.42] [0.63] [0.61]

average 9.26 1.44 90.58 91.81 2.99 383

[11.13] [2.09] [6.99] [5.88] [0.77] [0.61]
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Figure 4.3. Average values of d’ scores, separately for each speech
constituent and trial type (experimental vs. control), observed on the
Japanese-speaking participants examined in Experiment 1.

Error bars represent standard errors.
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4.3.3 Discussion

The results of the present experiment suggest that Japanese speech
segmentation relies on all the manipulated segments, but primarily on both
syllables and morae, and that the morae provide the basis of the preferred
segmentation strategy. In addition, the facts that we observed migrations of
consonantal phonemes for which there exist no isolated written signs and
that we did not observe any influence of target script (i.e., of the fact that
the targets were presented in either kana or kanji) suggest that the speech
segmentation procedure was not influenced by orthography. Before
examining this idea at more length in Experiment 3, in the next experiment,
we checked whether the response pattern observed here is specific to
Japanese listeners.

4.4 Experiment 2: French Listeners

To examine whether the response pattern observed in Experiment 1
among Japanese speakers reflects native language segmentation processes
rather than material-dependent strategies, in Experiment 2, we presented the
same material as that used in Experiment 1 to French-speaking listeners.
Although no effect of target script was observed in Experiment 1, we
preferred to present targets orally rather than alphabetically. Indeed, for
native speakers of French, an alphabetic transcription of the target would
have been ambiguous or approximate for many of the target words,
especially those including a nasal mora or a geminate like gendo and shukko,
respectively.

4.4.1 Method

Participants: Thirty-six students of the Université Libre de Bruxelles,
Belgium, participated in the experiment for course credit. All were native

speakers of French without any knowledge of Japanese; although most had
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some notions of English and/or Dutch, none was a fluent bilingual. Nine
were discarded because they missed the target quite often (i.e., correct
detection scores < 82%, which was the lowest score observed among the
Japanese participants in Experiment 1). The final sample thus included 27
participants (aged 18-23 yrs; average: 19 yrs; 22 women).

Material and procedure: The material and procedure were exactly the
same as in Experiment 1, except that the prerecorded targets (pronounced by
the same Japanese speaker as the one who recorded the stimuli) were
presented orally before each pseudoword pair. Specifically, in each trial,
participants first heard the target word, then a short (100-ms) warning beep,
and — after a 500-ms silence — the dichotic pair, with a 3-s silent interval
between successive trials. Since this procedure took more time than with
written target presentations, the experiment was run in 2 sessions of about

40 min each, which were temporally separated by at least 1 day.

4.4.2 Results

As in Experiment 1, we analyzed the d’ scores computed on the basis of
the FA and hit values, the average values of which are presented in Table
4.3.

An ANOVA on d’ scores (the average values of which are presented in
Figure 4.4) showed a significant interaction between constituent and trial
type (experimental vs. control), F(3, 78) = 10.74, p < .0001, in addition to
main effects of constituent, F(3, 78) = 104.56, and trial type, F(1, 26) =
70.78, both ps < .0001. Bonferroni-corrected post-hoc tests showed that all
constituents except V1, F(1, 78) = 4.06, p > .10, led to significant effects of
trial type, Fs(l1, 78) = 27.42, 99.15, and 40.59 for C1, M1, and Syllable,
respectively, all ps < .001. In addition, the difference between the
experimental and control trials was smaller for V1 than for M1 or Syllable,
Fs(1, 78) = 31.74 and 9.49, p < .05, and smaller for C1 than for M1, F(1,
78) = 11.14, p < .025. No significant difference was observed between M1
and Syllable, F(1, 78) = 6.43, p > .10.
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Table 4.3. Average percentages of false alarms on target-absent trials

and of correct detections on target-present trials for each speech

constituent tested on the French-speaking participants examined in

Experiment 2.

Standard deviations in brackets.

Target-absent

Trial Type

Target-present

Experimental Control Experimental Control

C1 24.07 15.62 88.43 89.72
[13.13] [9.17] [7.21] [6.29]

V1 4.94 3.27 87.59 87.87
[7.08] [5.36] [6.26] [5.53]

M1 5.00 0.62 89.35 91.20
[6.75] [1.02] [5.95] [5.66]

Syllable 3.33 0.40 91.02 89.95
[4.83] [0.74] [5.34] [5.56]

82



Experimental
B Control

d' scores

ci ' Vi M ~ Syllable

Figure 4.4. Average values of d’ scores, separately for each speech
constituent and trial type (experimental vs. control), observed on the
French-speaking participants examined in Experiment 2.

Error bars represent standard errors.
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4.4.3 Discussion, cross-experiment comparison, and control
metaphonological experiment

Contrary to the pattern observed among Japanese listeners in
Experiment 1, French-speaking participants did not display superiority of
M1 over the Syllable.

Cross-experiment analysis confirmed that French-speaking listeners did
not segment the Japanese material used here in the same way as the
Japanese speakers examined in Experiment 1 did. Indeed, the ANOVA
showed a significant interaction between constituent, trial type, and
participant’s native language (French vs. Japanese), F(3, 243) = 5.47, p
= .001. While the French-speaking participants did not differ from the
Japanese speakers for C1 and V1 (trial type x group interaction: both Fs <
1), their effects of trial type were significantly smaller for M1 and Syllable
compared with those of the Japanese participants in Experiment 1 (trial type
x group interaction: F(1, 81) = 10.99 and 8.51, respectively, both ps
< .005).

Thus, the superiority of mora- over syllable-based migration observed in
Experiment 1 seems specific to native speakers of Japanese. However, it
remains to be understood why the French-speaking listeners showed both
morae and syllable migrations. Indeed, their native language phonology
would lead us to expect them to use mainly syllables, not morae, both
because morae are not relevant in their native language and because some
morae (particularly /Q/ in CVQCYV items, e.g., shu—s—se), would be difficult
to perceive, as speakers of non-geminate languages like French have
difficulties perceiving the contrast between Japanese geminate and
singleton consonants (Hardison & Motohashi Saigo, 2010).

A possible explanation of the morae migrations observed in
French-speaking listeners may be that they interpreted the other morae (e.g.,
those including a single vowel) as syllables. This possibility was checked
by a control metaphonological experiment on 10 naive native speakers of
French (aged 17-29 yrs, mean age: 24 yrs, 5 women) who did not

participate in the previously described experiments and who had no
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knowledge of Japanese at all. They were asked to decide how many “salient
units” they heard in the 50 spoken sequences that had served as stimuli or
targets in Experiment 2. No examples were provided so as not to bias their
answers. They were asked to answer without thinking too much, following
their intuition, and they were told that there were neither “good” nor
“wrong” answers. Overall, the presence of two salient units was reported in
the majority (58%) of responses. However, the overall rate of responses
reporting the presence of three salient units (which, for native speakers of
Japanese, would correspond to morae) was not negligible (overall: 38%). In
fact, the latter responses were dominant (79%) for the CVVCV sequences
like hairu, moeru, maido, soegi, and derived stimuli like shuido, soeka, or
haido. On the contrary, the CVNCV and CVQCYV sequences led to a large
majority of responses reporting the presence of two salient units (72% and
95.5%, respectively). An ANOVA on the arcsine transform of the proportion
of “three” responses showed a significant effect of sequence structure
(CVVCV, CVNCV, or CVQCV), F(2, 18) = 52.23, p < .0001, with all
post-hoc  contrasts  confirming  significance  at p < .005
(Bonferroni-corrected). These results show that, with CVVCV items (e.g.,
hairu), French speakers consider the second mora (a vowel) as a syllable,
which is not the case when the second mora is /N/ or a geminate consonant.

In the migration experiment, most dichotic stimuli (except for the
shukko-zange set of targets) were pairs mixing either CVVCV and CVNCV
or CVVCV and CVQCYV sequences (see e.g., Table 5); the perceptual result
of such mixing was probably quite ambiguous for the French-speaking
listeners who had been tested in Experiment 2. Indeed, the presentation of at
least one CVVCV stimulus out of a pair or a CVVCV target may have
enhanced their rate of presumed moraic migrations, which in fact were
syllable-based.

The results of the metaphonological test on French-speaking listeners
may also account for why the French speakers showed fewer syllable
migrations than the Japanese speakers from Experiment 1. Indeed, in
CVVCYV sequences like hairu, syllables like hai and ru do not seem to have
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psychological reality for French natives, as they consider these stimuli as
including three salient units (presumably syllables): ha, i, and ru.

Another possibility is that, in Japanese listeners, the syllable migrations
reflect the influence of kanji representations, which may be evoked
mentally by Japanese participants, whatever the target script. This
possibility was examined in the next experiment.

4.5 Experiment 3:  Are Migrations in Japanese Listeners
Affected by the (Un)availability of Kanji
Representations?

The aim of the third experiment was to ascertain that the migrations of
syllables were not affected by the availability, in Japanese readers, of kanji
written representations. Indeed, although any influence of the target script
(hiragana vs. kanji) in Experiment 1 was not observed, Japanese
participants may have activated kanji representations regardless of the
actual target script they were presented with. Although all the Japanese
target words used in Experiment 1 can be transcribed by means of kana
characters only, they are usually transcribed by means of two kanji
characters or a kanji character plus a hiragana suffix. If the speech
segmentation procedure were influenced by written representations, this
would have favored syllabic migrations in Experiment 1, as syllables
corresponded to kanji in that experiment’s material.

To test this idea, in this experiment, we presented as targets only
katakana loanwords for which no kanji representations exist; we did this to
exclude the possibility that syllabic migrations could result from the
activation of mental representations of kanji. If the speech segmentation
procedure were influenced by orthographic representations, and if the kanji
representations were responsible for the high rate of syllabic migrations
observed in Experiment 1, we would observe with the present material far
fewer migrations of syllables than in Experiment 1; here, this would lead to

a more pronounced advantage of M1 over Syllable.
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Furthermore, the present material was designed to allow examination of
migrations of the second mora (henceforth, M2) in addition to those of the
other speech constituents already examined in Experiment 1. This was not
possible in Experiment 1, because its targets were many words (in four of
the five target sets) that included geminate stop consonants. In that case, /Q/,
sokuon, the first member of the geminate, is realized as silence (Fukumori,
2010; Fujimura, 2007; Muraki & Nakaoka, 1990; Saito, 2003; Sato, 2001;
Takayama, 2011). This would lead to serious interpretation problems
regarding M2 migration errors. In the present experiment, such a problem
was avoided by using only sequences with CVJCV-CVNCYV structure (e.g.,
raisu-konte, /raJsu/, /koNte/). In this way, we could examine the role of the
“special morae” /N/ (hatsuon) and /J/, [i], the second member of a
diphthong. As the other special morae /R/ and /Q/, these constitute the latter
part of a heavy syllable and probably do not have the same phonological
independence as CV or V morae (e.g., Kubozono, 1999b; Tanaka, 2000,
2008; Ujihira, 1996). Finally, the /oe/ sequence used in the former
experiments (as in moeru and soegi) was also excluded from the target
words here, as it is usually not admitted as a syllable in Japanese phonology
(Fujimura, 2007; Kasuya & Sato, 1990; Kubozono & Ota, 1998; Saito,
2003; Shirota, 1993).

4.5.1 Method

Participants: Twenty-eight students at Keio University’s Shonan Fujisawa
Campus (SFC) participated in the experiment (aged 20-26 yrs; average: 22
yrs; 10 women). They were all native speakers of Japanese, 68% of them

being from the Tokyo area. They were paid for their participation.

Material and procedure: The material and procedure were the same as those
employed in Experiment 1, except for the following facts. All the targets
were Japanese loanwords (all common nouns except for a proper noun,
Dante), and all can only be written in Japanese using katakana. Three sets
of target words (and pseudoword) pairs were used: raisu and konte, toire
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and pantsu, and boiru and Dante. Thus, all the sequences had a
CVJCV-CVNCYV structure, and all had the HLL pitch pattern (see Table
4.4).

As in Experiment 1, all the target words (and derived pseudowords) were
intended to include three morae and two syllables, as they were either
CVJCV or CVNCV sequences. To further check that native speakers of
Japanese do consider the target words as including three morae and two
syllables, as in Experiment 1, a metaphonological task was used. The target
words were presented to independent, naive native speakers of Japanese
(eight participants, aged 20-42 yrs; average: 30 yrs; 6 women) and asked
them to indicate where they would segment the heard word. The proportion
of moraic- (or kana-) based responses was slightly higher than in

2

Experiment 1 (17%); the proportion of “two” responses was lowered to
71%°. Thus, as in Experiment 1, there is a preference for a syllabic mode
of explicit, intentional, segmentation that — although surprising — is in
agreement with the idea that the stimuli had a disyllabic structure.

The experimental and control trials were constructed as in Experiment 1,
except that M2 experimental and control trials were added for both
target-absent (e.g., for the target raisu, ransu paired with koite as an
experimental trial and ransu paired with koete as a control trial; see Table
4.4) and target-present pairs; this yielded a total of 636 trials. These were
preceded by 30 training trials, which were constructed from different sets of
words (sairo and bentsu, daisu and kompe, and faito and renzu) and
pseudowords paired according to the same principles. The average duration
of the 162 different stimuli measured (excluding repetitions) by Praat
software (Boersma, 2001; Boersma & Weenik, 2013) was 574 ms (SD: 41
ms). The procedure was the same as that of Experiment 1, except that in the
response booklet, the targets were written in katakana. The experimental
session lasted about 35 min.
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Table 4.4. Example of target-absent trials designed for the pair of target words
raisu (/raJsu/) and konte (/koNte/). Letter case signals the distribution of
information between the ears: lower case corresponds to parts of the target raisu,
upper case corresponds to parts of the target konte.

Bold characters signal the parts of the experimental trials that have been changed in the
control trials. M1("), M2("), and M3(') are the first, second, and third mora, respectively.

C: consonant; V: vowel.

Tested constituent Target Trial type Dichotic pair
Psendoword presented to one ear Psendoword presented to the other ear
M1 M2 M3 M1 M2 M3
C1 Vi Cc2 V3 cr v Cc3 v2'
Cl1 raisu or konte Experimental K a i s u r o N T E
raisu Control K a i s u d (o} N T, E
konte Control P a 1 s u r (o} N T E
V1 raisu or konte Experimental r o i s u K a N T E
raisu Control r o i s u K e N T E
konte Control r E i s u K a N T E
M1 raisu or konte Experimental K (¢} i B u T a N T E
raisu Control (oninitial) K o e sh o r a N T E
raisu Control (on final) K [e] i s u m e N T E
konte Control (on initial) K o} 1 s u r a U P A
konte Control (on final) G U i s u r a N T E
M2 raisu or konte Experimental T a N s u K (¢] i T. E
raisu Control r a N s u K o e T E
konte Control r a u s u K o i T E
Syllable raisu or konte Experimental K o N s u T a i T E
raisu Control (oninitial) K (o] N sh o r a i 4 E
raisu Control (on final) K o N s u d e o T E
konte Control (on initial) K (6] N s u T a i P A
konte Control (on final) G U A s u T a i T E
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4.5.2 Results

As in the former experiments, we analyzed the d’ scores computed on the
bases of FAs and hits, the average values of which are presented in Table
4.5,

Table 4.5. Average percentages of false alarms on target-absent trials
and of correct detections on target-present trials for each speech
constituent tested on the Japanese-speaking participants examined in
Experiment 3. Standard deviations in brackets.

Trial Type

Target-absent Target-present
Experimental Control Experimental Control
C1 39.48 26.98 88.24 87.05
[12.36] [12.65] [6.99] [8.73]
12! 4.56 2,18 88.84 93.30
[7.61] [4.68] [9.00] [6.64]
M1 7.14 0.74 89.58 88.24
[7.35] [1.53] [7.48] [6.39]
M2 9.13 7.54 84.67 85.27
[8.88] [7.89] [9.95] [8.06]
Syllable 7.04 0.59 90.48 89.43
[9.69] [1.09] [8.55] [6.29]

The ANOVA on d’ scores (see average values in Figure 4.5) took trial
type and constituent as factors. It showed significant effects of constituent,
F(4, 108) = 94.72, p < .0001, and trial type, F(1, 27) = 86.46, p < .0001, as

well as a significant constituent x trial type interaction, F(4, 108) = 7.94,
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p < .0001. Bonferroni-corrected post-hoc tests showed that the difference
between the experimental and control trials was significant for all speech
constituents, Fs(1, 108) = 17.69, 28.09, 69.08, and 61.88 for C1, V1, M1,
and Syllable, respectively, all ps < .001, except that for M2, F(1, 108) =
2.04, p > .10. In addition, the difference in scores between the experimental
and control trials was larger for M1 than for C1 and M2, Fs(1, 108) = 8.43,
p <.05, and = 23.68, p < .001, respectively. Syllable also generated a larger
difference between the experimental and control trials than did M2, F(1,
108) = 20.72, p < .001, but the results for Syllable did not differ from those
for M1, F < 1. No other comparison reached significance (all ps > .10),
although V1 tended to elicit a larger difference between experimental and
control trials than did M2, F(1, 108) = 7.49, p = .07.
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Experimental
@ Control

d' scores
N

C1 Vi M1 M2 Syllable

Figure 4.5. Average values of d’ scores, separately for each speech
constituent and trial type (experimental vs. control), observed on the
Japanese-speaking participants examined in Experiment 3.

Error bars represent standard errors.
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4.5.3 Discussion and Cross-experiment Comparison

Similarly to the pattern of results observed in Experiment 1, in the
present experiment, migrations were observed at various sublexical levels,
including C1. However, contrary to the situation in Experiment 1, here, M1
did not migrate more often than Syllable.

In order to compare more directly the result patterns of the two
experiments, a cross-experiment ANOVA was run including the data of the
present experiment and those collected on the participants of Experiment 1
who were also tested in Japan®. discarding the M2 data (which have no
counterpart in Experiment 1). In particular, we wanted to check whether
migrations were affected by orthography. If this were the case, in the
present experiment we would observe more migrations of M1 and less
migrations of syllables compared with Experiment 1, as the targets used
here corresponded to words that can only be written (and which were
presented) in katakana, which correspond to morae.

No overall effect of group (i.e., material), F < 1, was observed but a
significant interaction between group, constituent, and trial type, F(3, 162)
= 4.90, p < .005. Yet, this interaction reflects an effect opposite to the
prediction. Indeed, a significant group x trial type interaction was observed
for M1, F(1,54) = 6.04, p <.025, with a larger trial type effect observed in

Experiment 1 compared with the present experiment. The group x trial
type interaction also was marginally significant for V1, F(1,54) = 3.79, p
= .057, with a somewhat larger trial type effect observed in the present
experiment than in Experiment 1. No other interaction between group and

trial type was significant, even for Syllable, F(1,54) = 2.05, p > .10 (C1:
F<1).

Thus, if there were an effect of material on the response pattern, it was
an unexpected one. In particular, contrary to the pattern of results observed
in Experiment 1, here, M1 did not migrate more than Syllable and actually
migrated significantly less than it did in Experiment 1. This does not
support the idea that migrations were affected by orthography. Thus, the
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availability of kanji representations in Japanese participants cannot account
for the numerous syllabic migrations observed both here and in Experiment
1; neither can the mora-based segmentation procedure, as revealed by
migration errors, reflect only orthographic representations.

4.6 General Discussion

Speech segmentation was examined in Japanese, a language in which the
mora has been proposed as central to this process (e.g., Otake et al., 1993).
Specifically, the aim was to compare the involvement of several speech
constituents in a task that does not require listeners to analyze the input into
sublexical constituents intentionally. Indeed, former evidence — mostly
gathered through the fragment detection task (Mehler et al., 1981) — may
have been influenced by orthographic knowledge and/or associated
metalinguistic representations (e.g., Inagaki et al., 2000). In addition,
several pieces of evidence show that phonemes and syllables may also play
important roles in Japanese (Cutler & Otake, 2002; Kawahara, 2007;
Kawahara & Shinohara, 2009a; b; Kubozono, 1998, 2003; Tamaoka & Taft,
1994; Tanaka, 1999, 2008).

We studied a perceptual illusion, namely migration errors between
dichotic stimuli (Kolinsky & Morais, 1996; Kolinsky et al., 1995) in a target
detection task: illusory perceptions (or slips-of-the-ear) of the target word
by migration of some sublexical constituent (phonemes, morae, or syllables)
from one stimulus of the dichotic pair to the other would reveal the implicit
representations of the perceptual, preattentive (cf. Treisman & Paterson,
1984) constituents of speech.

In order to control for the impact of literacy-associated knowledge on
segmentation processes, in Experiment 1, we presented native speakers of
Japanese with target words that could be written and were actually
presented in either hiragana and/or Kkanji (precisely, kanji or a
kanji-hiragana combination), in which written symbols correspond to either

morae or syllables, respectively. No effect of target script was observed.
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Across both target script conditions, the results suggested that Japanese
speech segmentation relies on several sublexical constituents, including
consonantal phonemes (the first consonant, C1) for which there exist no
isolated written characters. However, both Syllable and the first mora (M1)
seem more important, with the mora providing the basis of the preferred
segmentation strategy.

To examine whether this response pattern is specific to Japanese
listeners, in Experiment 2, we presented the same material as that used in
Experiment 1 to French-speaking listeners, with targets presented orally.
Native speakers of French did not segment the Japanese material used here
in the same way as the Japanese speakers of Experiment 1 did. In particular,
they produced fewer migrations for M1 and Syllable compared to the native
speakers of Japanese, and, contrary to the latter, did not present more M1
than syllable migrations. This indicates that the results of Experiment 1
reflect Japanese native language segmentation processes rather than
material-dependent strategies.

In addition, a post-hoc metaphonological test suggested that French
speakers interpreted the Japanese morae as syllables, which may explain
why they produced both morae and syllable migrations. The
metaphonological results may also help to explain why the French speakers
of Experiment 2 showed fewer Syllable migrations than the Japanese
speakers who participated in Experiment 1 did: in CVVCV sequences like
hairu, syllables like hai and ru do not seem to have psychological reality
for native speakers of French, as they consider that these stimuli include
three salient (probably syllabic) units: ha, i, and ru.

Experiment 3 explored an alternative explanation of the fact that
Japanese listeners obtained so many syllable migrations in Experiment 1,
namely, the possible influence of activation of kanji mental representations.
Although we did not observe any influence of the target script in
Experiment 1, we acknowledge that presenting the targets of Experiment 1
using only hiragana (kana) characters is somewhat unusual, as these words
are typically written with at least one kanji character. Hence, Japanese

participants might resort to mental representations of kanji regardless of the
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actual target script. If orthographic representations influenced the speech
segmentation procedure, this would have favored syllabic migrations upon
exposure to the material used in Experiment 1, in which one kanji character
corresponded to one syllable.

To test this idea, the targets in Experiment 3 were only katakana words
(i.e., loanwords), for which there exist no kanji representations at all.
Furthermore, the material was designed to allow the observation of
migration of the second mora (M2) in addition to that of other speech
constituents already examined in the former experiments. Specifically,
migrations of “special morae” (/N/, and /J/, [i]) were examined. Indeed,
these constitute the latter part of a heavy syllable and probably do not have
the same phonological independence as V or CV morae (e.g., Kubozono,
1999b; Tanaka, 2000, 2008; Ujihira, 1996).

As in Experiment 1, C1 migrations were observed in Japanese listeners,
indicating the intervention of orthography-independent sublexical
constituents. In addition, compared with Experiment 1, the Japanese
listeners of Experiment 3 did not show more M1 than Syllable migrations:
both speech constituents led to similar levels of illusory percepts. This
unexpected result confirms that the availability of kanji representations to
Japanese participants cannot account for the numerous syllabic migrations
observed in Experiments 1 and 3. As revealed by migration errors, the
mora-based segmentation procedure also cannot reflect orthographic (or
associated metalinguistic) representations. Had this been the case, we would
have observed fewer Syllable and more M1 migrations in Experiment 3
compared with Experiment 1, as Experiment 3’s targets corresponded to
words that can only be written (and which were presented) in katakana.

Nevertheless, the fact that we did not observe more M1 than Syllable
migrations in Experiment 3 questions the generalizability of Experiment 1°’s
results. In Experiment 1, we used several items (four out of the five target
sets) that included geminate stop consonants, which was not the case in
Experiment 3. This may have been problematic, as the first member of a
geminate stop consonant is realized as silence, as is the latter part (/e/) of
the /oe/ diphthong used with the targets moeru and soegi in Experiment 1.
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Further, in Experiment 3, only HLL stimuli were used, and in all dichotic
pairs CVJCV and CVNCV were mixed; this was the case for only one set
used in Experiment 1 (i.e., the targets hairu and gendo). The material of
Experiment 3 was thus more systematic and refined than that of Experiment
1. Further experiments are needed to identify which of these factors
influenced the response pattern.

Whatever this factor may be, even the more controlled material of
Experiment 3 led to numerous syllabic migrations, as did the material of
Experiment 1. As the migration task did not require participants to analyze
the stimuli intentionally, it is highly likely that it tapped -earlier,
less-conscious processing than, for example, the fragment detection task
used in previous work (e.g., Otake et al., 1993; Inagaki et al., 2000). Thus,
although the mora may be the main rhythmic and/or segmentation unit in the
latter kind of task in Japanese, the processing units could differ at an earlier
perceptual, preattentive, level. The present migration results are in fact in
agreement with other data. For example, Cutler and Otake (2002, p. 312)
stated that their similarity and lexical decision findings “do not support the
suggestion that the mora functions as an early structural unit in Japanese
listener’s recognition of spoken words” and argued that “although morae are
more accessible to Japanese listeners’ awareness than phonemes are, morae
do not appear to play a direct role in Japanese spoken-word recognition.”

Thus, the evidence seems to indicate that, in addition to morae, both
consonantal phonemes and syllables play a role in Japanese early spoken
word processing.

This conclusion may seem at odds with the recent claim by Labrune
(2006; 2012a; b) that syllables do not exist in Japanese phonology.
Following Poser’s (1990) original proposal, this author directly relates the
mora to another, higher-level metrical unit, the bimoraic foot, which often
(but not always) corresponds to the syllable. Indeed, a bimoraic foot may
consist of one or two syllables (e.g., koto, meaning “Japanese harp”,
includes one foot but two syllables, while koN, meaning “navy blue”,
includes one foot but only one syllable, cf. Inaba, 1998). According to some
authors, bimoraic feet are important in determination of the basic default
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accent pattern in Japanese (e.g., Kondo & Arai, 1998; Kubozono, 1999c,
2006; Poser, 1990; Shinohara, 2000; see also Tanaka, 1999, who even
considers quadrimoraic units). They also play various roles in the formation
of hypocoristics (Mester, 1990; Poser, 1990), musicians’ language (Tateishi,
1989), and mimetics (Nasu, 2006; Tsujimura, 2007) and are favored in
nursery songs (Machida & Asano, 1962; Ohara, 1994, cited by Kondo,
2006).

According to Ité6 (1990) and Kubozono (1999b), the most productive
word formation pattern in loanword truncation and compound clipping
(whereby compound nouns and phrases are shortened) may rely on the
bimoraic foot rather than the syllable. Indeed, these processes combine the
first two morae of the two original words, whether they correspond to
syllables (e.g., in hebii metaru, meaning “heavy metal”, which becomes
hebi meta: 2 morae and 2 syllables + 2 morae and 2 syllables) or not (e.g.,
in jiiNzu paNtsu, meaning “jeans pants”, which becomes jii paN: 2 morae
and 1 syllable + 2 morae and 1 syllable).

Most syllables in the present experiments’ materials corresponded to
bimoraic feet, as they were heavy syllables composed of one CV mora plus
one special mora. Only two targets (moeru and soegi in Experiment 1)
corresponded to bimoraic feet but not Japanese syllables. However, they
were matched with CVQCV targets (moeru with dappi and soegi with
shukka), in which the first bimoraic foot corresponds to a syllable. Hence,
whether the bimoraic foot was involved in the migration errors rather than
or in addition to the syllable remains an open question. Thus, it will be
interesting to examine in future studies whether bimoraic migrations occur
with sets of targets in which bimoraic feet and syllables do not coincide
(e.g., soe/gi and kao/ri, with / showing the foot boundary).

A further issue concerns the status of M2. In Experiment 3, we observed
that this moraic structure did not give rise to a high rate of migration errors,
for reasons yet to be determined. The fact that M2 was always an isolated
phoneme (/J/ or /N/), contrary to M1, which was always a CV, cannot by
itself account for the entirety of the results, as Japanese listeners produced

significant numbers of migrations of the isolated C1 and V1 phonemes in
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both Experiments 1 and 3. Similarly, differences in the pitch pattern
between the materials do not seem to explain the entirety of the results. In
the material of Experiment 3, M2 was a low-pitched, unaccented mora,
whereas M1 was the accented, high-pitched mora; yet, M1 migrations were
observed in Experiment 1, despite the fact that M1 was unaccented in most
of that experiment’s target words. Even the combination of these two factors
is insufficient to explain the complete results, as in Experiment 1, isolated
phonemes (C1 and V1) migrated even when they were part of an unaccented
mora.

One possibility is that the synchronization technique which was used to
construct the material (see Method section of Experiment 1) resulted in M2
being too misaligned to allow migrations. Another possibility is that the
results reflect the particular status of the special morae used as M2 in
Experiment 3 (/N/ and /J/). Indeed, although special morae intervene in
phenomena like accentuation rules (e.g., in loanwords, if the
antepenultimate mora is a special mora, it does not have an accent but
yields the accent to the immediately preceding independent mora;
Kubozono, 1995), they are considered as “special” precisely because
several phonological phenomena suggest that they do not present the same
degree of independence as V or CV morae (e.g., Kubozono, 1999b; Tanaka,
2000, 2008; Ujihira, 1996).

Kubozono (1995) states that special morae (e.g., a long vowel /R/ and
the final nasal /N/) are called so because they do not have independence (or
autonomy) in terms of accent assignment, although each of them functions
as an independent unit. Uwano (2003) further declares that the notion of a
special mora is based on the premise of the existence of a Japanese syllable
(which, as was discussed, might also be a foot): a special mora is one that
can constitute one mora but cannot constitute one syllable by itself. It is
thus an M2 of a CVM2 only when it comes after a CV mora, in conjunction
with which it constitutes one syllable. The results are thus coherent with the
idea that special morae are different from V or CV morae, probably because
they constitute parts of heavy syllables and/or bimoraic feet.

Thus, the findings from the present experiments using a task that
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required no intentional sublexical analysis suggest that the special morae
are less salient than other morae in Japanese speech segmentation. More
generally, the present data show that not only morae, which are consistent
with kana representations, but also syllables (and/or bimoraic feet), which
are consistent with kanji representations, and even consonantal phonemes,
which have no corresponding written language signs, play important roles
in the perception of spoken Japanese by native listeners. The intervention of
consonantal phonemes, in particular, shows that there is no effect of
orthography at the early, preattentive, stage of spoken-word processing
examined here. This is coherent with recent results obtained in the
production of Japanese words. Using word reading tasks, Verdonschot,
Kiyama, Tamaoka, Kinoshita, La Heij, and Schiller (2011) observed no
effect of script (kana vs. romaji, i.e., Romanized Japanese, using alphabetic
orthography) on masked priming effects. The observation by those authors
of priming effects both when the mora was a syllable and when it was only a

part of a syllable is also coherent with the present data.

The experimental method of eliciting illusion needs improvement.
Instead of presenting the stimuli in a booklet of answer sheets comprising a
list of target words, a “free-answer method” of response — in which
participants can provide their own answers for the heard item — could be
used to avoid forcing participants to choose among certain words. In fact,
Kolinsky et al. (1995) have already employed such a method of
“identification task”, asking the participants for “free answers”. However,
the result showed no clear difference from the present method of providing
the participants with “visual targets presented in the list”. Another possible
improvement would be to develop a new computerized system of presenting
stimuli one at a time in a computer display, to avoid letting participants
glance at the series of target words.
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Chapter 5: Concluding Remarks

5.1 Conclusion

My research examined how phonological representations of the
Japanese language differ at two levels in the model of the
levels-of-processing approach that was introduced in Chapter 1 (1.4.2) from
the attention-oriented viewpoint. The highest level involved “conscious
access” to the properties represented in the speech percept, and an
“intentional analysis process” at which one pays the most attention (see
Chapter 3). The lowest level was “perceptual” processing, the early
preattentive level at which attention and consciousness have the least
involvement (see Chapter 4).

Chapter 3 examined the phonological representations at the highest
level of attention. The findings show that the mora is the most prominent
unit, but that the syllable is also possible as a spontaneous reference unit
when the mora fails to give a satisfactory result.

Chapter 4 examined phonological representations at the lowest level of
attention, the preattentive stage of processing. The evidence suggests that,
in addition to morae, both consonantal phonemes and syllables play a role,
and thus multiple sublexical units of phonological representation are
functionally involved.

This dissertation also investigated how native speakers of the Japanese
language are aware of phoneme and its role in speech segmentation.

Chapter 3 showed that participants followed a rather indirect path to
accomplish the task, indicating that for Japanese native speakers, phonemes
per se are not easily accessible metaphonological units, while the
knowledge of the kana matrix, the so-called gojuonzu, does imply the
ability to recognize that a CV kana can be analyzed as a consonant followed
by a vowel, which amounts to the ability to perform metalinguistic

operations at the phonemic level.
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The findings presented in Chapter 4 reveal that even consonantal
phonemes, which, except the final nasal ( /N/, hatsuon), have no
corresponding orthographic signs in their native language writing system,
play important roles in the perception of spoken Japanese by native
listeners.

Further, orthographic influences on the phonological representations at
the above two levels of processing were investigated.

It is concluded that phonological representations of the Japanese
language are influenced by the orthography and writing system at the
metaphonological level, at which Japanese native speakers paid the most
attention to speech sounds. More specifically, findings show that the
orthographic knowledge of the native language of Japanese (i.e., kana,
syllabic phonograms) has a strong and pervasive influence.

However, no orthographic influence was observed at the preattentive
level of speech processing, the level at which listeners pay the least
attention to speech sounds. Here, the involvement of consonantal phonemes
showed no influence of orthography or the writing system, namely kana.
This result was different from the results of similar studies that used
phoneme-based writing systems such as alphabets.

These conclusions from the studies described in Chapter 3 and Chapter
4 further lead to a general conclusion in relation to the levels of processing.

As was stated in Chapter 1 (1.4.2), in the levels-of-processing approach,
the lowest level (i.e., the preattentive level of speech processing) functions
for “perceptual” processing, including modular mandatory operations. This
preattentive level is influenced only by early linguistic experience (before
literacy acquisition), and the phonological representation of such a low
level is not accessible directly to consciousness. In contrast, the highest
level involves “conscious access” to the properties represented in the
speech percept, and an “intentional analysis process” (hence
meta-phonological activity or phonological awareness), and includes the
processes that can be influenced by the knowledge related to literacy and
attentional strategies.
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The research work presented in Chapter 3 examined phonological
representations of the Japanese language at the highest level. The findings
show that the influence of orthographic knowledge, the knowledge related
to literacy (i.e., that of kana), is consistent with the characteristics of the
highest level.

Chapter 4 presented the research work examining the phonological
representations at the lowest level, which is influenced only by early
linguistic experiences before literacy acquisition. As stated earlier in this
section, no orthographic influence was observed at this level, which means
knowledge related to literacy did not have any influence. This finding is
consistent with the notion of the lowest level.

Therefore, the general conclusion is that two of the three levels of the
levels-of-processing approach appear to be supported by the two core
research works in my dissertation on phonological representations of the

Japanese language.

5.2 Implications for Further studies

There remains, however, one more level, the second level of
“post-perceptual processes”, whose function is to re-elaborate the output of
the perceptual module to take into account further relevant knowledge about
the same objects or events, and which contributes to recognition. Further
studies on phonological representations of the Japanese language are
necessary at that second level to provide further support for the

levels-of-processing approach.

5.2.1 Implications from the Research Work in Chapter 3

Since the first study in Chapter 3 was run with Japanese-like
pseudowords, further investigation will have to assess whether such a
behavior will also be observed with a non-native material, for instance with

English-like pseudowords. However, such investigation should take into
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account the fact that non-native listeners’ performances might be biased by
the way they perceive and/or conceptualize the stimuli, which itself depends
on the phonological characteristics of their native language. For example,
when the native language does not include consonant clusters in syllables,
as it is the case in Japanese and in several Chinese languages, European
words are typically broken up to that each consonant has its own syllable
(Wang, 1973). This is quite evident for printed words. For example, Chinese
renders the name “Clinton” with three characters representing three
syllables: kuh-lin-ton (cf. Huang & Hanley, 1995). Epenthetic vowels are
also frequent in Japanese written representation of European words. For
example, the name “Clinton” is written with five characters:

Ku-ri-n-to-n (7 U ~ b V)

The same phenomenon of vowel epenthesis is observed as far as spoken
language is concerned (for examples, see Shibatani, 1990). It seems to have
profound implications in the domain of metaphonology and perhaps even in
the perceptual domain (Dupoux, Kakehi, Hirose, Pallier, & Mehler, 1999).
For example, as regards metaphonology, it has been shown that the ability
to parse consonant clusters differs between Chinese and British children:
whereas the latter perform initial phoneme deletion better on CVCC words,
Hong Kong children perform better on CCVC words, most probably because
these children implicitly introduce a vowel after the initial consonant in
English words of this kind, thus transforming the phoneme into a syllable
deletion task (Huan & Hanley, 1995).

Since one does not know whether such adaptations will hold true for the
kind of population being tested, namely for highly proficient bilinguals and
biliterates, any cross-language testing should use severely controlled
material. In any case, the important point is that even with a native
language-like material as the one wused in the present study, the
language-specific procedures adopted by the participants are powerful
enough to allow a quite reasonable level of performance in metaphonemic
analysis.
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However, since bilingualism and biliteracy were confounded in the
present study, further investigations should examine the possible effects of
bilingualism per se on phonological awareness. As a matter of fact, several
studies have suggested that second-language (L2 hereafter) learning can
accelerate phonological awareness, but this notion has received little and
even mixed empirical support, at least as far as phonemic analysis is
concerned (e.g., Bruck and Genesee, 1995; Campbell & Sais, 1995; Rubin &
Turner, 1989) rather than more general linguistic awareness (e.g., Bialystok,
1988, 1997; Galambos & Goldin-Meadow, 1990). Nevertheless, replication
of present study with a group of fluent speakers of Japanese whose first
orthography was not kana but alphabet (e.g., returnees from
English-speaking countries, Japanese immigrants in Portuguese or
Spanish-speaking countries in South America, such as Brazil or Peru, and so
on and/or temporary workers visiting Japan from there) may help us
disentangle the effects of bilingualism and those of biliteracy. Whereas the
language-specific procedures used by the participants were based on their
kana reading competence, it is at least possible that their bilingualism
makes them particularly proficient in devising smart, alternative ways to
achieve metaphonemic analysis.

Then, what will be found about Japanese adults’ phonemic awareness in
the acquisition of alphabetic spelling in a foreign language such as English
or French? Since Japanese adults prefer to resort to their native language
spelling resources, one can predict that a considerable number of poor
readers of alphabetic spelling may exist among Japanese adults who are
good at reading the moraic kana writing system.

Bassetti (2006) proposed that first language orthography influences the
mental representations of L2 phonology in L2 learners who are beginners.
Bassetti studied the phonological representations of Chinese rhymes in
beginning learners of Chinese as a Foreign Language, using a phoneme
counting task and a phoneme segmentation task. The results showed that
learners did not count or segment the main vowel in those syllables where it
Is not represented in pinyin (romanization) orthographic representations.

Further psycholinguistic experiments on the performance level of
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phonemic awareness should be conducted by using the same kinds of
methodology that have been employed in research on alphabetic languages
(e.g., rhymes and alliterations, phoneme deletion: Bryant, MacLean,
Bradley, & Crossland, 1990; phoneme identification: Byrne &
Fielding-Barnsley, 1990; phoneme counting: Castles, Holmes, Neath, &
Kinoshita, 2003).

In relation to L2 learning and teaching, another interesting question is
how a learner of the Japanese language who is a speaker of an alphabetic
language would perform the same tasks if the instruction is given in
Japanese by a Japanese native speaker. Furthermore, for cross-linguistic
comparison, the same material and methodology should be applied to
speakers of an alphabetic language such as English or French. It would also
be interesting to apply the methodology to the considerable population of
Japanese immigrants in South America, as well as the many temporary
workers and their families living in Japan whose first language (L1
hereafter) is Portuguese or Spanish.

The relation between the acquisition of alphabetic literacy (or romaji in
Japanese) and phonemic awareness of Japanese is still open to question. It
will be necessary to compare with another Japanese adult group who have
not acquired alphabetic literacy (or, if it is difficult to recruit such
participants, those who are not familiar with reading alphabetic
orthography) as a control group, as in de Gelder et al.’s (1993) experiment,
which is discussed in Chapter 1 of this dissertation (p.35).

In fact, the method used in Experiment 3 was used in another study
(not described here) involving 25 children aged 5 to 12 in Japan.! The vast
majority of the children’s answers corresponded to mora or syllable-based
reversals, which were also found in the adults. The first-, second-, and
third-graders tended not to understand how to respond in the task, and
those up to grade four displayed very poor performance on phonemic
reversals. Interestingly, however, the fifth- and the sixth-graders showed
relatively good performance, and most of them, like the adult participants,
employed kana and table-based strategies.
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Further investigation is required concerning Japanese elementary
school children, as well as preschoolers and even beginning learners of
English as a foreign language in junior high school.

5.2.2 Implications from the Research Work in Chapter 4

As for the study in Chapter 4, contrary to present data and to the
former results reported by Cutler and Otake (2002), which show that
consonantal phonemes intervene in Japanese speech perception,
Verdonschot, et al. (2011, see the end of 4.6, General Discussion) reported
no priming effect for single segments in Japanese speech production.
Whether this inconsistency reflects task differences (word reading vs.
spoken word recognition) or a more fundamental difference between the
functional units used in speech perception and speech production in
Japanese should be investigated in future studies.

The present study showed that in Japanese speech perception, several
sublexical units are functionally relevant at an early, preattentive stage of
processing that seems unaffected by orthographic representations. Support
for these conclusions may come from future studies comparing Japanese
children of various levels of literacy with auditory target presentation (as in
Experiment 2 in Chapter 4 on French speakers). In particular, it would be
interesting to compare three groups of children: those who are not yet able
to read either kana or kanji, those who read only kana, and those who
already read both kana and kanji. If these three groups were to obtain
similar results, and if these were similar to the adult results reported in the
present work, the conclusions will be strongly reinforced.

Concerning L2 listening, the adult listening system of L1 is maladapted
to differently structured input from their L2. L2 listening is likely to suffer
from extensive unnecessary lexical activation and hence added competition.
The mapping between the two vocabularies also adds difficulty, and the L1
vocabulary can be activated by L2 speech, too, which makes listening in a
L2 noticeably harder than listening in the first (Cutler, 2012, p.303).
Strange and Shafer (2008) noted the initial and continuing perceptual
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difficulties of L2 learners and suggested a need for designing better
instructional materials and tasks to improve perception of difficult L2
phonetic structures, as well as a need for cross-language research on the
cognitive mechanisms involved in both L1 and L2 phonetic perception.
They maintained that future studies using both brain and behavioral indices
of perception, as well as laboratory training studies, should be designed to
investigate the underlying mechanisms. This can also be applied to the L2
speech segmentation issue, which is implied from the research work
outlined in Chaper 4.

As discussed in Chapter 1 (1.2.2), orthographic representations
modulate the pronunciation of novel words in word learning situations. This
has implications for adults acquiring a foreign language. In fact, it has been
shown that L2 learners automatically generate orthographic forms for novel
auditory words, based on the phonotactics of their native language
(Johnston, McKague, & Pratt, 2004). When these forms are accurate, they
can accelerate learning. During L2 learning, though, they might be
inaccurate and impair learning.

Further, Detey and Nespoulous’s (2008) study on Japanese learners of
French suggested a possible influence of orthography on L2 syllabic
representations, as the audiovisual and visual conditions triggered more
epentheses than the auditory condition. Detey and Nespoulous concluded
that the orthographic factor should not be neglected in L2 speech perception
studies, loanword phonology, and interphonology research.

However, there is also a question of whether orthographic
representations help or hurt L2 learning. Even training L2 learners with
orthographic forms can have positive or negative effects on L2 learning,
depending on the (in)congruence between grapheme-phoneme
correspondences across the listeners’ languages (i.e., Spanish as L1 and
Dutch as L2; Escudero, Simon, & Mulak, 2014). By examining the effect of
orthography on non-native word learning, Escudero et al. predicted that
congruence between grapheme-phoneme correspondences across the
listeners’ languages could aid word recognition, while incongruence could

hinder it. Although the study was concerned with the congruence of two
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alphabetic orthographies, the results may provide a possibility for future
studies of Japanese L2 learners to explore whether training L2 orthography
will have positive or negative effects on L2 learning.

Further studies are needed to consider L2 listening acquisition in
relation to native language (L1) speech perception and the influence of
orthography.

We can predict that the present results for identifying the segmentation
units, as well as the role of phoneme in the Japanese language at the level of
preattentive speech perception, will help develop more natural and effective
methods of L2 learning and teaching, as will be stated in the next section.

5.3 Future Directions

This research can be applied in the establishment of a new teaching
method to support L2 literacy acquisition, that is, learning the orthography
of English as a foreign language (EFL) or the alphabetic orthography of
other languages.

In fact, phonological awareness of L2 facilitates L2 orthography
learning. The findings of Sipra’s (2003) study of Urdu learners of English
as their L2 showed the significance of phonological awareness of English
spellings to avoid wrong L2 phonology. Sipra recommended that phonetics
and phonology should be part of the syllabus right from the elementary
level, so that beginner level learners will be able to acquire some kind of
phonological awareness before they start reading and writing (p.123). Even
in Japan, there are a few research works on phonological awareness in L2
acquisition (experimental research works: Yuzawa, Mi., 2009; Yuzawa, Ma.,
2007; error analysis: Stephan, 2013; proposals for English teaching: Jannuzi,
1998; Reynolds, 1998).

However, the application of phonological awareness training of L2 for
Japanese literates has not been well developed (e.g., Goetry et al., 2005;
Yuzawa & Yuzawa, 2013). Cheung (1999) examined the effects of
phonological skill training and word reading performance in a biliterate
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population whose L1 was Chinese (with a logographic non-alphabetic
writing system) and whose L2 was English (with a phonographic alphabetic
system) as L2. The findings of the study suggest that specialized
segmentation training could contribute to promoting consonantal phonemic
analysis, and that improved phonological skills could lead to better word
reading in the later learned writing system. How to bridge between the
spontaneous awareness of mora and the awareness of L2 syllable (e.g.,
English syllable) in Japanese literates remains unclarified.

There is an urgent need for studies that will provide insights for
teachers and others who are involved in helping mora-oriented Japanese
literates to acquire L2 phonological awareness, namely, that of phoneme
and syllable in an alphabetic language.

Derwing and Munro (2005) observed that a growing body of literature
on L2 speech has been published in journals that focus on speech production
and perception (the research reported in Chapter 4 is published in one of
those journals).? However, Derwing and Munro pointed out that such works
are rarely cited or interpreted in teacher-oriented publications, and that the
consequences of ignoring this important body of work are serious. They also
noted that recent software for computer-aided instruction (hereafter CAI)
appears to exploit multimedia capabilities rather than present linguistically
and pedagogically good content.

Therefore, the studies described in my dissertation will shed light on L2
teaching and training methods and/or CAI applications for Japanese native

speakers.®

Another possible application of the research work in Chapter 3 is in
contributing to the development of a method of intervention and/or
remediation for Japanese dyslexics* and persons with reading disabilities.

Recent research works have been challenging the widespread belief that
dyslexia, especially phonological dyslexia, is largely absent among
Japanese children.” Yamada and Banks (1994) found that 6% of their sample
of 125 fourth-graders qualified as dyslexics and that dyslexia exists to a
significant degree in Japan. Oishi and Saito (1999) found that phonological
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awareness (word reversals and mora-counting) of seven children who were
developmental dyslexics was far below that of the control group. Oishi and
Saito compared the results of two kinds of word retrieval tasks, and found a
discrepancy in the number of words retrieved in the two tasks. That is, the
number of words with a mora-sound retrieved was inferior to that of words
with a categorical meaning, and such a discrepancy was not observed among
the controls. These results indicated that the seven dyslexics had a
developmental delay in phonology, revealing that development of
phonology plays an important role in learning hiragana as well. More
recently, Tanaka-Welty (2005) found that five boys with language-based
learning disabilities (LLD) scored significantly worse in word identification,
kana spelling, syllable deletion, and kana matrix completion than the
normally developing (ND) children. Her results indicated that the problems
of the boys with LLD appeared even in kana decoding, and that their
disabilities might be based on phonological processing deficits. Findings of
Tanaka et al. (2006) further support the above conclusion, as the problems
of children with reading disabilities were related to kana decoding and their
disabilities might be based on phonological processing deficits. Similarly,
Seki et al. (2008) examined the abilities of Japanese dyslexic children on
different types of phonological tasks in which kana (the transparent,
mora-based phonogram) was used. They found that Japanese dyslexics
showed deficits of phonological awareness at both the mora and the
phoneme levels, and concluded that phonological awareness must be crucial
for acquiring the ability of decoding phonograms, including Japanese kana.
Thus, it has been proved that dyslexics and persons with reading
disabilities in phonological processing actually exist in Japan. It is implied
that the present research, especially the study on phonological awareness
among Japanese (Chapter 3), would help in the remediation and even
screening of dyslexics and persons with reading disabilities in Japan. For
example, the reversal task used in Chapter 3 has already been applied to one
of the test batteries used in a study on acquired alexia (Sasanuma, 1996).
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The study described in Chapter 3 will also contribute to developing a
new system of CAI for purposes of screening and remediation of dyslexics
and persons with reading disabilities. A considerable number of studies
have shown the positive effects of computer applications for training
phonological awareness in the English language as L1, and in some other
languages.®

For instance, Barrons et al. (1992) trained phonological awareness
skills of English as L1 in normally developed preliterate children by using a
DECtalk speech synthesizer. Barrons et al. found that a combination of high
letter-sound knowledge and print feedback facilitates awareness of
phonemes among children who cannot yet read or spell.” Wild (2009)
investigated the use of CAI for practicing phonological awareness skills
with beginning readers. The statistical analysis showed a significant
learning advantage of children in the computer-based group compared to the
paper-based control group, although this learning advantage was less strong
for the orthographic application of their phonological skills. Lonigan et al.
(2003) evaluated the use of CAIl to provide preschoolers at risk for reading
problems with training in phonological sensitivity skills. They found that
those exposed to CAIl made significantly greater gains in rhyming and
elision skills compared to the control group. Lonigan et al. concluded that
their results provided preliminary support for CAIl to improve the
phonological sensitivity skills of preschoolers who are at risk. Jiménez et al.
(2007) assessed the effects of four reading-training procedures for Spanish
children with reading disabilities in a transparent orthography of Spanish as
their L1, with the aim of examining the effects of different
spelling-to-sound units in computer speech-based reading. In the areas of
word recognition, reading comprehension, phonological awareness, and
orthographic and phonological tasks, the results suggest the importance of
training phonological processes in improving word decoding in children
with dyslexia who learn in a consistent orthography.

As for Japanese dyslexics and persons with reading difficulties, | was
not able to find any computer applications for their remediation, especially

CAI for the acquisition of Japanese phonology-orthography correspondence.
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Even if they exist, the number could be very small. The findings from the
present research will help develop CAIl instruments for the remediation of

Japanese dyslexics and persons with reading difficulties.

Some research on text comprehension in a second language (Morishima,
2013) indicates that there are limitations on the cognitive resources
allocated for discourse-level processes in L2 comprehension. The
lower-level language processes, such as lexical access, involved in the
construction of surface form and text base are more cognitively demanding
in L2 comprehension than in L1 comprehension. If the research in my
dissertation is applied to ways of improving and/or training segmentation
skills and phonological awareness in L2, we can expect a decrease in
cognitive loads for lexical access and amount of time spent at the level of
word recognition. With speech segmentation training and phonological
awareness enhancement, Japanese L2 learners will be able to allocate more
cognitive resources to the higher levels such as text comprehension. Thus,
the studies make a significant contribution not only to our understanding of
phonology and orthography, but also to research concerning the higher
discourse level of L2 acquisition.

To sum up, | believe that the studies presented in this dissertation will
make important contributions to helping not only Japanese native speakers
who use the mora-based kana writing system to learn foreign languages with
phoneme-based alphabetic writing systems (such as English), but also
Japanese dyslexics and persons with reading disabilities who have
difficulties in kana acquisition that are related to their impaired

phonological processing.
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Notes

Chapter 1

1.

According to Crystal (1991), ‘phoneme’ is the minimal unit in the
sound system of a language according to traditional phonological theories.
The original motivation for the concept stemmed from concern to
establish patterns of organizations within the indefinitely large range of
sound heard in languages. The phonetic specifications of the sound (or
phones) heard in speech, it was realized, contain for more detail than is
needed to identify the way languages make contrasts in meaning. The
notion of the phoneme allowed linguists to group together sets of
phonetically similar phone as variants, or ‘members’, of the same
underlying unit. The phones were said to be realizations of the phonemes,
and the variants were referred to as allophones of the phonemes. It is
further complicated in Japanese that ‘phoneme’ is translated sometimes
into onso(& ¥%&) and sometimes into on-in(F #&). Even though Hattori
(1990) admits those two kinds of translations (p.3, 1990), he defines
on-in as a general term in phonology including , <phoneme>, <toneme>,
accentual pattern, <stress> (p.25, 1990). According to Nomoto (1990),
on-in is a result obtained from abstraction of onsei (speech sounds, a
concrete fact of the individual) which has various levels and kinds, for
example hose concerning sound quality, i.e., vowels and consonants, and
those sound quantity, i.e. accents. The same differentiation seems to exist
as regards to ‘syllable’, one at the level of onsei (speech sound) and the
other at that of on-in. Some researchers especially in the field of
engineering treats ‘on-in’ and ‘onso’ together as translation of ‘phoneme’
(e.g. Kashino, 1991). However in this research framework, the auther
distinguishes on-in from onso, the former as a more general term and
superordinate category in which the latter is placed as subordinate
category in the frame of phonology and also in psycholinguistics. For
example, phonological awareness and phonological units should be

translated into ‘on-in ishiki’ (B B8E ) and ‘on-in tan-i’(FREHE {iI),
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respectively. The former according to Hatano and Inagaki(1992) and the
other Japanese psychologists and the latter according to Kubozono (1992)
and Japanese phonologists.

An exception is yoon, which are digraphs that correspond to one mora.
They include palatalized consonants and are represented in hiragana with
kana endings in /i/, such as & (/ki/), plus a small version of one of the
three kana =, «w, or X (/ja/ /jul, or /jol), for example, /kja/ is written
as /ki/ + /ja/, namely, £ %.

There are two basic views on lexical representation: Abstractionist
theories view the lexicon as a set of ideal, modality-free units, and
episodic theories assume that groups of detailed traces collectively
represent individual words (see Roediger & McDermott, 1993; Tenpenny,
1995). The abstractionist view is prominent in current theories;
perception is typically assumed to involve information reduction, which
is decoding of specific episodes (tokens) into canonical representations
(types; Morton, 1969; Posner, 1964) (cf. Goldinger, 1996, p.1166).

Chapter 2

1.

There is also a position to count Japanese phonemes as 13 including /c/
which is realized as [ts] (e.g. Kubo, 2003).

I will transcribe vowel length with the sign (:) according to the
convention of the international Alphabet.

Henceforth, hyphens and periods are used to mark moraic and syllabic
boundaries, respectively.

Note that Japanese allows both (voiceless) stops and fricatives to
contrast in geminacy. Yet, the phonetic nature of sokuon varies
depending on the involved consonant: it is realized as silence only with
stops (Fukumori, 2010; Fujimura, 2007; Saito, 2003; Takayama, 2011).
Also, as singleton fricatives are generally longer than singleton stops in
Japanese, the singleton/geminate duration ratios are smaller for
fricatives than for stops, which may turn the length contrast less
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perceptible for fricatives than for stops (see Kawahara, in press, for a
comprehensive review).

For example, analyzing the lyric-tune relationship in Japanese songs,
Kubozono (1999a) showed that the frequency with which the composers
attribute either one or two music notes (or beats) to two morae depends
on the sonority of the special mora.

These two sets of kana were created by Japanese between the 8™ and
the 12" century A.D. in order to transcribe the Japanese syllable by
simplifying. Hiragana, ‘kana without angles’, grew out of an
increasingly simplified set of cursively written kanji used as
man’yogana ‘Chinese characters used phonetically to write Japanese’.
The hiragana syllabary consists of 46 characters, supplemented with a
set of diacritics. Today’s hiragana forms were fixed by the (former)
Ministry of Education’s 1900 regulations on standard kana signs and
usage. Like hiragana, katakana derived from man’yogana. At the
beginning of the Heian Period (794-1192), small script that could be
written between characters and/or between lines was needed in order to
write down reading of, or exegetic commentary on, Buddhist sutras (cf.
Ogawa, 1982: p.481). Katakana, ‘simple, incomplete kana’, were created
by taking parts of established man’yogana, sometime but not always the
same man’yogana that were the source for the counterpart hiragana
syllable. The present forms and conventions of use for katakana were
fixed in 1900, at the same time as hiragana (cf. Shibamoto-Smith, 1996).

Its spelling rules are those of English for the consonants, and of
Italian for the vowels.

Standard (or Hepburn) system was originally proposed by the
association, “Romaji-kai” (organized by Toyama, et al.) in 1885
employing English for Japanese consonants and Italian for Japanese
vowel, while Nihon system was originally proposed by “Nihon
Romaji-kai” (by Tanakadate, et al.) on the basis of gojuonzu. Because of
the request from several international organizations around 1930,
Japanese government tried to unify these two Romaji systems and

decided to adopt Nihon system in 1937 after the fierce controversy
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between the phonologists with the Prague school theory who supported
Nihon system and the phoneticians who supported Standard system. (In
the international linguistic congress in 1932, Turbetzkoy evaluated
highly Nihon system because it was an good example showing that
phonology had a great significance in constituting/creating the practical
way of spelling/orthography. Kunrei system is a modified version of
Nihon system promulgated by Japanese government in 1954, in which
some of the transcriptions of the kana of da-column and wa-column are
different; {da, di, du, de, do}, {wa, wi, u, we, wo} in Nihon system,
while {da, zi, zu, de, do}, {wa, i, u, e, 0} in Kunrei system (cf. Koizumi,
1978).

9. The original gojuonzu (literal meaning: 50-sound-table) is highly
evaluated even by modern Japanese phonologists (e.g. Tsukishima,
1964), in which fifty basic morae of Japanese at that time were arranged
in systematic way from the phonological point of view according to the
structure of Japanese basic mora (/V/ or /ICV/ syllable): the morae which
share the common initial consonant are arranged vertically in the column
called ‘gyo’; those which share the common final vowel horizontally in
the row called ‘dan’. The present Kana syllabary of Modern Japanese is
still based on the original gojuonzu of Old Japanese although several
minor change are included in the order of vowel, in Kana itself and the
sound, and the variation of these fifty morae is added to the original
covering only chokuon (/V/ and /CV/ morae) which are seion

10. Some researchers (Nesdale & Tunmer, 1984; Tunmer & Bowey, 1984;
Tunmer & Herriman, 1984) prefer to use the term, Metalinguistic
Awareness instead of metalinguistic abilities and/or linguistic awareness.
Although metalinguistic awareness is related in meaning to the term
‘matalanguage’, 1t is important to distinguish between the two. While
metalanguage refers to language used to describe language, and includes
terms like phoneme, word, phrase, etc., metalinguistic awareness refers
to awareness of the instantiations of these terms, but not to knowledge
of the terms themselves. Thus, a metalinguistically aware child may

perform well on a task involving the manipulation of phonemes without
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11.

12.

13.

14.

knowing what the term phoneme means (cf. Tunmer & Herriman, p.12,
1984).

Phonologial awareness and metaphonological ability are used in the
same meaning in this study.

According to Carillo (1994) the central role of phonological
awareness in learning to read and write in an alphabetic code is
becoming widely recognized. Nevertheless, there have been differences
in interpreting its role in reading acquisition. Some authors (i.e. Bradly
& Bryant, 1985; Lundberg, Olofsson & Wall, 1980) suggest it as a
precursor of reading while other (i.e. Morais, Alegria & Content, 1987)
claim that, at least some aspect of phonological awareness results from
reading acquisition, or is a concomitant of it (cf. Brady & Shankweiler,
1991)

The scores reported here are mean percentages of correct responses
whereas Spagnoletti et al. (1989) presented the medians.

Phonemic awareness covers ability of conscious analysis of speech
unit which manifests more conscious representation than just phonemic
“sensitivity”. Endo employs a Japanese term of “sensitivity” in order to
describe “awareness”, but Morais augues in his literature (1991, p.44),
mentioning their findings about a Portuguese illiterate, that “despite his
expertise in rhythm and despite his high ability in task requiring
sensitivity to subtle relationship of phonological similarity, F.J.C. is
unable to isolate intentionally the phonemes of an utterance and to
manipulate them”, the sensitivity should also be distinguished from
awareness. Amano (1988) also states that ‘the clear consciousness of
phones which constitutes a word is called phonemic awareness and
which phonemic analysis is often employed instead of it. Speaking more
accurately, however, phonemic awareness is a product of phonemic
analysis.’
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Chapter 3

1. For more details on the Japanese phonology, see for example Shibatani
(1990), Tsujimura (2007), and Vance(2008).

2. There were no differences between simple and yoon items on the
frequency of mora- or syllable-based patterns of responses.
Consequently, both structures were grouped together.

3. This implied that we did not take position as for the linguistically
monohonemic (one palatalized consonant) or bi-phonemic (C followed
by the glide /j/) status of the sequence Cj. Besides, for this latter
alternative, the reversal of e.g. /opja/ was transcribed as a V,iCV;
response (namely, /aipo/) because /Vj/ sequences do not exist in
Japanese.

4. There is however an alternative approach in which the palatal sound
before /i/ and the alveolar affricate sounds before /a/, /u/, and /o/ are
considered as corresponding to the same phoneme, noted /c/.
Accordingly, while /ci/ is pronounced [tfi], /ca/, /cu/ and /co/ should be
pronounced [tsa], [tsw], and [tso], respectively. The phonetic sequences
[tfa], [tfw], and [tfo] are then phonemically analyzed as /cja/, /cju/, and
/cjo/, respectively (e.g., Hattori, 1979; Nakajo, 1989, The National
Language Research Institute, 1990).

5. This is only true for the standard (also called Hepburn) system. For
some kanas there are two alphabetic spellings, the second one being the
kunrei (or Nihon) system, which is based on the phonemic transcription.
But even if the kunrei system is taught at school, it is the standard
system which is the most often used in everyday life, and which is
referred to in the discussion and in the data analysis.

Chapter 4.

1. Since there are large inter-speaker variability in terms of where lexical
accents fall, the target word zange can also be HLL (NHK, 1998);
however, to match it with the other target word of the pair (shukko), we
used here its LHH version.
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2. In fact, for these participants, two targets (i.e., soegi and moeru) were
written with one kanji and two kanas (e.g., 8 2 %, with /mo/ in kanji +
/el in hiragana, and /ru/ also in hiragana), because the last two morae of
these words correspond to inflections and hence cannot be written in
kanji.

3. As suggested by Macmillan and Creelman (2005), to avoid infinite d’
values, proportions of 0 and 1 were adjusted to1/ (2N) and 1 — 1 / (2N),
respectively, where N is the number of trials on which the proportion is
based.

4. For all experiments, we checked that similar results were obtained in
the analyses using FA rates.

5. Interestingly, CVJCV (e.g., raisu) and CVNCV (e.g., konte) words
differed in their proportions of “two
CVICV words were associated with 62% and 25% of “two” and “three”
responses, respectively, CVNCV led to 79% and 8%, respectively (the

” and “three” responses. While

proportion of “one” responses was 13% in both cases). The comparison
between the arcsine transforms of the proportions of “two” responses for
these two item types was significant, t(7) = 2.45, p < .05. Thus, at least
with these Japanese items, it seems that syllabic boundaries are less clear
with CVJCV than CVNCV words. These results are consistent with the
finding of Kubozono (1999a) that there is a hierarchy of independence
among the Japanese special morae (see also Tanaka, 2000; Tanaka, 2008).
Coherent with these data, a further segmentation test run on 16 CVJCV
words and 9 fresh participants led to 41% and 22% of “two” and “three”
responses, respectively (;{2(1) =7.6,p<.0l; “one” responses: 37%).

6. This was done in order to ensure that participants had the same level
of exposure to or expertise with foreign languages. We additionally
checked that similar results were obtained when considering the three
groups of participants (i.e., including also the Japanese participants
tested in Belgium with the material from Experiment 1). The interaction
between constituent, trial type, and group was also significant, F(6, 243)
=4.87, p <.0001.
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Chapter 5

1.

However, because of the insufficient number of the participants in
each school grade and in order to focus on the target objectives, those
participants were not included in the present research analysis.

They cited Journal of the Acoustical Socieety of America, Journal of
Phonetics, and Language and Speech(Derwing & Munro, p. 382, 2005).

Nishinuma (1995) developed a CAI system to show the simplified
visual image of abstract phonological information on the computer
screen, but the system aimed to support learning the suprasegmental
issue of prosody.

Dyslexics are the persons with dyslexia which is a disorder manifested
by difficulty in learning to read despite conventional instruction,
adequate intelligence, and socio-cultural opportunity(e.g. Ellis, 1993).
Dyslexia is a specific learning disability that is neurobiological in origin.
It is characterized by difficulties with accurate and/or fluent word
recognition and by poor spelling and decoding abilities. These
difficulties typically result from a deficit in the phonological component
of language (Lyon, Shaywitz, S., & Shaywitz, B., 2003, p.2).

Some 45 years ago, Makita (1968) claimed that dyslexia was indeed
rare in Japan according to his questionnaire study, showing that the
incidence of dyslexic children in Japan was less than 1%.

Some research asserts that there is no or less effect of CAI for
phonemic segmentation training. For example, Kershold, et al. (1994)
examined the different types of phonemic segmentation training on
phonemic segmentation, reading and spelling. Children with learning
disabilities, who were weak in phonemic segmentation, were trained
with the computer-assisted training programs. Their findings show that
visual support had no beneficial effects. They concluded that with these
children, phonemic segmentation training using visual support does not
have any advantage over auditory training alone.

Their results, however, further showed awareness of rhymes was not
facilitated by either high letter-sound knowledge or print feedback. They
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concluded that the new definition of literacy should include
proto-literacy — knowledge of letter-sound and other print-sound
relationships that are learned before becoming literate and that may

influence the acquisition of awareness of some sub-syllabic units of
speech.
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APPENDIX A. Form of the interview questionnaire for the
experiments in Chapter 3 & Chapter4.

(in Japanese)
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English translation by myself
[QUESTIONNAIRE]
Thank you very much for your participation in the experiment. We will
explore the investigation of language recognition by Japanese people on the
basis of these precious data that you provided us. For the future
development of our research, we would like you to fill out the following
questionnaire. We promise you that the content of the questionnaire will
never be used for the other purpose than our research based on this
experiment as well as the data of the experiment and your name will never
be exposed in public.

February 27, 1991,

Miyoko Nakamura, The Laboratory of Experimental Psychology,

Free University of Brussels

1) Name:

2) Date of Birth:

3) Present Occupation:

4) If you have the experience of being engaged in any job or social activity
(research, volunteer work, etc.) concerning the language education
(including foreign language education) and/or foreign language itself,
please answer the following questions.

Occupation/Activity (outline):
Period
5) Your memory of learning ‘kana’
Berfore entering into elementary school:
If you remember who instructed you and/or how, please write it down.

After entering into elementary school:
If you remember how ‘kana matrix’(Gozuon-zu) was instructed, please
write it down.
Do you have a memory of learning or memorizing ‘kana’ by using

colors? (Yes. No.)
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6) Your memory of learning ‘romaji’

If you remember how ‘romaji’ was instructed, please write it down.

If you remember the impression of learning ‘romaji’, please write it

down. (Ex. Difficult, etc.)

7) Your experience of foreign language: Please write down foreign

language(s) and the period.)
(Please also indicate the name of the country where you learn it if it is
necessary.)
During the period of at school other
institution (if necessary)

Elementary School:

Junior-high School:

High School:

After graduating high school:

Please explain your experience even after you went out into the real
world (society). (Indicate also your experience of living in the foreign
country.)

If you learn any foreign language at present, please write it down.

Thank you very much for your cooperation.
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APPENDIX B. Instruction for the experiments in Chapter 3.

(Japanese instruction with an English translation)

(In Japanese.)

ARIXT—HMICEEEREZ L
ThhEHADOT, & H
THR&EW,

RN Z NS OPHWTHEHE £, RKIZ, FlICRb-T, 157 =7 0OH
EEHC LI, THR TEEZERACRSTLEIHICHZIATERLEZD -2 DM
ZL, FIZHLTE»>TF &,

HEWMNLRholeVENRTLY LEEEAIZIE. b —E ((R22MElh 2 %
T) B ZERTEET, ZBADLHTORVELLTEET, I bbb
Mmole) RV GPELWEAICOMETHHALZEI ZENTEETOT, B
S Lo THFIW,

W, ZOEMIEZEZZEZTCHLSbDOTEHY XA,

T, WOETOT, IALIBBWLET,

FWEBRWET, ZhiZT 2 FOHE IR L
FIZWHHLDOH 0T, EEAEZM - TilEA

(English translation by myself.)

Today, | would like to play a “word game” with you. This is not a test nor
examination, so please make yourself comfortable, and play with the words and
manipulate them.

First, please listen to some examples. One example consists of a pair of items, a
given item and a response. Then the game item will be presented on the tape recorder.
Please listen to it carefully, and say aloud what you think is an answer in the same
way as in the examples.

When you can’t hear or remember the item, you can listen to it once again or
several times until you can recognize it. You can also try the answer once again if you
want to. When you don’t understand the examples or you have difficulty with the
game, you can listen to the examples several times until you can understand them.

In such cases, please tell me.
This is just a game and does not require any correct answer.

Thank you very much in advance. Now let’s begin.
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APPENDIX C.  Texts used in the reading test for evaluating the
participants’ abilities of English and French languages
in Chapter 3.

C-1. English text

The transformation certainly showed no sign of slowing yesterday as
Forget reached the quarter-finals of the Stuttgart Classis with a 7-6, 7-6
victory over Jakob Hlasek, whose own form has shown a marked upturn
in recent months.

The fact that Hlasek is a long-time friend and the Frenchman’s
doubles and surfing partner made the victory rather more bitter and
probably a little less emphatic than it might have been because, in his
present mood, Forget has the power of serve and the all-court ability to
demolish all but the very best.

(Extracted from THE TIMES, February 22, 1991.)

C-2. French text

Guy Forget continue de suprendre agréablement: le numéro un
fangais n’a certes par gagné le tournoi de Stuttgart auguel il participait
la semaine derniére, mais il a attaint les demi-finales aprés avoir battu
d’excellents joueurs comme Auilera, Hlasek (son partenaire de double)
et Ivanisevic, et il ne s’estincliné, samedi, que devant le Suédois
Svensson. Et d’extréme justesse, car le sort de la partie n’a basculé que
sur deux ou trios coups: Forget a enlevé le premier set assez facilement
(6-2), et n’a perdu le deuxieme que de tres peu au tie-break (8 points a 6)
aprés avoir eu une balle de match!

(Extracted from LE FIGARO, February 25, 1991.)
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APPENDIX D. Instruction for the experiments in Chapter 4.
[ EBREOR ]

IR~y R74 020 CTHEET ,~y N7+ VIZHEROBEIZEDE TH
HT&ESTOT, 2FTHrLHBAREDETTEN,

T MAEZ = LETE WMFOENLRIFICE? BORMI X TEET 2,
M T DDEFEBICHIEEL TV EBIZERVWEERLE - LET, (F
BRI WS ELWVWIDITHABTRE TCELIXLTOMAEDLETT N . ERICH D
HARGETIERVWEWS Z&TY,) BFooRIZFEMRMRKICIT, BECHDIFSENL
LATWVET, 1 XN—DIZOEMOWMNR220H, TN EFNOMIT3I0OHEBEDY £
R

HRIZBEWT 22 L3, FIEHARICEND L, EVWTHLISEIMZ 220
EOMN (ELOLOENPLTHHMBETCTOT), MZAEHECE+OME, M2 X
BPoleBEIliE—0ME, SEOHOZEMIZENTHL LW b0 TY (HZ %
LI BREINT D, WAool XoREANT L2 TCHLRMETHMETT), WHD
ENbHMIx T 2RO ITHABEICENTHDLZENLE S M ROMBKICE
WTHDLEENEIDEVIEAICLTHEATHEET M, LHABVWTEN %,
KoO1METOMT2HHETT,

FFICBBEWLZWDE, ZanE<bnrbh{ThH, ¥oTH, ZLOHAEF
MLV EFALOT LIS EOHB LRSI TIZ(ONLRWVWEETHE YD)
BERXATHELLWEWSI Z T, EHLEHEALLE, Z2O0OHEDIEFENT XTI,
MiE ST =2 IR oTLEIINLTT . AP TENZHMNTWDI bbb R
STLESLHBACE R TTECISEFEETTCIFIV, IHLTT =7 %1,
UNBEDOHHELEZAEFTEETRLTCHBALTHEZES, oM (72, 2 AT —H
WCHWTHLSSGA., F2RT 2ot hb), T TCCHZEZDTRLEZIAITZEDOEE
WL TEBWTFEW,

1 RXR=VHDLIIECIL, "=V 5811 2PMRAEAEZLS>THY £7,
MHEENO T2V —HIIO LRI HELT WSV EHL 5 TTFEN,
KA ORX—VEHEEATT HME P KDL ZAT—HTFT—7Z21kdBon0 I
RolPHERLET, ZORAThONPLICEIADRLNITEE RSB NTTFE W,
Flo, MZATKD2EEDTERLWNAE I MbEBo Lo > TTFIW,

T35, N VHRICL T 1IRN—=UHYET, KEES TBER
) ETOT. ZOMICERORBICE s THWKEAE ANRETAO~Y K7+
YEIFTLTBRATIWV, ZRTIHREALIBBH WL ET,
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Please wear the headset on your ears. The headset can be adjusted to your head.

When the audiotape starts playing, you can hear the different sounds, which will be
either real words or non-existent pseudowords, in both your ears simultaneously.
(“Non-existent pseudowords” means some combinations of letters that can be
pronounced as Japanese sounds, but don’t constitute any existent Japanese words.)

In the answer sheets of the booklet on the desk, all the items really are existent
Japanese words. On one sheet, there are two columns, each of which includes 30
items. Using the pencil provided, please place a mark in the blank just beside the
written item as follows: + when you hear the item in the list, and — when you don’t
hear the item. (If you don’t know or don’t feel that you heard it, please skip that item
and continue with the next one.) You should judge whether the first pair you hear
from your different ears simultaneously is the item in the first cell, and then, judge
whether the second pair is that in the second cell, and so on, as you proceed. You
have two seconds between one pair and the succeeding pair.

I would like you to do a special favor, that is, even if you don’t have any
confidence in your answer, please answer all the items (if you don’t figure out the
answer, choose the answer at random) and avoid missing any items. Otherwise, the
heard items will not match the written items, which will result in erroneous data. If
you get lost and can’t find which item you hear, please raise your hand. | will stop
playing and rewind to the appropriate point and you can start again from that point.
During that time, leave the mark you have already made as it is. (In the case that two
persons hear the tape together, | would like to ask the other person who doesn’t raise
their hand to do the same as well.)

In order to turn the page, there is a very short break of 12 seconds. You have
enough time, so please don’t rush, and avoid turning two pages together. The first
page of the booklet is for practice. After you hear all the practice items, | will
confirm whether you understand what to do. If you have any questions, please don’t
hesitate to ask me. | also would like you to tell me whether the volume is at the right
level for you.

You will hear the audiotape for about 35 minutes and have eleven pages of
answer sheet in the booklet. Some of you will find it very long and tiring, so please
let me know when you get tired. | will give you a short break and you can take off

your headset and just relax. Thank you very much in advance. (My translation)
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APPENDIX E. A page of the answer booklet of the material presented
in hiragana used in Experiment 1 in Chapter 4.

1| EAITF 31 | Lepoin
2 | BAS az | End

3 | HFAE 3 | #FE

4 | FLIT 34 | Lo
5 | FE 5| £25

6 | IED a6 | HAE

7 | Lpot 37 | o0

8 | FE s | FlE

9 | Lot m| | Ad

10| IFAE 40 | HaE

11 | Lepoin 1 | TAF

12 | (&b 42 | L2t
13 | Lot 43 | FE

14 | Ll 44 | EAIM

15 | H2dH 45 | Lot
16 | ZLS 46 | £A25

17 | FLvE 47 | Lepoin
18 | Lepofn 48 | TAF

19 | TAF 49 | 444

20 | L& 50 | LeeaZ
21 | Lpodn 51 | ¥4

22 | IfAE 52 | iEd

23 | Loz 53| £A%

24 | 22k 54 | FlE

25 | FE 55 | A&

28 | Lo 56 | A5

27 | 25 57 | L2l
2 | HEoU 58 | 4%

23 | A5 58 | Leotd
30 | Lot 60 | £25
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APPENDIX F. A page of the answer booklet of the material

presented in kanji used in Experiment 3 in Chapter 4.

1| fiEts 3| %
2| ®25 az| Ad
3 | BE 33 B
4 | fEtE 34| HE
5 | 8E as | #ad
6| Ad 36 B
7 | Wit 37 | BRE
g | #E Kk B
9 | i 3| Ad
0| BE 40 i
11| Hk 41 | BAE
12] Ad 42 | Wik
13| Wi 43 B
14 | HE aa | tiEte
15| ®asd 45 | HifH
16| A& 46 | #as
17 | E a7 | Hk
18 | Mk 48 | BAXR
19 | J{AE 49 | #ad
2| Ad 50 | HE
2| Hk 51 | BAXK
2| EE 52 | AD
23 | W 51 | Bad
24 | BiE 54 B
5| BE 55 B
26 | ik 56 | #Ad
27| ®Ad 57 | R
28 | BiE 58 | #ad
29 | M5 59 | HitH
30 | Hit 60 | #1d
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APPENDIX G. A page of the answer booklet of the material in
katakana used in Experiment 3 in Chapter 4.

1 kL 3 =
z T 3z [dAL
3 AN 33 EANE
4 A Il M |FT
5 b L A RS
fi S4x EEE FE
7 -7 37 i A L
B oo ECE R
g e Il 3 |37
10 [ 40 T
11 S4A 41 R
12 JA 42 i
EI = 43 4L
14 |l 44 |7
15 |57 45 kAL
16 AL 46 T
17 154% 47 vy
[ IR 48 |57
189 A4l 48 AL
20 |3+ i T
21 AT 51 DT
FFE [
23 A L 53 T
24 1542 54 |FT
25 |3+ 55 |S54%
26 |57 56 [diA L
27 kAL 57 |FAL
28 A I 58 PN
28 154A 58 |57
30 R [T1] b L-
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