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Chisato Kojima
LEXICAL ENCODING OF LENGTH CONTRASTS IN LEARNERS OF JAPANESE
AS A SECOND LANGUAGE

Some contrasts in the second language (L2) impose difficulty in processing for learners,
especially when these contrasts are not used phonemically in a learner’s first language (L1). This thesis is
to examine how American English speakers learning Japanese discriminate and store information
regarding the L2 contrasts as a part of their lexicon (i.e. lexical encoding). The central discussion is on
how length contrasts, both consonantal and vocalic (e.g. shita “under”, shitta “came to know” and shiita
“theta”) are perceived and processed by learners. In addition, a relationship between geminate and long
vowel were examined (e.g. shitta “came to know” and shiita “theta”).

Three experiments were conducted to test the learner’s ability to discriminate and lexically
encode (a) singleton vs. geminate consonant, (b) short vs. long vowel, and (c) geminate and long vowel.
The first experiment was a discrimination task (ABX) to see whether learners can discriminate between
these contrasts. The other two tasks were lexical decision and forced lexical choice (FLeC). These tasks
implicitly require full lexical processing. The FLeC task is an innovative experimental paradigm that was
introduced in this thesis in order to supplement the lexical decision task.

The results from the ABX and lexical decision tasks indicated that there is a distinction between
discriminating length contrasts and successfully encoding length contrasts as a part of Japanese words.
The results from the lexical decision and FLeC tasks suggested that learners refer to the closest or most
familiar L1 phoneme (i.e. singleton/short vowel) to process a new L2 phoneme. Thus, results exhibited
an asymmetric lexical encoding pattern: lower accuracy rates were observed in test words with
geminate or long vowel when compared to test words with singleton or short vowel. In contrast, higher

accuracy rate was observed in test non-words with geminate or long vowel in comparison to the ones



with singleton or short vowel. The results suggest that learners’ representations for geminates and long
vowels are less accurate than those for singleton consonants and short vowels, while also showing that

learners are successfully maintaining L2 contrasts.

Isabelle Darcy, Ph. D

Stuart Davis, Ph. D

Kenneth J. de Jong, Ph. D

Steven Lulich, Ph. D
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Chapter |
Introduction

Honest mistakes in second language classrooms happen when a student tries to make a
request, converse with peers and so on. Causes of the mistakes vary but some of the most
frequent mistakes are from mispronunciation of words that are close in pronunciation but
drastically different in meaning. For instance, when an instructor says Kite kudasai, “please
come,” and some students stand up and come to the instructors while others remain seated
quietly ready to listen to the instructor. This is likely due to misunderstanding the instructions if
students do not process a length contrast in Japanese correctly. In this specific instance,
students who remained in their seats may have perceived the instructions as Kiite kudasai,
“Please listen,” which differs from the first form through the presence of a long vowel [i:] in
kiite. Though students can in most cases understand the meaning of a sentence through the
context, in this particular case, the sentence uttered by the instructor could even have a further
potential meaning for students to perceive it as Kitte kudasai, “please cut (it out).” Length
contrasts are some of the most frequent causes of mispronunciation, misunderstanding and
misspelling by learners of Japanese.

As illustrated above, the perceptual ability of second language learners (L2 learners) is
critical in understanding and recognizing words in order to successfully communicate through
their L2. Yet, confusable L2 contrasts, such as the Japanese length contrast, leads to less
efficient word recognition and imprecise lexical representations (Broersma, 2012; Ota et al.,

2009). In recent approaches to L2 perception, there is a debate on where exactly learners’



misperception stems from, or rather, whether difficulties linked to segmental contrasts are only
due to inaccurate perception, or whether difficulties can also take place at the level of the
lexical representations that learners establish for the words of their L2 (Darcy, Daidone, &
Kojima, 2013, 2015). In one scenario, difficulties emerge during phonetic perception that is not
target-like. That is, learners have difficulty categorizing L2 contrasts at the phonetic level. In this
perspective, learners cannot perceive the physical difference between two contrasting sounds.
For instance, learners cannot perceive or robustly categorize the difference between a short or
long vowel (“kite” vs “kiite” in above example). The other perspective proposes that the
difficulty is not contained exclusively at the level of phonetic perception (see also Melnik &
Peperkamp, 2019). Instead, learners can detect the physical difference between the sounds but
have difficulty storing it in the mental lexicon (i.e. lexical encoding), that is, committing this
difference to long-term memory.

In this thesis, we explore how learners of Japanese perceive length contrasts, focusing
on the source of inefficient word recognition. To this end, three experiments were conducted,
and are presented and discussed in Chapters 3 to 5. Before moving on to these experimental
results, we will briefly review Japanese phonology for the remainder of this chapter, and

examine previous studies on L2 perception in relation to length contrasts in Chapter 2.

1.1 Japanese Phonology and Length Contrast

In Japanese, length is phonemic. There are consonantal length contrasts such as saka
“slope” vs. sakka “writer.” In addition, Japanese exhibits vocalic length contrasts such as hito

“person” vs. hiito “heat.” Thus, triplets such as shita “below, under”, shitta “came to know”



and shiita “theta” would impose difficulty to L2 learners with inefficient word recognition.
Japanese consonantal length contrasts have been extensively studied in phonetics (Han, 1962;
Idemaru & Guion, 2008), phonology (Davis, 2011; Ito & Mester (1995); Kubozono (1999) among
many others), and L2 acquisition (Toda, 2003; Harada, 2006; Hirata, 1990b).

Kubozono (1989b) demonstrated the importance of mora as a subcategory of a syllable
in order to account for pitch accent patterns, speech errors and word blending phenomena in
Japanese. It is phonemic (e.g. ko “individual” vs. koo “incense”) and its physical existence is also
established in phonetic research conducted in the language (Han, 1962). Thus, the mora plays
an important role in Japanese as a unit for timing and syllable weight. It is the smallest building
block of Japanese prosody. It is noteworthy that there are 4 different types of morae called
special mora: (a) first part of geminate (i.e. katta “bought”), (b) second part of long vowel (i.e.
so0 “layer”), (c) second part of diphthong (i.e. daigaku, “university”) and (d) moraic nasal (i.e.
ka.baN “bag”). In this study, we will exclude the moraic nasal from the scope of our research.

In addition to the segmental contrasts, (e.g. kata “shoulder” vs. kita “north”) and length
contrast (kata “shoulder” vs. katta “bought”, shita “under” vs. shiita “theta”) we have
discussed so far, pitch accent is also phonemic in Japanese. For instance, hashi with low-high
pitch accent means “chop sticks” while and hashi with high-low pitch accent means “edge”. The
following Table 1.1 shows length contrast in Japanese in relation to pitch accent. The examples

are cited from Toda (2003).
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Table 1.1: Length contrast in relation to pitch accent (Taken from Toda, 2003, p.5)

Pitch Accent Pattern
Sentence H = High Gross
L= Low

1 Kite kudasai HL Please come

2 Kite kudasai LH Please wear

3 Kitte kudasai HL Please cut

4 Kitte kudasai LH Please give me a stamp
5 Kiite kudasai LH Please listen

If all these sentences above were given as oral instructions, it is likely that learners of
Japanese would have serious difficulties distinguishing them in terms of meaning, if they are
not sensitive to pitch accent. In addition, if learners are not sensitive to the length distinction,
examples 1 and 3 and examples 2 and 4 in Table 1.1 would sound all the same to them. In the
following section, we explore how visual cues in Japanese orthography can help to differentiate

the above examples.

1.2 Japanese Orthography

Aside from the phonological inventory, the Japanese language makes use of three
different orthographies that are visually very different from the Roman alphabet: Hiragana and
Katakana syllabaries and Kaniji (i.e. Japanized/nativized usage of Chinese characters). The first

two orthographies are glottographic (i.e. each symbol corresponds to a phoneme or syllable)


https://notsensitivetopitchaccent.In

whereas Kaniji is logographic (i.e. each character represents a word or phrase). All the special
morae mentioned above will be spelled differently in Hiragana and Katakana syllabary and Kanji
helps visually recognize the difference in meaning when a word in question is semantically
ambiguous due to the existence of homophones.

In the following examples, singleton vs. geminate is visually distinguishable by hiragana

syllabary and kanji usage that will help further assist to visually clarify semantic ambiguity. For

instance, the horizontal hook-like character in (1a) [ 2] alerts readers that there is a geminate

consonant. In addition, the use of different kanji characters in (1a) — (1b) will notify readers that
there are different meanings. Example in (1a) and (1b) are otherwise spelled exactly the same
in the hiragana syllabary. Native speakers take copious advantage of this kind of visual help
when recognizing or distinguishing words. However, in most classroom settings, at least in
beginner to intermediate levels at college, vocabulary lists and spoken words come first (i.e.
listening to lecture or engage in conversation in pair/group). In addition, it takes some time to

master and feel comfortable to use all these different types of orthography.

(1) a.&>T kitte > T “to cut”
kitte tF “postal stamp”
b. ET kite 5T “to wear”
kite XT “to come”


https://conversationinpair/group).In

1.3 Pedagogical Needs for the Current Study

As mentioned in section 1.1, the special morae are phonemic and play a crucial role in
proper word recognition and understanding grammatical structures. In particular, geminates
are an essential part of verb conjugations (i.e. plain form of past tense). Thus, it is critical for
learners of Japanese to detect and process those special morae properly.

Yet, these two aspects of Japanese phonology in particular (length and pitch accent)
cause many difficulties for L2 Japanese learners in the classroom, as shown by the numerous
errors that appear in students’ writing, and which may signal a lack of awareness, a
misperception, uncertainty about the exact form of the word even if its meaning is known, or a
more generalized listening comprehension issue (Han, 2009). The following examples in (2) and
(3) are recurring mistakes from students that the author has observed over the years.

Ungrammatical forms, that is, non-existing words, are marked with asterisks in the
following examples. In (2a), students were supposed to spell a word for “watch” or “see,” which
does not contain a long consonant or vowel. However, students tend to spell the word with a
geminate. In contrast, student were supposed to write hiragana corresponding to the first part
of geminate for the word for school (2b), but the geminate tends to be omitted in their
writings. Example (2c) shows how a student misspells “homework” with a long vowel instead of
a short vowel. Similarly to (2c), a short vowel was written instead of a long vowel in (2d). We

can see students struggle with the distinction between short vs. long sounds.
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(2) Short — Long

a. mite 7 C “to see, watch” vs. D C *mitte
b.gakkou H>DZS “school” vs. TS *gakou
c.shukudai L <7ZLN  “homework” vs. L DLTZLY  *shuukudai
d.oosaka HH=M “Osaka (place name)” vs. H=H *osaka

Of note, such substitutions of a long for a short sound and vice-versa also happen when
students are asked to repeat a word; thus, the effect is not limited to the written form of
words. In addition, the examples in (3a) show that students spelled a word for “to listen” with a
geminate where they were supposed to spell with a long vowel. Conversely, students spell
“yokka” with a long vowel in (3b) where native speakers spell it with a geminate consonant. The
examples in (3) demonstrate that students were not only confused about short vs. long
contrasts, such as replacing a long with a short consonant, they were also confused about the
quality of a long sound — that is, whether a word contains a long consonant/geminate or a long
vowel/diphthong. Therefore, even if they are aware that a word contains a long sound, it is not
immediately clear whether it is a vowel or a consonant that is long, and confusions across the

whole word are common.

(3) Long (consonant) - Long (vowel)

a. kiite EIL\T “to listen’ *kitte fEl D T

b. yokka PUH ‘4t (of the month)’  youka J\H ‘8% (of the month)’


https://words.In

According to Kozasa (2005) the ratio of the duration of long to short vowels and
consonants varies by segment, speech rate, speaker, and elicitation technique, but ranges from
approximately 1.8:1 to 3:1 (Kawahara, 2015). Thus, phonetically the “long” sounds are very
different in physical length. Yet students often will confuse long consonants with long vowels
and vice versa. The question naturally arises about the extent to which students are confused
between categories (i.e. short vs. long) and within a long category (i.e. geminates vs. long
vowels), and whether one type of confusion is more prevalent than another. Similarly, the
question arises as to where these confusions take place during processing: at the level of basic
perception or when memorizing the form of words, or both.

In the next chapter, we start with a discussion of how previous studies dealt with
phonemic contrasts in general in the realm of the second language studies. Then moving on to
review previous research examining length contrasts specifically, and describing how this

specific topic contributes to our understanding of second language phonological patterns.



Chapter Il
Literature Review

2.1 Phonemic Contrast and Speech Perception

Recognition and discrimination of phonemes has been considered one of the critical
building blocks in speech perception. Thus, perception and discrimination of phonemic
contrasts has understandably drawn a lot of attention in the field of auditory, visual or
audiovisual speech perception. It is also essential for listeners’ ability to recognize and
discriminate a contrast in a given language, and to decide whether a string of sounds convey
meaning or not. Hence, early research on speech perception mainly focused on the
discrimination of various speech sounds, and how categories are built during first language
acquisition (i.e. how infants acquire their mother tongue). In the same vein, pathological
approaches centered on problems with sound confusions.

In the last two decades, there have been active discussions and exchanges of thoughts
among researchers regarding second language (L2) perception. Compared to the first language
(L1) perception, L2 perception tends to be less accurate, especially when a person started to
learn the L2 in their adulthood (i.e. late learners). It is inevitable to take the L1 into
consideration when L2 acquisition of phonology is concerned. To pursue the nature of auditory
perception, there have been studies on naive/non-native listeners in comparison with native
ones. Among the most influential models in speech perception, the Speech Language Model
(SLM) proposed by Flege (1995) and the Perceptual Assimilation Model (PAM) L2 proposed by

Best and Tyler (2007) are prevalent in the field.



As implied by Flege’s SLM, L2 learners would face difficulty in acquiring a contrast
between L2 categories when a learner’s first language does not have the contrast, meaning that
it is not used phonemically. The basic mechanism behind both models state that, depending on
how sounds in the L2 map onto L1 categories, perception and discrimination between sounds in
the L2 may range from easy to difficult. The most difficult case is expected to emerge when two
phonemes in the L2 map onto the same phonemic category in the L1. One of the most typical
examples for this case is L1 Japanese learners of English. The English /r/ and /I/ phonemes will
be mapped onto the same category for Japanese L1 learners of English. More specifically, this
effect is strongest when the contrast is in medial or onset position of a word (Sheldon &
Strange, 1982; Iverson et al., 2003). In the case of length contrasts, the issue is slightly different
from purely segmental categories in that one possible contrast involves a comparison between
vocalic and consonantal quality in kiite vs kitte, for example. Segmentally, no model predicts
confusion between /i/ and /t/, but length may be different. Length distinctions are considered
as belonging to the prosodic dimension, or being a suprasegmental distinction (McAllister, Flege
& Piske, 2002). However, one can also consider that a long vowel /i:/ vs. a short vowel /i/, if
phonemic, function like categories, at least in L1 Japanese. Hence, Japanese speakers may build
a phonemic category for a long /i:/ and another for a short /i/. If we treat short segment and
long segment as phonemic contrast, then Japanese length contrasts would be predicted by SLM
or PAM-L2 as the most difficult contrasts to acquire. It is because American English does not
have phonemic length contrasts. Actually, Nishi (2008) suggested that both /i:/ and /i/ would
map onto the one /i/ category in the phonemic vowel inventory of English speakers. That is,

both long and short vowels of the same vowel quality will map onto the same vowel for these
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learners. A similar phenomenon is expected for consonantal length contrasts. As described in
McAllister et al. (2002), listeners whose L1 does not distinguish vocalic or consonantal length
phonemically (Spanish, English) also had more difficulties distinguishing words differing in
length compared to listeners whose L1 had phonemic length categories (like Estonians). Thus,
learners would map /t/ and /tt/ to /t/.

Though length contrasts in American English are not phonemic, there are phonetically
short and long consonants and vowels. The minimal pair sit and seat contrasts a phonetically
shorter and longer phoneme, respectively. These pairs are abundant in American English.
Studies have shown that vowel quality is the primary cue to distinguish these phonemes (e.g.
McAllister et al., 2002). Thus, the vowel duration is not used as a primary cue. As for geminates,
in American English, they do not occur within a root. However, there are examples that are
phonetically geminates (e.g. lamp post [ l&@mp.poust], misspell [ m1s'spel]). These geminates
occur between morpheme boundaries and are not phonemic. The occurrence of phonetic
geminate cases are less common than phonetically long sounds in American English. Thus, this
difference in frequency might lead to a situation where native speakers of American English
perceive long vowels better than geminates.

An important consequence of inaccurate phoneme discrimination is that it may lead to
inaccurate lexical representations. Pallier and colleagues (2001) conducted a lexical decision
task with Catalan and Spanish listeners, and used word pairs in Catalan that use a phonemic
contrast (/e/ - /e/ and /o/-/3/), such as /pera/ ‘pear’ vs. /pera/ ‘Peter’. Both phonemic contrasts
are difficult to distinguish for Spanish-dominant bilinguals, because it is not phonemic in

Spanish. The researchers observed that the Spanish bilinguals made more errorsin a
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discrimination task between the two vowel pairs (Pallier, Bosch, & Sebastian- Gallés, 1997).
They also observed difficulties in lexically distinguishing the word pairs, and concluded that they
had used the same vowel to lexically represent the word pairs, effectively resulting in
homophones. They concluded that inaccurate perception yields confusable or ambiguous
lexical representations (Pallier, Colomé & Sebastian Gallés, 2001). That is, two different words
will have the same lexical representation as a result of a lack of perceptual discrimination of the
contrast. In other studies, the same kind of difficulty in phonemic discrimination yields spurious
lexical activation, where the lexical representation is imprecise. For instance, a near-word such
as */lemp/ for ‘lamp’ /leemp/could lead to activation of ‘lamp’, that is, it could function as a
word via spurious lexical access (Broesma & Cutler, 2008; Dupoux, Sebastian-Gallés, Navarrete
& Peperkamp, 2008; Sebastian-Gallés, Echeverria, & Bosch, 2005). These effects are also
evidenced in L2 learners as repetition priming effects (Pallier et al., 2001; Darcy et al., 2012)
with minimal pairs. In these studies, L2 learners, but not native speakers, experienced a
repetition priming effect for minimal pairs, and not only for the same items, indicating that the
two words in the minimal pair activate each other as if they were repetitions of themselves.
The researchers interpreted this effect to mean that the lexical representations of the words do

not exclude phonologically confusable segments.
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2.2 Learners Discriminatory Ability and Lexical Representations

The idea that misperceptions of learners can lead to inaccurate lexical representations is
now prevalently accepted in the field. However, other researchers show that learners can
actually be trained or learned new contrasts and perform better (Tajima et al., 2008; Hayes-
Harb & Masuda, 2008). A further issue is that L2 contrasts are not all equally easy to distinguish
(Altmann, Berger, & Braun, 2012): some of the contrasts are relatively easier to perceive than
the others. We will come back to the issue of difference in difficulty in encoding L2 contrasts
later in this chapter.

It is very important to recall that the ability to perceive and produce segmental
contrasts alone does not guarantee that learners store the form of L2 words correctly in their
lexicon (i.e. lexical encoding). Several studies have shown that there is a dissociation between
discriminatory ability and lexical activation or lexical encoding (e.g. Dupoux et al., 2008). To put
it differently, maintaining a robust phonetic difference and storing separate lexical
representations for words involving that phonetic difference are separate issues.

Weber and Cutler (2004) and Cutler, Weber, and Otake (2006) indicated that L2 learners
can sometimes lexically encode a contrast which is not in their L1, despite difficulties
distinguishing the contrast. The evidence that learners can have different (even if non-target-
like) representations comes from the following phenomenon: if two L2 categories are
completely merged in lexical representations, for instance /r/ and /I/ for Japanese learners of
English, upon hearing rock, both the words ‘rock’ and ‘lock’ will be activated for L1 Japanese
listeners who are learning English. Conversely, upon hearing lock, again ‘rock’ and ‘lock’ would

be activated for those learners — the two would be fully homophonous. However, Cutler,
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Weber, and Otake (2006) show that is not true. While hearing lock, it activates both rock and
lock whereas rock elicits less activation. This asymmetric activation of L2 phonemes was
demonstrated in the length of subjects’ gaze to a target and competitor. In eye-tracking
experiments, longer fixation to an object indicates more confusable in recognition. For instance,
for Dutch listeners, pen and pan are confusable as /za/ is not in the Dutch phonological

I”

inventory. Moreover, even if the stimuli are not a minimal pair, such as “pencil” and “panda”,
hearing ‘pan...” [paen...] (the first syllable of panda), will yield longer looks to both an object
depicting a pencil and an image of a panda, indicating that the first syllable activated both
lexical entries. However, the same subjects will not give the extended gaze to panda when they
hear ‘pen..." [pen], the first syllable of pencil suggesting /¢/ did not evoke //, and that this
syllable did not activate the /a/-containing words. Not only did Weber and Cutler (2004) and
Cutler, Weber, and Otake (2006) demonstrate the asymmetric perception, they also
demonstrated that learners treat /e/ and /a/ differently in lexical representations, though the
way they are stored are not the same way as native speakers. Namely, learners’ lexical
encoding process refers to the nearest L1 category as dominant/familiar category (/€/ in Dutch
case), and these words are stored “faithfully” or target-like. The other, non-dominant category
is categorized as “not /¢/” (i.e. new category), and thus, not exactly target-like. More
specifically, one member of the contrast is dominant, whereas the other is encoded separately
as “different from the dominant category.” The authors postulated that phonetic proximity
determines what the dominant category would be (Cutler, Weber, & Otake, 2006). Mapping L2

sounds to the closest sound in the L1 as dominant (old/familiar) category could be very

selective, and lead to a precise lexical representation, whereas the non-dominant (new)
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category will be result in a more ambiguous or imprecise lexical representation, or less efficient
activation and/or selection.

Darcy, Daidone, and Kojima (2013, 2015) corroborated the findings from Weber and
Cutler (2004) and Cutler, Weber, and Otake (2006) with a method other than eye-tracking
paradigm. They used an ABX discrimination task and lexical decision task: the ABX tasks were
used to see whether L2 learners can distinguish L2 categories phonetically and the lexical
decision task was used to see whether learners can encode perceived input accurately as L2
sounds. Note that they used two different languages (Japanese for a consonantal length
contrast and German for vowel contrast) with different proficiency levels (i.e. beginners and
advanced learners). The results indicated that L2 learners can distinguish relevant L2 contrasts
with high accuracy, and yet, showed an asymmetrical lexical activation parallel to the one
observed in Cutler et al. (2006). Darcy and colleagues concluded that it is specifically at the level
of lexical representation that learners face difficulty, with coding the correctly perceived input
of L2 sounds. They specifically designed to examine whether the less efficient word recognition
often observed in L2 learners is due to inaccurate input perception or due to fuzzy lexical
representations, and concluded the latter. (Darcy et al., 2013, p. 373).

Most importantly, asymmetrical lexical encoding was taking a form where learners
make reference to the dominant category (i.e. L1 phoneme, which they called “old”). That, in
turn, leads to a specific order of accuracy in lexical decision. As mentioned in 1.1, the length of
a consonant and a vowel are phonemic in Japanese. (i.e. kite “to come” vs. kitte “postal stamp”,
shiru “liquid, soup” shiiru “sticker”). In the following example, two Japanese words are used to

illustrate the asymmetric lexical encoding in terms of order of accuracy: akeru “to open” and
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kippu “ticket”. Given that subjects can discriminate singleton and geminate well, their
perception is fine, but they have ambiguous or fuzzy lexical representations for geminates.
The results of lexical decision task indicate the type of stimuli which acquired highest
accuracy were real words with singleton/single consonant. In other words, a word containing
the dominant/old category, which also is present in English phonological inventory, is the
easiest to accept. Then an existing word with new category, such as a geminate (e.g. kippu
“ticket”), comes second best, and is relatively easy to accept as real word. When it comes to
rejecting the non-words, the ones with geminates (the new category) will be less accurate than
real word acceptance, but still better than rejecting non-words with singletons (the old
category), which will be the least accurate. It is easier to reject *akkeru than *kipu, since
subjects can refer to an existing word akeru with a singleton which is encoded precisely
because it contains a familiar category). Inversely, the subjects have to refer to kippu to
correctly reject *kipu. If the lexical representation for geminate is imprecisely represented
(because it is a less familiar category), then it may not exclude singleton productions and the
non-word will be very hard to reject. Table 2.1 represents this asymmetry through the
predicted ordinal accuracy for each of the four cases. Of note, this table indicates that
perception is accurate: there is no change from input to percept (see Darcy et al., 2013, 2015

for details).
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Table 2.1: Ordinal Accuracy in Lexical Decision Task

Lexical

i?
Representation /akeru/ fkizu/
match mismatch no mismatch no mismatch
Percept [akeru] *[akkeru] [kippu] *[kipu]
Input [akeru] *[akkeru] [kippu] *[kipu]

Expected es no es no
Response y y
Accuracy Rank 1 3 2 4

? = imprecisely represented

As mentioned earlier, Darcy, Daidone, and Kojima (2013, 2015) replicated the
asymmetric lexical encoding for L2 contrast in Japanese consonantal length and German vowel
distinctions. Moreover, since they conducted experiments with different proficiency levels,
their data indicated learners’ proficiency for lexical decision has an impact on accuracy on the
lexical decision task: the accuracy progressively gets higher as learners’ proficiency advanced. In
their German results, the results from advanced learners indicate that they overcome the
asymmetric lexical encoding and behave essentially like native speakers. There was an
asymmetric pattern in accuracy for the beginning learners in German data just like results from
Japanese subjects, but there was no such pattern in advanced learners suggesting that accuracy
and lexical encoding patterns may change over the course of learning the language.

In addition to this peculiar L2 encoding pattern, some researchers indicated that there is
a difference in perceptual difficulty depending on contrasts. That is, some distinctions are
easier to encode than others. It may be partly because L2 learners use different cues compared

to native speakers. Specifically, Altmann, Berger, and Braun (2012) examined the effects of L1 in

17


https://lexicaldecisiontask:theaccuracyprogressivelygetshigheraslearners�proficiencyadvanced.In

both vocalic and consonantal length contrasts. Ten German native speakers who had no
exposure to Italian, 10 proficient Italian learners whose L1 are German, and 10 Italian native
speakers who had no exposure to German.

(4) German vocalic length contrast and Italian consonantal length contrast

German-vocalic length contrast (e.g. /ban/ “ban” vs. /ba:n/ “train”)
Italian consonantal length contrast (e.g. /fato/ “fate” vs. /fat:o/ “fact”)

The intriguing perspective in this study is whether learners can make use of their
(implicit and/or explicit) knowledge of consonantal length contrasts in their L2 when they
process an unfamiliar consonantal length contrast. That is, whether learners of Italian whose L1
is German take advantage of knowing consonantal length contrasts from their experience in the
Italian language (i.e. L2): the learners’ group should show higher accuracy in consonantal length
discrimination task when compared with the results of German native speakers who had no
exposure to the Italian.

The results of a consonantal length discrimination task indicated that non-native
listeners (i.e. both native speakers of German with and without exposure to Italian) had
difficulty compared to the native speakers of Italian. However, the learners were more accurate
than non-learners. That in turn indicates that their L2 knowledge may have helped to improve
their discrimination of consonantal length contrasts. Interestingly though, there was no
difference (i.e. no effect of groups or type of contrast) in the accuracy for the discrimination for
the vowel contrasts in all groups, not only those for whom it is part of the L1. Thus, the authors
concluded there is a generalized asymmetry in L2 perception between vocalic and consonantal
length contrasts. To be more precise, they claim that overall, the vowel length contrast was

easier to perceive across all groups than the consonantal length contrast.
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This is somewhat contradictory to the results from Darcy, Daidone, and Kojima (2013,
2015), who found that even beginning learners can discriminate consonantal length in Japanese
with high accuracy (i.e. above 85% accuracy rate). However, the study for Japanese only dealt
with the shot vs. long consonantal length contrast. It did not include a direct comparison with
vocalic length. Hence, the vowel length contrast in comparison with consonantal length
contrast is missing, and in this dissertation, both vocalic and consonantal length contrasts are
considered. Three different experiments were designed to obtain a more holistic picture of how
length contrasts in Japanese are perceived and encoded by L2 learners. These experiments
aimed to examine how learners discriminate, process, and lexically encode length contrasts as
L2 phonemes.

The first part of this study (Chapter 3) will be devoted to replicating and expanding the
discrimination task (i.e. ABX) reported in our previous study (Darcy, Daidone, & Kojima, 2013,
2015) including the vocalic length contrast. In this way, it is possible to see whether subjects
can discriminate vowel and consonantal length contrasts in one language. In this chapter, we
also examine whether the vowel length contrast is easier to discriminate than the consonantal
length contrast based on Altmann, Berger, and Braun (2012).

The second part of this study (Chapter 4) will be devoted to replicating the lexical
decision task from Darcy, Daidone, and Kojima (2013, 2015) and Kojima and Darcy (2014), also
including vocalic length contrast. To date, no study has examined both vowel vs. consonant
asymmetries in lexical encoding in one single language. Previous research (Cutler, Sebastian-
Gallés, Soler-Vilagelie, & Van Qoijen, 2000) indicates that vowels and consonants do not have

the same status during lexical access: consonants constrain lexical access more than vowels (i.e.
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during word recognition, listeners are more tolerant of vowel differences than that of
consonant differences). Thus, it is a crucial question to examine, since it may provide critical
insights into how lexical encoding in the L2 unfolds, and whether encoding difficult contrasts on
vowels is harder or easier than on consonants.

The third part of this study (Chapter 5) will be devoted to reinforcing the observation of
Darcy, Daidone, and Kojima (2013, 2015) and Kojima and Darcy (2014), by introducing a new
method to examine lexical behavior, in the form of a forced-choice binary lexical decision task
to see subjects’ L2 processing at the time of lexical decision task. This additional experiment is
designed to give a limited choice (i.e. only the two most relevant ones) out of a possibly huge
activated cohort that might be activated upon hearing a stimulus, and which might cloud L2
learners’ decision process. The general discussions will be made in chapter 5 followed by

concluding remarks and future directions in chapter 6.

2.3 Research Questions and Predictions

Putting all the previous evidence mentioned above together, the research questions we
specifically pursue in this thesis fall into three main points as follows:

a) Does a Perceptual Advantage in Vowel over Consonant Length Contrasts Exist in L2
Japanese?

b) Do we observe a dissociation between phonetic discrimination and lexical encoding for
vocalic length contrasts?

c) Isthis dissociation similar for both vowel and consonants?

Following Darcy, Daidone, and Kojima (2013, 2015), different proficiency levels will be

included (i.e. beginners and advanced). The aim to include different proficiency level is to take
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learnability of lexical encoding process into consideration. As mentioned in earlier sections, the
study indicated that learners could overcome asymmetric lexical encoding in the case of a
German vowel length contrast.

We assume both vowel and consonantal length contrasts will exhibit perceptual
asymmetries in learners’ responses but not in native speakers: advanced learners’ response
would be more accurate than beginners if this study replicates Darcy, Daidone, and Kojima
(2013, 2015). In addition, learners exhibit higher accuracy for the discrimination of the vowel
contrasts than consonantal length contrasts if the results replicate Altmann, Berger, and Braun

(2012).
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Chapter Il
Categorical Discrimination Task (ABX)

3.1 Introduction

ABX tasks have been widely used in psychology for testing participants’ ability of
discrimination. In an ABX task, participants are presented a triplet of stimuli—A, B, and X—and
asked whether the last one (i.e. X) is more similar to the first one (i.e. A) or the second one (i.e.
B). Short-term auditory memory in which participants upon hearing stimuli lasts approximately
200-300ms (Gerrits & Schouten, 2004). Due to time intervals between each stimulus,
participant’s auditory memory of A and B might have faded away and they have to rely solely
on their knowledge of phonetic/phonemic category stored in memory. Therefore, the ABX task
has been extensively used to test categorical discrimination for consonants (Casserly & Pisoni,
2010) in language studies, including in L2 phonology. The ABX task has also been applied for
vowel contrasts as well. A known disadvantage of this task is that participant responses tend to
have a strong bias towards B = X (Schouten, Gerrits, & Van Hessen, 2003).

Other discrimination tasks include AX, 2AFC, and so on. An AX task asks participants
whether the first stimulus (i.e. A) was the same as or different from the second stimulus (i.e. X).
The task imposes less cognitive load in comparison with the ABX task in that there is less time
lag from the stimuli presentation to the moment in which participants making decision. It
reduces participant’s cognitive load in auditory memory. As Gerrits and Schouten (2004) point
out, the disadvantage of this task is that participants tend to respond “different” only when

they are sure that A and X are different. 2AFC stands for two-alternative forced-choice. In this
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paradigm, a pair of stimuli is presented, and they are always “different”. Then, participants
have to determine the order of stimuli such as AB or BA. As Schouten and Van Hessen (1992)
point out, this task has a potential risk of encouraging labelling behavior. That is, participants
are influenced by the category used to describe the stimuli in question. Both AX and 2AFC tasks
have advantages over ABX in that they have less response bias. However, neither the AX nor
2AFC task would tap participant’s phonetic/phonemic knowledge in the mental lexicon. Thus,
many researchers make use of ABX tasks in second language research where researchers
investigate the content or composition of learners mental lexicons.

In the discrimination task mentioned above, response time, along with accuracy rate,
will be measured to examine processing difficulty. That is, if the response time is slower, it
indicates that the task is more difficult for participants to process.

Darcy, Daidone, and Kojima (2013, 2015) examined the discriminability of consonantal
length contrasts by L2 learners of Japanese. They used ABX tasks and examined two different
proficiency levels: beginners and advanced learners. The study showed that high accuracy was
observed in both advanced learners (average 94%) and beginners (average 93%). In addition,
there was no statistically significant difference in accuracy rate between beginners and
advanced learners, nor between native speakers and advanced learners. Thus, they concluded
that learners can discriminate geminate and non-geminate even at the beginning level.

As mentioned in Chapter 1, Japanese exhibits both vocalic and consonantal length
contrasts within the language. Aside of the length contrast itself (i.e. singleton vs. geminate,
short vowel vs. long vowel), L2 learners of Japanese seem to be confused with geminate and

long vowel (see Chapter 1 example (2), p. 5). Both geminate and long vowels are “long” sounds
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to learners and they are confused in terms of the type of length. Along this line, Altmann,
Berger, and Braun (2012) observed vowel advantage over consonants among non-native
listeners in the speeded same-different perceptual discrimination task (i.e. AX task).

Participants of the study were 10 German native speakers, 10 German native speakers
learning Italian, and 10 Italian native speakers. Note that German has vowel length contrasts
(e.g. ban “ban” vs. ba:n “train”) while Italian has consonantal length contrasts (e.g. fato “fate”
vs. fat:o “fact”). Thus, testing native speakers of both languages and German native speakers
learning Italian give the ideal testing environment to observe L1 influence holistically.

The study measured d’ scores which reflects participant’s sensitivity for difference in
stimuli in terms of hits and false alarms (Macmillan & Creelman, 2005). A higher d’ score
indicates that a participant can easily detect the difference; that is, they have a high sensitivity
to the contrast. The study found that d’ score for consonantal length contrasts depends on the
participants’ L1 and/or experience of learning the Italian language. That is, when discriminating
consonantal length contrasts, the d’ score of the Italians was higher than German native
speakers learning Italian (average d’ for Italian was 3.04, whereas average d’ of German native
speakers learning Italian was 1.95; the difference between them was significant at p <.001). In
addition, the sensitivity of German learners of Italian was higher than German non-learners
(average d’ score of German non-learners: 1.31, p = .05).

With respect to the vocalic length contrast, the average d” score for the Italians was
3.04, for the German native speakers learning Italian, it was 2.75, and for the German non-
learners, it was 2.87. Corresponding statistical result show that there was no effect of group (p

>.05). Recall here that only Italian language exhibits consonantal length contrast while the

24



German exhibits vocalic length contrasts. The results indicate that all three groups were equally
sensitive to the vocalic length contrast despite these differences in L1 or L2 learning experience.
Therefore, the authors concluded that non-native vowel length contrasts are easier to perceive
than consonantal length contrasts. The Italians were apparently able to use the vocalic length
cue and apply it to vocalic length discrimination, whereas the reverse was not true for the
Germans when discriminating consonants.

The results from Altmann, Berger, and Braun (2012) suggest that there is an advantage
in perception of vowel length contrast over consonantal length contrasts by non-native
speakers. If this perceptual advantage holds in Japanese length contrasts, the vocalic length
contrast should be easier for anyone to perceive while the consonantal length contrast is
harder to perceive. What makes the current study and Altmann, Berger, and Braun’s (2012)
study different is that Altmann, Berger and Braun (2012) made use of two different languages
that exhibit consonantal (i.e. Italian) and vocalic length contrasts (i.e. German). Japanese
exhibits both consonantal and vocalic length contrasts together in one language. Thus, our
study contributes to the discussion of how the perceptual advantage plays a role for learners of
Japanese.

In addition, Altmann, Berger, and Braun (2012) targeted German native speakers
learning Italian who had learned the language for at least 11 months. The learners’ length of
study varied from a learner who studied one year at university to the one who learned a total of
7 years (5 years at school in Italy (at age of 15) then 2 years at university). Darcy, Daidone, and
Kojima (2013, 2015) demonstrated that learner accuracy rates are greatly influenced by their

proficiency level. Therefore, learner groups in the current study are divided into two based on
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their length of formal education at university. Those who were taking the second semester of
introductory Japanese courses were recruited as members of the beginner group in the
following experiments. Those who had completed third-year Japanese courses or those who
further completed 4t-year Japanese were recruited as advanced learners. In addition to these
learner groups, native speakers were recruited so that the native speaker group plays a role as
a control group.

In the current study, all the participants in learner groups are native speakers of
American English. This is simply due to the fact that the dominant student population for
college-level Japanese language classes in the United States is native English speakers.
However, we acknowledge a rapidly growing international student population in the classroom
in a last decade. Note that some English phonemes are also phonetically longer or shorter than
others, but length itself is not lexically contrastive. The minimal pair sit and seat contrasts a
phonetically shorter and longer phoneme, respectively. However, studies have shown that
vowel quality is the primary cue used to distinguish these phonemes in native English, and that
lengthening the short phoneme or shortening the longer phoneme has minimal impact on
native listener categorization (Grenon, 2010). We might represent the word sit in the

International Phonetic Alphabet (IPA) as [stt], whereas seat could be represented as [si:t], but

in terms of how it is phonologically encoded in memory, Grenon (2010) has shown that seat
could not be encoded as /si:t/. That is because specification for length implies that listeners
would be able to reject shortened non-words like */sit/, when in fact, they readily accept short

pronunciations, and phonetically long [s1:t] as sit, as well.
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As introduced in 2.1, phonetic geminates can occur in American. However, these
geminates occur between morpheme boundaries and are not phonemic. The occurrence of
phonetically geminate cases are less common than phonetically long sounds in American
English.

In the following section, the experimental design for details will be described. As
mentioned in Chapter 1, students seem to be confused not only short-long distinctions (e.g.
shita vs. shitta and shita vs. shiita) but also confused between geminates (e.g. shitta) and long
vowels (e.g. shiita). Thus we explore whether learners can discriminate (a) a singleton and
geminate (e.g. shita “under, below” vs. shitta “knew”), (b) short vowel and long vowel (e.g.
shita “under, below”, under” vs. shiita “theta”), and (c) geminate and long vowel (e.g. shitta

“knew” vs. shiita “theta”).

In pursuit of replication of Darcy, Daidone, and Kojima (2013, 2015), an ABX task was
chosen, rather than an AX task that Altmann, Berger, and Braun (2012) used. As mentioned in
3.1 (p.21), participants have to rely solely on their knowledge of phonetic/phonemic category
stored in memory in ABX task. It is due to time intervals between each stimulus.

In Darcy, Daidone, and Kojima (2013, 2015), only singletons and geminates were used as
length contrasts for the ABX discrimination task and lexical decision task. In this study, a crucial
addition was made to explore learners’ perception and processing of length contrast in
Japanese in a more holistic way. Thus, the two additional contrasts were: short vowel and long
vowel, as well as geminate and long vowels. To date, this study will be the first to include three
contrasts of length contrasts (i.e. singleton vs. geminate, short vs. long vowel and geminate vs.

long vowel) in one task.
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In this task, we expect high accuracy rate in general regardless of proficiency level and
type of stimuli based on Darcy, Daidone, and Kojima (2013, 2015). The results of the study
suggested that learners score high accuracy (above 90%) for an ABX discrimination task even at
the beginning level. According to their study, proficiency plays a crucial role in accuracy rates on
the lexical decision task but not for the ABX task.

As for the prediction in terms of discriminability, it is expected that vocalic length
contrast will be easier than consonantal length contrast based on Altmann, Berger, and Braun
(2012). This advantage of vocalic contrasts over consonantal contrast is also predicted by the
phonetic realization of long vowel and geminate in American English. Although duration is not a
primary cue in perception, there are more phonetically long vowel than geminates (see 3.1, p.
22). It is likely that listeners are more accurate at discriminating when they have more exposure
to some phonetic feature directly or indirectly related to the L2 contrast in question. Hence, we
predict higher accuracy in the vocalic length contrast than in consonantal length contrast.

With respect to the contrast between geminate and long vowel, there are at least two
different interpretations and predictions in discriminability. Despite of the perceptible acoustic
duration of a geminate or a long vowel itself, they are both “long” (e.g. two morae). Thus,
participants have to discriminate the type of length (i.e. geminate/long vowel) while the length
is perceptually equal between the two items. In this respect, discriminating a geminate from a
long vowel could be harder than discriminating a short from a long segment (e.g. singleton vs.
geminate, or short vs. long vowel). Another possibility is that it could be easier for participants

to discriminate a geminate from a long vowel, because they could make use of the inherent
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phonetic cues pertaining to the geminate vs. the vowel over a longer period of time (because

they are long segments).

3.2 Experimental Conditions and Stimuli

Disyllabic sets of non-word were used. Since learners’ L1 is English, none of the stimuli
were real Japanese or English words. As mentioned in 3.1, there were three targeted types: (i)
singleton (e.g. mete), (ii) geminate (e.g. mette) and (iii) long vowel (e.g. meete).
The design of the ABX task in the current study compares participants’ performance in three
test conditions (see Table 3.1): singleton vs. geminate, single vs. long vowel and geminate vs.
long vowel.

Table 3.1: Experimental Conditions and Sample Trials for ABX

Condition Sub-conditions Sample trial (A—B—X) Expected answer
Baseline Baseline goka - kogga — goka A
Geminate Condition (GC) mette - mete — mete B
Test Long Vowel Condition (LV) mete - meete — mete A
Quality of Length (GC/LV) mette - meete — meete B

All the stimuli were non-words, and learners were required to detect either the
difference between a short and long sound or the quality of the long sound. Test triplets consist
of one of the following sub-conditions: (a) Geminate (GC) (e.g. mette vs. mete), (b) Long Vowel
(LV) (e.g. meete vs. mete) and (c) Quality of Length (e.g. mette vs. meete). The comprehensive

list of non-word pairs is presented in Appendix B. There was no control condition per se (see
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Dupoux et al., 1997, Experiment 1). Instead, we used the first block of practice trials as a
baseline measure (see below) for analysis.

Stimuli were recorded multiple times by two female Japanese native speakers. This was
to reduce the effect of familiarity with one specific voice. Both speakers were trained linguists.
One speaker was a Tokyo dialect speaker while the other was a phonetician who is very familiar
with the Tokyo dialect. The recordings were made in a sound-proof room with a portable
microphone at a private university in the Tokyo region. Stimuli were recorded onto a computer
and later divided into separate sound files for presentation in the experiment. There was no
cross-splicing or manipulations to the sound files. The sampling rate was 22000 Hz and stimuli
were elicited by reading isolated non-words multiple times at a normal speed. Non-words were
written in roman alphabets (e.g. mete, mette etc.). The same native speakers of Japanese also
recorded the stimuli for the Lexical Decision task and for the Forced Lexical Choice (FLeC) in the
following chapters. In the ABX task, the trained phonetician’s recording was used for the first
and the second items in a triplet (i. e. A and B) and the Tokyo dialect speaker’s recoding was

used for the last item of a triplet (i.e. X).

3.3 Procedure

Each trial consisted of a triplet of non-words (i.e. A, B and X) where X is similar to either
A or B. Participants were asked to decide whether X was similar to A or B as quickly and
accurately as possible. For instance, if the test triplet was A - mete, B- mette, X - mete, the
correct answer for X was “A”. In half of the trials, X was equal to A, and in the other half, X was

equal to B. All the counterbalanced combinations of presentation orders (i.e. ABA, ABB, BAA
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and BAB), conditions (singleton, geminate and long vowel) and voice type (i.e. female 1 and
female 2) yielded a total of 144 test triplets (4*3*2 = 144).

The actual test session was always preceded by a practice session. The practice session
utilized 8 trials, used to make sure participants understood and executed the ABX task properly.
Thus, the practice session was specifically designed to have A and B differ in length and other
segments (e.g. k vs. g in this example: A = koga, B = gokka, X = koga). The extra cue (i.e. a
segmental difference) was expected to facilitate participants’ distinction of A and B while
familiarizing them with the task involving length contrasts. We used performance on this first
block as a baseline to evaluate outliers in this task.

Participants were seated in front of a laptop computer, equipped with high-quality
headphones in a sound-isolated room, and gave their answers by pressing keys on the
computer keyboard. Keys were labeled “1” or “2”. The 144 triplets along with 8 practice triplets
were presented in four randomized blocks separated by breaks. Experimental stimulus
presentation was controlled by the software DMDX (Forster & Forster, 2003). Randomization
was executed both among and within blocks. Accuracy and Response Time (RT) were measured.
Participants had 2500 ms to make their response before the next trial was initiated. Inter
stimulus interval was 500 ms. Response times were measured from the onset of the third item
in a trial. The participants were allowed to take breaks between the blocks as needed. The total
duration of this task was about 10-15 minutes.

This task was administered as the first in a series of 3 speech perception tasks: after the
subject completed the ABX task they move on to the Lexical Decision Task followed by the

Forced Lexical Choice (FLeC). The subjects filled out the demographic survey and language
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background questionnaire before or after all the experiments depending on waiting time for
their turn. Most of the participants filled in the survey and questionnaire before the

experiments.

3.4 Participants

The recruitment was done at a large university in the Midwest area in the United States.
Participants’ demographics and language/linguistic background were screened with two
separate questionnaires (see Appendix A). Two groups of late learners of Japanese (advanced
learners; n = 15, 5 males and 10 females), mean age = 24.6, beginning learners; n =19, 11 males
and 8 females, mean age 19) and one group of native speakers of Japanese (n = 16, 5 males and
11 females, mean age = 30.5) were tested.

All the learners in this study were native speakers of American English. None of the
learners reported having had formal education in or exposure to the Japanese language before
the age of 14 or 15 depending on which age they started to study Japanese in high school.

For learners, second languages that they were exposed other than Japanese were as follows:
Spanish (19), French (11), Chinese (4), German (2), Korean (2), Italian (1), Norwegian (1),
Hebrew (1), and ASL (1).

Advanced learners were either enrolled in 4th year Japanese (J401) or were teaching or
had taught Japanese as associate instructors at the time of recruitment. Average length of time
in Japan for advanced learners was 13.6 months (SD = 21.9). All the beginning learners were

enrolled in first semester of beginning Japanese (J101) at the time of recruitment. None of
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them reported having lived in Japan. Some of the learners had traveled to Japan. However, the
length of stay during the trip was no more than two weeks.

Native speakers of Japanese were recruited at the same university mentioned above
and most of them were enrolled as students who had taught/were teaching Japanese as
associate instructors. They were living in the US at the time of testing. Their average (self-
reported) proficiency in English was 5.2 out of 7.

No participants reported any history of hearing or speech disorder. Participants received
a small compensation of $10 for their participation in the study. All procedures used in this and
the following experiment were approved by the Indiana University Institutional Review Board

for Human Subjects (IRB# 1310570064).

3.5 Sample Characteristics and Data Screening

Mean accuracy rate and mean response time (RT) were measured on each condition
(baseline vs. test) for each participant and each item. First, accuracy on all items was screened
for outliers in the native speaker group. Five items obtained accuracy rates that were below 2.5
SD from the mean accuracy for this group and were removed from the analysis. Subsequently,
once these items were removed, individual accuracy in each condition was obtained for all
participants, and those who scored below 50% (i.e. lower than chance level) accuracy on the
baseline items were removed from further analysis since we cannot assume that they
understood the task. After this elimination 15 advanced learners, 13 beginners and 16 native

speakers were retained for the statistical analysis below.
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3.6 Accuracy Rate
3.6.1 Global Analysis

The following Table 3.2 shows the results of accuracy rate and response time between native
speakers (NS) and non-native speakers (Learners) to see the overall results and tendencies.
Note that we have not shown the results split by different learner groups (i.e. beginners and
advanced learners) in the following table.

Table 3.2: Mean Accuracy and RT According to Response for Each Group and Each Condition

Test Mean
Cond Group Response Accuracy SE Mean RT SE
First (X = A) 84 04 1159.4 | 50.3
Learners | ¢ cond (X = B 79 04 1149.2 | 55.6.
Mean 81 03 1154.3 43.9
Base
First (X = A) 88 .05 11448. | 642
NS Second (X = B) .96 .05 1151 68.5
Mean 90 04 1147.9 56.7
First (X = A) 83 02 1110.3 33.6
Learners | ¢ cond (X = B 92 02 1050.6 | 335
Mean 87 02 1080.5 32.9
Test
First (X = A) 96 03 962.4 46.2
NS Second (X = B) 98 03 904.5 46.1
Mean 94 03 933.5 45.5

As can be seen, all the participants had very high accuracy regardless of group or
condition. All the mean accuracy rates are around or above 80%. In terms of response time

(RT), native speakers and non-native speakers do not seem different from the baseline
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condition. However, native speakers’ response time seems faster than that of non-native
speakers in the test condition.

A linear mixed effects model was executed in SPSS 21 on accuracy rate. Group (i.e. native
speakers (NS) vs. learners (NNS)), Condition (i.e. baseline vs. test) and Response (i.e. First - A = X
vs. Second - B = X) were entered as fixed effects. Iltems and Subjects were entered as random
effects.

The type Il tests of fixed effects revealed significant main effects of Group (F (1, 59.2) =
6.9, p = .011) and Condition (F (1, 159.7) = 5.4, p = .021). However, there was no effect of
Response (F (1, 159.7) = 2.3, p = .13). In addition, none of the interaction between fixed effects
was significant: Group and Condition (F (1, 6232) =.005, p =.94), Group and Response (F (1, 6232)
=.98, p = .32) and Condition and Response (F (1, 159.7) = 1.1, p = .29). However, the three-way
interaction among fixed effects was significant: Group, Condition and Response (F (1, 6232)=7.5,
p =.006). Namely, native speakers are always more accurate than non-native speakers regardless
of Condition and Response, which is what led to the three-way interaction.

Note that mean accuracy in both the native speaker group and the combined learner
group showed that baseline performance was less accurate than the test condition. Baseline data
was collected through the training session. In the training session, koga, goka, kogga and gokka
were used. Eight triplets from these non-words were used (e.g. koga-gokka-koga, goka-kogga-
kogga). Segmental cues other than length contrasts were added to these stimuli, expecting to
facilitate participants’ distinction of A and B. It might be the case that additional cue did not help

to ease participants’ discrimination.
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3.6.2 Accuracy Rate by Group and Conditions

Next, a mixed effects model was run on the test condition only, to examine effects of
proficiency within the learners, as well as specific differences between subconditions. This
model specified Group (native speakers (NS), advanced learners (EA) and beginners (EB)) and
non-word condition (C-C:, V-V: and C:-V) as fixed effects. These three types of conditions are (i)
comparing singleton and geminate (i.e. C-C:), (ii) comparing singleton and long vowel (i.e. V-V:)
and (iii) comparing geminate and long vowel (i.e. C:-V:). Note that we did not include Response
from the fixed effects as its effect was not significant in the global analysis. Subjects and items
were entered as random effects.

Type Il test of fixed effects revealed significant main effects of Group (F(2,41)=7.3,p =
.002) and Condition (F (2, 136.9) = 7.7, p = .001). In addition, there was a significant interaction
between Group and Condition (F (4, 5930) = 3.8, p =.004).

For the overall effect of condition across groups, C-C: is the least accurate one (87.2%)
followed by C:-V: (90.8%) and V-V: is the most accurate (92.2%). Namely, we can see the
tendency that discriminating singleton from geminate is the hardest (i.e. lowest accuracy) and
discriminating singleton from the long vowel is the easiest (i.e. highest accuracy). A post-hoc
pairwise comparison with Sidak correction confirmed that above differences corresponds to the
statistical significance. Pairwise comparison between C-C: and V-V: was significant (p < .001).
Namely, the contrast between a long vowel and short vowel yielded better accuracy than
discriminating geminates from singletons. In addition, the pairwise comparison between C-C:
and C:-V: was significant (p = .02). That is, discriminating geminate from long vowel yielded

better accuracy than discriminating geminate from singleton. However, there was no statistical
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significance in the pairwise comparison between V-V: and C:-V: (p = .61). That is, discriminating
short and long vowels was as accurate as discriminating long vowels from geminates.

With respect to the effect of group, mean accuracy rate for each group showed that
accuracy rates for native speakers were the highest (97%), followed by the advanced learners
(91.6%) and the beginner’s accuracy rate was the least accurate (81.7%). Post-hoc pairwise
comparison with Sidak correction revealed that the native speakers are significantly more
accurate than beginners (p = .001). On the contrary, advanced learners were only marginally
more accurate than beginners (p = .051). In addition, there was no significant difference when
native speakers and advance learners were compared (p = .42). Thus, beginners were less
accurate than the native speakers while advanced learners were not significantly less accurate
than the native speakers. Despite the difference between the learner groups in comparison
with the native speakers, all three groups were overall highly accurate on this task (over 80%

correct).

1.00

.80 -

M Native speakers

.70 - W Advanced

Mean accuracy

@ Beginners
.60 -

.50

V:-C: C-C: V-V:

Figure 3.1: Accuracy Rate in Each Condition for Each Group. Error Bars Represent the 95% Cl
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Table 3.3 shown below is the summary of accuracy rate by each group. The accuracy
rates for specific conditions are listed in order from the highest to the lowest accuracy rate. For
both learner groups, V-V: scored the highest accuracy rate followed by C:-V: and C-C: scored the
lowest accuracy. It is critical to point out that these results are compatible with Altmann,
Berger, and Braun (2012): discriminating long vowel from singletons (i.e. V-V:) is more accurate
than discriminating geminate consonants from singletons. Unlike the learners, the native
speakers do not follow this pattern.

Table 3.3: Accuracy Rate in Order by Conditions

Beginners (EB) | Advanced Learners (EA) | Native Speakers (NS)

Most accurate V-V: (85.9%) V-V: (93.8%) C:-V: (97.9%)
| C:-V: (82.1%) C:-V: (92.4%) V-V: (96.9%)
C-C: (77.1%) C-C: (88.5%) C-C: (96.1%)

Least accurate

Post-hoc pairwise comparisons with Sidak correction each group were then used to
compare these sub-conditions. For the advanced learners, C-C: was marginally less accurate
than C:-V: (88.5% vs. 92.4%, p = .061), whereas C-C: was significantly less accurate than V-V:
(88.5% vs. 93.8%, p = .006). Although advanced learners were as accurate as native speakers
overall, these comparisons confirm that processing the singleton vs. geminate consonant
contrast is the most challenging.

Similar post-hoc pairwise comparisons with Sidak correction within the beginner group
revealed that C-C: was significantly less accurate than C:-V: (77.1% VS. 82.1%, p = .02) and C-C:
was also less accurate than V-V: (77.1% vs. 85.9%, p < .001). This pattern parallels exactly the

difficulties of the advanced learners but appear here more pronounced in the beginner group.
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We conclude that the order of accuracy represents an order of difficulty in processing the
length contrasts in L2: differentiating singleton from geminate consonants is the most difficult
task; learners experience relative ease in differentiating geminate consonants from long vowels
(C:-V:); Finally, differentiating short from long vowels is the easiest.

When it comes to the native speakers, none of the comparisons were statistically
significantly different as they are highly accurate on all the conditions in the range of 96.1 -
97.9% indicating a ceiling effect, which was expected for this group.

Other sets of pairwise comparisons with Sidak correction within each condition revealed
that the beginners were statistically less accurate than native speakers on all three conditions:
C-C: (p=.001), V-V: (p =.034) and C:-V: (p = .001). That is, the native speakers were more
accurate in all three different conditions.

Contrary to the beginner group, none of the comparisons showed significant differences
when comparing native speakers to advanced learners (C-C: (p = .18), V-V: (p =.81) and C:-V: (p
=.44)). Namely, the advanced learners were as accurate as native speakers regardless of
condition.

With respect to the comparison between advanced learners and beginners C-C: (p =
.026) and C:-V: (p = .046) are significant but not for V-V: (p =.18). That is, advanced learners are
more accurate than beginners in both C-C: and C:-V: conditions. However, comparing single and
long vowel (V-V:), the relatively high accuracy rates for advanced and beginning learners were
not significantly different (advanced learners: 93.8% vs. beginners: beginners: 85.9%). This may
be because the groups are approaching a ceiling effect, as this condition is the most accurate

out of the three conditions for both learner groups.
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In summary, advanced learners have succeeded in performing at native speaker levels in
this task overall, which suggests that some degree of perceptual acuity for length contrasts can
be acquired. In addition, advanced learners were more accurate than beginners in most of the
conditions except for the V-V: condition. In the V-V: condition, beginners were as accurate as
advanced learners. From these observations, we can conclude that gains in proficiency level
correspond to higher accuracy rates in the task.

Though advanced learners were as accurate as the native speakers, the advanced
learners follow the same accuracy order with beginners (i.e. V-V: > C:-V: > C-C:). we assume that
this accuracy order reflects the order of difficulty.

More importantly, the fact that V-V: was the most accurate and C-C: was the least
accurate in both beginner and advanced learner groups clearly corroborate the asymmetric
perception of non-native vowels and consonants that Altmann, Berger, and Braun (2012)
observed. That is, the vocalic length contrast appears easier to discriminate and the

consonantal length contrast is harder to discriminate.

3.7 Response Time
3.7.1 Global Analysis

The following statistical analysis is for response times on the discrimination task. It
complements statistical analysis for the accuracy rate. Therefore, we begin with the global
analysis to see overall results between native speakers (NS) and non-native speakers (NNS).

Namely, the results of non-native speakers include both beginners and advanced learners. Then
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we will move on to more detailed analysis by each group and condition in the following
sections.

Table 3.4 shows the results of response time between native speakers (NS) and non-
native speakers (NNS) for the overall results and tendencies. A linear mixed effects model was
executed in SPSS 21 on response time (RT). Mean response times were computed over correct
responses. group (i.e. native speakers (NS) vs. learners (NNS)), condition (i.e. baseline vs. test)
and response (first vs. second) were declared as fixed effects. Iltems and Subjects were declared
as random effects. Type Il test of fixed effects revealed that there is an effect of Condition
(Baseline: 1151.1 ms vs. Test 1006.9 ms: F (1, 155.2) = 26.7, p < .001) but no significant effect of
Group (NS: 1040.7 ms vs. NNS: 1117.3 ms: F (1, 49.2) = 1.7, p = .19) and Response (First: 1094.2
ms vs. Second: 1063 ms: F (1, 155.2) = 1.2, p = .28).

Table 3.4: Overall Mean Response Time by Condition for Non-Native Speakers (NNS) and Native
Speakers (NS)

Condition | Group | MeanRT Sig.
NNS 1154.3 F[(1,77.3)=.91]
Base
NS 1147.9 p=.79
NNS 1080.4 F[(1,43)=4.9].
Test

NS 933.4 p=.012

Although there was no effect of group, there was a significant interaction between effect
of Group and Condition (F (1, 5613.6) = 15.8, p < .001). However, none of the other interactions
including the three-way interaction were significant: Condition*Response (p = .31), and

Group*Response (p = .80), Condition*Group*Response (p = .84).
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Univariate tests further revealed that effect of interaction between Group and Condition
stems from the difference in response time for the test condition. Namely, native speakers and
non-native speakers are equally fast for the Baseline (p =.79) but native speakers are significantly

faster than non-native speakers in the test condition (p = .012).

3.7.2 Response Time by Group and Conditions

Next, a mixed effects model was run on the test condition only to examine the effects of
proficiency and sub-conditions. This model declares Group (native speakers (NS), advanced
learners (EA) and beginners (EB)) and Condition (C-C:, V-V: and C:-V:) as fixed effects. Again,
response (first vs. second) was excluded from fixed variable in the analysis below. Subjects and
items were declared as random effects.

The results revealed that there was a main effect of condition (F (2, 137.3)=7.7, p<
.001)) and of group (F (2, 41) = 4.4, p = .018)). However, the interaction of condition and group
was marginally significant (F (4, 5363.9) = 2.4, p = .052). Regarding the main effect of condition,
V-V: was the fastest in response time (mean RT: 996.7 ms). C:-V: is the second fastest (mean

RT: 1034 ms). C-C: is the slowest (mean RT: 1054.2 ms).
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Figure 3.2: Mean RT for Each Group and Condition (Error Bars represent 95%Cl)

Corresponding post-hoc pairwise comparisons with Sidak correction revealed that V-V:
(mean RT: 996.7 ms) yields significantly faster responses than V:-C: (mean RT: 1034 ms, p =
.034) and C-C: (mean RT: 1054.2 ms, p = .001). However, there is no statistical significance when
C-C: and V:-C: are compared (p = .45).

With respect to the effect of group, the results revealed that the native speakers’
recorded the fastest mean response times (mean RT: 934.2 ms). The beginners recorded the
second fastest response time (mean RT: 1031.1 ms) and the advanced learners’ mean response
time was the slowest (1119.6 ms).

Corresponding post-hoc pairwise comparisons with Sidak correction further revealed
that advanced learners were significantly slower than the native speakers in all three conditions
(C-C: (p =.025), V-V: (p =.015) and C:-V: (p = .011)). However, none of the comparison between

beginners and native speakers is significant (C-C: (p = .71), V-V: (p = .41), and C:-V: (p = .16)). In
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addition, there was no statistically significant difference when the advanced learners and
beginners are compared (C-C: p =.28, V-V: p = .42, and C:-V: p =.72).

In summary, native speakers were faster than the advanced learners in all three
conditions. However, the beginners and native speakers were equally fast. The results also
indicate that the beginners and advanced learners were equally fast. These results contribute to
the marginal interaction of Group and Condition.

The Table 3-5 in the following shows that the latency order of advanced learners and
native speakers match: V-V: is the fastest, followed by C:-V:, and C-C: is the slowest. Beginners
do not follow the pattern, but response speed was as fast as native speakers.

Pairwise comparisons with Sidak correction within group revealed that C-C: vs. C:-V: (p =
.028) and C-C: vs. V-V: (p = .001) were significantly different for native speakers. That means
processing long vowel and geminate (i.e. C:-V:) is faster than processing singleton and geminate
(i.e. C-C:). In addition, processing singleton and long vowel (i.e. V-V:) is faster than processing
singleton and geminate (i.e. C-C:).

For advanced learners, only C-C: vs. V-V: was significant (p = .005). Namely, V-V: is faster
than C-C:. Put differently, there was a statistical significance between the fastest condition (V-
V:) and the slowest condition (C-C:).

As for beginners, only the Pairwise Comparison between V-V: and C:-V: was significant
(p =.009). Again, the results showed that there was a statistically significant difference between

the fastest (V-V:) and the slowest (C:-V:) conditions.
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Table 3.5: RT Order by Conditions

Beginners (EB) Advanced Learners (EA)  Native Speakers (NS)

Fastest
| V-V:(997.4 ms) V-V: (1089 ms) V-V:(903 ms)
C-C: (1039 ms) C:-V: (1120 ms) C:-V:(925 ms)

Slowest
C:-V: (1056 ms) C-C: (1149 ms) C-C: (974 ms)

Unlike the accuracy rate, above results showed that beginners were as fast as native
speakers. On the contrary, advanced learners were slower than the native speakers. Recall that
advanced learners were comparable to native speakers regarding accuracy rate. Thus, we

speculate the slower latency is a trade-off of accuracy against response time.

3.8 Discussion

Overall, all three groups including the beginner group, performed with high accuracy. As
can be seen in the Table 3.6, all three groups were least accurate in the C-C: condition.
However, native speakers did not show any significant effect among the conditions as they
seemed to reach ceiling effect (96% or above for all the conditions). On the contrary, learner
groups followed a specific accuracy order (i.e. V-V: > C:-V: > C-C:). Statistically, the advanced
learners were not less accurate than native speakers. However, results of the advanced learners
showed statistical significance in most of the comparisons among conditions. Thus, we assume
that this accuracy order corresponds to the difficulty of discriminating length contrast and
quality of length. The results from the beginners enhanced this point as all the pairwise

comparisons among condition were significant.
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In summary, the results indicate that discriminating singletons from geminates is harder
than discriminating single vowels from long vowels. That is, the vocalic length contrast is easier
to process, corroborating the results from Altmann, Berger, and Braun (2012). Moreover, the
above accuracy order also demonstrates relative processing difficulty of Japanese length
contrasts: discriminating long vowels from geminates is easier than singletons vs. geminates
but more difficult than single vs. long vowels. Last but not least, it is worthy to point out that

proficiency matters despite the high accuracy across the ABX task.

Table 3.6: Accuracy Rate by Conditions

Beginners (EB) Advanced Learners (EA)  Native Speakers (NS)
Most accurate

| V-V: (85.9%) V-V: (93.8%) C:-V: (97.9%)
C:-V:(82.1%) C:-V: (92.4%) V-V: (96.9%)

Least accurate
C-C: (77.1%) C-C: (88.5%) C-C: (96.1%)

Table 3.7: RT Order by Conditions

Beginners (EB) Advanced Learners (EA) Native Speakers (NS)

Fastest
V-V:(997.4 ms) V-V: (1089 ms) V-V: (903 ms)
C-C: (1039 ms) C:-V: (1120 ms) C:-V: (925 ms)
Slowest
C:-V:(1056 ms) C-C: (1149 ms) C-C: (974 ms)

As for the response time, there were statistical significance in all comparisons among
conditions for native speakers. That is, their latency is sensitive to the type of condition.
Interestingly, the order of the response time by condition is exactly the same with the accuracy

rate that learners demonstrated (i.e. V-V: > C:-V: > C-C:). We assume that native speakers’
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accuracy was too high to have the order emerge in the accuracy rate. Indeed, only advanced
learners follow this order for both accuracy and response time. We can say that advanced
learners’ accuracy and response time are bound to the order of the processing difficulty: the
easier, the faster.

That said, recall that advanced learners were as accurate as native speakers when
accuracy rate was compared. However, the advanced learners were significantly slower than
the native speakers when the response time was compared. We assume that the advanced
learners’ response speed was not as fast as native speakers because the slower latency was a
result of compensation for accuracy.

Beginners were somewhat different in comparison with the advanced learners. When it
comes to the response time, they were as fast as native speakers and advanced learners. In
addition, their response time order by condition is not compatible with the order that advanced
learners and native speakers followed (V-V: > C:-V: > C-C:). All the pairwise comparisons by
conditions for beginners was significant for the accuracy rate ranging from 77.1 % to 85.9 %.
That is, their accuracy rate depends on the condition. Thus, we assume beginners’ latency order
does not attribute to the order of processing difficulty. Rather, it attributes to their proficiency:
there was some uncertainty in processing (i.e. less accuracy in comparison with advanced
learners and native speakers) and unlike advanced learners, processing speed does not

correlate with processing difficulty.
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3.9 Summary

In this chapter, we examined the difference between consonantal and vocalic length
contrasts, and the perception of quality of length (geminate vs. long vowel) along with the
effect of learners’ proficiency. We observed that both advanced and beginning learners can
discriminate length with high accuracy on an ABX task. Additionally, we confirmed that
proficiency and type of length matter. In particular, vowel contrasts were better discriminated
than consoanatal length contrasts as predicted. Of particular interst, both advanced and
beginning learners’ discrimination of geminate and long vowel was more accurate than that of
consonantal length contrast. However, it was less accurate overall than vowel length contrasts.
Our prediction was such that discriminating content of “long” is either more difficult or easier
than short and long contrast. The results indicate difficulty by learners was placed in the
middle: it was easier than consonantal length contrast since length was not a feature in
comparison. At the same time, it was more difficult than vocalic length contrast since the “long”
category is not monolithic and vowel contrast will be better perceived than consonantal
contrasts.

From the viewpoint of prevalent models of L2 phonological acquisition (i.e. SLM and
PAM-L2), the length contrasts are predicted as the most difficult contrast since American
English does not have length contrasts in a contrastive way. Contrary to the expectation
generated from these models however, learners’ accuracy on ABX task was very high.

In the next chapter, we address the issue as to whether learners can lexically encode the
length contrasts in Japanese. Darcy, Daidone, and Kojima (2013, 2015) suggested that there is a

discrepancy between discriminability and accuracy in lexically encoding. Lexical encoding refers
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to a state where learners stored L2 contrast to their mental lexicon. While a discrimination task
requires participants to make use of short-term memory, the lexical encoding task taps into

learners’ L2 contrasts in the lexicon: it requires long-term memory. We explorer this issue

through a lexical decision task.
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Chapter IV
Lexical Decision

4.1 Introduction

As was seen in the last chapter, the ABX task revealed that even at the beginning level,
learners had high accuracy in all the test conditions. The results corroborate those of previous
studies, especially by Darcy, Daidone, and Kojima (2013, 2015) in that even beginners scored
high accuracy rate. In this chapter, we report the results of the lexical decision task designed to
observe the learners’ ability to encode the L2 contrast (i.e. short vs. long contrast in Japanese)
in lexical representations. As was the case in the ABX task, vocalic length contrasts, and
comparison of geminate and long vowel were examined along with consonantal contrasts.

Lexical decision tasks are a commonly employed type of behavioral task in psychological
and psycholinguistic experiments (Rubenstein, Garfield, & Millikan, 1970; McCusker, Holly-
Willcox, & Hilinger, 1979, and many others). The task asks subjects to classify stimuli as a word
or a non-word in a given language while measuring accuracy and response speed. Hence, the
task implicitly requires full lexical processing. In other words, deciding whether something is a
word or not demonstrates successful word recognition as it involves a match between incoming
acoustic signals (i.e. stimuli) and stored forms. The task has been used to examine the nature of
lexical representations but is not limited to it. For instance, the task has been used to examine
the effects of word frequency (MacCusker et al., 1979; Marslen-Wilson, 1990), repetition
priming (Slowiaczek & Pisoni, 1986), facilitatory phonological priming, and so on (Goldinger,
Luce, Pisoni & Marcario, 1992, among others). See Goldinger (1996) for an extensive review on

the lexical decision task in speech perception.
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In the field of perception in the second language, learner accuracy and response speed
(i.e. latency) in comparison with native speakers is assessed. Traditionally, either ABX tasks (see
Chapter 2 and 3 for details) or lexical decision tasks are used in previous studies. As mentioned
in the last chapter, researchers use ABX tasks to assess learner’s ability to discriminate L2
contrasts, while a lexical decision task typically assesses how precisely learners made
connection between what they perceived and what they store in the mental lexicon (i.e. lexical
encoding). Unlike the traditional approach, Darcy, Daidone, and Kojima (2013, 2015) made use
of both ABX and lexical decision to evaluate discriminatory ability and precision of lexical
encoding in one study (i.e. same experimental groups for both tasks). By combining the two
tasks, the research investigated whether there is a discrepancy between discriminatory ability
and precision of lexical encoding ability. The results of the study cast a new light on a
discrepancy between L2 learner’s discriminatory ability and precision of lexical coding. That is,
learners can detect physical difference of short and long consonant in Japanese (e.g. mete vs.
mette), but were still inaccurate in lexical decision. The study conducted ABX task using non-
words along with the Lexical Decision task using word and non-words (Darcy, Daidone, and
Kojima, 2013, 2015).

Not only did the study suggest the discrepancy, the study corroborated previous
findings on asymmetric lexical encoding specific to the second language acquisition through the
auditory lexical decision task. Asymmetric lexical encoding was originally suggested by Weber
and Cutler (2004) and Cutler, Weber, and Otake (2006), using eye-tracking methodology (see
also Escudero, Hayes-Harb, & Mitterer, 2008, for a word learning study showing the same

asymmetry when orthographic information is provided).
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The core idea of asymmetric lexical encoding is that learners refer to the closest L1
category (i.e. old) when evaluating an L2 category in question (i.e. new), particularly, when L2
learners have to deal with an L2 category that is not in their L1. To take an example from the
current experiment, Japanese singleton and geminate can be defined as follows: the closest L1
category for this contrast is a singleton segment in English. When learners have to process an L2
new category, say sakka “writer”, they refer to the old category (i.e. singleton). In fact, there is
a word saka “slope” in Japanese. Thus, learners need to encode saka and sakka precisely to
distinguish those two words. There are also cases involving an L2 word that features a new
category—a long vowel as in apaato “apartment”—but its short vowel counterpart is not a
word in Japanese (i.e. *apato).

Unlike the ABX task, Darcy, Daidone, and Kojima (2013, 2015) reported that accuracy
rates differed by proficiency level in their lexical decision task. That is, the accuracy rate in the
advanced learner group was higher than the one for the beginners overall. Since the task asks
participants to decide whether stimuli are words or not, the results of their study suggested
that the size of vocabulary matters for the lexical decision task.

Furthermore, the results indicated that there is an interaction between condition
(control vs. test) and lexical status (word vs. non-word). The authors suggested the asymmetric
lexical encoding embodied a specific order in accuracy through these interactions: (1) control
word, (2) test word (old), (3) test word (new), (4) control non-word, (5) test non-word (new)
and (6) test non-word (old). In general, researchers assume control stimuli are more accurate
than test stimuli. In addition, it is well known that words are always more accurate than non-

words (Forster and Chambers, 1973). Weber and Cutler (2004) and Cutler, Weber, and Otake
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(2006) showed that a L1 like category (i.e. dominant) is better perceived than a new L2 category
(non-dominant). If the old category always placed higher than the new category, the last two
orders (i.e test non-word (new) > test non-word (old)) do not comform to the order predicted.
Darcy, Daidone, and Kojima suggested that this is due to a peculiarlity of L2 lexical processing.
The study suggested that this very order is evidence for asymmetric lexical encoding. In the
case of test-words, knowledge of the L2 vocabulary helps learners process even words using a
new category. In the case of non-words, L2 learners cannot make use of the knowledge of L2
vocabluary. Hence, learners’ L2 processing relies on a strategy that enables them to use old and
new categories. On the reverse order of the test non-word, Darcy, Daidone, and Kojima
explained that a non-word with a new category is more accurate since the learner can refer to
the old category to determine that the incoming input is not a word. For instance, upon hearing
*akkeru, learners can easily reject it by referring to a word containing an old category akeru “to
open”. However, when it comes to processing a non-word with an old category (e.g. *kipu),
learners need to refer to a word with the new category (e.g. kippu “ticket”). The authors came
to the conclusion that learners’ representation for the new category is somewhat imprecise
(“fuzzy”) and it contributes more to erroneous lexical activation compared to the old category.
The study reinforced asymmetric L2 lexical encoding in a modality (i.e. auditory perception)
other than visual perception (i.e. the eye-tracking) as used by Weber and Cutler (2004) and

Cutler, Weber, and Otake (2006).
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4.2 Rationale and Predictions

What needs to be examined now, other than replicating the previous study, is to
investigate the relationship between geminates and long vowels as a new L2 category. The
learners’ mistakes (Chapter 1, p. 6) imply possible confusions within a “long” category, along
with the short vs. long contrast. Therefore, the current experimental paradigm incorporated
stimuli with long vowels (e.g. apaato “apartment”) in addition to the ones with singletons and
geminates. In this way, one is able to examine how learners process singleton vs. geminate (e.g.
akeru “to open” vs. *akkeru, short vowel vs. long vowel (*apato vs. apaato “apartment”) and
long consonant vs. long vowel (e.g. hikkosu “to move” vs. *hiikosu “sort”). In combination with
ABX task results (Chapter 3), this enables us to capture a more holistic picture of the L2 length
contrast processing and lexical encoding in L2 learners of Japanese.

ABX examines L2 learners’ discriminability while lexical decision examines their ability to
store L2 contrasts in long-term memory (i.e. lexical encoding). In ABX, we observed high
accuracy regardless of group (i.e. above 85%). Thus, if there is a discrepancy between these
abilities, there will be a difference in performance (i.e. accuracy rate) between ABX and lexical
decision tasks.

With respect to the difference between vocalic and consonantal length contrasts, if
there is a perceptual advantage (see ABX results in Chapter 3), we expect vocalic length
contrasts elicit higer accuracy rate than consonantal length contrasts. In addition, the
comparative accuracy between geminte and long consonant will be more accurate than

consonantal length contrast but less accurate than vocalic length contrast.
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As a task-specific prediction for lexical decision task, a higher accuracy rate overall is
expected for advanced learners than for beginners (Darcy, Daidone, and Kojima, 2013, 2015). If
learners process stimuli by way of asymmetric lexical encoding, we expect an interaction
between lexical status and condition. Hence, we expect to replicate the specific order of
accuracy shown in 4.1: (1) control word, (2) test word (old), (3) test word (new), (4) control non-
word, (5) test non-word (new) and (6) test non-word (old). If there is the intereaction from
vocalic length contrasts, this would be a new finding. This contributes to a better understanding

of length contrasts in L2 Japanese.

4.3. Method
4.3.1 Experimental Conditions and Stimuli

Thirty-six Japanese words (12 with singletons, 12 with long vowels, 12 with geminates)
were selected as test words from the textbook used by the first-year and second-year students
at the institution where the current research project was executed. The textbooks are called
Genkil and Il (Banno et. al., 1999). The textbooks were used to enhance the level of familiarity
with the lexical items among all learners. 45 filler words as distractors were also selected from
the same textbooks (see the comprehensive lists of test words, test-non-words and fillers in
Appendix A).

Two female native speakers of Japanese recorded all of the stimuli in a noise-isolated
recording room: one is a Tokyo dialect speaker and the other one is a trained phonetician from
Niigata Prefecture. Half of the stimuli were chosen from the recording made by the Tokyo

dialect speaker and the other half was chosen from the recordings by the trained phonetician,
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in an effort to avoid familiarity to one voice so that it does not affect the experimental results.
When balancing as to which voice to be used, all the conditions were considered and
meticulously split in half. For instance, if there were 4 geminate non-words, we used two from
the Tokyo dialect speaker, the other two from the trained phonetician, and the same is true for
the rest of the stimuli.

For the test words with singleton (henceforth “Origin S”), 12 words containing a singleton
were selected as test items (e.g. akeru “to open”). For the test words with geminate (henceforth
“Origin G”), 12 words containing a geminate were selected as test items (e.g. hikkosu “to move”),
and finally, for the test words with long vowel (henceforth “Origin L”), 12 words with a long vowel
were selected as test items (e.g. apaato “apartment”).

For each test word mentioned above, two corresponding non-word conditions were
created, resulting in a total of 108 test stimuli (i.e. 36 words + 72 corresponding non-words).
Those non-word conditions function as non-word test items in the experiment. For instance,
akeru “to open” is one of the test words with singleton (i.e. Origin S). We created one test non-
word with geminate (Condition G) by altering the singleton consonant to a geminate (e.qg.
akeru “to open” = *akkeru). Then, another non-word with long vowel (Condition L) was
created by elongating the first vowel to create a long vowel (e.g. akeru = *aakeru). Likewise,
test for words with geminate such as hikkosu “to move”, (i.e. Origin G), one non-word
(Condition S) was created by altering the geminate into a singleton consonant (e.g. hikkosu “to
move” = *hikosu). Then, another non-word (Condition L) was created by switching the length
from the geminate to a long vowel (e.g. hikkosu = *hiikosu). Similarly, for test for words in the

Origin L, one non-word with singleton (Condition S) was created by shortening a long vowel
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(e.g. apaato “apartment” = *apato) and another non-word (Condition G) was created by
switching the length from the long vowel to a geminate (e.g. apaato = *apatto). Note that the
original status with respect to the length and its quality (i.e. singleton, geminate/long
consonant or long vowel) is expressed as Origin from now on. Those test non-words with
singleton are referred as Condition S, the non-words with geminate will be referred to as
Condition G, and the non-words with long vowel will be referred to as Condition L, respectively.

Table 4.1 shows an overview of the word and non-words conditions (test) for this experiment.

Table 4.1: Overview of the Conditions for the Test Words and Test non-Words (marked by *),
Distinguishing Origin and Condition. A double-letter indicates a long vowel or a long consonant

Non-word Non-word Non-word (long
Origin Word (singleton) (geminate) vowel)
Condition S Condition G Condition L
*akkeru *aakeru
akeru
S N/A Origin S Origin S
“to open”
Condition G Condition L
*hikosu *hiikosu
hikkosu
G Origin G N/A Origin G
“to move”
Condition S Condition L
*repoto *repotto
repooto
L Origin L Origin L N/A
“report”
Condition S Condition G

For the control condition, 45 words were selected from the textbooks and included as

fillers in the experiment. Each filler word was modified to create a corresponding non-words
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just like the test words. However, the non-word fillers were made by altering one feature or a
segment (e.g. tenki “weather” = *tengi) so that those filler non-words did not involve any
length contrasts.

In summary, a total of 198 stimuli were used in the experiment: 108 test items (i.e. 36
Japanese words, 24 non-words with singleton, 24 non-words with geminate, and 24 non-words
with long vowel) and 90 fillers (i.e. 45 word and 45 non-word fillers). The overall proportion of

words and non-words in the experiment was 81 words (41%) for 117 non-words (59%).

4.3.2 Procedure

The 198 items mentioned above were divided into three blocks consisting of 66 items
(i.e. 36 test items and 30 fillers), such that members of a triplet (e.g. akeru “to open”- akkeru-
*aakeru) were placed in a different block. The presentation of stimuli was controlled by the
DMDX software (Forster & Forster, 2003). The stimuli were presented in a randomized order:
the three blocks were randomized among blocks and within each block. Each participant thus
had a different presentation order of blocks (i.e. Block1 -Block2-Block3, Block3-Block1-Block2
etc.) and a different presentation order of stimuli within a given block.

The participants were seated in a sound-isolated or very quiet room in front of a laptop
wearing high-quality headphones (Sennheiser HD515). They were able to self-select a
comfortable listening level. The instructions were displayed on the screen, and asked
participants to answer whether a stimulus was a real Japanese word or not. They were also told
to answer as quick and accurately as possible. The left Control key was assigned for a non-word

response and the right Control key was assigned to a word response. Hence, when participant
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thought the sound sequence he/she heard is a Japanese word, they hit the right Control key
whereas when they thought it was a non-word, they hit the left Control key.

The keys were colored and indicated yes (i.e. the stimulus was a Japanese word) and no
(i.e. the stimulus was not a Japanese word) respectively. All the instructions were given in
English for the learner groups and in Japanese for the native speaker group. For the advanced
learner group, 1 participant reported being left-handed, 13 participants were right handed, and
1 reported being ambidextrous. For the beginner group, 1 participant reported being left-
handed, 17 participants were right handed, and 1 reported being ambidextrous. For the native

speaker group, 1 participant reported being left-handed and 15 participants were right handed.

Participants were first asked to adjust the sound volume and placement of the headsets
then move on to the practice session to get used to the task. There was a short practice session
with 9 trials prior to the test session. Each practice trial was followed by feedback (“correct” or
“wrong”) as soon as the participant hit the left (no) or right (yes) key. For the practice session,
the items were either a word or a non-word (e.g. migi “right”, *nigi, sakana “fish”, *sagana).
However, none of the practice trials contained a geminate or a long vowel. After the practice,
participants were offered the chance to clarify any questions they had, and then were told that
there will be three blocks to complete the task. The participants were allowed to take a break
for as long as they wished between those trial blocks. For details on the stimuli, see Appendix B
and for the instructions for the task, see Appendix C.

During each trial, one word or non-word was presented through the headphones. The

participant had 2200 ms to make an answer before the next trial started. The Inter-trial interval
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was 2600 ms. Accuracy and response times were collected. Response times were measured

from the beginning of each item.

4.3.3 Participants

The three groups who participated in the ABX task (i.e. native speakers, N = 16,
advanced learners, N = 15, and beginners, N = 19) also took part in this task (see Chapter 3,

page 30).

4.4 Results
4.4.1 Sample Characteristics and Data Screening

Mean accuracy scores were computed for each subject, and were screened for outliers,
if any. One subject from advanced learner group whose overall accuracy score was beyond 2 SD
from the group mean was considered an outlier. Then, we examined item accuracy. We looked
at the native speakers’ accuracy rate separately for words and non-words. Native speakers’
mean accuracy for the words was 96% (SD = 8) while mean accuracy for the non-words was
93% (SD = 1.7). Then those items with mean accuracy beyond + 2 SD were excluded from
further analysis: 4 words and 5 non-words were excluded according to this criterion. Finally,
subjects’ mean accuracy scores were again screened after exclusion of the outlier items, to
exclude outliers with a mean accuracy beyond £ 2 SD from their group mean. The same outlier
subject from the advanced group was again considered an outlier following this criterion and

excluded from further analysis.
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After excluding outliers, overall accuracy and Response Time (RT) were examined by
lexical status (word vs. non-word) and by condition (test vs. control), in each group. Later we
examine the specific types of test items by sub conditions (i.e. Condition S, L and G and Origin S,

GandL).

4.4.2 Accuracy Rate - Global Analysis

Table 4.2 shows the overall accuracy rate and RT means by lexical status and condition.
When looking at accuracy, the native speakers were very accurate in all conditions for both words
and non-words. With respect to the learner groups, accuracy rates are higher for words than for
non-words in both groups. We also see a difference in the two conditions (test vs. control),
whereby items in the control condition (i.e. distractors) were overall responded to more
accurately than the items in the test condition.

A mixed effects model was conducted in SPSS 21 on the accuracy rates, declaring the
factors “group” (i.e. native speakers (NS), advanced learners (EA) and beginners (EB)), “lexical
status (i.e. word vs. non-word), and “condition” (i.e. test vs. control) as fixed effects.

Participants and items were declared as random effects.
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Table 4.2: Mean Accuracy (%), mean RT (ms) and Standard Error (SE) in the Control vs. Test
Conditions in Lexical Decison for Japanese Words and Non-Words, for Each Group

Lexical . NS Advanced Beginning
Condition
status Mean SE Mean SE Mean SE
word Control 97.5 .023 92.9 .024 66.1 .022
non- Control  97.6  .032 867  .033 558  .032
Accuracy word
word Test 971  .028 905  .028 63.7  .026
non- Test 96.7  .022 756  .023 371 .021
word
word control 1019 39.6 1180 55.3 1271 36.9
non- control 1123 44 1342 455 1388 424
RT word
word test 1156 41.7 1298 43 1339 39.3
non- test 1183 39.2 1469  40.7 1461 37.2
word

Note: mean RT is computed over correct responses only

When looking at the Type Il tests of fixed effects, the F-tests revealed that there was a
main effect of group on accuracy (native speakers, 97.2%, advanced, 86.4%, beginners, 55.7%,
F[2, 47.4] = 181.1, p < .001). Performance for words was more accurate than for non-words
(lexical status: F[1, 185.7] = 28.3, p <.001). Accuracy rate was also higher in the control condition
compared to the test condition (condition: F[1, 185.7] = 10.6, p < .001). All interactions were
significant (all p <.01), including the triple interaction among group, lexical status and condition
(F[2, 8631.9] =8.2, p <.001).

When looking at interaction between group and condition, learner groups were more
accurate in the control condition compare to the test condition (both advanced and beginning
learner groups, p < .001). Additionally, a significant interaction of group and lexical status was

found: learner groups were significantly more accurate for words than non-words (both p <.001).
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The interaction between condition and lexical status was also statistically significant F[1, 186] =
5.4, p < .02). However, condition had no effect on the native speaker performance (p =.77). In
fact, both lexical status and condition do not affect native speakers’ accuracy as well: their
accuracy rate is above 95% for all cases (p > .96). Therefore, the interactions mentioned above
are mainly due to learners’ performance. More specifically, both advanced learner and beginner
groups followed an accuracy order as follows: control word > test word > control non-word > test
non-word. This indicates that lexical status for learners is a primary factor to perform better on

the lexical decision task. Then, the condition is the secondary factor to yield higher accuracy rate.

4.4.3 Learners’ Accuracy Rate as a Function of Origin

As was seen in the last section, the accuracy rate of the native speakers is not affected by
lexical status (i.e. word vs. non-word) or condition (test vs. control). However, learner’s accuracy
is greatly influenced by both lexical status and condition. In order to explore more in depth
regarding the effect of length manipulations, we consider only the test items, eliminating items
in the control condition for the following analysis (i.e. control words and control non-word).

When analyzing the test items, we incorporated origin as an additional fixed variable.
Origin refers to the original status regarding the length of a phoneme before modification to
make a test non-word. For instance, a word akeru “to open” is an example of origin S since the
word has no geminate or long vowel. On the contrary, hikkosu “to move” is an example of origin

G as it has a geminate in it. Finally, apaato “apartment” is an example of origin L.
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Table 4.3: Mean Accuracy (%) and Standard Error (SE) in the Test Condition in Lexical Decision
for Japanese Words and Non-Words, for Each Group by Origin

Origin NS Advanced Beginning
& Mean SE Mean SE Mean SE
S 96.1 .043 90.5 .044 75.5 .04
Word G 97.2 .043 93.5 .044 63.4 .04
L 98 .046 87.1 .047 50 .043
Non S 96.1 .034 85.1 .035 30.4 .032
Word G 95.5 .034 69.3 .035 31.3 .032
L 98.6 .034 72.3 .035 49.8 .032

Note: mean RT is computed over correct responses only

Table 4.3 shows the overall accuracy rate of test word and test non-words for each group
separated by Origin. Native speakers’ accuracy rate is above 96% regardless of the origin and
condition. Advanced learners’ accuracy rate varies from 72% to over 90% depending on the origin
and/or lexical status. For instance, we can see that their accuracy is higher when accepting a word
with singleton/short vowel 90.5 % (e.g. akeru, Origin S) than when rejecting a non-word with a
singleton/short vowel, 85.1% (e.g. *akkeru/*aakeru, Origin S). Beginners’ accuracy rates also
vary. In addition, the accuracy rate is low overall. Note that all of the results of beginners for test
non-words are below chance level (i.e. 50%).

In order to evaluate the effect of origin on each group’s accuracy, a linear mixed effect
model was executed in SPSS 21 on the accuracy means. It declared the factor group (i.e.
beginners, advanced learners and native speakers) as a fixed effect and the factors lexical status
(i.e. word, non-word) and origin (i.e. S, G and L) as repeated effects within subjects. Participant
and item were declared as random effects.

When looking at the type lll tests of fixed effects, the F-tests revealed a main effect of

group (F (2,45.9 =107), p <.001), and lexical status (F (1, 100.6 =42.9), p < .001). However, there
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was no significant main effect of origin (F (2, 100.6 = 1.3), p = .3). Despite the fact that origin was
not significant, all the possible interactions including the triple interactions of group, lexical status
an origin, were significant: the interaction between group and lexical status (F(2, 4814 =48.2), p
<.001), group and origin (F(4, 4814 = 2.6, p = .032), lexical status and origin (F(2, 100.1=4.4, p =
.014) and a triple interaction between group, lexical status and origin (F 4, 4814 = 21.6, (p < .001).

Given that the triple interaction was significant in the global model, it is appropriate to
take a closer look by group to evaluate whether the interaction of origin and lexical status is
significant. As a reminder, a significant interaction might indicate difficulties in lexical encoding.
A linear mixed effect model was executed in SPSS 21 on the accuracy means, for each group
separately. It declared the factors lexical status (i.e. word, non-word) and origin (i.e. S, G and L)
as repeated effects within subjects. Participant and item were declared as random effects.

For native speakers, lexical status (F (1, 100 = .11), p = .8) and origin (F (2, 100=1.6), p =
.2) did not have an effect on their accuracy rate for the lexical decision task. Just like the one we
observed in the global analysis, accuracy rate is very high regardless of the lexical status or origin
of the stimuli (lexical status: word 97.1%; non-word 96.8%; origin: G 96.4%; L 98.3%; S 96.1%).
The interaction between lexical status and origin was not significant, suggesting that the native
speakers encode both long and short sounds equally accurately in their mental lexicon.

For advanced learners, there was a significant effect of lexical status (F (1, 100 = 26.3), p
<.001), such that words were more accurate than non-words. There was no significant effect of
origin (F (2, 100 = 2.9), p = .057). However, the interaction between lexical status and origin F (2,

100.6 = 3.7), p = .028) was statistically significant. That is, origin itself does not crucially play a
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role unless lexical status is not taken into consideration (mean accuracy: origin S, 87.8%, origin
G, 81.4%, and origin L, 79.7%).

For beginners, there was a significant effect of lexical status (F (1, 100 = 35.8), p < .001)
such that words were more accurate than non-words. However, there was no significant effect
of origin (F (2, 100 = .57), p = .6). As in the case of advanced learners, the interaction between
lexical status and origin was statistically significant F (1, 100 = 9.2), p < .001). As in advanced
learners’ results , origin as a whole does not crucially play a role unless lexical status is not taken
into consideration(mean accuracy: origin S, 52.9%, origin G, 47.4%, and origin L, 49.9%) .

For advanced learners, there was no significant effect of origin on test words (F (2, 100 =
.57, p = .57). Accuracy rate for test words on origin G was 93.5%, origin L (87.1%) and origin S
(90.5%). Origin only influenced accuracy for test non-words (F (2, 100 = 8.9, p < .001)) such that
origin S (85.1%) yielded better accuracy than origin G (69.3%) and L (72.3%). Corresponding post-
hoc pairwise comparisons with Sidak correction of test non-words for the advanced learners
revealed that the comparisons between origin S and G (p < .001), origin S and L (p = .005) were
significant. However, the comparison between origin G and L was not significant (p = .84). The
results indicate that there is an asymmetric result in accuracy rate between origin S and other
origins (i.e. origin G and L). That is, origin S yields always better accuracy rate than origin G and
L. However, origin G and L are not different in terms of its contribution to the accuracy rate. We
will discuss this further in 4.8.

When looking at simple main effect of origin for each level of lexical status (i.e. the
Univariate tests), beginners' accuracy on word (F(2, 100 = 4.1, p = .019)) and non-word (F(2, 100

= 6.7, p =.002)), it was significantly impacted by origin, such that origin S (75%) yields better

66


https://accuracyrate.We

accuracy than origin G (63.4%) and L (50%) for test words. Post-hoc pairwise comparisons with
Sidak correction for test words revealed that the difference between origin S and G was not
significant (p = .4) while the difference between origin S and L was significant (p = .015). In
addition, the difference between origin G and L was also not significant (p = .35). The results
indicate that though origin S yields better accuracy than origin G and L for test words, origin S
(75%) and G (63.4%) are not different while origin S (75%) and L (50%) are different in how
origin has impact on accuracy rate in response to test words. When origin G (63.4%) and L
(50%) were compared, the contribution of each origin to accuracy rate does not differ.

As for the test non-word condition, origin L (49.7%) yields better accuracy than origin S
(30.3%) and G (31.3%). Corresponding Pairwise Comparison revealed that origin S and G were
not significantly different (p = 1) while origin S and L (49.7%) were significantly different (p =
.005). In addition, origin G (31.3%) and L (49.7%) were significantly different (p = .008). Contrary
to the test words, origin L corresponded to better accuracy than other origins in beginners’
non-test words.

In summary, while lexical status and origin do not affect the accuracy of native speakers,
learners were greatly affected by lexical status. Namely, words always lead better accuracy for
both beginners and advanced learners. Although origin itself was not statistically significant for
both beginners and advanced learners, both learner group had significant interactions with
lexical status. The interaction between lexical status in advanced learners took a form in which
only test non-words were affected by origins. In contrast, both test words and test non-words
were influenced by types of origin for beginners. For instance, the mean accuracy rate of test

word for beginners with origin S was 76% whereas the one with origin L scored 50%. In the case
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of test non-words, the accuracy rate of non-words with origin L is 50%. However, the mean
accuracy of non-words with origin S was 30%.

Notably, the univariate test showed that there is no difference between native speaker
and advanced learner groups when it comes to the accuracy rate for the test words (p =.3). While
lexical status was a critical factor for accuracy rate in both advanced and beginning learners,
origin critically differenciates from native speakers to the advanced learners if and only if the
stimuli were test non-words. Therefore, we further report another statistical result focusing

specifically on test non-words for the learner groups in the next section.

4.4.4 Learners’ Accuracy Rate as a Function of Word Origin and Non-word Condition

As seen in the previous section, origin interacted with lexical status to affect accuracy
rates only for learners. Specifically, for beginners, the accuracy rate by different origins
influenced accuracy rates for both test words and non-words, whereas for the advanced learners
origin played a crucial role in accuracy rate when the stimuli were non-words. For instance, in
advanced learners a non-word with origin G (69.3%) triggered more errors than a non-word with
origin S (85.1%).

However, considering origin alone is not sufficient to reveal what contributes the errors.
For instance, those that are labeled as origin G non-words can surface in two forms (i.e. sub-
conditions). It can either become a non-word with singleton (origin G becomes non-word
conditions S, henceforth G = S), or it can become a non-word with a long vowel (G = L).

Therefore, it is important to know how origin relates to these non-word conditions. In what
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follows, we thus examine this interaction for test non-words, in the learner groups, and declaring
the fixed effect of origin and non-word condition.

Non-word condition is a subcategory coding the phoneme change occurring in the test
non-words. Each test non-word in this study can be classified by the subcategory. There are three
sub-categories: non-word condition S, G and L. non-word condition S is a test non-word that
contains a singleton/short vowel. A test non-word with a geminate is called non-word condition
G, and a test non-word with a long vowel is called non-word condition L. Each test non-word can
have two different origins.

To demonstrate the relationship between the non-word condition (i.e. 3 sub-categories)
and origin, let us take akeru “to open” as an example. It is a test word and labeled as origin S.
Then *akkeru and *aakeru (which are both derived from the word akeru) will be categorized as
test non-words. The first one belongs to non-word condition G whereas the second one belongs
to non-word condition L. See Table 4.1 in section 4.3.1 for an overview of the stimuli types.

We performed an analysis that is parallel to what was done in the last section. As seen
above, we split results of test non-words by group and execute a linear mixed model for each
group in SPSS 21 on the accuracy means. It declared origin (S, G, L) and non-word condition (S, G,
L) as fixed effects within subjects. Table 4.4 provides an overview of the descriptive mean scores

for this analysis.
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Table 4.4: Accuracy Means (%) for Each Group and Origin as a Function of Non-Word Condition

NONWORD CONDITION Overall Mean
GROUP ORIGIN igi
S G L by Origin
S 96 97 96
G 97 94 26
NS L %8 > >
Overall mean by
non-word 97 98 %6 =
condition
S 89 85
G 76 69
ADV L "
Overall mean by
non-word 71 74 82 78
condition
S 25 36 30
G 27 36 31
BEG L 48 >2 >0
Overall mean by
non-word 37 38 36 20

condition

When looking at the type Il tests of fixed effects on the native speakers, the F-tests
revealed that there was no overall effect of origin (F (2, 66.2 = 1.3), p =.28) or non-word condition
(F (2, 66.2 = .66), p = .94). In addition, there was no interaction between origin and non-word
condition (F (1, 66.2 = 1.7), p = .2). As was in the case in the previous sections, native speakers’

performance is solid and accurate regardless of origin and non-word condition. (See Table 4.6).



For advanced learners, the F-tests revealed that there was a significant effect of origin (F
(2, 66 = 8.6), p <.001) as well as of non-word condition (F (2, 66 = 4.48), p = .015). With respect
to the interaction between origin and condition, it was not significant (F (1, 66 = 2.87), p = .095)
(see Table 4.4).

For beginners the F-test revealed that there is a significant effect of origin (F (2, 66 =9.99),
p < .001) but no effect of non-word condition (F (2, 66 = 1.74), p = .18). The interaction between
origin and non-word condition was not statistically significant (F (1, 66 = .2), p < .65). Although
the beginners’ accuracy rate was consistently low on test non-words, origin crucially affects their
accuracy rate (see Table 4.4).

Given that the native speakers accuracy rate was not affected by origin and condition,
and origin crucially affects both advanced and beginning learner groups, we will specifically look
at learner groups’ accuracy rate by each origin. As for test non-word condition, it was significant

only in advanced learners, so the results of advanced learners will be reported in the following.

4.4.5 Analysis of Origin for Learner Groups

Starting with overall effects of origin, for advanced learners, the mean accuracy of test
non-words for origin S is 85%, origin G was 69%, and origin L was 72% and respectively (see Table
4.4). That is, when the origin is S, that elicits the highest accuracy compared to origin G and L. Put
differently, when the participants refer to a word with singleton to reject the perceived stimuli
as a non-word, they have higher accuracy compared to when they have to refer to words with
geminates or with a long vowel to reject a perceived non-word. This point was reinforced by the

statistical analysis: the post-hoc pairwise comparison with Sidak correction between origin S and
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G was significant (p = .001) so is S and L (p = .02). Regarding origin G and L, when the subjects
refer to the word with long vowel (i.e. origin L: 72%) to determine whether the stimuli they heard
is word or not, participants are more accurate than when they have to refer to the word with
geminate (origin G: 69%). Statistically, however, there is no difference between those “long”
items. Pairwise comparison between origin G and L is not statistically significant (p = .8). In short,
the above results indicate that there might be an overall difference between the category “short”
and “long” (i.e. origin S vs. L and origin S vs. G) but no difference within a “long” category (origin
Gvs. L).

For beginners, the mean accuracy for test non-words for origin S was 30%, for origin G, it
was 31%, and for origin L, it was 50%. Post-hoc pairwise comparisons with Sidak correction
revealed that there was no statistically significant difference between origin S and origin G (p =
1). However, there was a difference between origin S and origin L (p = .005). In addition, origin
G was overall less accurate than origin L (p = .008).

Unlike the advanced learners, referring to a word with singleton (i.e. origin S) does not
seem to make non-word rejection easier for beginners. The difference between origin G and L
was what we have not observed in advanced learners’ result. Since the accuracy rate for each
origin in this group was at or below chance level, making a clear interpretation of the data is
difficult. We assume that the difference between origin G and L might not be a reflection of a
difference within a potential “long” category. We will come back to this point and discuss for

details in the discussion section in this chapter and in the next chapter.
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4.4.6 Analysis of Non-word Condition for Learner Groups

Now, we take a look at the results focusing on the non-word condition. Here we report
advanced learners’ results only, since this factor was not significantly affecting accuracy rates in
both native speakers and beginners. For the advanced, the mean accuracy for non-word
condition S was 71%, for non-word condition G was 73%, and for non-word condition L was 82%
respectively (see Table 4.4).

The post-hoc pairwise comparison with Sidak correction between non-word condition S
and G was not significant (p = .88). However, non-word condition S was significantly less accurate
than non-word condition L (p = .016). The difference in accuracy between non-word conditions
G and L was not significant (p = .086).

According to these results, non-words that pertain to non-word condition S are the
hardest to reject and trigger the lowest accuracy rate among all the conditions. Note that the
Condition S is where participants are required to refer to a word with either a long vowel or a
long consonant, that is, a sound from the long category, in order to correctly reject the stimulus
as a non-word (i.e. geminate/Origin G or long vowel/Origin L). This is the exact mirror-image of
the accuracy obtained for origin S: referring to a word that originally contains a singleton triggers
the highest accuracy. Accordingly, referring to a word originally containing a “long” category
yields the lowest accuracy rate. Likewise, among non-word conditions, the non-word condition L

(where a stimulus is either Origin S or G) triggered the highest accuracy rates.
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4.4.7 Interplay of Origin and Non-Word Condition

Finally, we now turn to the statistical analysis of the combination of origin and non-word
condition. We first take a look at how a specific origin affects accuracy rates when combined with
a specific non-word condition. To this end, we will take a look at bidirectional effects: we start
with specific pairwise comparison based on origin (i.e. Origin X = Condition Y). Then we move
on to pairwise comparisons based on non-word condition (i.e. Condition X = Origin Y). This
bidirectional observation gives us overall perspective as to how accuracy rate varies.

As was in the previous section, we limit our reports on advanced learners. Recall that the
Origin Sin general yields the highest accuracy rate among all the origins. When considering origin
S and non-word condition together, there are two possible changes for a word with origin S: (i)
into a non-word with geminate (i.e. non-word condition G: 81%) and (ii) into a non-word with
long vowel (i.e. non-word condition L: 89%). Pairwise comparisons indicate that this difference
of 8% points between non-word condition G and L was not significant (p =.147), suggesting that
when referring to words with a singleton in order to reject a G or L non-word, the specific non-
word type doesn’t matter. Combined with the previous results, we can say that stimuli with
Origin S contribute to higher accuracy rates than the other origins regardless of the non-word
conditions. We can interpret the results to mean that it is easier when subjects can refer to a
word with a singleton in order to reject a non-word containing some long sound category. It is
possible to infer that this facilitation stems from participants’ more precise lexical encoding of
words with singletons, since this category is the one that is most familiar to them from their L1

English.
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When it comes to the origins G and L, there are also two types of changes involved for
each origin: (i) G = S, (ii) G = L, (iii) L = S and (iv) L = G. With respect to origin G, pairwise
comparisons reveal that the difference between non-word condition S and L was significant (p =
.031). Namely, items in the non-word condition L (G = L: 76%) yielded higher accuracy rates than
items in the non-word condition S (G = S: 63%). That is, when the original reference words
contain a geminate consonant (origin G), it appears easier to reject a non-word that contains
another long sound (a long vowel, in this case) than to reject a non-word that contains a singleton
sound. This could again be explained by the possibility that participants have a more precise
lexical encoding for singleton sounds, compared to “long sounds.” Here, the higher accuracy seen
in the case of L nonwords could be due to a bias to reject items containing a long sound — thus
yielding higher accuracy in non-word rejection (S nonwords are 13% points less accurate than L
non-words).

Regarding the origin L, pairwise comparisons indicate that the difference between
Condition S and G was significant (p = .031). Non-words with singletons (L = S: 78.6%) were
rejected more accurately than those with geminates (L =2 G: 66%), when the reference word
contains a long vowel. In this case, and unlike the origin G situation, comparing a word containing
along vowel to a non-word with a singleton leads to higher accuracy when the non-word contains
a geminate. This may suggest that participants may have a more precise encoding of words with
long vowels overall, compared to words with geminates, but less precise still than words with
singleton.

The pairwise comparisons further revealed that no other relevant comparisons were

statistically significant. Although, there was a rather large difference between G 2 Svs. L2 Sin
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accuracy rates per se (i.e. 63% vs. 79%), statistically there was no difference. Similarly, the
directionality of G and L (e.g. Origin G = Condition L vs. Origin L = Condition G) was also not

statistically significantly different.
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Figure 4.1: Mean Accuracy on Non-Word Test Items for Each Group, Separated by Origin as a
Fucntion of Non-Word Condition.

Now, we reverse the way we consider the relationship between the words’ origin and the
non-word conditions: we look at how different origins bring changes in accuracy rates for a
specific non-word condition. The Figure 4.2 below corresponds to the following statistical
analysis.

Figure 4.1 shows accuracy rates by non-word condition as a function of origin. For

instance, we can see how test items in the non-word condition G are split up into two bars in
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terms of origin. For the advanced learner group, we can see the test non-words containing
geminates (G) yield 66% accurate responses when their origin is L whereas accuracy rates climb

to 81% when the G non-words’ origin is S.
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Figure 4.2: Mean Accuracy on Non-Word Test Items Only for Each Group, Separated by Non-
Word Condition as a Function of Origin.

Non-word condition S comprises items of two origins: (i) a word with a geminate becomes
a singleton non-word (i.e. origin G: 63%) and (ii) a word with a long vowel becomes a singleton
non-word (origin L: 79%). The pairwise comparison indicates that the difference between origin
G and L for S non-words was significant (p = .008). In the comparison of Origin G and L in general
(i.e. including test words), there was no difference between the two. However when it comes to

the test non-words with singleton (i.e. non-word condition S), there was a clearer difference
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between the two origins, where L origin yielded higher accuracy than G origin. That is, within the
“long” category, Origin L yielded higher accuracy rates than origin G.

With respect to the non-word condition G, the pairwise comparisons show that the
difference between Origin S (81%) and L (66%) was significant (p = .011). Namely, the Origin S
brings better accuracy rate than the Origin L. This suggests that it is easier for participants to
reject G non-words when these refer to a singleton word (which they probably have encoded
precisely) than when the non-word refers to a long-vowel word (which is likely more fuzzily
encoded).

Regarding non-word condition L, the pairwise comparison between origin S (89%) and G
(76%) is significant (p = .019). Again, the Origin S brings higher accuracy rates than the Origin G
when listening to L non-words. The following Tables 4.5 and 4.6 show all the results of the

combinations of origin and conditions that we have presented so far.

Table 4.5: Advanced Learners' Accuracy Rate on Non-Word Conditions for Different Origins

Non-word condition Accuracy Rate  p-value

G 81%

Origin S p=.147
L 89%
S 63%

Origin G p=.031
L 76%
S 79%

Origin L p=.031
G 66%
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Table 4.6: Advanced Learners' Accuracy Rate by Origin, for Different Non-Word Conditions

Origin  Accuracy Rate  p-value

G 63%

Non-word condition S p =.008
L 79%
S 81%

Non-word condition G p=.011
L 66%
S 89%

Non-word condition L p=.019
G 76%

In Table 4.6, we can see when non-word stimuli are considered, origin S contributes to
higher accuracy rates regardless of the non-word conditions. This is statistically reinforced by our
prior statistical analysis where origin S yields higher accuracy than origin G and L. Conversely,
when non-words contain S (i.e. non-word condition S, see Table 4.6), it is hardest to reject them
if they refer to word with geminate (63% accuracy in advanced learners). Taken together, these
results suggest that words containing singleton sounds are encoded most precisely, those
containing geminates are encoded the least precisely, with words containing a long vowel comes
in-between. Recall that when the effect of origin in general was considered, there was no
difference between Origin G and L (p = .8, see also section 4.5). However, in its interaction with
specific non-word conditions, namely, non-words containing S, origin L yields higher accuracy
rates than origin G (p = .008, see Table 4.6).

Data from non-words containing a geminate (i.e. non-word condition G) also indicate that
rejecting non-words with geminate by referring to words containing another long sound (i.e.

condition L) is more difficult (66%) than referring to a word containing a singleton (81%). A
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parallel pattern is found in for non-words containing L, which are harder to reject when they refer
to words containing the other long sound (G, 76%) than when they refer to words with singletons

(S, 89%).

4.4.8 Response Time (RT)

The analysis of RT was executed in the same manner as accuracy rates. As can be seen in
the Table 4.2 above (p. 57), participants responded to words faster than to non-words, and this
difference was visible across both test and control conditions in all three groups.

Type Il tests of fixed effects, the F-tests showed that there was a main effect of group on
mean RT; native speakers = 1120 ms, advanced learners = 1322 ms, and beginners = 1365 ms,
F[2, 44.2] =, p < .001). Performance for words was more faster than for non-words (lexical status
F[1, 186] = 49.9, p < .001; mean RT for words = 1211 ms and for non-words = 1328 ms) Also, RT
was faster in the control condition compared to the test condition (condition F[1, 185.2] = 34.4,
p < .001; mean RT for control = 1221 ms and for test = 1318 ms,).

Speaking of interactions of these independent variables, all three groups exhibited faster
responses for words than for non-words (all p <. 001). Similarly, all three groups were faster on
control items than test items (all p < .001). Thus, the pattern of response time was the same
across groups. However, the actual response time differed in each group. Therefore, there were
significant interactions of group and lexical status F[2, 6622.7] =22.9, p <.001 and group and test
condition F[2, 6616.5] = 4.9, p < .008). However, the interaction between lexical status and
condition was not statistically significant (F[1, 186] = 4, p = .52). Most importantly, there was a

significant triple interaction of group, condition and lexical status (F[2, 6621] = 5, p < .006). To
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understand the triple interaction, we looked into the results in each group. For native speakers,
there was no significant effect of lexical status in native speakers’ test items (p > .2). However, in
the control condition, there was a main effect of lexical status for control items; words were
faster than non-words.

On the contrary, learners’ response times are different from the native speakers’ and
showed consistent patterns across beginners and advanced learners; control words obtained the
fastest response in both learner groups followed by test word items. For non-word, similarly,
control items were faster than non-word test items, which received the slowest response times
in both groups. As was seen in the accuracy rate, this triple interaction indicates that learner’s
response time depends on the lexical status and condition of the stimulus whereas native
speakers’ RT, especially on test items, were not affected by neither lexical status nor types of

stimuli.

4.5 Discussion

In this chapter, we reported the results of a lexical decision task focusing on how
learners respond to stimuli. Participants were asked to decide whether a stimulus was a
Japanese word or not. In this respect, learners were required to make use of their knowledge of
Japanese words or make use of their lexically encoded length contrast, even if that contrast was
still emergent. Now, we discuss our results focusing on four points: overall performance in ABX
and lexical decision, difference between vowel and consonant, asymmetric lexical encoding

pattern, and accuracy rate and response time.
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First, we observed an overall difference in performance between native speakers and
learners. The native speakers’ performance was very high and was not affected by any factors
such as lexical status, origin, or non-word condition. In contrast, the learner group exhibited a
variety of patterns that differed from the native speaker group. This point is clearly different
from the performance pattern in the ABX task where all the groups scored high accuracy. Thus,
the result suggests a difference between discriminability and storing L2 contrasts.

Moreover, not only did we observe different performance between native speakers and
learners, learner’s proficiency level seems to play a crucial role in this task: the more proficient,
the more accurate overall (i.e. advanced learners > beginners). Overall, though, accuracy scores
were quite low considering the high proficiency level of the advanced group. Especially for test
non-words, some conditions triggered accuracy rates as low as 63%. However, given the
difficulty of the task overall, their performance remains well in the range of what has been
observed elsewhere (e.g. Simonchyk & Darcy, 2017).

In terms of asymmetric encoding, the triple interaction between group, lexical status
and test-non word condition was found statistically significant (p. < .001). The interaction
implies what imposes difficulty for learners when processing Japanese length contrasts. As the
native speakers’ performance was not affected by any of these factors, there is no doubt that
there is a difference between native speakers and learners in terms of how they access lexical
representations. This is most likely because of a differential precision in L2 lexical encoding.

We predicted that the learners’ accuracy rate would exhibit the following order, if there
is an interaction between lexical status and test non-word condition: control word > test word

(old) > test word (new) > control non-word > test non-word (new) > test non-word (old).
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Whether we could observe the following order is a key to discussing asymmetric lexical
encoding since control words were better than test words in this task: test word (old) > test
word (new) > test non-word (new) > test non-word (old).

In the current study, according to Darcy, Daidone, and Kojima'’s classification, singleton
and short vowel are the old category while geminate and long vowel are the new category.
Thus, the test word stimuli with geminate or long vowel are classified as a new category. With
respect the non-word test stimuli, the ones labeled origin S are non-word (old): origin S
represent non-words with geminate or long vowel corresponding to a word with singleton.

For test words, origin S in beginners elicited the highest accuracy rate (beginners:
75.5%) among other origins. In addition, there was no statistical significance when origin G and
L were compared. Thus, we could say word (old) > word (new) from these results. However,
advanced learners’ accuracy for words was not influenced by origin (p. = .57) due to the high
accuracy rate (above 87%). Of note, there was no statistically significant difference between
advanced learners and native speakers in accuracy rates (p = .3) for the test words. That is,
when stimuli were Japanese words, advanced learners were comparable to native speakers.
Thus, aforementioned order was not observed in advanced learners.

For the test non-words, advanced learners’ accuracy rate was generally much lower
than test words and affected by both word origin and non-word condition. If asymmetric lexical
encoding is at work for processing test non-words, we expect that origin S would outperform
origin G and L. That is exactly what we found in the advanced learner group: while there was no
difference between origin G and L, test non-words with origin S overall resulted in the highest

accuracy for the advanced learners. These results from the analysis on origin verified that
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referring to singleton/short vowel elicits higher accuracy rates than referring to words with
geminates or long vowel.

We looked into test non-word conditions as additional evidence of asymmetric lexical
encoding. Contrary to origin S, test non-word condition S elicited the lowest accuracy rate. This
means non-word test stimuli with singleton (i.e. old) are the hardest to reject. This could be
interpret as test non-word (new) > test non-word (old). However, these statistical analysis
confirmed only a comparison between test non-word condition S (71%) and L (82%) was
significant (see table 4.7). That is, test non-word condition S is less accurate than test non-word
condition L. Pairwise comparisons of test non-word condition S (71%) and G (73%) and
comparison between condition G (73%) and L (82%) were not significant (see table 4.7). Thus,
statistically, we verified the order non-word (new) > test non-word (old) as valid through the
comparision between test non-word condition S and condition L being statistically significant.

Table 4.7: Pairwise Comparison by Test Non-Word Condition (Advanced Learners Only)

Non-Word
p-value

Condition
Non-word G p=.88
condition S L p=.016
Non-word S p=88
condition G L p =.086
Non-word S p=.016
condition L G p=.086

As for beginners’ result of test non-word, the old category superiority that beginners

showed in test words (origin S > origin G & L) was not observed. In fact, origin L elicited the
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higest accuracy for the test non-words. However, these results may be difficult to interpret due
to the low accuracy overall observed in their performance (i.e. most conditions remained below
chance level). Further analysis is required for future study.

Systematically, the above results replicate the ordinal accuracy that Darcy, Daidone and
Kojima (2013, 2015) suggested. Learners showed parts of asymmetric pattern by different
proficiency. For instance, the beginners’ result demonstrated the following order: word (old) >
word (new), whereas advanced learners’ results showed: non-word (new) > non-word (old).
Word (old) > word (new) was not observed by advanced learners due to advanced learners’
high accuracy. It was comparable to the native speakers’ performance. On the contrary, non-
word (new) > non-word (old) was not observed by beginners since their accuracy was at or
below chance level.

Additional issues to be discussed here is the difference between geminate and long
vowel in terms of the difficulty of encoding as L2 phoneme. In the previous chapter, we
observed a superiority of long vowels over geminates in the discrimination task. The results in
the ABX task corroborated the findings of Altman, Berger and Braun (2002) that vocalic length
contrasts seem to yield higher accuracy than consonantal length contrast in discrimination
tasks.

In the current task, there are two possibilities that we can observe vowel superiority
over consonants: (i) when origin G and L are compared, and (ii) when G and L under certain test
non-word conditions are compared.

The first one comes from the Pairwise Comparison of origin G and L for beginners’ test

non-word. For the sake of convenience, the following Tables 4.8 and 4.9 summerize the results.
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As can be seen, there was a significant effect when origin G (31%) and L (50%) were compared.
However, test non-word elicited at or below the chance level for the beginners. Thus, futher
tests will be required to investigate vowel superiority over consonant. The second case appears
in advanced learners’ results when looking at the comparison between origin G and L under the
test non-word condition S (see table 4.10). This might suggest a vowel superiority over
consonant in lexical decision task.

Table 4.8: Summary of the Accuracy Rate by Origin

Origin S Origin G Origin L
Word Non-Word Word Non-Word Word Non-Word
ADV 90% 85% 94% 69% 87% 72%
BEG 76% 30% 63% 31% 50% 50%

Table 4.9: Summary of Pairwise Comparison between Origins by Lexical Status

OriginSvs. G Origin Svs. L Origin Gvs. L
Word Non-Word Word Non-Word Word Non-Word
ADV n.s v n.s v n.s n.s
BEG n.s n.s v v n.s v

Table 4.10: Pairwise Comparison on Non-Word Condition S with Different Origins

Condition S (Origin G) Condition S (Origin L) p value
ADV 63% 79% p =.008
BEG 27% 48% p =.008

As for the relation between accuracy rate and response time, native speakers were fast

and accurate whereas advanced learners were slower than native speakers and beginners, but
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accuracy was comparable to the native speakers. Thus, we assume there was a trade off
between response time and accuracy rate: advanced learners took more time to be accurate.
What is puzzling is the beginners’ result. They were as fast as native speakers, but they were
the least accurate. Based on this data, we assume that there were actually no difficulty imposed
for beginners. That is, they had strong bias towards positive responses meaning that they
confused non-words as words. There was a confusion between old and new categories, since
they perceived non-words with the new category as words with the old category.

An additional issue related to the interpretability of data in the case of beginners, as
well as with the overall high difficulty of the lexical decision task itself, needs to be addressed as
well. Recall that in this task, learners hear either words or non-words, one by one, and have to
decide whether it is a real Japanese word or not. In our view, the only way to make this decision
is to compare the perceived input to stored representations for words. That is, one needs to
refer to the “corresponding words” in order to reject the non-word. The interpretation of our
data relies on this assumption being correct, as well as on the listeners being able to perceive
the length manipulation of the stimuli in the input. While we have ascertained that listeners can
indeed perceive the length distinctions in our ABX task, one might wonder here whether
participants really in fact refer to the ‘corresponding words’ that the researchers determined
for the manipulation of the length. While this is likely the case for native speakers, it is perhaps
not such a straightforward situation in the case of the learners. In particular, the overall below-
chance accuracy level of the beginning learners suggests that the task may be too cognitively
demanding for them, or that they answered by focusing on dimensions other than the length

manipulation.

87


https://decidewhetheritisarealJapanesewordornot.In

The major goal of the question investigated in the next chapter is to evaluate whether
learners are in fact really activating the most plausible and closest lexical candidate such as the
ones we used as reference words for the non-word stimuli in the lexical decision task. We
therefore attempt to replicate these findings by reducing the cognitive load of the task and
focusing learners’ attention on the length manipulation of the stimuli. We call the following
task a “Forced Lexical Choice”, which uses only a choice between two alternatives, rather than

an open-ended type of decision such as the one employed in a typical lexical decision tasks.

4.6 Summary

In this chapter, we reported the results of the lexical decision task mainly focusing on
learner groups. Unlike the ABX task, the accuracy rate varied by group, lexical stauts and origin.
There was a clear difference in accuracy rate by proficiency level: native speakers were the
most accurate, and advanced learners were the second most accurate and beginners were the
least accurate. This is a different pattern in comparison with ABX task where any group scored
80% correct or above. Thus, we concluded that there is a discrepancy between discriminability
and storing L2 contrasts as a part of words (i.e. lexical encoding).

From the viewpoint of prevalent models of L2 phonological acquisition (i.e. SLM and
PAM-L2), the length contrasts are predicted as the most difficult contrast as American English
does not have length contrasts. In this respect, superiority in accuracy of origin S and
asymmetric lexical encoding discussed in 4.5 demonstrated that referring to a familiar category
(singleton/short vowel) elicits higher accuracy. Hence, these results verified the relative

difficulty of length contrasts. However, our results are not decisive as to which length contrasts
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(i.e. vocalic or consonantal) are better encoded in the learners’ mental lexicon. Careful
examinations should be done to see whether there is vocalic length contrast superiority in

another experimental paradigm (e.g. priming, eye-tracking).
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Chapter V
Forced Lexical Choice Task (FLeC)

5.1 Introduction

As seen in the previous chapter, we observed the asymmetric lexical encoding in learner
groups. The asymmetric lexical processing is different from native speakers lexical processing: it
is a unique way for learners to maintain the L2 contrasts. It has been said that processing L2
involve more competitions or neighborhood density than native speakers (Broersma and
Cutler, 2011). This complex competition slows their processing speed. For instance, upon
hearing a word rock, Japanese native speakers learning English would activate lock (Cutler,
Weber, & Otake, 2006). Less degree of activation for lock was observed when processing rock
when native speakers of English heard rock. Likewise, upon hearing depaato “department
store”, learners of Japanese would activate near-words such as *depato or *depatto if their
encoding of long vowel is fuzzy.

Researchers always assume that what we use as stimuli are the one that learners
actually activate. More specifically, we assume *akkeru and *aakeru in relation to akeru “to
open” are the most relevant stimuli for the lexical decision task. However, the voluminous
literature in the Neighborhood Activation Model (Luce and Pisoni, 1998, and others) had shown
that learners activate much more than what we think learners activate.

In this chapter, we evaluate these assumptions by narrowing plausible competitors
down to two. We use the two stimuli that we think the most relevant for a given competition.
After listening to a pair of stimuli, the participants were asked to determine whether the first or

the second one is a Japanese word. Recall that the Lexical Decision task requires participants to
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decide if the sound sequence they heard was a Japanese word or not. Thus, in the Lexical
Decision task, there is only one stimulus presented to participants. Even though they hear only
one stimulus, to accept the stimulus as a word or to reject it as a non-word, participants might
activate more competitors than two. For instance, upon hearing kippu “ticket”, learners might
activate *kipu, *kiipu, koppu “cup” and so on before they make a decision that kippu is a
Japanese word. Analogically, the lexical decision task is an open-ended question, while in the
current experimental paradigm we ask participants to choose from one of two competitors. In
the remainder of this study, we call it as the Forced Lexical Choice, henceforth, FLeC.

We posit this FLeC task to complement the lexical decision task reported in the
preceding chapter. We assume the FLeC task would reduce participants’ cognitive load by
presenting two options to choose from. Hence, we expect higher accuracy overall. Both learner
groups in particular should show higher accuracy in this task than in the lexical decision task.
For advanced learners, the accuracy rate for test words in the lexical decision task was high and
comparable to the native speaker’s. However, when it comes to test non-words, we will see
asymmetric encoding. That is, non-words with geminates and long vowels will be more
accurately rejected than non-words with singletons. This is because learners can refer to the old
category (i.e. singleton/short vowel) when processing test non-words with geminate or long
vowels. This is what we expect to see for both advanced and beginning learner groups for test
non-words. In addition, test words are better than test non-words in accuracy rate. Among the
test words, a word with an old category (i.e. singleton/short vowel) will usually yield a higher
accuracy rate than a word with a new category (i.e. geminate/long vowel). We expect to see

accuracy order (i.e. test word (old) > test word (new) > test non-word (new) > test non-word
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(old)) with better accuracy rate in beginner group. Their accuracy rate was very low in the

lexical decision task, especially for test-non-words.

5.2 Method
5.2.1 Participants

The same participants who took part in the previous experiments took part in the

current experiment as well (see Chapter 3, page 30).

5.2.2 Stimuli

Unlike for the Lexical Decision task, there were no distractors. Therefore, the total
number of stimuli was 144: 36 Japanese words consisting of 12 with singletons, 12 with long
vowels and 12 with geminates. These words were the same as the ones from the Lexical
Decision task. We also used 72 non-words from the Lexical Decision that were made based on
the 36 Japanese words. The test pair in FLeC consists of one of the 36 Japanese words and one
of the corresponding near words. If the original word is the one with singleton (i.e. shigoto
“work”), there were two corresponding near words. For instance, a word with singleton akeru
“to open” has 2 corresponding non-words such as *akkeru and *aakeru. Thus, there was a pair
like shigoto vs. *shigotto or shigoto vs. *shigooto. When the original word contains a geminate,
the possible pairs in the task will be hikkosu “moving” vs. hikosu or hikkosu vs. *hiikosu. Upon
hearing hikkosu “moving” followed by *hikosu, the participants were asked to determine
whether hikkosu or *hikosu is a Japanese word. In this example, the participant should answer

hikkosu (i.e. first one) as a Japanese word. To use the 72 non-words exhaustively, there were 2
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experimental blocks ((36 pairs in each block)* 2 = 144 stimuli). Subjects were allowed take a
break between those blocks as much as they needed.

The presentation of stimuli was controlled by the DMDX software (Forster & Forster,
2003). Within the experimental block, the presentation of the order for lexical type (word vs.
non-word) and length (i.e. short, geminate and long vowel) were randomized so that
participants’ performance was not affected by those factors. In addition, presentation order of
the blocks was randomized via the DMDX software. Since we use the same stimuli from the
Lexical Decision task, there were two speakers and stimuli which were split half and half to
avoid participants’ familiarity to one of the voices.

The left shift key was marked 1 and right shift key was marked 2. Participants were
asked to hit “1” when they think the first one in a given pair is the Japanese word. In contrast,
they were asked to hit “2” when they think the second one in the pair was a Japanese word.
All the instructions were given in English for the learner groups and in Japanese for the native
speaker group.

Prior to the test session, there was a trial session. There were 5 pairs with feedback. The

participants saw O when their response is correct while they saw X when their response was

wrong as feedback. In this trial session, none of the pairs contained the short vs. long contrast.
As we have done for the lexical decision task, accuracy on all items by native speakers
was screened to see if non-words were perceived as words and vice versa. To be consistent
with the lexical decision task, those items with the accuracy below 2 SD of the mean for the
native speaker group were excluded for later analysis. Thus, after this screening process no

stimuli were excluded but one subject in the advanced learner group was excluded from further
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analysis. Total number of participants analyzed were 16 for native speakers, 14 for advanced

learners and 19 for the beginner group.

5.3 Global Analysis on Accuracy Rate

Since this experiment is a follow-up to the lexical decision task, and its aim was to
examine whether we could observe asymmetric lexical encoding in beginners, we only focus on
accuracy rate for the following statistical analyses. Table 5.1 shows the accuracy rate by group
for non-word test stimuli in lexical decision and in FLeC. As can be seen, the accuracy rate is not
that different in two different experiments for native speakers but there is a great difference in
accuracy between Lexical Decision and FLeC in advanced learners (96.8% vs. 75.6%) and in
beginners (66.1% vs. 37.1%) respectively. In general, a reduced cognitive load elicited higher
accuracy rates for the current task. Keeping this in mind, we will move on to the statistical
analysis.

Table 5.1: Learners' Mean Accuracy (%) and Standard Error (SE) in the Non-Word Test Condition
for Lexical Decision and FLeC

Native Speakers Advanced Learners Beginners
Mean SE Mean SE Mean SE
Lexical Decision 96.7 .027 75.6 .028 371 .025
FLeC 99.5 .013 96.8 .014 66.1 .012

A linear mixed effects model was executed in SPSS 21 on mean accuracy. The factor
word position (First, Last), group (advanced learners (EA), beginners (EB) and native speakers

(NS)), origin (S, G and L) and non-word condition (S, G and L) were declared as independent
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variables. The independent variables were entered as repeated effects within participants. In
this trial, the F-Tests showed word position and all the possible interactions (i.e. word
position*condition, word position*origin*condition) were not significant (all p > .1). Thus, the
same model in SPSS 21 was re-ran without the variable word position.

A linear mixed effects model was executed again in SPSS 21 on mean accuracy. As
mentioned, word position was excluded this time. Thus, group, origin and non-word condition
were declared as independent variables. The independent variables were entered as repeated
effects within participants. The following Table 5.2 shows the possible combinations of origin
and non-word condition that appeared as a pair in stimuli presentations. These are critical
when we talk about accuracy rate later in this chapter.

Table 5.2: Possible Pairs in FLeC

Origin (Word) Non-word Condition Label
G
GS
S (e.g. akkeru)
akeru “to open” L
LS
(e.g. aakeru)
S
SG
G (e.g. hikosu)
hikkosu “to move” L
LG
(e.g. hiikosu)
S
SL
L (e.g. apato)
apaato “apartment” G
GL

(e.g. apatto)
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The F-tests revealed that there were main effects of group (F [2, 46] = 233.8, p < .001),
origin (F [2, 66.8] = 3.3, p = .045), but there was no effect of non-word condition (F [2, 66.8] =
1.5, p = .23). In addition, there were significant effects in the interaction between group and
origin (F [4, 3394.2] = 4.9, p = .001), and the interaction between group and non-word condition
F[4,3394.2] = 4.3, p =.002). However, the interaction between origin and non-word condition
F[1, 66.8] = 1.4, p = .23) was not significant. The triple interaction among group, origin and non-
word condition was not significant, either (F[2,3394.2] = 1.5, p = .22).

For the effect of group, post-hoc pairwise comparison with Sidak correction on group
effect revealed that the comparison between native speakers (mean accuracy: 99.5%) and
advanced learners (mean accuracy: 96.8%) was not significant (p = .32). Put differently, degree
of accuracy rate of advanced learners is comparable. However, the comparison between
beginners (mean accuracy: 69.2 %) vs. native speakers (p < .001) and beginners vs. advanced
learners (p < .001) showed significant differences. Therefore, the lower accuracy rate of
beginners in contrast with native speakers and advanced learners greatly contributes to the
effect of group.

With respect to the effect of origin, post-hoc pairwise comparisons with Sidak correction
revealed that the comparison between Origin G (87.4%) and L (86.3%) was not significantly
different (p = .93). However, the comparison between Origin S (91.9%) vs. G (87.4%) and Origin
S (91.9%) vs. L (86.3%) were significant. Thus, in general, not only did origin S elicits better
accuracy than origin G and L, a word with a singleton (Origin S) yielded the highest accuracy.

Regarding the interaction between Group and Origin, Pairwise Comparison on Group at

each Origin revealed all the comparisons between native speakers vs. beginners (Origin G, L and
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S, p <. 001) and advanced learners vs. beginners were significant at each Origin (G, Land S, p
<.001). However, there were no significant effects in comparison of native speakers and
advanced learners for each origin (G: p=.38, L: p = .68 and S: p = .83). That is, advanced
learners are not less accurate than native speakers and they are always more accurate than the
beginners regardless of the origin.

These results so far also tell us that the type of word contained in the trials (i.e. origin)
mattered for overall accuracy. What’s more important is that origin interacted with group,
indicating that while word type in the trial mattered for the beginner group, it did not affect
accuracy for native speaker and advanced learner groups.

Another post-hoc pairwise comparison with Sidak correction on origin within each group
revealed that there was no significant effect for native speaker and advanced learner groups in
any comparison (all p > .9). In the beginner group, there were significant effects for the
comparison between origin S and G (p <. 001) and S and L (p < .001). In these cases, origin S
(78.5%) is more accurate than either origin G (66.2%) or origin L (63%). However, there was no
significant effect on the comparison between origin G and L (p = .48). These results indicate that
when the beginners could refer to a word with singleton, their accuracy would be better than
the cases where they refer to a word with geminate or long vowel. Speaking of difference
between origin G and L, there is no difference in terms of contribution to accuracy rate.

Now, we turn to the effect of the non-word condition (i.e. types of non-word test
words). As found in the interaction of group and origin, post-hoc pairwise comparison with
Sidak correction on group at each condition revealed all the comparison between beginners vs.

advanced learners and beginners vs. native speakers were significant at each condition (non-
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word condition S, G and L, p < .001). However, there were no significant effects between native
speakers and advanced learners for any condition (G: p = .42, L: p = .447 and S: p = .94). The
results show that advanced learners were as accurate as native speakers regardless of non-
word conditions.

In addition, a post-hoc pairwise comparison with Sidak correction of non-word condition
by group revealed that there was no significant effect in any comparisons within native
speakers (Gvs.L: p=1,Gvs.S: p=1,and Svs. L: p=1) and advanced learner groups (G vs. L: p
=1,Gvs.S: p=.78,and S vs. L: p =.89). Thus, any condition or type of non-word would not
affect the participants’ performance in these two groups. Contrary to the native speakers and
advanced learners, there were significant effects in beginners for the comparison between non-
word condition S (62.7%) vs. L (77.2%) (p < .001) and Condition G (67.8%) vs. L (77.2%) (p =
.001). However, Condition S (62.7%) vs. G (67.8%) was not significant (p = .127). Thus, unlike the
native speakers and advanced learners, beginners were affected by a certain non-word
condition: condition L elicits better accuracy while condition S contributes to the lowest

accuracy.

5.4 Results of Beginners from FLeC in Comparison with Results of Advanced Learners from Lexical
Decision

In the previous section, we observed that the advanced learners’ accuracy rate was very
high: in fact, there was no statistical difference when compared with the native speakers. In
addition, the beginners’ accuracy rate was also higher compared to the Lexical Decision task
(see Table 5.1 for details). In this section, we would like to look further into the beginners’
results in comparison with results of advanced learners in the lexical decision. Recall that

advanced learners showed asymmetrical lexical encoding for test-non-words in lexical decision
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task, but it was not observed in beginner group due to the low accuracy rate in the task. Here,
we would like to examine whether the asymmetric lexical encoding is at work for beginners in
the current task.

In the lexical decision task, we observed that the accuracy of advanced learners for test
words was high to the point that it was comparable to the ones with the native speakers. Yet
the intriguing fact was that the asymmetric lexical encoding was at work for test non-words.
Namely, test non-words with geminate and long vowel yielded higher accuracy rate than the

ones with singleton.

Now, extensive focus will be on beginner’s results in FLeC in comparison with the
advanced learners’ results of lexical decision. We start with the results focusing on origin.
Figure 5.1 shows the results of accuracy rate in lexical decision task whereas Figure 5.2 shows
the results of accuracy rate for FLeC. Now, paying attention to the marked areas in the lexical
decision task and in FLeC. By comparing two different groups in Figures 5.1 and 5.2 show that
origin S yields higher accuracy than origin L for non-word condition G. In addition, origin S yields
higher accuracy than origin G for non-word condition L. As in Table 5.3, the pairwise
comparison in lexical decision for advanced learners and FleC for beginners, the pattern is
exactly the same. What is shown from results of advanced learners from the lexical decision
task is that origin S elicited better accuracy than origin G and L. However, origin G and L were
not different. What is shown from results of beginners in FLeC is that origin S also elicits better
accuracy than oirigin G and L. However, origin G and L were not different. These results clearly
demonstrate that despite lexical decision and FLec are different tasks, origin S elicits higher

accuracy. Put differently, referring to a singleton (i.e. old category, origin S) yields higher
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accuracy when compared with origin G or L (i.e. referring to geminates or singleton (new
category)). The results also indicate that there is no difference between origin G and L in terms

of the ease/difficulty of processing.
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Figure 5.1: Results of Non-Word Test Stimuli in Lexical Decision Task Focusing on Origin
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Figure 5.2: Results of Non-Word Test Stimuli in FLeC Focusing on Origin

Table 5.3: Statistical Results of Lexical Decision for Advanced Learners and Results of FLeC for
Beginners

Lexical Decision FleC
(Advanced Learners) p-Value (Beginners) p-Value
OriginS & G * p=.001 * p <.001
OriginS & L * p =.02 * p <.001
Origin G &L n.s. p=.8 n.s. p=.48

Note that these asymmetric results were not observed in the advanced learner group
for the FLeC task due to the extremely high accuracy regardless of the origin. Now, beginners’
asymmetric lexical encoding was revealed with the reduced cognitive load. Most importantly,
the asymmetric pattern observed in this task is comparable to what we observed from the

advanced learners in the Lexical Decision task.
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Moving now on to the comparison between advanced learners and beginners focusing
on the test non-word condition. As can be seen in Figure 5. 3 and 5.4, these are the general
results of the Lexical Decision and FLeC respectively. Again, we highlight the red circled portions

in Figures 5.3 and 5.4.
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Figure 5.3: Results on the Non-Word Condition in the Lexical Decision Task
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Looking at row accuracy rate, advanced learners in lexical decision (Figure 5.3) shows

that test non-word condition L is higher than condition S. For origin L, accuracy rate for

condition S is better than condition G. For origin S, accuracy rate for condition L is better than

G. Corresponding post-hoc pairwise comparison with Sidak correction that all of these

comparisons were statistically significant (see table 5.4). From these results, we observe origin L

elicits higher accuracy rate than origin G and origin S contributes higher accuracy rate.

Table 5.4: Statistical Results of Lexical Decision for Advanced Learners

Condition | Origin | Accuracy Sig.
0,
[v)

G i 686?1/;: p=.011
0,

i T R
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What can be seen from the raw accuracy rate of beginners in FLeC (Figure 5.4) is that
accuracy rate of test non-word condition L is higher than condition S. For origin L, accuracy rate
for condition S is better than condigtion G. For origin S, accuracy rate for condition L is better
than G. Corresponding post-hoc pairwise comparison with Sidak correction showed there was a
statistical significance between origin G and L under condition S. This means origin L elicits
better accuracy than origin G under condition S. However, there were no statistical significance
for the comparison between origin S and L under condition G, origin S and G under condition L
(see table 5.5). From these results, we observed that vowel length is easier to process than the

consonantal length contrast under the non-word condition S.

Table 5.5: Statistical Results of FLeC for Beginners

Condition | Origin | Accuracy Sig.
0,
(62:57%) (E 22 .;: p=.027
0,
(67?8%) i (753 ;: p=.368
0,
(77.L2%) Z 3; o;: p=.272

Table 5.6 shows the post-hoc pairwise comparison with Sidak correction of test non-
word condition with Sidak correction. Note that these are comparisons among test non-word
for each condition in general, and not a comparison within the condition. In the left column in
Table 5.6, the results of lexical decision for advanced learners are shown. Statistical analysis
shows that while the comparison between test non-word condition S and G and condition G
and L were not statistically significant, the comparison between condition S and L was
significant. Thus, condition L scored higher accuracy rate than condition. Since this is a result of

test non-word condition, higher accuracy rate in condition L than condition S means that test
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non-word with singleton scored lower than test non-word with long vowel. This is exactly what
we would expect if learners process L2 contrasts asymmetrically: test non-word (new) > non-
word (old). The current results indicate long vowel was more correctly rejected than
consonantal length within the “new” category. However, when it comes to consonantal length
(i.e. condition G) and test non-word with singleton, we cannot tell the difference. That is, they
are equally difficult to reject.

On the right columns in table 5.6, results of FLeC for beginners are shown. Statistical
analysis show that while there was no statistical significance between test non-word condition
S (62.7%) and G (67.8%), there were statistical significance between condition S (62.7%) and L
(77.2%), and condition G (67.8%) and L (77.2%). That is, rejecting non-word with singleton and
the one with geminates are equally difficult. However, rejecting non-word with long vowel is
easier than rejecting non-word with singleton. In addition, rejecting non-word with long vowel
is easier than rejecting the ones with geminate. These results indicate that test non-word with
long category, hence new category, will be rejected more accurately than test non-word with
singleton/short vowel. In addition, among the long category, non-word with long vowel would
be more accurately rejected. Not only these results showed non-word (new) > non-word (old)
order, the results unfolded vowel length contrast superiority over consonantal length contrasts

in lexical decision task.
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Table 5.6: Statistical Results of Lexical Decision for Advanced Learners and Results of FLeC for
Beginners

Lexical decision FleC
p-Value p-Value
(Advanced Learners) (Beginners)
ConditionS & G n.s. p=.88 n.s. p=.127
Condition S & L * p=.016 * p <.001
ConditionG & L n.s. p =.086 * p <.001

To summarize, we observed almost the same pattern between beginners and advanced
learners not only through mere accuracy rate but through the statistical analysis on specific
variables (i.e. origin and non-word condition) and corresponding pairwise comparison.

Beginners show the statistical significance between Condition G and L (i.e. L brings
higher accuracy). We speculate the statistical significance shown between non-word condition

G and L could be a reflection of perceptual ease on long vowels over geminates.

5.5 Discussion

In this chapter, our goal was to test the validity of our assumptions for lexical activation
among learners, as implemented in the lexical decision task. To this end, we designed a forced
binary choice that should result in a lower cognitive load while highlighting the phonological
manipulation. This enables us to examine beginners’ results focusing on whether asymmetric
lexical encoding is at work. In comparison with the lexical decision task, we observed higher
accuracy rates for learner groups in the current task. That indicates FLeC indeed reduced
learners’ cognitive load. These enhancements in accuracy rate also indicate that the forms we

usually assume as “the most relevant competition” are indeed most likely the ones strongly
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associated with target words in the L2 lexical activation. Hence, the results help validate the
pattern of results obtained in the lexical decision more generally.

The enhanced accuracy in both learner groups further reveals the disappearance of the
asymmetric lexical encoding patterns for advanced learners, and in parallel, the emergence of
such a pattern of lexical encoding for beginners. The advanced learners’ accuracy reached a
ceiling effect with above 95% mean accuracy: they were as accurate as native speakers in this
lower cognitive load situation. Gaining such a high accuracy rate, compared to the lexical
decision task, also reduced or eliminated traces of learner-specific asymmetric lexical encoding
processes for this group of advanced learners.

On the contrary, the enhanced accuracy in beginners brought asymmetric lexical
encoding to surface. Having statistical significance between origin S and other two origins or
having no significance when Origin G and L are compared coincide with what we observed in
advanced learners from the lexical decision task.

All of these results indicate that proficiency level relates to how precisely a learner can
activate and process the words they have stored in the L2 mental lexicon. The more they
progress in L2 proficiency, the more precisely they are also able to process, encode, and
activate L2 distinctions. As for the way of processing, the primary driver of behavior is lexical
status. In addition to the knowledge of the lexical status, learners make use of their L1
knowledge of phonemes. Hence, if an L2 word contains phonemes similar to the ones present
in the L1, it is easy to process. That is, processing difficulty for learners has something to do
with their L1 lexicon. In the current study, a word with a singleton is easy to process, encode,

retrieve and activate, possibly because its representation is accurate, precise, and robust. When
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a non-word with a geminate or long vowel is encountered, learners can reject it based on their
knowledge of a word with a singleton. On the contrary, when learners encounter a non-word
with a singleton, they experience increased difficulty as they need to make use of the
knowledge of a word with geminate or long vowel. Indirectly, therefore, our findings show that
the corresponding representations are likely to be less precise, since specifically in this case,
difficulties arise. However, this peculiar difficulty in processing and encoding L2 contrasts is
likely to be mitigated or even to fully disappear when proficiency increases. The actual reasons
for this development are still unclear, however. Recent approaches (e.g. Darcy & Holliday,
2018; Darcy & Thomas, 2019) surmise that improvements in perception over time, combined
with an increasing number of words that are encoded with accurate phonolexical
representations, can snowball and lead to gradually more wide-spread corrections in the
mental lexicon. The exact processes by which these developments occur need to be further

explored.

5.6 Summary

In this chapter, validity of lexical decision task was confirmed. In addition, giving binary
choice to learner groups enhanced accuracy rate in both advanced learners and beginners. That
in turn, brought into sharp focus the contrast between advanced learners and beginners.
Asymmetrc lexical encoding which relies on familiar L1 category to store L2 contrast,
disappeared due to the high accuracy in advanced learners while we observed asymmetric

lexical encoding in beginners with enhancement of accuracy rate.
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From the viewpoint of prevalent models of L2 phonological acquisition (i.e. SLM and
PAM-L2), these models do not predict these dynamics in terms of proficiency levels. In addition,
as seen in ABX task and other two tasks in this thesis (i.e. lexical decision and FLeC), neither of
the models make predictions of relative difficulty in terms the level of word recognition (i.e.
phonetic discrimination vs. lexical encoding). The models need to address what kind of difficulty

in what level a specific L2 contrast imposes.
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Chapter VI
Conclusion

6. 1 Returning to the Research Questions
So far, we reported three experiments and their results in turn. In this chapter, we apply
our results to our research questions and conclude what this research as a whole indicates,

contributes and addresses further directions.

6.1.1 Does Perceptual Advantage in Vowel over Consonant Length Contrasts Exist in L2 Japanese?

Altmann, Berger, and Braun (2012) demonstrated that learners perceive the vowel
length contrast better than the consonantal length contrast in a discrimination task regardless
of learner’s L1 experience. In our ABX task (i.e. Chapter 3) the accuracy rate overall was high
regardless of the proficiency level. Even beginners scored more than 80% mean accuracy. Most
importantly, ABX task results on singleton vs. long vowel yielded the highest accuracy in both
beginners and advanced learners. On the contrary, the results on singleton vs. geminate yielded
the lowest accuracy rate in both learner groups. The results on long vowel vs. geminate were
the second highest in accuracy for both learner groups. Our results corroborated Altmann,
Berger, and Braun (2012) in that the vowel length contrast was better discriminated than the

consonantal length contrast.

6.1.2 Vowel Superiority Over Consonant

As for proficiency with respect to research question, both beginners and advanced

learners were able to discriminate short and long vowel contrasts. In addition, they could
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discriminate singleton and geminate contrasts and geminate and long vowel contrasts. All these
results indicate that learners can detect the physical difference between short and long
contrasts and type of long category (i.e. geminate and long vowel). Accuracy rates for these
contrasts were higher than the one for singleton and geminate contrasts. Overall, origin S
contributed highest accuracy across Lexical Decision and FLeC tasks.

As for the lexical decision and FLeC tasks, the accuracy rate was greatly influenced by
combinations of lexical status (word or non-word) and type of stimuli (control or test). With
respect to origin, while origin S elicits higher accuracy rates than origin G and L, there was no
statistical difference between origin G and L. The only exception was found from advanced
learners’ results in the pairwise comparison between origin G and L under the test non-word
condition S in the Lexical Decision task (p = .008). In this case, origin L scored higher accuracy
rate than origin G.

Regarding test non-word condition, condition S elicits the lowest accuracy. In contrast,
condition L yiels better accuracy rate than condition G. In FLeC, this superiority of vowel length
contrasts over consonantal length contrasts from beginners results from findings that pairwise
comparison between S and L and between G and L were statistically significant. The superiority
of vowel length contrast was confirmed from lexical decision task in advanced learners as well.
There was a statistical significance when condition S and L were compared. Our results are in
line with discrimination task and would be the first to report vowel superiority in length

contrast other than discrimination task.
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6.1.3 Do We Observe Dissociation Between Phonetic Discrimination and Lexical Encoding for
Length Contrast?

When it comes to the lexical decision task (see Chapter 4), accuracy rates were low for
the beginner group (test-word mean 63.7%, test non-word mean 37.1%) whereas the accuracy
of the advanced learners was comparable to the native speakers for the test words. Unlike the
ABX task, this task requires participants to associate lexical status (i.e. word or non-word) when
processing incoming stimuli. For advanced and beginning learner groups, the accuracy rate for
the test non-word was greatly affected by the original status of a stimuli regarding length (i.e.
origin). More specifically, when the advanced learners can refer to a word with singleton (origin
S stimuli such as akeru “to open”), they reached the highest accuracy (advanced learner mean
accuracy for origin S, 85.1%). Although there was a significant effect of origin for beginners,
accuracy rates for the test non-words were low. In fact, it was around chance level. The fact
that origin L yielded the highest accuracy (50%) and that Pairwise Comparison between origin L
and S (30%) and origin L and G (31%) were significant (origin L vs. S: p =.005, origin Lvs. G, p=
.008) did not coincide with results from advanced learners. We assume this is due to overall low
accuracy rates. High accuracy rates for both the advanced and beginning learner groups on the
ABX task and varying accuracy rates depending on proficiency level and origin on the lexical
decision task show sharp contrasts in terms of distribution of accuracy rates in learners groups.
In addition, proficiency level clearly comes into play when a task requires learners’
implicit/explicit knowledge of lexical status. To discuss dissociation between discriminability

and lexical encoding, it is necessary to discuss asymmetric lexical encoding.
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6.2 Asymmetric Lexical Encoding

With respect to asymmetric lexical encoding, it was only visible for non-word test words
processing for advanced learners in lexical decision task (see Chapter 4).

The pattern was not shown in the test words due to the extremely high accuracy rate. In
fact, advanced learners were comparable to the native speakers for the accuracy rate in test
words. Unlike the advanced learners, beginner’s accuracy rates on test non-words were around
chance level or lower and asymmetric lexical encoding was not visible. These results suggest
that knowledge of L2 vocabulary or vocabulary size in L2 is a critical factor to store L2 contrasts
as a part of the lexicon.

Asymmetric lexical processing took the form of higher accuracy in test non-words with a
geminate or long vowel when compared with the ones with a singleton. This was observed in
the beginners in the FLeC task. These results were found as superiority of origin S in comparison
with origin G and L, higher accuracy in test non-word condition G and L over condition S. All
these results conincide with the accuracy order of non-word (new) > non-word (old) that Darcy,
Daidone and Kojima (2013. 2015) suggested. That is, referring to a familiar L1 category elicits
higher accuracy while referring to L2 category such as geminate or long vowel result in lower
accuracy.

On the contrary, asymmetric lexical encoding was not observed among advanced
learners at all in the FLeC task. This indicates less cognitive load enhanced the accuracy in both

beginners and advanced learners.
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The vigorous enhancement in accuracy in both learner groups further indicate that the
most relevant competitors that researchers assume are actually the ones that learners activate
during the lexical decision task.

In conclusion, our contribution to L2 perception in general is that we confirmed that
there is a discrepancy between learner’s ability to discriminate and encoding as L2 sounds. In
addition, we reported an asymmetric processing pattern that is unique to learners and it
becomes less asymmetrical as learner proficiency level progresses. Finally, we examined the
lexical decision task and its validity through an additional experimental paradigm called the

Forced Lexical Decision (FLeC).

6.3 Conclusions
6.3.1 Summary

The difference between discriminatory ability and storing contrasts to the lexicon were
evident in the high accuracy for both learners in the ABX and varied accuracy rates depending
on proficiency level in the lexical decision task. The varied accuracy rate in lexical decision and
FLeC tasks were due to interactions between lexical status (word vs. non-word), condition
(control vs. test) and proficiency level. The intractions of these factors embody specific accuracy
orders in lexical decision and FLeC tasks: word (old) > word (new) > non-word (new) > non-word
(old). This specific order is due to the fact that a word with a singleton is easy to process than
the ones with geminate or long vowel. On the contrary, a non-word with a geminate or long
vowel is encountered, learners can reject it based on knowledge of a word with a singleton.

Hence, a non-word with geminate or long vowel elicits higher accuracy than a non-word with
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singleton or short vowel. When it comes to a non-word with a singleton, learners need to refer
to a L2 category (geminate/long vowel) to successfully reject that it is not a Japanese word. Our
results showed that this processing difficulty for learners arises since they refer to a familiar L1
or old category to maintain L2 (new) contrast. The reason that learners need to rely on L1 (old)
category is due to their L2 representation is inaccurate, inprecise, and fuzzy. In contrast, L1-like
category must be encoded, retrieved and activated properly. The asymmetric lexical encoding
pattern was observed both in lexical decision and FLeC tasks. In ABX task, there was no such
systematic processing pattern found. The difference in accuracy distributions and this
systematic lexical encoding pattern in lexical decision and FLeC made us conclude that there is a
discrepancy between learners’ discriminating ability and storing of L2 contrasts. In fact, Darcy,
Daidone, and Kojima (2013, 2015) demonstrated that there is a discrepancy between ability of
discrimination and lexical encoding in German vowel contrasts. Further investigations are
required in different L2 contrasts to examine the idea that this dissociation is common to L2
perception in general.

Our results also showed that proficiency level is closely relted to the ability to process,
encode, and activate L2 distinctions. However, this peculiar difficulty in processing and
encoding L2 contrasts is likely to be mitigated or even to fully disappear when proficiency
increases. The actual reasons for this development are still unclear, however. Previous studies
found that vocabulary size is one of the contributing factors to accurate performance on
naming and lexical retrieval tasks (Bialystok, Craik & Luk, 2008a). Although the study is focused
on native speakers and bilinguals, and other studies did not show a difference in accuracy for a

lexical decision task between native speakers and early bilinguals (Randsell & Fischler, 1987), it
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suggests that at least a related factor could be what differentiates learners of different
proficiency levels: surely, L2 vocabulary size matters in some way. Thus, when considering
learner ability to encode L2 contrasts, we should consider how vocabulary size expands over
the course of learning. Recent approaches (e.g. Darcy & Holliday, 2018; Darcy & Thomas, 2019)
surmise that improvements in perception over time, combined with an increasing number of
words that are encoded with accurate phonolexical representations, can snowball and lead to
gradually more wide-spread corrections in the mental lexicon. The exact processes by which
these developments occur need to be further explored.

With respect to perceptual advantage, vowel length was more easily discriminated
compared to consonant length on the discrimination task. The results corroborated Altmann,
Berger and Braun (2012). In addition, our results suggested test non-word with long vowel will
be more precisely rejected than the ones with geminate in lexical decision and FLeC tasks. This
indirectly imply that not only would vowel contrasts be discriminated, they would be more
accurately encoded and activated than consonantal length contrast. Our results are first to
report the vowel contrast advantage over consionantal length contrast other than
discrimination task. We speculate this is due to more prevalent phonetic (not phonemic) vowel
length contrasts than consonantal length contrasts in American English. Further research is
required as to why vowel contasts were discriminated or lexically encoded better than

consonantal contrasts.
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6.3.2 Implications for L2 Acquisition Models

The most prevalent models of L2 acquisition such as SLM (Flege, 1995) and PAM-L2
(Best and Tyler, 1997) predict the length contrast will be the most difficult one for native
speakers of American English because the contrast is not in their L1. However, these models do
not posit different processing levels in L2 perception. Namely, our results indicate that there
should be a realm that is associated with phonetic level processing. In addition, there will be a
realm that is associated with lexical encoding. Our results suggest that learners do not show
difficulty at phonetic level processing. The high accuracy observed in ABX task regardless groups
was not predicted by neither SLM nor PAM-L2. Thus, these models should be updated to
capture different levels of L2 perception.

As for the results of lexical decision and FLeC coincide with the predictions from SLM
and PAM-L2 in that learners processing pattern is based on L1-like category. The processing
difficulty is also related to whether an input contains old category or not. Along this line, our
results revealed that proficiency levels play a crucial role for more accurate lexical encoding.
Proficiency levels are not vigorously discussed in SLM and PAM-L2. Thus, the models should
incorporate proficiency as well as levels of perceptual processing.

Finally, our research is based on perceptual experiments from an L2 acquisition point of
view. However, perception is only one of the faculties of language. Thus, L2 production, in
association with L2 perception must also be pursued. According to the Speech Learning Model
(SLM, Flege, 1995), better production ability is contingent upon increasing ability in perception.
However, recent studies have questioned the connection between perception and production

for L2 vowel contrasts (e.g. Peperkamp & Bouchon, 2011). Thus, one of the extensions of this
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study will be to incorporate production task along with different types of perceptual tasks such
as an ABX task and lexical decision task, which should give a more holistic view of how L2

contrasts will be perceived, processed, and executed for learners.

6.3.3 From Research to Practice

Given that our research indicated that even beginning learners can discriminate length
contrasts with high accuracy, classroom activities in which students are simply asked to
discriminate short vs. long sounds would not be helpful. Recall that lexical decision does not
require full association of meaning and sound: they need to answer whether the sound
sequence is a word or not. Nonetheless, our results indicate that accuracy on the lexical
decision task would increase as student proficiency progresses. For advanced learners, their
accuracy on test words were comparable to the native speakers. That being said, what students
need is instruction during which we could encourage learners to make an association between
meaning and L2 contrasts. That, in turn, would help to develop better lexical encoding ability,
or to put it differently, help learners to store L2 contrasts in the lexicon. Careful examination of
existing classroom activities is critical to evaluate what brings the most efficient learning in
terms of making the association possible. For instance, there are classroom activities where
students are required to demonstrate receptive vocabulary ability: students will see a set of
pictures and the instructor will name one of them. Then the student will indicate the named
image. On the other hand, there is a naming task where students are shown pictures and name
them accordingly. Both of the activities make use of association of meaning and corresponding

vocabulary.
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Appendices

Appendix A. Copy of Demographic Questionnaires

(1) English

Subject's ID
Nb - Group

Language Background Questionnaire

This questionnaire is designed 1o leam about your language history. In addifon, we are required o collect demographic
information by govemment funding agencies. Information collected will be stored in a secured laboratory. No identifying
information will be made avadable unless you specifically give permission in writing to do so. All answers are sinctly
confidential. Any information you provide will not ke distibuted to outside parties. Thank you!

1. Dateofexperiment.__ [session____ ] 28:x: M F
3. Dats of birth: 4. Ave you left or right-handed? L R Both

5. Ptacs of birth: 3. City: ..._............_.. k. State/Province & Country -

8. Your native languags(s) — please bs spscific (e.g. British English)?

7. Father’s Birthplacs: a) City/Town and State/Province: b)County. ...

8. Father's native lanquage: If he speaks his native language with

an accent. specify the type (e.9.. regional dialect):
Does he speak another language flnendy? Which one(s)? .
9. Mother’s Birthplace: a) City/Town and State/Province: ... b) Country. ..o -
10. Mother's native language: If she speaks her natve language with
an accent. specify the type (e.9., regional didlect):
Does she speak another language fluendy? Which one(s)?

11. As a child, what languages wers spoken in your homs and by whom (2.9., by parents, guardians grandparents,
or relatives)? For example, these can be languages that you fequently heard but didn't understand or speak, languages
that you understood but did not speak, o languages that you both undersiood and spoke. Please indicate whether you
spoks and/or understood any of these languages.

12 Do you have an “accent” in your native language (e.g., Southem accent)? YES NO
If “YES”, which regional area is your accent fom?
Do you sound like other people from your region? YES NO
Can you describe characteristics of your accent?

13. Aa a child, what languagea were apoksn outsids your home (2 9., kindergarien or school)? These can be
languages that you frequently heard but didn't speak, languages that you understood but did not speak, or languages
that you both undersiood and spoke. Please ndicate whether you spoke andlor understood any of hese languages.

14. Your age of arrival in the U.S::
15. Years & months you have lived in the U.S. (2.g., 1 year and 4 months):

10.Doyouhelhammmhasbmmmmmmmmmhuyﬂasem
your change on a scale from *1” (Nof changed at all) to *1 17 (Definitzly changed, and | speak with an Amenican accent).

(Notchangedatall 1 2 3 & 5 6 7 8 9 10 11 (Defnielychanged)

17. Number of years of formal education in your native country andinhe US.
If you had formal education in other countnes, which countries are they and how many years?

1
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Country: Years: Country: Years:
Country: Years: Country: Years:
If you nesd more space. please use he backside of the guestionnaire.

What do (or did) you study in college?
What is (or wasiwere) your occupation? ...
Are you 3 Graduate/Undergraduate Studentatil? G U [nmy year of study]

18. If you know any languages other than your native language, list the language(s) and estimate your ability o
speak, understand. read and weite the language(s) on a scale from “17 (i.e., your abiity is very poor) fo 7" (Le., your
akility is very good). Please include English if £ is not your natve language.

Language

T
Speaking

Understandins
| Writne

1f you need more space, please use the backside of the questionnaire.
18. Please cirdle your race (optional):

3. American Indian or Alaskan Native b. Asian

c. Native Hawaiian or Other Pacific Islander d. Black or African American

e. Whits f. More than one race

9. Other h. Do no wish fo report
20. Please circle your efhnicity (optional):

a. Hisparic or Latno b. Not Hispanic or Latino c. Do not wish to report
21. Have you ever had any kind of a speech or heanng disorder? Yes No

If “Yes" please explan:

22 Please list the places you have lived mors than 8 montha in chronological order:

= Where | have lived (earfiest to most recent): From (year) to (year):

1

2

3

4

5 S

6

If you need more space for this gquestion, you may write on the back of this questonnaire.

23 a Do you take part in any musical activitiea? Yes No

(for example, do you play an instrument, SMGM ACOR, B10.) ... e s s e aan
b. Do you smoks? Yes No
c. Do you exercse a lot? Yes No

(=]
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The followi ons are for non-nafive s| of sh.

24 How did you learn English? (e.g., home, guest family, achool, frisnda, busineas, stc)

Australian English)

26. Can you describe characteristics of your accent in English?
a) Please rate your degree of accent in American English on a scale from 1 (very heawy accend] to 11 (no accent
at all, Fke a nafive speaker of Amernican English).

(veryheavyacceny 1 2 3 4 5 6 7 8 9 10 11 [noaccentaran)

k) If you indicated above that you did not leam American English, please rate yowr degree of accent in the
variety of English that you leamed (or in other languages that you speak other than your natve language).
Indicate the vaniety | language for each rating.

10 11 (noaccenr at ail)
10 11 oaccentaral)
10 11 noaccentaral)

(veryheawyacoeny 1 2 3
(veryheawyacceny 1 2 3
(veryheawyaccent) 1 2 3

PN NS
W oW oW
@ oo o
N ]
@ o o
0 W0 W

27. Can you describe characteristica of your accent in English?

28. Please estmate how much you cumrently (e.g. in the past five weeka) speak any kind of English in these places
or situations. Place an X in the appropriate box.

0% | 10% | 20% | 30% | 40% | 50% | 60% | 70% | 80% | 90% | 100%

While at home

(includins TV/radio)
At work 'school

With friends

On the telephone

While shoppinz

-
;\

If the total above i not 100%, do you spaak other in the remaining tims?
lampage: .. @ % T at %
3
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30.a. How much Engiish did you use in the past five montha?

In the past 5 months, n your everyday life, you used
English : % your frst language: %

If the total above is not 100%, did you speak other languages in the remaning time?
L p % R R PR at %

30.b. How much English did you use in the past five yeara?

In the past 5 years_in your
English

day life, you used

your first language: %

If the total above is not 100%, did you speak other languages in the remamning time?

T R R T at % T R TR at %

31. Please indicate what you think akout the following statements on a seven-pont scale
(1 = strongly disagree; 11 = strongly agree)

a. [ltis important to apeak English grammatically

1 2 3 4 5 6 7 8 9 10 1
b. 1enjoy learning new words and new ways of aaying thinga in English

1 2 3 4 5 6 7 8 9 10 1
c. Itis important to pronounce English comectly

1 2 2 A 5 6 5 8 9 10 1
d. lwantto improve my pronunciation of English

1 2 3 4 5 6 7 8 9 10 1
&. |try to have aa many American frienda as possible

1 2 3 4 5 6 7 8 9 10 1
f. Ibslieve that Americana will respect me mors if | use correct English grammar and vocabulary

1 2 34 5 6 7 8 9 10 1
g |bslieve that Americans will respect me mors if | pronouncs English well

1 2 3 4 5 6 7 8 9 10 1
h. 1believe that English ia important for my success at work/achool

1 2 3 & 5 6 7 8 9 10 1
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(2) Japanese

AR
EREIcMTIT b

COFr—rRBUGLEOBREIETIMBICOVTEMETILHOLOTY . COT U r—HIi2TROGA
EMEIERCREIAET. HULOSTANBTILEIUMBRHLAWMBTHTLEGLRY LMENST
;l:?;}iﬁ&, TATOEEIERMELLTROAFT. LHGIMFLABSOR=FTIIOAEAIZEZHY
1. RBRA: 268%: B x
3 &¥A8: ApER i k<] i F5
5. HEW: BENS: b HETH:
6. HEE
T.RBOHER o) BEFTR: b) HET 4 Country: ...
8. RMOHEE: .
KBS ERSBLUNDSBERES
BXBLUAOBRBERMICIET LA TED
0. MMOH &S o) FEFTR: b) HBr 4 Country: ...
10. S ROSEE .. .
BRIERSBLUNOSBEES
BEBLUNAOBRBERMICIET LA TED

1. FROWN. RETERZA TV EEREA TSN, £ EASXTORBESLTOELEMMN: N
F.ENE HLE RELE) . RETENZATLV:, B TIEESLL., SOV ITERTELLoF
BRLANTERAEZN, BEBUAOBRRBESTAILOIMERETORBERLZYVERLEY
TEIMIDNTELRRERLTERL,

12 BB EOHBEBLET S, (M XNAR. XENBLZLE)

HEEORTAROBBERELCZV(ER)

13 FHOR, FOSHM: HEE, NPREE)TEMSA TV EREBIIFE T L. B TIRREXEN
2  BIVEARTELH L BHLAOH TERAEZN. BAMUAORMESERILINER
ETORMERLEYEMLEYTESHTOVTERRL TR,

14 BUEOB_ARBMAOVTYAM AE—F T YR =T 42 SAT40 T DEHR
IZ2LWT 1 55 7 TRELTERVI L TLHRFRTHD, TRETLRETHIZEERLET)

1

132



EAOWR 1[2[2[4[5]e|70[1[2]23[2]5]6]7L|1][2]23]=

AE—F5

A=Y

V=T 127

SAT4YT

HBEENGLVREIOT L —FORIZEALTEED,

15 THhETICERELE BRRELBRZAS-CEMBYETH. 210 (RTAY 3
MEVEERAORESEDLIUEHFESAEOMBIZTRBAEZL

BIhETICs YAREBAECLOBHOIRMFERRNIZF>TIRAEELY
= R e

ERABYMESTENELE. |
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Appendix B. List of Stimuli
(1) ABX - Test Stimuli

Non-Word Non-Word Non-Word
without Long Sound with Geminate with Long Vowel

besa bessa beesa
8€po geppo geepo
kose kosse koose
mete mette meete
mopa moppa moopa
neka nekka neeka
nesa nessa neesa
pota potta poota
puki pukki puuki
pute putte puute
suke sukke suuke
tepa teppa teepa

(2) ABX - Training Session

Non-word Non-word
without long sound with geminate
koga kogga
goka gokka

134



(3) Lexical Decision — Test Stimuli

Word without Long sound Corresponding Non-Word Gloss
akkeru
akeru To open
aakeru
akkirameru
akirameru To give up
aakirameru
chikkaku
chikaku Close/Nearby
chikaaku
daigakku
daigaku University/College
daigaaku
ittsu
itsu when
iitsu
kongettsu
kongetsu This month
kongeetsu
nakku
naku To cry
naaku
sakke Japanese sake
sake
saake (alcoholic beverage)
shigotto
shigoto job/work
shigooto
tattsu
tatsu To stand
taatsu
wakkaru
wakaru To understand
waakaru
wattashi
watashi
wataashi
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Word with geminate

Corresponding Non-word

Gloss

buka
bukka consumer price
buuka
choto
chotto a little
chooto
gakou
gakkou school
gaakou
hikoshi
hikkoshi To move
hiikoshi
jyaketo
jyaketto jacket
jyakeeto
kipu
kippu ticket
kiipu
kisaten
kissaten cafe
kiisaten
peto
petto pet
peeto
yotsu
yottsu four small things
yootsu
yukuri
yukkuri slowly
yuukuri
zashi
zasshi magazine
zaashi
zuto
zutto for along time
zutto

136



Word with Long Vowel Correspoding Non-Word Gloss
apato
Apaato apartment
apatto
chokoreto
Chokoreeto chocolate
chokoretto
depato
Depaato Department store
depatto
katen
Kaaten curtain
katten
konsato
Konsaato concert
konsatto
peji
Peeji page
pejji
repoto
Repooto report, term paper
repotto
safin
Saafin surfing
saffin
sakuru
Saakuru club activity
sakkuru
supichi
Supiichi speech
supicchi
supotsu
Supootsu sports
supottsu
supu
Suupu P soup
suppu
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(4) Lexical Decision — Control Stimuli (Words)

Word Gloss Word Gloss
akai red omiyage souvenir
ashi foot ongaku music - repeated

atama head otera temple

batsu sign for not good oto sound
byouki sick otoko male
dakara because rekishi history
dasu To turn in, exit ringo apple
densha train rishi interest
donna what kind of ryokou Travel/trip
eiga movie sakana fish
esa feed shashin picture
gohan rice, meal shigoto job, occipation
hanasu to speak shiken exam
hayaku quickly soshite and then
hidari left suwaru to sit
honya book store tabemono food
imi meaning taberu to eat
isu chair tada free of charge
kazoku family takusan many
kisetsu season tango vocabulary
kowai scary tegami letter
kuru to come tenki weather
kuruma car tobu to fly
megane glasses tokoya barbar
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migi right totemo extremely
mochi rice cake tsukue desk
mune chest wakai young
nanika something wakaru to understand
nodo throat yaku to grill
odoru to dance - repeated yasumi to rest
okashi sweets yoyaku reservation
omise stores
(5) Lexical Decision — Control Stimuli (Non-Words)
Non-Word Note
agai Made from a real word akai “red”
achi Made from a real word ashi “foot”
ami Made from a real word imi “meaning”
bonya Made from a real word honya “book store”
dagara Made from a real word dakaraa “because”
eza Made from a real word esa “feed”
hitari Made from a real word hidari “left”
ishu Made from a real word isu “chair”
manika Made from a real word nanika “something”
megame Made from a real word megane “glasses”
muru Made from a real word kuru “to come”
nadama Made from a real word atama “head”
nigi Made from a real word migi “right”
nochi Made from a real word mocha “rice cake”
nune Made from a real word mune “chest”
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odera Made from a real word otera “temple”

odoko Made from a real word otoko “male”

omize Made from a real word omise “store”

oniyage Made from a real word omiyage “souvenir”
rushi Made from a real word rishi “interest”
sagana Made from a real word sakana “fish”

soshute Made from a real word “and then”

takuzan Made from a real word takusan “many”
tengi Made from a real word tenki “weather”
yagu Made from a real word yaku “to grill”

(6) Lexical Decision — Training Session

Word Gloss
migi left
sakana fish
wasureru to forget
tsuku to arrive
odo sound
shugoto job, occupation
gankoku Non-word made from a real word kankoku “Korea”
zanposuru to take a walk
gowai Non-word made from a real word kowai “scary”
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(7) Forced Lexical Choice (FLeC) - Test Stimuli (Pairs)

Word Paired Non-word Gloss
akeru *akkeru
To open
akeru *aakeru
apaato *apato
apartment
apaato *apatto
bukka *buka
price
bukka *buuka
chikaku *chikakku
nearby
chikaku *chiikaku
chokoreeto *chokoreto
chocolate
chokoreeto *chokoretto
chotto *choto a little
chotto *chooto
daigaku *daigakku university, college
daigaku *daigaaku
depaato *depato
department store
depaato *depatto
gakkou *gakou
school
gakkou *gaakou
hikkosu *hikosu
To move
hikkosu *hiikosu
itsu *jttsu
when
itsu *jitsu
jyaketto *jyaketo
jacket
jyaketto *jyakeeto
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kaaten *katen
curtain
kaaten *katten
kippu *kipu
ticket
kippu *kiipu
kissaten *kisaten
cafe
kissaten *kiisaten
kongetsu *kongettsu
this month
kongetsu *kongeetsu
konsaato *konsato
concert
konsaato *konsatto
naku *naaku
tocry
naku *nakku
peeji *peji
page
peeji *pejji
petto *peto
pet
petto *peeto
repooto *repoto
report, term paper
repooto *repotto
saafin *safin
surfing
saafin *saffin
saakuru *sakuru
club activity
saakuru *sakkuru
sake *sakke Japanese alcoholic
sake *saake beverages
shigoto *shigotto
job, occupation
shigoto *shigooto
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supiichi *supichi

speech
supiichi *supicchi
supootsu *supotsu
sports
supootsu *supottsu
suupu *supu
soup
suupu *suppu
tatsu *tattsu
to stand
tatsu *taatsu
wakaru *wakkaru
To know, understand
wakaru *waakaru
watashi *wattachi
watashi *waatachi
yottsu *yotsu
4 small things/objects
yottsu *yootsu
yukkuri *yukuri
slowly
yukkuri *yuukuri
zasshi *zashi
magazine
zasshi *zaashi
zutto *zuto
for a long time
zutto *zuuto
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Appendix C. List of Experimental Scripts

(1) ABX Task

<ep> <azk> <NumberOfItems 144> <scramble 36> <ContinuousRun> <fd 30> <Delay

118> <Timeout 2500> <id "Keyboard"> <mr +Space> <MapNegativeResponse

Alt"> <MapPositiveResponse "+Left Alt"> <vm 640,480,480, 8, 0> <eop>

$

"tRight

0 <line -8> ”ABXInstructions” ,<line —-6> ™“You will hear 3 pseudo words in a row.”,

<line -4> “You have to decide whether the third one is similar to”,

<line

_{3>

" the first

or the second one. 7, <1line -2> ™“Please press the LEFT Alt or the RIGHT Alt B button as quickly
as possible,” , <1line 0> ™“Press LEFT Alt if you think that the last one is the same as the first

”,<line 2> ™“and Press the RIGHT Alt if you think that the last one is the same as second

word” , <line 4> "“Press SPACEBAR to start with a short practice.” ;

0 <line -10>

"IELwIZ” , <line —6> “COARVIFEHLTIDDEEKEEB TV

#.”,<line —4> “R#ICHVILOARMICHELLOCEBLTOSA” , <line —2> "2&BICHLV-ROIC

BELTOSA L TOEEGGBDTY, ",

—%.”,<line 4> “2BHOBFLALEEB>T-LBAALTF —2TE2EFREERLTEEN, 7,
WRR—ZRN—FHTERVEE B AV REYET.

999 <ms% 2000> "+"

$

/i

+41221001 <cfb "O"> <wfb " x

"koga" / <ms% 500> / <wav 2> "gokka"

-41212001 <cfb "O"> <wfb " x

"goka" / <ms% 500> / <wav 2> "kogga"

-42121001 <cfb "O"> <wfb " X

"gokka" / <ms% 500> / <wav 2> "koga"

+42112001 <cfb "O"> <wfb " x

"kogga" / <ms% 500> / <wav 2> "goka"

+41221002 <cfb "O"> <wfb " x

"goka" / <ms% 500> / <wav 2> "kogga"

"> <tlfb "Too slow HIVLEL">

/ <ms% 500> / <wav 2> "koga" * /;

"> <tlfb "Too slow HIVLEL">

/ <ms% 500> / <wav 2> "kogga" * /;

"> <tlfb "Too slow ¥IPLEL">

/ <ms% 500> / <wav 2> "koga" * /;

"> <tlfb "Too slow HIVLEL">

/ <ms% 500> / <wav 2> "kogga" * /;

"> <tlfb "Too slow HIVLEL">

/ <ms% 500> / <wav 2> "goka" * /;
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<ms% 500>

<ms% 500>

<ms% 500>

<ms% 500>

<ms% 500>

nin

nin

]

nin

nin

<wav

<wav

<wav

<wav

<wav

<line 2> “4LECEVV-SEARNOELEOLALEER>-5EALTH
<line 8>

2>

2>

2>

2>

2>



-41212002 <cfb " "> <wfb " X o <tlfb "Too slow HIPLEL"> <nss 500> "+" / <wav 2>

"koga" / <ms% 500> / <wav 2> "gokka" / <ms% 500> / <wav 2> "gokka" * /;

-42121002 <cfb " "> <wfb " X "> <tlfb "Too slow HLIPLEL"> <mss 500> "+ / <wav

2> "kogga" / <ms% 500> / <wav 2> "goka" / <ms% 500> / <wav 2> "goka" *

/i

+42112002 <cfb " "> <wfb " Xy <tlfb "Too slow HIPLEBEL"> <mss 500> "+ / <wav 2>

"gokka" / <ms% 500> / <wav 2> "koga" / <ms% 500> / <wav 2> "gokka" * /;

$

0 <line -8> "Ready for the real experiment?", <line -6> "The
feedback is now turned off but otherwise it will be almost the same.”", <line -4> "Respond as
fast as you can without making mistakes.", <line -2> "If you make a mistake, don't worry and
keep going! Good luck! ", <line 0> "ZIHALERBRMNEILEFVFET.", <line 1> "IIhHhbEk
(FIEfE. REBLGEDTA— RNV IIEHYFERA ", <line 2> "T4—FN\vIHBENENS RS ER
KIFRLTT ., ", <line 4> "TEBJLEITRELERICEZATEE. ", <line 6> "MEZRLE
STHRITETHRISEA TS, ", <line 8> "AR—ZRN—FWTLEEERMNIBFEVET . ";

999 <nfb> <ms$% 2000> /;

$

+11211120 <ms% 250> "+" / <wav 2> "sg-20-p" / <ms% 500> / <wav
2> "1v-20-p" / <ms% 500> / <wav 2> "sg-20-c" * /;

-21223120 <ms% 250> "+" / <wav 2> "gc-20-p" / <ms% 500> / <wav
2> "1lv-20-p" / <ms% 500> / <wav 2> "1lv-20-c" * /;

-22112120 <ms% 250> "+" / <wav 2> "gc-20-p" / <ms% 500> / <wav
2> "sg-20-p" / <ms% 500> / <wav 2> "sg-20-c" * /;

+11213123 <ms% 250> "+" / <wav 2> "gc-23-p" / <ms% 500> / <wav
2> "1v-23-p" / <ms% 500> / <wav 2> "gc-23-c" * /;

-21222123 <ms% 250> "+" / <wav 2> "sg-23-p" / <ms% 500> / <wav
2> "gc-23-p" / <ms% 500> / <wav 2> "gc-23-c" * /;
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+12121123 <ms%
"Sg_23_p"

+11213127 <ms%
"lV—27—p"
~21222127 <ms3
"gc-27-p"
22111127 <ms%
"Sg_27_p"
21221128 <ms%
"lv_28_p"
-22113128 <ms%
"gc_28_p"
+12122128 <ms%
"sg-28-p"
+11212130 <ms%
"gc-30-p"
+12121130 <ms%
"Sg_30_p"
+12123130 <ms%
"gc_30_p"
—-22111132 <ms%
"Sg_32_p"
-22113132 <ms%
"gc-32-p"
+12122132 <ms%
"Sg_32_p"
+11212133 <ms%
"gc_33_p"
-21221133 <ms%
"lv_33_p"
+12123133 <ms%
"gc_33_p"

+11211135 <ms%
"lV—35—p"

"+" / <wav 2> "lv_23_p" / <ms%
500> / <wav 2> "1lv-23-c" * /;

"t/ <wav 2> "gc-27-p" / <ms$
500> / <wav 2> "gc—-27-c" * /:

"+" / <wav 2> "sg-27-p" / <ms%
500> / <wav 2> "gc—27_cn * /;

"t/ <wav 2> "lv-27-p" / <ms$
500> / <wav 2> "sg-27-c" * /;

"t/ <wav 2> "sg-28-p" / <ms$
500> / <wav 2> "lV_28—C" * /;

"_I_" / <wav 2> "lv_28_p" / <ms%
500> / <wav 2> "gc-28-c" * /;

"t/ <wav 2> "gc—-28-p" / <ms$
500> / <wav 2> "g—c_28_cn * /;

"t/ <wav 2> "sg-30-p" / <ms$
500> / <wav 2> "Sg_3O_C" * /;

"t/ <wav 2> "lv-30-p" / <ms$
500> / <wav 2> "1lv-30-c" * /;

nyn / <wav 2> "lV_BO_p" / <ms%
500> / <wav 2> "lv-30-c" * /;

"+" / <wav 2> "lv_32_p" / <ms%
500> / <wav 2> "Sg_32_C" * /;

nyn/ <wav 2> "lV_32—p" / <ms%
500> / <wav 2> "gc—32_cn * /;

"_I_" / <wav 2> "gc_32_p" / <ms%
500> / <wav 2> "90—32—0" * /;

"4/ <wav 2> "sg-33-p" / <ms$
500> / <wav 2> "sg-33-c" * 'z

"+" / <wav 2> "sg-33-p" / <ms%
500> / <wav 2> "1lv-33-c" * /;

"t/ <wav 2> "lv-33-p" / <ms$
500> / <wav 2> "1lv-33-c¢" * /;

"4/ <wav 2> "sg-35-p" / <ms$
500> / <wav 2> "sg-35-c" * /:
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-21223135 <ms% 250> "+" / <wav 2> "gc-35-p" / <ms% 500> / <wav
2> "1v-35-p" / <ms% 500> / <wav 2> "1lv-35-c" * /;

-22112135 <ms% 250> "+" / <wav 2> "gc-35-p" / <ms% 500> / <wav
2> "sg-35-p" / <ms% 500> / <wav 2> "sg-35-c" * /;

-21223136 <ms% 250> "+" / <wav 2> "gc-36-p" / <ms% 500> / <wav
2> "lv-36-p" / <ms% 500> / <wav 2> "lv-36-c" * /;

—-22112136 <ms% 250> "+" / <wav 2> "gc-36-p" / <ms% 500> / <wav
2> "sg-36-p" / <ms% 500> / <wav 2> "sg-36-c" * /;

+12121136 <ms% 250> "+" / <wav 2> "lv-36-p" / <ms% 500> / <wav
2> "sg-36-p" / <ms% 500> / <wav 2> "lv-36-c" * /;

+11213137 <ms% 250> "+" / <wav 2> "gc-37-p" / <ms% 500> / <wav
2> "lv-37-p" / <ms% 500> / <wav 2> "gc-37-c" * /;

-21222137 <ms% 250> "+" / <wav 2> "sg-37-p" / <ms% 500> / <wav
2> "gc-37-p" / <ms% 500> / <wav 2> "gc-37-c" * /;

-22111137 <ms% 250> "+" / <wav 2> "lv-37-p" / <ms% 500> / <wav
2> "sg-37-p" / <ms% 500> / <wav 2> "sg-37-c" * /;

+11211139 <ms% 250> "+" / <wav 2> "sg-39-p" / <ms% 500> / <wav
2> "1v-39-p" / <ms% 500> / <wav 2> "sg-39-c" * /;

+11212139 <ms% 250> "+" / <wav 2> "sg-39-p" / <ms% 500> / <wav
2> "gc-39-p" / <ms% 500> / <wav 2> "sg-39-c" * /;

+12123139 <ms% 250> "+" / <wav 2> "1lv-39-p" / <ms% 500> / <wav
2> "gc-39-p" / <ms% 500> / <wav 2> "1lv-39-c" * /;

-21221142 <ms% 250> "+" / <wav 2> "sg-42-p" / <ms% 500> / <wav
2> "1lv-42-p" / <ms% 500> / <wav 2> "lv-42-c" * /;

-22113142 <ms% 250> "+" / <wav 2> "lv-42-p" / <ms% 500> / <wav
2> "gc-42-p" / <ms% 500> / <wav 2> "gc-42-c" * /;

+12122142 <ms% 250> "+" / <wav 2> "gc-42-p" / <ms% 500> / <wav
2> "Sg_42_p" / <ms% 500> / <wav 2> "gC_42_C" * /;

$

0 <line -2> "Take a break.press SPACEBAR when ready.", <line 0> "CZITHREL TSV, DBV IVAED
A TELDAR-ZN—ZFHL TS, ;

$

-21221220 <ms% 250> "+" / <wav 2> "sg-20-p" / <ms% 500> / <wav

147



2> "1v-20-p" /

~22113220 <ms%
2> "gc-20-p" /

+12122220 <ms%
2> "Sg_ZO—p" /

+11211223 <ms%
2> "1lv-23-p" /

—21223223 <ms%
2> "lV—23—p" /

-22112223 <ms%
2> "sg-23-p" /

~21223227 <ms$
2> "1ly-27-p" /

—-22112227 <ms%
2> "sg—27_pn /

+12121227 <ms%
2> "sg-27-p" /

+11212228 <ms%
2> "gc—28_pn /

—22111228 <ms%
2> "sg-28-p" /

+12123228 <ms%
2> "gc-28-p" /

+11211230 <ms%
2> "1v-30-p" /

+11213230 <ms%
2> "lV_BO—p" /

-21222230 <ms%
2> "gc—30_pn /

+11212232 <ms%
2> "gc-32-p" /

+12121232 <ms%
2> "sg-32-p" /

+12123232 <ms%

<ms$%

250>
<ms$%

250>
<ms$%

250>
<ms$%

250>
<ms$%

250>
<ms$%

250>
<ms$%

250>
<ms$%

250>
<ms$%

250>
<ms$%

250>
<ms$%

250>
<ms$%

250>
<ms$%

250>
<ms$%

250>
<ms$%

250>
<ms$%

250>
<ms$%

250>

500> / <wav 2> "1lv-20-c" * /;

/ <ms$%

* /;

"tmo/ <wav 2>
500> / <wav 2>

"lv-20-p"
"gc_20_C"

"o/ o <wav 2>
500> / <wav 2>

/ <ms%

* /;

"gc_20_p"
"gc-20-c"

/ <ms$%

* /;

"tmo/ <wav 2>
500> / <wav 2>

"Sg_23_p"
"sg-23-c"
"o/ o <wav 2>
500> / <wav 2>

/ <ms%

* /;

"gc_23_p"
"lv-23-c"
"o/ o <wav 2>
500> / <wav 2>

/ <ms%

* /;

"gc-23-p"
"sg-23-c"

/ <ms$%

* /;

"tmo/ <wav 2>
500> / <wav 2>

"gc-27-p"
"lv_27_C"

"o/ <wav 2>
500> / <wav 2>

/ <ms%

* /;

"gc-27-p"
"Sg_27_C"

/ <ms$%

* /;

"tmo/ <wav 2>
500> / <wav 2>

"lv-27-p"
"lv_27_C"

"o/ <wav 2>
500> / <wav 2>

/ <ms%

* /;

"sg-28-p"
"Sg_28_c"

/ <ms$%

* /;

"tmo/ <wav 2>
500> / <wav 2>

"lv-28-p"
"sg-28-c"

/ <ms$%

* /;

"tmo/ <wav 2>
500> / <wav 2>

"lv-28-p"
"lv-28-c"

"o/ o <wav 2>
500> / <wav 2>

/ <ms%

* /;

"Sg_30_p"
"sg-30-c"

¢

/ <ms%

* /;

"tmo/ <wav 2>
500> / <wav 2>

"gc_30_p"
"gc-30-c"
"o/ o <wav 2>
500> / <wav 2>

/ <ms%

* /;

"Sg._30_p"
"gc-30-c"

/ <ms$%

* /;

"tmo/ <wav 2>
500> / <wav 2>

"Sg_32_p"
"Sg._32_C"
"t/ <wav 2>
500> / <wav 2>

"lV—32—p"
"lv_32_C"

/ <ms%

* /;

nyn / <wav 2> "lv_32_p" / <ms%
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2> "gc—32_pn /

+11213233 <ms$
2> "1v-33-p" /

—21222233 <ms%
2> "gc-33-p" /

-22111233 <ms$%
2> "sg-33-p" /

—21221235 <ms%
2> "lV—35—p" /

—-22113235 <ms%
2> "gc—35_pn /

+12122235 <ms%
2> "sg-35-p" /

+11211236 <ms%
2> "1v-36-p" /

—-22113236 <ms%
2> "gc-36-p" /

+12122236 <ms%
2> "sg-36-p" /

—21223237 <ms%
2> "1v-37-p" /

-22112237 <ms$%
2> "sg-37-p" /

+12121237 <ms%
2> "sg-37-p" /

+11213239 <ms%
2> "lV—39—p" /

-21221239 <ms%
2> "1v-39-p" /

—21222239 <ms%
2> "gc-39-p" /

+11212242 <ms%
2> "gc-42-p" /

—22111242 <ms%

<ms$%

250>
<ms$%

250>
<ms$%

250>
<ms$%

250>
<ms$%

250>
<ms$%

250>
<ms$%

250>
<ms$%

250>
<ms$%

250>
<ms$%

250>
<ms$%

250>
<ms$%

250>
<ms$%

250>
<ms$%

250>
<ms$%

250>
<ms$%

250>
<ms$%

250>

500> / <wav 2> "1lv-32-c" * /;

/ <ms$%

* /;

"tmo/ <wav 2>
500> / <wav 2>

"gc_33_p"
"gc_33_C"
"o/ o <wav 2>
500> / <wav 2>

/ <ms%

* /;

"Sg_33_p"
"gc-33-c"

/ <ms$%

* /;

"tmo/ <wav 2>
500> / <wav 2>

"lV—33—p"
"sg—-33-c"

"o/ o <wav 2>
500> / <wav 2>

/ <ms%

* /;

"Sg_35_p"
"lv-35-c"
"o/ o <wav 2>
500> / <wav 2>

"lV—35—p"
"gc_35_c"

/ <ms%

* /;

/ <ms$%

* /;

"tmo/ <wav 2>
500> / <wav 2>

"gc—-35-p"
"g—c_35_C"
"t/ <wav 2>
500> / <wav 2>

/ <ms%

* /;

"Sg._36_p"
"Sg_36_c"

/ <ms$%

* /;

"tmo/ <wav 2>
500> / <wav 2>

"]_v_36_p"
"gC_36—C"

"o/ <wav 2>
500> / <wav 2>

/ <ms%

* /;

"gc-36-p"
"gc-36-c"

/ <ms$%

* /;

"tmo/ <wav 2>
500> / <wav 2>

"gc-37-p"
"lv_37_c"

/ <ms$%

* /;

"tmo/ <wav 2>
500> / <wav 2>

"gc-37-p"
"Sg_37_c"
"t/ <wav 2>
500> / <wav 2>

"lV—37—p"
"lv_37_c"

/ <ms%
* /;

¢

/ <ms%

* /;

"tmo/ <wav 2>
500> / <wav 2>

"gc_39_p"
"gc-39-c"
"o/ o <wav 2>
500> / <wav 2>

/ <ms%

* /;

"Sg._39_p"
"lv-39-c"

/ <ms$%

* /;

"tmo/ <wav 2>
500> / <wav 2>

"Sg—3 9_pvv
"gc-39-c"
"o/ <wav 2>
500> / <wav 2>

/ <ms%

* /;

"Sg_42_p"

"sg-42-c"
"_I_" / <ms%

/ <wav 2> "lv-42-p"
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2> "sg-42-p" / <ms% 500> / <wav 2> "sg-42-c" * /;

+12123242 <ms% 250> "+" / <wav 2> "lv-42-p" / <ms% 500> / <wav
2> "gc-42-p" / <ms% 500> / <wav 2> "lv-42-c" * /;

$

0 <line -2> "Take a break.press SPACEBAR when ready.", <line 0> "CZITHRELTEZEW, XRDEIIIVAED
A TELDAR-ZN—FHL TS, ;

$

+11212320 <ms% 250> "+" / <wav 2> "sg-20-p" / <ms% 500> / <wav
2> "gc-20-p" / <ms% 500> / <wav 2> "sg-20-c" * /;

-22111320 <ms% 250> "+" / <wav 2> "1lv-20-p" / <ms% 500> / <wav
2> "sg-20-p" / <ms% 500> / <wav 2> "sg-20-c" * /;

+12123320 <ms% 250> "+" / <wav 2> "lv-20-p" / <ms% 500> / <wav
2> "gc-20-p" / <ms% 500> / <wav 2> "lv-20-c" * /;

-21221323 <ms% 250> "+" / <wav 2> "sg-23-p" / <ms% 500> / <wav
2> "1lv-23-p" / <ms% 500> / <wav 2> "1lv-23-c" * /;

-22113323 <ms% 250> "+" / <wav 2> "1lv-23-p" / <ms% 500> / <wav
2> "gc-23-p" / <ms% 500> / <wav 2> "gc-23-c" * /;

+12122323 <ms$% 250> "+" / <wav 2> "gc-23-p" / <ms% 500> / <wav
2> "sg-23-p" / <ms% 500> / <wav 2> "gc-23-c" * /;

+11211327 <ms% 250> "+" / <wav 2> "sg-27-p" / <ms% 500> / <wav
2> "1v-27-p" / <ms% 500> / <wav 2> "sg-27-c" * /;

-22113327 <ms% 250> "+" / <wav 2> "1lv-27-p" / <ms% 500> / <wav
2> "gc-27-p" / <ms% 500> / <wav 2> "gc-27-c" * /;

+12122327 <ms% 250> "+" / <wav 2> "gc-27-p" / <ms% 500> / <wav
2> "Sg_27_p" / <ms% 500> / <wav 2> "gC_27_C" * /;

+11213328 <ms% 250> "+" / <wav 2> "gc-28-p" / <ms% 500> / <wav
2> "1v-28-p" / <ms% 500> / <wav 2> "gc-28-c" * /;

-21222328 <ms% 250> "+" / <wav 2> "sg-28-p" / <ms% 500> / <wav
2> "gc-28-p" / <ms% 500> / <wav 2> "gc-28-c" * /;

+12121328 <ms% 250> "+" / <wav 2> "lv-28-p" / <ms% 500> / <wav
2> "sg-28-p" / <ms% 500> / <wav 2> "lv-28-c" * /;

-21221330 <ms% 250> "+" / <wav 2> "sg-30-p" / <ms% 500> / <wav
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2> "1v-30-p" /

—-21223330 <ms%
2> "lV_BO—p" /

—-22112330 <ms%
2> "sg—30_pn /

+11211332 <ms$
2> "1v-32-p" /

+11213332 <ms$
2> "1v-32-p" /

—-21222332 <ms%
2> "gc—32_pn /

-21223333 <ms$
2> "1lv-33-p" /

—-22112333 <ms%
2> "sg—33_pn /

+12121333 <ms$
2> "sg-33-p" /

+11212335 <ms%
2> "gc-35-p" /

—-22111335 <ms%
2> "sg-35-p" /

+12123335 <ms%
2> "gc-35-p" /

+11212336 <ms%
2> "gc-36-p" /

-21221336 <ms%
2> "lV_36—p" /

+12123336 <ms%
2> "gc—36_pn /

+11211337 <ms$
2> "1v-37-p" /

—22113337 <ms%
2> "gc-37-p" /

+12122337 <ms%

<ms$%

250>
<ms$%

250>
<ms$%

250>
<ms$%

250>
<ms$%

250>
<ms$%

250>
<ms$%

250>
<ms$%

250>
<ms$%

250>
<ms$%

250>
<ms$%

250>
<ms$%

250>
<ms$%

250>
<ms$%

250>
<ms$%

250>
<ms$%

250>
<ms$%

250>

500> / <wav 2> "1lv-30-c" * /;

/ <ms$%

* /;

"tmo/ <wav 2>
500> / <wav 2>

"gc_30_p"
"lv_30_C"

"o/ o <wav 2>
500> / <wav 2>

/ <ms%

* /;

"gc_30_p"
"sg-30-c"

/ <ms$%

* /;

"tmo/ <wav 2>
500> / <wav 2>

"Sg_32_p"
"Sg._32_C"
"t/ <wav 2>
500> / <wav 2>

/ <ms%

* /;

"gc-32-p"
"gc-32-c"
"o/ o <wav 2>
500> / <wav 2>

/ <ms%

* /;

"Sg._32_p"
"gc-32-c"

/ <ms$%

* /;

"tmo/ <wav 2>
500> / <wav 2>

"gc_33_p"
"lv-33-c"

"o/ <wav 2>
500> / <wav 2>

/ <ms%

* /;

"gc-33-p"
"Sg_33_c"

/ <ms$%

* /;

"tmo/ <wav 2>
500> / <wav 2>

"lV—33—p"
"lv-33-c"

"o/ <wav 2>
500> / <wav 2>

/ <ms%

* /;

"59—35—p"
"Sg_35_c"

/ <ms$%

* /;

"tmo/ <wav 2>
500> / <wav 2>

"lV—35—p"
"sg-35-c"

/ <ms$%

* /;

"tmo/ <wav 2>
500> / <wav 2>

"lV—35—p"
"1lv-35-c"

"o/ o <wav 2>
500> / <wav 2>

/ <ms%

* /;

"Sg—36—p"
"sg-36-c"

¢

/ <ms%

* /;

"tmo/ <wav 2>
500> / <wav 2>

"Sg—3 6—p"
"lv-36-c"
"o/ o <wav 2>
500> / <wav 2>

"lv_36_p"
"lv_36_c"

/ <ms%

* /;

/ <ms$%

* /;

"tmo/ <wav 2>
500> / <wav 2>

"Sg_37_p"
"Sg_37_C"
"t/ <wav 2>
500> / <wav 2>

"lV—37—p"
"gc-37-c"

/ <ms%

* /;

"_I_" / <wav 2> "gc_37_p" / <ms%
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500>

500>

500>

500>

500>

500>

500>

500>

500>

500>

500>

500>

500>

500>

500>

500>

500>

<wav

<wav

<wav

<wav

<wav

<wav

<wav

<wav

<wav

<wav

<wav

<wav

<wav

<wav

<wav

<wav

<wav



2>

"Sg_37_p"

/

—21223339 <ms%

2>

"1v-39-p"

/

-22111339 <ms%

2>

"Sg_39_p"

/

—-22112339 <ms%

2>

"Sg-_39_p"

/

+11213342 <ms$%

2>

—21222342 <ms%
"gc-42-p"

2>

+12121342 <ms%
"sg-42-p"

2>
$

0 <line -2>

$

+11213420 <ms%
"1v-20-p"

2>

"lv-42-p"

/

/

/

/

-21222420 <ms%

2>

+12121420 <ms%
"sg-20-p"

2>

+11212423 <ms%
"gc-23-p"

2>

"gc_zo_p"

/

/

/

—22111423 <ms%

2>

+12123423 <ms%
"gc-23-p"

2>

"Sg-_23_p"

/

/

+11212427 <ms%

2>

-21221427 <ms$%
"lv-27-p"

2>

"gc_27_p"

/

/

+12123427 <ms%

2>

"g—c_27_p"

/

<ms$%

250>
<ms$%

250>
<ms%

250>
<ms$%

250>
<ms$%

250>
<ms%

250>
<ms$%

250>
<ms$%

250>
<ms%

250>
<ms%

250>
<ms$%

250>
<ms%

250>
<ms$%

250>
<ms%

250>
<ms$%

250>
<ms$%

500> / <wav 2>

"+"

500> / <wav 2>

"_I_"

500> / <wav 2>

"+"

500> / <wav 2>

"_I_"

500> / <wav 2>

"_I_"

500> / <wav 2>

"+"

500> / <wav 2>

"+"

500> / <wav 2>

"_I_"

500> / <wav 2>

"+"

500> / <wav 2>

"+"

500> / <wav 2>

"_I_"

500> / <wav 2>

"+"

500> / <wav 2>

"_I_"

500> / <wav 2>

"+"

500> / <wav 2>

"_I_"

500> / <wav 2>

/ <wav 2>

/ <wav 2>

/ <wav 2>

/ <wav 2>

/ <wav 2>

/ <wav 2>

"Take a break..press SPACEBAR when ready.",
EENTELLRAR-RN—FZHLTZEW, ;

/ <wav 2>

/ <wav 2>

/ <wav 2>

/ <wav 2>

/ <wav 2>

/ <wav 2>

/ <wav 2>

/ <wav 2>

/ <wav 2>
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"gc-37-c" * /;
"gc-39-p" / <ms%
"1lv-39-c" * /;
"1lv-39-p" / <ms%
"sg-39-c" * /;
"gc-39-p" / <ms%
"sg-39-c" * /;
"gc—-42-p" / <ms%
"gc—-42-c" * /;
"sg-42-p" / <ms%
"gc-42-c" * /;
"lv-42-p" / <ms%
"lv-42-c" * /;

<line 0>

"gc_ZO_p"
"gc—-20-c"
"Sg-_20_p"
"gc—20-c"
"lv-20-p"
"lv-20-c"
"Sg_23_p"
"sg—-23-c"
"lv-23-p"
"sg—23-c"
"lv_23_p"
"lv-23-c"
"Sg-_27_p"
"Sg-_27_c"
"Sg-_27_p"
"lv-27-c"
"lv_27_p"
"lv-27-c"

/ <ms%

* /;

/ <ms$%
* /;

/ <ms%
* /;

/ <ms%
* /;

/ <ms$%
* /;

/ <ms%
* /;

/ <ms$%
* /;
/ <ms%
* /;

/ <ms$%

* /;

500>

500>

500>

500>

500>

500>

500>

500>

500>

500>

500>

500>

500>

500>

500>

<wav

<wav

<wav

<wav

<wav

<wav

"ZITHREBELTEZSW, RT3y ~HD

<wav

<wav

<wav

<wav

<wav

<wav

<wav

<wav

<wav



+11211428 <ms%
"lv-28-p"
—-21223428 <ms%
"lv_28_p"
—-22112428 <ms%
"Sg_28_p"
-22111430 <ms%
"Sg_30_p"
-22113430 <ms%
"gc_30_p"
+12122430 <ms%
"Sg_30_p"
—-21221432 <ms%
"lV—32—p"
—-21223432 <ms%
"lV—32—p"
—-22112432 <ms%
"Sg_32_p"
+11211433 <ms%
"lV—33—p"
-22113433 <ms%
"gc_33_p"
+12122433 <ms%
"Sg._33_p"
+11213435 <ms%
"lv-35-p"
—-21222435 <ms%
"gc-35-p"
+12121435 <ms%
"Sg_35_p"
+11213436 <ms%
"lv_36_p"

-21222436 <ms%
"gC_36—p"

"+" / <wav 2> "sg-28-p" / <ms%
500> / <wav 2> "Sg_28_C" * /;

"t/ <wav 2> "gc—-28-p" / <ms$
500> / <wav 2> "lv_28_cn * /;

"+" / <wav 2> "gc-28-p" / <ms%
500> / <wav 2> "sg-28-c" * /:

"t/ <wav 2> "lv-30-p" / <ms$
500> / <wav 2> "sg-30-c" * /;

"yn/ <wav 2> "lV—30—p" / <ms%
500> / <wav 2> "gC—BO_C" * /;

"+" / <wav 2> "gc-30-p" / <ms%
500> / <wav 2> "gc-30-c" * /;

"'/ <wav 2> "sg-32-p" / <ms$%
500> / <wav 2> "lv-32-c" * /;

"_I_" / <wav 2> "gc_32_p" / <ms%
500> / <wav 2> "1lv-32-c¢" * /;

"t/ <wav 2> "gc—-32-p" / <ms$
500> / <wav 2> "Sg_32_C" * /;

"t/ <wav 2> "sg-33-p" / <ms$
500> / <wav 2> "sg-33-c" * /:

nyn / <wav 2> "lv_33_p" / <ms%
500> / <wav 2> "gc-33-c" * /;

"t/ <wav 2> "gc—-33-p" / <ms$
500> / <wav 2> "gc—-33-c" * 'z

"+" / <wav 2> "gc-35-p" / <ms%
500> / <wav 2> "90—35—0" * /;

"4/ <wav 2> "sg-35-p" / <ms$
500> / <wav 2> "gc—35_cn * /;

"+" / <wav 2> "lv_35_p" / <ms%
500> / <wav 2> "lv-35-c" * /;

"t/ <wav 2> "gc-36-p" / <ms$
500> / <wav 2> "90—36—0" * /;

"t/ <wav 2> "sg-36-p" / <ms$
500> / <wav 2> "gc—-36-c" * /:
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-22111436 <ms% 250> "+" / <wav 2> "lv-36-p" / <ms% 500> / <wav
2> "sg-36-p" / <ms% 500> / <wav 2> "sg-36-c" * /;

+11212437 <ms% 250> "+" / <wav 2> "sg-37-p" / <ms% 500> / <wav
2> "gc-37-p" / <ms% 500> / <wav 2> "sg-37-c" * /;

-21221437 <ms% 250> "+" / <wav 2> "sg-37-p" / <ms% 500> / <wav
2> "1lv-37-p" / <ms% 500> / <wav 2> "1lv-37-c" * /;

+12123437 <ms% 250> "+" / <wav 2> "1lv-37-p" / <ms% 500> / <wav
2> "gc-37-p" / <ms% 500> / <wav 2> "1lv-37-c" * /;

-22113439 <ms% 250> "+" / <wav 2> "1lv-39-p" / <ms% 500> / <wav
2> "gc-39-p" / <ms% 500> / <wav 2> "gc-39-c" * /;

+12121439 <ms% 250> "+" / <wav 2> "lv-39-p" / <ms% 500> / <wav
2> "sg-39-p" / <ms% 500> / <wav 2> "1lv-39-c" * /;

+12122439 <ms% 250> "+" / <wav 2> "gc-39-p" / <ms% 500> / <wav
2> "sg-39-p" / <ms% 500> / <wav 2> "gc-39-c" * /;

+11211442 <ms% 250> "+" / <wav 2> "sg-42-p" / <ms% 500> / <wav
2> "1lv-42-p" / <ms% 500> / <wav 2> "sg-42-c" * /;

-21223442 <ms% 250> "+" / <wav 2> "gc-42-p" / <ms% 500> / <wav
2> "1lv-42-p" / <ms% 500> / <wav 2> "lv-42-c" * /;

-22112442 <ms% 250> "+" / <wav 2> "gc-42-p" / <ms% 500> / <wav
2> "Sg_42_p" / <ms% 500> / <wav 2> "Sg_42_C" * /;
\

0 <line -1> "The End...thank you very much for participating"”, <line 1> "Please call the
experimenter. HENETLIz. CNTIDRRVFEDHYTT, INEFFA TSN, ", <line 2> "[Experimenter: Press
Esc to Save the datal";

(2) Lexical Decision Task

<ep> <azk> <NumberOfItems 198> <scramble 66> <ContinuousRun> <Delay 158>
<FrameDuration 250> <Timeout 2200> <id "Keyboard"> <mr +Space>
<MapNegativeResponse "+Left Alt"> <MapPositiveResponse "+Right Alt"> <vm
1024,768,768,32,0> <eop>
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0 <line =-9> "Instructions (IZL®IZ)”, <1line -=8> " You will hear short words that may or
may not be real words in Japanese” , <l1line —-6> “ifitis a real existing word in Japanese, press
the ”,<line -5> “Pressthe LEFT (no) key if what you hear is NOT a
real word in Japanese.” , <1line —3> " Please answer as accurately and as QUICKLY as
possible.” , <1line —1> “Press SPACEBAR to start a short practice with feedback” , <1line 1>
IS BEIFALERNTLVZEES ", <line 3> “HAEOEEDEIZ 7,
<line 4> "BHAXRETHULEIETE NO REVERLTESL, 7, <line 6> "EFZHELT. TES
MNEYERIZ, B RAVERLTEEN, 7, <line 7> "AR—-ZN—#HFLEVVEE v avn
mEYET.”;

999 <ms% 2000> "+" /;

$

+11201001 <cfb " s <utb " X "> <tlfb "Too slow FS5PLELC"> <wav 2> "migi" *
/i

+11301002 <cfb " "> <wfb " >< "> <tlfb "Too slow ¥IPLEL"> <wav 2> "sakana"
* /5

+11401003 <cfb " "> <wfb " X s <tlfb "Too slow HIPLEBEL"> <wav 2>

"wasureru" * /;

+11501004 <cfb " "> <wfb " X v <tlfb "Too slow HIPLEL"> <wav 2>

"atatakai" * /;

+11201005 <cfb " "> <wfb " X v <tlfb "Too slow HIPLEBEL"> <wav 2> "tsuku"
* /;

-11201006 <cfb " "> <wfb " Xy <tlfb "Too slow HIPLEBEL"> <wav 2> "odo" *
/i

-11301007 <cfb " "> <wfb " Xy <tlfb "Too slow HIPLEBEL"> <wav 2>

"shugoto" * /;

-11401008 <cfb " "> <wfb " Xy <tlfb "Too slow HIPLEBEL"> <wav 2>

"gankoku" * /;

-11501009 <cfb " "> <wfb " Xy <tlfb "Too slow HIPLEBEL"> <wav 2>
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"zanposuru" * /;

-11301010 <cfb " ns <ufb " X ns <t1fb "Too slow EF3DLELC"> <wav 2> "gowai"
*/;

$

0 <line -3> "Ready for the real experiment? The feedback is now turned off",

<line -1> "Respond as fast as you can without making mistakes", <line 1> "Ifyou
make a mistake, don't worry and keep going!", <line 2> "ZIALEEOEBRMAIXLEVET.E
i, REBITEDTA—FN\VIIEHYELTA. ", <line 3> "HMBDLTITHEIRBLEZA TSN, M
EBZTHRITET . FAEARITEATES, ", <line 4>"...press SPACEBAR when
ready",<line 6> "E{FEMNTEH, AR—AN—FHLTERERABLTIIZSL ";

999 <nfb> <ms% 2000> /;

$

\

+11112101  <wav 2> "sgl-p" * /;
+11111104 <wav 2> "sgd-c" * /;
+11112107 <wav 2> "sgT7-p" * /;
+11111110  <wav 2> "sgl0-c" * /;
+11221201 <wav 2> "lvl-c" * /;
+11222204 <wav 2> "lvd-p" * /;
+11221207 <wav 2> "lv7-c" * /;
+11222210 <wav 2> "1lv10-p" * /;
+11332301 <wav 2> "gcl-p" * /;
+11331304 <wav 2> "gc4d-c" * /;
+11332307 <wav 2> "gc7-p" * /;
+11331310 <wav 2> "gclO-c" * /;
-81312103  <wav 2> "sg3-G-p" * /;
-81311106 <wav 2> "sg6-G-c" * /;
-81312109 <wav 2> "sg9-G-p" * /;

-81311112 <wav 2> "sgl2-G-c" * /;
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-81121203

-81122206

-81121209

-81122212

-81132303

-81131306

-81132309

-81131312

-81211102

-81212105

-81211108

-81212111

-81322202

-81321205

-81322208

-81321211

-81231302

-81232305

-81231308

-81232311

+11205006

+11205009

+11205016

+11205019

+11305002

+11305005

+11305008

+11305038

+11405001

-81205010

-81205013

-81205016

<wav

<wav

<wav

<wav

<wav

<wav

<wav

<wav

<wav

<wav

<wav

<wav

<wav

<wav

<wav

<wav

<wav

<wav

<wav

<wav

<wav

<wav

<wav

<wav

<wav

<wav

<wav

<wav

<wav

<wav

<wav

<wav

2>

2>

2>

2>

2>

2>

2>

2>

2>

2>

2>

2>

2>

2>

2>

2>

2>

2>

2>

2>

2>

2>

2>

2>

2>

2>

2>

2>

2>

2>

2>

2>

"lv3-S-c"
"lve-S-p"
"lv9-S-c"
"lvl2-S-p"
"gc3-S-p"
"gce—-S—-c"
"gc9-S-p"
"gcl2-S-c"
"sg2-L-c"
"sg5-L-p"
"sg8-L-c"
"sgll-L-p"
"lv2-G-p"
"1lv5-G-c"
"lv8-G-p"
"lvll-G-c"
"gc2-L-c"
"gc5-L-p"
"gc8-L-c"
"gcll-L-p"
"dasu" * /
"batsu" *
"imi" * /;
"migi" * /
"akai" * /
"nanika" *
"shashin"
"soshite"
"omiyage"
"nune" * /
"rushi" *

"ami" /;

* /5
*/;
*/;
*/;

* /;

* /;

* /;

* /;
’

/;

/3
* /;
*/;
*/;

/;
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-81205019 <wav 2> "nigi" * /;
-81305002 <wav 2> "agai" * /;
-81305005 <wav 2> "manika" * /;
-81305024 <wav 2> "hitari" * /;
-81305038 <wav 2> "soshute" * /;
-81405001 <wav 2> "oniyage" * /;
+11205005 <wav 2> "tada" * /;
+11205010 <wav 2> "mune" * /;
+11205011 <wav 2> "mochi" * /;
+11205012 <wav 2> "yaku" * /;
+11205013 <wav 2> "rishi" * /;
+11305011 <wav 2> "hanasu" * /;
+11305012 <wav 2> "taberu" * /;
+11305013 <wav 2> "kisetsu" * /;
+11305014 <wav 2> "rekishi" * /;
+11305015 <wav 2> "odoru" * /;
+11305016 <wav 2> "eiga" * /;
+11305017 <wav 2> "totemo" * /;

$

0 <line -2> "Take a break.press SPACEBAR when ready.", <line 0> "ZZTREAL TS, RDEHav~HE

TR TE=DRR— R A—EHL TS, 7

999 <ms% 2000> "+" /;

$

+12111102 <wav 2> "sg2-c" * /;
+12112105 <wav 2> "sgb-p" * /;
+12111108 <wav 2> "sg8-c" * /;
+12112111 <wav 2> "sgll-p" * /;
+12222202 <wav 2> "lv2-p" * /;
+12221205 <wav 2> "lv5-c" * /;
+12222208 <wav 2> "lv8-p" * /;
+12221211 <wav 2> "lvll-c" * /;
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+12331302  <wav 2> "gc2-c" * /;
+12332305 <wav 2> "gc5-p" * /;
+12331308 <wav 2> "gc8-c" * /;
+12332311 <wav 2> "gcll-p" * /;
-82312101  <wav 2> "sgl-G-p" * /;
-82311104 <wav 2> "sg4-G-c" * /;
-82312107 <wav 2> "sg7-G-p" * /;
-82311110  <wav 2> "sgl0-G-c" * /;
-82121201 <wav 2> "lv1-S-c" * /;
-82122204 <wav 2> "1lv4-S-p" * /;
-82121207 <wav 2> "lv7-S-c" * /;
-82122210 <wav 2> "1lv10-S-p" * /;
-82132301 <wav 2> "gcl-S-p" * /;
-82131304 <wav 2> "gcd4-S-c" * /;
-82132307 <wav 2> "gc7-S-p" * /;
-82131310  <wav 2> "gcl0-S-c" * /;
-82212103 <wav 2> "sg3-L-p" * /;
-82211106 <wav 2> "sg6-L-c" * /;
-82212109  <wav 2> "sg9-L-p" * /;
-82211112  <wav 2> "sgl2-L-c" * /;
-82321203 <wav 2> "1lv3-G-c" * /;
-82322206 <wav 2> "1lve-G-p" * /;
-82321209 <wav 2> "1lv9-G-c" * /;
-82322212  <wav 2> "1v12-G-p" * /;
-82232303 <wav 2> "gc3-L-p" * /;
-82231306 <wav 2> "gc6-L-c" * /;
-82232309 <wav 2> "gc9-L-p" * /;
-82231312 <wav 2> "gcl2-L-c" * /;
+12205007 <wav 2> "tobu" * /;
+12205014 <wav 2> "ashi" * /;
+12205017 <wav 2> "esa" * /;

+12205020 <wav 2> "kuru" * /;
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+12305003 <wav 2> "honya" * /;
+12305006 <wav 2> "otera" * /;
+12305009 <wav 2> "densha" * /;
+12305039 <wav 2> "omise" * /;
+12405002 <wav 2> "ongaku" * /;
-82205011 <wav 2> "nochi" * /;
-82205014 <wav 2> "achi" * /;
-82205017 <wav 2> "eza" * /;
-82205020 <wav 2> "muru" * /;
-82305003 <wav 2> "bonya" * /;
-82305006 <wav 2> "odera" * /;
-82305025 <wav 2> "tengi" * /;
-82305039 <wav 2> "omize" * /;
-82405002 <wav 2> "ongaku" * /;
+12305018 <wav 2> "kowail" * /;
+12305019 <wav 2> "tsukue" * /;
+12305020 <wav 2> "gohan" * /;
+12305021 <wav 2> "tegami" * /;
+12305022 <wav 2> "wakaru" * /;
+12305023 <wav 2> "dakara" * /;
+12305024 <wav 2> "hidari" * /;
+12305025 <wav 2> "tenki" * /;
+12305026 <wav 2> "megane" * /;
+12305027 <wav 2> "kuruma" * /;
+12305028 <wav 2> "kazoku" * /;

+12305029 <wav 2> "shigoto" * /;

$

0 <line -2> "Take a break.press SPACEBAR when ready.", <line 0> "ZITHRELTIEEW, ROEH a0~
BN TERDAR—ZN—FHL TS, ";

999 <ms% 2000> "+" /;
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$

+13112103
+13111106
+13112109
+13111112
+13221203
+13222206
+13221209
+13222212
+13332303
+13331306
+13332309
+13331312
-83311102
-83312105
-83311108
-83312111
-83122202
-83121205
-83122208
-83121211
-83131302
-83132305
-83131308
-83132311
-83212101
-83211104
-83212107
-83211110
-83321201
-83322204

—-83321207

<wav

<wav

<wav

<wav

<wav

<wav

<wav

<wav

<wav

<wav

<wav

<wav

<wav

<wav

<wav

<wav

<wav

<wav

<wav

<wav

<wav

<wav

<wav

<wav

<wav

<wav

<wav

<wav

<wav

<wav

<wav

2>

2>

2>

2>

2>

2>

2>

2>

2>

2>

2>

2>

2>

2>

2>

2>

2>

2>

2>

2>

2>

2>

2>

2>

2>

2>

2>

2>

2>

2>

2>

"sg3-p" *
"sgb-c" *
"sg9-p" *
"sgl2-c" *
"lv3-c" *
"lve-p" *
"lv9-c" *
"lvlz-p" *
"gc3-p" *
"gce-c" *
"gc9-p" *
"gcl2-c" *
"sg2-G-c"
"sg5-G-p"
"sg8-G-c"
"sgll-G-p"
"lv2-S-p"
"lv5-S-c"
"lv8-S-p"
"lvll-S-c"
"gc2-5-c"
"gc5-S-p"
"gc8-S-c"
"gcll-S-p"
"sgl-L-p"
"sg4-L-c"
"sg7-L-p"
"sglO-L-c"
"lvl-G-c"
"lv4-G-p"

"1v7-G-c"

/i
/i
/i
/i
/i
/i
/3
/3
/i
/i
/3
/3
*/;
* /;
* /;
*/;
*/;
* /;
* /;
*/;
*/;
* /;
* /;
*/;

* /5
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-83322210

-83232301

—-83231304

-83232307

-83231310

+13205008

+13205015

+13205018

+13305001

+13305004

+13305007

+13305010

+13305040

+13405003

-83205012

-83205015

-83205018

—-83305001

—-83305004

-83305023

-83305026

—-83305040

-83405003

+13305030

+13305031

+13305032

+13305033

+13305034

+13305035

+13305036

+13305037

+13405004

<wav

<wav

<wav

<wav

<wav

<wav

<wav

<wav

<wav

<wav

<wav

<wav

<wav

<wav

<wav

<wav

<wav

<wav

<wav

<wav

<wav

<wav

<wav

<wav

<wav

<wav

<wav

<wav

<wav

<wav

<wav

<wav

2>

2>

2>

2>

2>

2>

2>

2>

2>

2>

2>

2>

2>

2>

2>

2>

2>

2>

2>

2>

2>

2>

2>

2>

2>

2>

2>

2>

2>

2>

2>

2>

"1v10-G-p" * /;
"gcl-L-p" * /;
"gcd-L-c" * /;
"geT-L-p" * /;
"gelO-L-c" * /;
"nodo" * /;
"isu" * /;
"oto" * /;
"sakana" * /;
"atama" * /;
"yoyaku" * /;
"ryokou" * /;
"otoko" * /;
"takusan" * /;
"yagu" * /;
"ishu" * /;
"odo" * /;

"sagana" * /;
"nadama" * /;
"dagara" * /;
"megame" * /;
"odoko" * /;

* /;

"takuzan"

* /;

"tango"

* /5

"shiken"

"byouki" * /;

"wakai"

* /;
"tokoya" * /;
"ringo" * /;
"hayaku" * /;

* /;

"okashi"

* /5

"tabemono"
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+13405005 <wav 2> "yasumi" * /;
+13405006 <wav 2> "donna" * /;
+13405007 <wav 2> "suwaru" * /;

\

0 <line -4> "The End...thank you for participating", <line -2> "BENHKTL =,
NhTCODEERRIIELTTT,", <line 0> "Please call the experimenter!", <line 2> "I
BEFA TSN, RERICTS MU= 12E FIEITHYMESTXVEL . ", <line 4>

" [Experimenter: Press Esc to Save the data]";

(3) Forced Lexical Choice (FLeC)

<ep> <azk> <NumberOfItems 72> <scramble 36> <ContinuousRun> <Delay 158>
<FrameDuration 250> <Timeout 5000> <id "Keyboard"> <mr +Space>
<MapNegativeResponse "+Right Alt"> <MapPositiveResponse "+Left Alt"> <vm
640,480,480, 8, 0> <eop>

$

0 <line -8> "Instructions” ,<line —-6> “VYouwil hear2itemsinarow. ”, <line -
4> “You have to decide which one is a real JAPANESE word ”, <1line -2> "“Please press the
LEFT (1) or the RIGHT (2) button as quickly as possible,” , <1ine 0> ™“Press LEFT if you think
that the first one is the Japanese word 7, <1line 2> “and Press RIGHT if you think that the the

second one is the Japanese word” , <line 4> ™“Press SPACEBAR to start with a short
practice.” ;

0 <line -10> "iL®Iz”,<line —-6> “COARVILEHELT2ODREEERNTL UM
#®.”,<line —4> “ECHELARRBEOBEENMIFHLTOEEGEDTT, ", <line 2> “RYIOtOABAEOH

ErEEESbE (1) F—%.",<1line 4> “2EBBHOSENBABEOHELEES5H(2) F—£2TEHEFREGELT
{FEW,”, <line 8> “RR—ZRNA—=\FEEVVEEwIIaUNEEYET.”;

999 <ms% 2000> "+" /;

$

-11201006 <cfb O> <wfb " X v <tlfb "Too slow HIDLLEL"> <ms% 500> "+"
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/ * <wav 2> "achi_NW" / <ms% 1000> / <wav 2> "akai_W" /;

+11301007 <cfb " "> <wfb " X "> <tlfb "Too slow HLIPLEL"> <ms$ 500> "+"

/ * <wav 2> "dasu_W" / <ms% 1000> / <wav 2> "dazu_NW" /;

-11401008 <cfb " "> <wfb " X "> <tlfb "Too slow ®IPLEL"> <ms$ 500> "+"

/ * <wav 2> "keka_NW" / <ms% 1000> / <wav 2> "kesa W" /;

+11501009 <cfb " "> <wfb " X "> <tlfb "Too slow ®LIPLEL"> <ms$ 500> "+"

/ * <wav 2> "kesa W" / <ms% 1000> / <wav 2> "dazu_NW" /;

-11301010 <cfb " "> <wfb " X "> <tlfb "Too slow ®LIPLEL"> <ms$ 500> "+"

/ * <wav 2> "keka NW" / <ms% 1000> / <wav 2> "akai W" /;

$

0 <line -3> "Ready for the real experiment? The feedback is now turned off",

<line -1> "Respond as fast as you can without making mistakes", <line 1> "Ifyou
make a mistake, don't worry and keep going!", <line 2> "CIHhOEEOEREBRMIILEVETIE
R RERGEDTA—FN\VIEHYFEREA.", <line 3> "MEDHTITHRIRCELEZ TS,
EZTHRICTET . FAEARITEATES, ", <line 4>"...press SPACEBAR when
ready",<line 6> "EFEMNTEH. AR—AN—ZHLTERZRABLTZSL ";

999 <nfb> <ms% 2000> /;

$

\

+113101 <ms% 300> "+" / * <wav 2> "gcl-c" / <ms% 1000> / <wav
2> "gcl-S-p" /;

+113111 <ms% 300> "+" / * <wav 2> "gcll-p" / <ms% 1000> / <wav
2> "gcll-S-c" /;

+113202 <ms% 300> "+" / * <wav 2> "gc2-p" / <ms% 1000> / <wav
2> "gcz2-L-c" /;

+113204 <ms% 300> "+" / * <wav 2> "gcd4-c" / <ms% 1000> / <wav
2> "gcd-L-p" /;

+113206 <ms% 300> "+" / * <wav 2> "gc6-p" / <ms% 1000> / <wav
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2> "gc6-L-c" /;

+113208 <ms% 300> "+" / * <wav 2> "gc8-c" / <ms% 1000> / <wav
2> "gc8-L-p" /;

+112101 <ms% 300> "+" / * <wav 2> "lvl-c" / <ms$% 1000> / <wav
2> "1vl-S-p" /;

+112111 <ms% 300> "+" / * <wav 2> "lvll-p" / <ms% 1000> / <wav
2> "1v1l1l-S-c" /;

+112302 <ms% 300> "4" / * <wav 2> "1lv2-p" / <ms% 1000> / <wav
2> "1v2-G-c" /;

+112304 <ms% 300> "+" / * <wav 2> "lv4-c" / <ms$% 1000> / <wav
2> "1v4-G-p" /;

+112306 <ms% 300> "+" / * <wav 2> "lvoe-p" / <ms% 1000> / <wav
2> "lve-G-c" /;

+112308 <ms% 300> "+" / * <wav 2> "1v8-c" / <ms$% 1000> / <wav
2> "1v8-G-p" /;

+111301 <ms% 300> "+" / * <wav 2> "sgl-c" / <ms% 1000> / <wav
2> "sgl-G-p" /;

+111311 <ms% 300> "4+" / * <wav 2> "sgll-p" / <ms% 1000> / <wav
2> "sgll-G-c" /;

+111202 <ms% 300> "+" / * <wav 2> "sg2-p" / <ms% 1000> / <wav
2> "sg2-L-c" /;

+111204 <ms% 300> "+" / * <wav 2> "sg4-c" / <ms% 1000> / <wav
2> "sg4-L-p" /;

+111206 <ms% 300> "4+" / * <wav 2> "sg6-p" / <ms% 1000> / <wav
2> "sgb6-L-c" /;

+111208 <ms% 300> "+" / * <wav 2> "sg8-c" / <ms% 1000> / <wav
2> "sg8-L-p" /;

-213110 <ms% 300> "+4" / * <wav 2> "gcl0-S-p" / <ms% 1000> /
<wav 2> "gclO-c" /;

-213112 <ms% 300> "+" / * <wav 2> "gcl2-S-c¢" / <ms% 1000> /
<wav 2> "gcl2-p" /;

-213203 <ms% 300> "+" / * <wav 2> "gc3-L-p" / <ms% 1000> /
<wav 2> "gc3-c" /;

-213205 <ms% 300> "+4+" / * <wav 2> "gc5-L-c" / <ms% 1000> /
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<wav 2> "gch-p" /;

-213207 <ms% 300> "+" / * <wav 2> "gc7-L-p" / <ms% 1000> /
<wav 2> "gcT7-c" /;

-213209 <ms% 300> "+" / * <wav 2> "gc9-L-c" / <ms% 1000> /
<wav 2> "gc9-p" /;

-212110 <ms% 300> "+" / * <wav 2> "1v10-S-p" / <ms% 1000> /
<wav 2> "lv10-c" /;

-212112 <ms% 300> "+" / * <wav 2> "1lv12-S-c" / <ms% 1000> /
<wav 2> "lv12-p" /;

-212303 <ms% 300> "+" / * <wav 2> "1lv3-G-p" / <ms% 1000> /
<wav 2> "lv3-c¢" /;

-212305 <ms% 300> "+" / * <wav 2> "1v5-G-c" / <ms% 1000> /
<wav 2> "1lv5-p" /;

-212307 <ms% 300> "+" / * <wav 2> "1lv7-G-p" / <ms% 1000> /
<wav 2> "lv7-c" /;

-212309 <ms% 300> "+" / * <wav 2> "1v9-G-c" / <ms% 1000> /
<wav 2> "1lv9-p" /;

-211310 <ms% 300> "+" / * <wav 2> "sglO0-G-p" / <ms% 1000> /
<wav 2> "sglO-c" /;

-211312 <ms% 300> "+" / * <wav 2> "sgl2-G-c¢" / <ms% 1000> /
<wav 2> "sgl2-p" /;

-211203 <ms% 300> "+" / * <wav 2> "sg3-L-p" / <ms% 1000> /
<wav 2> "sg3-c¢" /;

-211205 <ms% 300> "+" / * <wav 2> "sgb5-L-c" / <ms% 1000> /
<wav 2> "sg5-p" /;

-211207 <ms% 300> "+" / * <wav 2> "sg7-L-p" / <ms% 1000> /
<wav 2> "sg7-c" /;

-211209 <ms% 300> "+" / * <wav 2> "sg9-L-c" / <ms% 1000> /
<wav 2> "sg9-p" /;

$

0 <line -2> "Take a break.press SPACEBAR when ready.", <line 0> "ZZTIREAL TS, RDEHav~E
DEBNTELLAR—RN—FHL TS, ";

999 <ms% 2000> "+" /;
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+123210

/ <wav 2>

+123212

/ <wav 2>

+123103
<wav 2>

+123105
<wav 2>

+123107
<wav 2>

+123109
<wav 2>

+122310

/ <wav 2>

+122312

/ <wav 2>

+122103
<wav 2>

+122105
<wav 2>

+122107
<wav 2>

+122109
<wav 2>

+121210

/ <wav 2>

+121212

/ <wav 2>

+121303
<wav 2>

+121305
<wav 2>

"gclo_p"
"gclO-L-c"

"gcl2-c"

"gcl2-L-p"

"gc3-S-c"

"gc5_s_p"

"gc7-S-c"

"g—cg_s_p"

"1v10-p"
"1v10-G-c"

"lvl2-c"

"lv12-G-p"

"lv3-S-c"

"lv5-5—p"

"lv7-S-c"

"1v9-S-p"

"Sglo_p"
"sglO-L-c"

"sgl2-c"
"sgl2-L-p"

"sg3-G-c"

" Sg5_G_p "

/ <ms% 1000>

/ <ms% 1000>

1000> /

1000> /

1000> /

1000> /

% 1000>

% 1000>

1000> /

1000> /

1000> /

1000> /

% 1000>

% 1000>

1000> /

1000> /



+121307
<wav 2>

+121309
<wav 2>

-223201
/ <wav 2>

-223211

1000> / <wav 2>

-223102
/ <wav 2>

-223104
/ <wav 2>

-223106
/ <wav 2>

-223108
/ <wav 2>

-222301
/ <wav 2>

-222311

1000> / <wav 2>

-222102
/ <wav 2>

-222104
/ <wav 2>

-222106
/ <wav 2>

-222108
/ <wav 2>

-221201
/ <wav 2>

221211

1000> / <wav 2>

-221302
/ <wav 2>

"sg7-G-c"

" Sgg_G_p"

<ms$%
<ms%
<ms$%
"gcl_p"

<ms$%

<ms$%

"gCZ—C" /.

<ms$%

"lVl—p" /

<ms$%

<ms$%

"lVZ—C" /.

"Sgl—p" /.

<ms$%

<ms$%
"ng_cll

/i

/i

/i

/i

300>

300>

300>

300>

"gcll-c"

300>

300>

300>

300>

300>

300>

"lvll-c"

300>

300>

300>

300>

300>

300>

"sgll-c"

300>

ll+ll

"_I_"

ll+ll

"_I_"

/i

"_I_"

ll+ll

"_I_"

ll+ll

"_I_"

ll+ll

/i

ll+ll

"_I_"

ll+ll

"_I_"

ll+ll

"_I_"

/i

"_I_"
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<wav

<wav

<wav

<wav

<wav

<wav

<wav

<wav

<wav

<wav

<wav

<wav

<wav

<wav

<wav

<wav

<wav

2>

2>

2>

2>

2>

2>

2>

2>

2>

2>

2>

2>

2>

2>

2>

2>

2>

"Sg7_p" /

"Sgg_cll /

"gcl-L-c"

"gcll-L-p"

"gCZ_S_p"

"gcd-S-c"

"gc6_s_p"

"gc8-S-c"

"lvl-G-c"

"lv11-G-p"

"lv2-S—p"

"lv4-S-c"

"lv6-S—p"

"lv8-S-c"

"sgl-L-c"

"sgll-L-p"

" SgZ_G_p nw

<ms% 1000> /

<ms% 1000> /
/ <ms% 1000>
/ <ms$%
/ <ms% 1000>
/ <ms% 1000>
/ <ms% 1000>
/ <ms% 1000>
/ <ms% 1000>
/ <ms%
/ <ms% 1000>
/ <ms% 1000>
/ <ms% 1000>
/ <ms% 1000>
/ <ms% 1000>
/ <ms$%

/ <ms% 1000>



-221304 <ms% 300> "+4+" / * <wav 2> "sg4-G-c" / <ms% 1000>
/ <wav 2> "sg4-p" /;

-221306 <ms% 300> "+" / * <wav 2> "sg6-G-p" / <ms% 1000>
/ <wav 2> "sg6-c" /;

-221308 <ms% 300> "+4+" / * <wav 2> "sg8-G-c" / <ms% 1000>
/ <wav 2> "sg8-p" /;

0 <line -4> "The End...thank you for participating", <line -2> "HBENHKTLT .
CNTIDRERIIETTT, ", <line 0> "Please call the experimenter!", <line 2> "I©
BEFATZEN RERICTS MU =12E FIEITHYMESTEVEL . ", <line 4>

" [Experimenter: Press Esc to Save the datal]";
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	Introduction 
	Introduction 
	Honestmistakesin secondlanguage classroomshappenwhenastudenttriestomakea request,conversewithpeersandsoon.Causesofthemistakesvarybut someofthemost frequent mistakesarefrommispronunciationofwordsthatarecloseinpronunciationbut drasticallydifferentinmeaning.For instance, when an instructorsaysKite kudasai, “please come,”and somestudentsstandupand come totheinstructorswhileothersremain seated quietlyreadytolistentotheinstructor.Thisis likelyduetomisunderstandingthe instructionsif studentsdonotprocessalengthcont
	Asillustrated above,theperceptualabilityof secondlanguagelearners(L2learners)is criticalinunderstandingandrecognizingwordsinordertosuccessfullycommunicatethrough theirL2.Yet,confusableL2 contrasts,suchastheJapaneselength contrast,leadstoless efficientword recognition andimpreciselexical representations(Broersma,2012;Otaetal., 2009).Inrecent approachestoL2perception,thereisadebateon whereexactlylearners’ 
	misperception stemsfrom,orrather,whetherdifficultieslinkedto segmentalcontrastsare only 
	duetoinaccurateperception,orwhetherdifficultiescan alsotakeplaceatthelevelofthe lexicalrepresentationsthatlearnersestablishforthewordsoftheirL2(Darcy,Daidone,& Kojima,2013,2015).Inonescenario,difficultiesemergeduringphoneticperceptionthatisnot target-like.Thatis,learnershavedifficultycategorizingL2 contrastsatthephoneticlevel.Inthis perspective,learnerscannotperceivethephysicaldifferencebetweentwocontrastingsounds. Forinstance,learnerscannotperceiveorrobustlycategorizethedifferencebetweenashortor longvowel(
	In thisthesis,weexplorehowlearnersofJapanese perceivelengthcontrasts,focusing onthesourceofinefficient word recognition.Tothisend,threeexperimentswereconducted, and arepresented anddiscussedinChapters3to5.Beforemovingon totheseexperimental results,wewillbrieflyreviewJapanesephonologyfortheremainderofthischapter,and examinepreviousstudieson L2perception inrelationtolength contrastsin Chapter2. 
	1.1Japanese Phonology andLength Contrast 
	1.1Japanese Phonology andLength Contrast 
	In Japanese,lengthisphonemic.Thereareconsonantallength contrastssuch assaka “slope”vs.sakka “writer.”In addition,Japaneseexhibitsvocaliclengthcontrastssuch ashito “person”vs.hiito “heat.” Thus,tripletssuch asshita “below,under”,shitta “cametoknow” 
	and shiita “theta”wouldimposedifficultytoL2learnerswithinefficient word recognition. 
	Japaneseconsonantallengthcontrastshavebeen extensivelystudiedinphonetics(Han,1962; Idemaru&Guion,2008),phonology(Davis,2011;Ito &Mester(1995);Kubozono(1999)among manyothers),andL2acquisition (Toda,2003;Harada,2006;Hirata,1990b). 
	Kubozono (1989b)demonstratedthe importanceof moraasasubcategoryofasyllable in ordertoaccountforpitch accentpatterns,speech errorsand wordblendingphenomenain “individual” vs.koo “incense”)anditsphysical existenceisalso establishedinphoneticresearch conductedinthe language(Han,1962).Thus,themoraplays an important roleinJapanese asaunitfortimingand syllable weight.Itisthesmallestbuilding blockofJapaneseprosody.Itisnoteworthythatthereare4differenttypesofmoraecalled specialmora:(a)firstpart ofgeminate(i.e.kata “
	Japanese.Itisphonemic(e.g.ko 
	t
	o 
	N 
	bag”).In 

	In additiontothe segmentalcontrasts,(e.g.kata “shoulder”vs.kita “north”)andlength contrast(kata “shoulder”vs.katta “bought”,shita “under”vs.shiita “theta“)wehave discussed so far,pitchaccentisalsophonemicinJapanese.Forinstance,hashi withlow-high pitchaccentmeans“chop sticks” whileand hashi withhigh-lowpitch accent means“edge”.The followingTable 1.1showslength contrastinJapanesein relationtopitchaccent.The examples arecitedfromToda(2003). 
	Table1.1:Length contrastinrelationto pitchaccent(TakenfromToda,2003,p.5) 
	Table
	TR
	Sentence 
	PitchAccentPattern H=High L=Low 
	Gross 

	1 
	1 
	Kitekudasai 
	HL 
	Pleasecome 

	2 
	2 
	Kitekudasai 
	LH 
	Pleasewear 

	3 
	3 
	Kittekudasai 
	HL 
	Pleasecut 

	4 
	4 
	Kittekudasai 
	LH 
	Pleasegivemeastamp 

	5 
	5 
	Kiitekudasai 
	LH 
	Pleaselisten 


	If allthesesentencesaboveweregivenasoralinstructions,itislikelythatlearnersof Japanesewouldhaveseriousdifficultiesdistinguishingthemintermsof meaning,iftheyare addition,iflearnersarenotsensitivetothelengthdistinction, examples1and3andexamples2and4in Table1.1 would soundallthe same to them.Inthe followingsection,we explorehowvisual cuesinJapaneseorthographycan helptodifferentiate theaboveexamples. 
	notsensitivetopitchaccent.In 


	1.2Japanese Orthography 
	1.2Japanese Orthography 
	Asidefromthephonologicalinventory,the Japanese languagemakesuseofthree differentorthographiesthatarevisuallyverydifferentfromtheRomanalphabet:Hiraganaand KatakanasyllabariesandKanji(i.e.Japanized/nativizedusageofChinesecharacters).Thefirst twoorthographiesareglottographic(i.e.eachsymbolcorrespondstoaphoneme orsyllable) 
	whereasKanjiislogographic(i.e.eachcharacterrepresentsawordorphrase).Allthespecial moraementioned abovewillbespelleddifferentlyin HiraganaandKatakanasyllabaryandKanji helpsvisuallyrecognize thedifference inmeaningwhenawordinquestion issemantically ambiguousduetotheexistenceofhomophones. 
	In thefollowingexamples,singletonvs.geminateisvisuallydistinguishablebyhiragana syllabaryandkanjiusagethat willhelpfurtherassisttovisuallyclarifysemanticambiguity.For instance,thehorizontalhook-like characterin(1a)[っ]alertsreadersthatthereisageminate 
	consonant.Inaddition,theuse ofdifferentkanjicharactersin (1a)–(1b)willnotifyreadersthat therearedifferentmeanings.Examplein(1a)and(1b)areotherwisespelled exactlythesame in thehiraganasyllabary.Native speakerstakecopiousadvantageofthiskindof visualhelp when recognizingordistinguishingwords.However,inmostclassroomsettings,atleastin beginnertointermediatelevelsat college,vocabularylistsandspokenwordscomefirst(i.e. listeningto lectureorengagein addition,ittakessome timeto masterandfeelcomfortabletouseallthesedi
	conversationinpair/group).In 

	(1) 
	(1) 
	(1) 
	a.きって 
	kitte
	切って 
	“tocut” 

	TR
	kitte
	切 ⼿ 
	“postalstamp” 

	TR
	b.きて 
	kite
	着て 
	“towear” 

	TR
	kite
	来て 
	“tocome” 



	1.3Pedagogical Needs for the Current Study 
	1.3Pedagogical Needs for the Current Study 
	Asmentionedin section1.1,the specialmoraeare phonemicandplayacrucialrolein properwordrecognitionandunderstandinggrammaticalstructures.Inparticular,geminates areanessentialpart of verb conjugations(i.e.plain formofpasttense).Thus,itiscriticalfor learnersofJapanesetodetectandprocessthosespecialmoraeproperly. 
	Yet,thesetwoaspectsofJapanesephonologyinparticular(length andpitch accent) causemanydifficultiesforL2Japanese learnersin theclassroom,asshown bythe numerous errorsthatappearin students’writing,and which maysignalalackofawareness,a misperception,uncertaintyabouttheexactformofthewordevenifitsmeaningisknown,ora moregeneralizedlisteningcomprehensionissue(Han,2009).Thefollowingexamplesin(2)and (3)arerecurringmistakesfromstudentsthattheauthorhasobserved overtheyears. 
	Ungrammaticalforms,thatis,non-existingwords,aremarkedwithasterisksin the (2a),studentswere supposedtospellawordfor“watch”or “see,” which doesnotcontainalongconsonantorvowel.However,studentstendtospellthe word with a contrast,studentweresupposedtowritehiraganacorrespondingtothefirstpart ofgeminateforthewordforschool(2b),butthegeminatetendstobeomittedintheir writings.Example(2c)showshowastudent misspells“homework”with alongvowelinsteadof ashort vowel.Similarlyto (2c),ashortvowelwaswritten insteadof can seestu
	followingexamples.In 
	geminate.In 
	alongvowelin(2d).We 

	(2)Short–Long 
	a.mite
	a.mite
	a.mite
	みて 
	“tosee,watch” 
	vs.
	みって 
	*mitte 

	b.gakkou
	b.gakkou
	がっこう 
	“school” 
	vs.
	がこう 
	*gakou 

	c.shukudai
	c.shukudai
	しゅくだい 
	“homework” 
	vs.
	しゅうくだい 
	*shuukudai 

	d.oosaka
	d.oosaka
	おおさか 
	“Osaka(placename)” 
	vs.
	おさか 
	*osaka 


	Of note,such substitutionsofalongforashortsound and vice-versaalsohappen when studentsareaskedtorepeataword;thus,theeffectisnotlimitedtothewrittenform of addition,theexamplesin(3a)showthat studentsspelledawordfor“to listen”witha geminatewheretheyweresupposedtospellwithalongvowel.Conversely,studentsspell “yokka”with alongvowelin(3b)wherenativespeakersspellit with ageminateconsonant.The examplesin (3)demonstratethat studentswerenotonlyconfusedaboutshortvs.long contrasts,suchasreplacingalongwith ashort consona
	words.In 

	(3)Long(consonant)-Long(vowel) 
	a. kiite聞いて ‘tolisten’ *kitte聞って 
	a. kiite聞いて ‘tolisten’ *kitte聞って 
	b. yokka四日 ‘4(ofthemonth)’ youka八日 ‘8(ofthemonth)’ 
	th 
	th 


	AccordingtoKozasa(2005)theratiooftheduration oflongto short vowelsand 
	consonantsvariesbysegment,speech rate,speaker,and elicitationtechnique,butrangesfrom approximately1.8:1to3:1(Kawahara,2015).Thus,phoneticallythe“long” soundsarevery differentinphysicallength.Yetstudentsoftenwillconfuse longconsonantswithlongvowels and viceversa.Thequestionnaturallyarisesabouttheextenttowhichstudentsareconfused betweencategories(i.e.shortvs.long)andwithin alongcategory(i.e.geminatesvs.long vowels),and whetheronetypeof confusionismore prevalentthan another.Similarly,the questionarisesasto whe
	In thenextchapter,westartwithadiscussionofhowpreviousstudiesdealt with phonemiccontrastsingeneralintherealmofthesecondlanguagestudies.Then movingonto reviewpreviousresearchexamininglengthcontrastsspecifically,anddescribinghowthis specifictopiccontributestoourunderstandingofsecondlanguagephonologicalpatterns. 

	Chapter II 
	Chapter II 


	Literature Review 
	Literature Review 
	2.1Phonemic Contrast andSpeechPerception 
	2.1Phonemic Contrast andSpeechPerception 
	Recognition anddiscriminationofphonemeshasbeenconsidered oneofthe critical buildingblocksin speechperception.Thus,perception anddiscriminationofphonemic contrastshasunderstandablydrawn alot of attention inthefieldof auditory,visualor audiovisualspeechperception.Itisalsoessentialforlisteners’abilitytorecognizeand discriminateacontrastin agiven language,andto decidewhetherastringof soundsconvey meaningornot.Hence,earlyresearchon speechperception mainlyfocused onthe discriminationofvariousspeechsounds,andhowca
	In thelasttwodecades,therehavebeen activediscussionsandexchangesofthoughts amongresearchersregardingsecondlanguage(L2)perception.Comparedtothefirstlanguage (L1)perception,L2perceptiontendstobe lessaccurate,especiallywhenaperson startedto learntheL2intheiradulthood(i.e.latelearners).Itisinevitableto take the L1into consideration when L2acquisitionofphonologyisconcerned.Topursuethenatureofauditory perception,therehavebeenstudiesonnaïve/non-nativelistenersin comparisonwithnative ones.Amongthemostinfluentialmod
	AsimpliedbyFlege’sSLM,L2learnerswouldface difficultyinacquiringacontrast 
	betweenL2categorieswhenalearner’sfirstlanguagedoesnothavethecontrast,meaningthat itisnotusedphonemically.Thebasicmechanismbehindbothmodelsstate that,dependingon howsoundsinthe L2map ontoL1categories, perception anddiscriminationbetween soundsin theL2mayrangefromeasytodifficult.The mostdifficult case isexpectedtoemergewhentwo phonemesintheL2mapontothesamephonemiccategoryin theL1.Oneofthe mosttypical examplesforthiscaseisL1JapaneselearnersofEnglish.The English/r/ and/l/phonemeswill bemappedontothesamecategory
	ashort/i/.If 

	learners.Asimilarphenomenon isexpectedforconsonantallength contrasts.Asdescribedin 
	McAllisteretal.(2002),listenerswhoseL1doesnotdistinguishvocalicorconsonantallength phonemically(Spanish,English)alsohadmoredifficultiesdistinguishingwordsdifferingin length comparedtolistenerswhoseL1hadphonemiclengthcategories(likeEstonians).Thus, learnerswouldmap/t/and/tt/to/t/. 
	Thoughlength contrastsin American Englisharenotphonemic,therearephonetically shortandlongconsonantsandvowels.Theminimalpairsit and seat contrastsaphonetically shorterandlongerphoneme,respectively.ThesepairsareabundantinAmerican English. Studieshaveshownthatvowelqualityisthe primarycuetodistinguishthese phonemes(e.g. McAllisteretal.,2002).Thus,thevowelduration isnotused asaprimarycue.Asforgeminates, in American English,theydonot occurwithin aroot.However,thereareexamplesthatare phoneticallygeminates(e.g.lamp
	An important consequenceofinaccuratephoneme discrimination isthatitmayleadto inaccuratelexicalrepresentations.Pallierand colleagues(2001)conducted alexicaldecision taskwithCatalanandSpanishlisteners, andusedwordpairsinCatalanthat useaphonemic contrast(/e/ -/ɛ/and/o/-/ɔ/),such as/pera/‘pear’vs./pɛra/‘Peter’.Bothphonemiccontrasts aredifficulttodistinguishforSpanish-dominantbilinguals,because itisnotphonemicin Spanish.The researchersobservedthattheSpanishbilingualsmade moreerrorsin a 
	discriminationtaskbetweenthe twovowelpairs(Pallier,Bosch,&Sebastián-Gallés,1997). 
	Theyalsoobserveddifficultiesinlexicallydistinguishingthewordpairs,and concludedthatthey hadusedthesamevoweltolexicallyrepresentthewordpairs,effectivelyresultingin homophones.Theyconcludedthatinaccurateperception yieldsconfusable orambiguous lexicalrepresentations(Pallier,Colomé&Sebastián Gallés,2001).Thatis,two different words willhavethesamelexicalrepresentationasaresultofalackofperceptualdiscriminationofthe contrast.Inotherstudies,the samekindofdifficultyinphonemicdiscriminationyieldsspurious lexicalactiv

	2.2Learners Discriminatory Ability andLexicalRepresentations 
	2.2Learners Discriminatory Ability andLexicalRepresentations 
	Theideathatmisperceptionsoflearnerscanleadtoinaccuratelexicalrepresentationsis nowprevalentlyacceptedinthefield.However,otherresearchersshowthatlearnerscan actuallybetrainedorlearnednewcontrastsandperformbetter(Tajimaet al.,2008;HayesHarb&Masuda,2008).AfurtherissueisthatL2 contrastsarenotallequallyeasytodistinguish (Altmann,Berger,&Braun,2012):someofthecontrastsarerelativelyeasiertoperceivethan theothers.Wewillcomebacktotheissue ofdifferenceindifficultyinencodingL2 contrasts laterinthischapter. 
	-

	Itisveryimportanttorecallthattheabilitytoperceiveandproducesegmental contrastsalonedoesnotguarantee thatlearnersstoretheformofL2wordscorrectlyintheir lexicon (i.e.lexicalencoding).Several studieshaveshownthatthereisadissociationbetween discriminatoryabilityandlexical activationorlexicalencoding(e.g.Dupouxet al.,2008).Toput itdifferently,maintainingarobustphoneticdifferenceandstoringseparatelexical representationsforwordsinvolvingthatphoneticdifferenceareseparateissues. 
	WeberandCutler(2004)andCutler,Weber,andOtake(2006)indicatedthatL2learners can sometimeslexicallyencodeacontrast whichisnotintheirL1,despitedifficulties distinguishingthecontrast.Theevidencethatlearnerscan havedifferent(even ifnon-targetlike)representationscomesfromthefollowingphenomenon:iftwo L2categoriesare completelymergedin lexicalrepresentations,forinstance/r/and/l/forJapaneselearnersof English,uponhearingrock,boththewords‘rock’and‘lock’willbeactivatedforL1Japanese listenerswhoarelearningEnglish.Convers
	-

	Weber,andOtake(2006)showthatisnottrue.Whilehearinglock,it activatesboth rock and 
	lock whereasrock elicitslessactivation.Thisasymmetricactivation ofL2phonemeswas demonstratedinthelengthof subjects’gazeto eye-tracking experiments,longerfixationto anobjectindicatesmoreconfusableinrecognition.For instance, forDutchlisteners,pen and pan areconfusableas/æ/isnotintheDutchphonological inventory.Moreover,evenifthestimuliarenotaminimalpair,suchas“pencil” and“panda”, hearing‘pan…’[pæn…](thefirst syllable of panda),willyieldlongerlookstobothanobject depictingapencilandanimage of apanda,indicatingth
	lock whereasrock elicitslessactivation.Thisasymmetricactivation ofL2phonemeswas demonstratedinthelengthof subjects’gazeto eye-tracking experiments,longerfixationto anobjectindicatesmoreconfusableinrecognition.For instance, forDutchlisteners,pen and pan areconfusableas/æ/isnotintheDutchphonological inventory.Moreover,evenifthestimuliarenotaminimalpair,suchas“pencil” and“panda”, hearing‘pan…’[pæn…](thefirst syllable of panda),willyieldlongerlookstobothanobject depictingapencilandanimage of apanda,indicatingth
	atargetandcompetitor.In 

	categorywillberesultinamoreambiguousorimpreciselexicalrepresentation,orlessefficient activation and/orselection. 

	Darcy,Daidone,andKojima(2013,2015)corroboratedthefindingsfromWeberand Cutler(2004)andCutler,Weber,andOtake(2006)with amethodotherthan eye-tracking paradigm.Theyused anABXdiscriminationtaskandlexicaldecisiontask:theABXtaskswere usedtoseewhetherL2learnerscandistinguishL2 categoriesphoneticallyandthe lexical decisiontaskwasusedto seewhetherlearnerscan encodeperceivedinput accuratelyasL2 sounds.Notethattheyusedtwodifferentlanguages(Japaneseforaconsonantallength contrast andGermanforvowelcontrast)withdifferentpr
	Mostimportantly,asymmetricallexicalencodingwastakingaformwherelearners makereferencetothedominantcategory(i.e.L1phoneme,whichtheycalled “old”).That,in turn,leadstoaspecificorderofaccuracyin lexicaldecision.Asmentionedin 1.1,the lengthof aconsonant and avowelarephonemicin Japanese.(i.e.kite “tocome”vs.kitte “postalstamp”, shiru “liquid,soup” shiiru “sticker”).Inthefollowingexample,two Japanese wordsareusedto illustratetheasymmetriclexicalencodingintermsoforderof accuracy:akeru “toopen”and 
	kippu “ticket”.Giventhat subjectscandiscriminate singleton andgeminatewell,their 
	perception isfine,buttheyhaveambiguousorfuzzylexicalrepresentationsforgeminates. 
	Theresultsoflexicaldecisiontaskindicatethe typeofstimuliwhichacquiredhighest otherwords,awordcontaining thedominant/oldcategory,which alsoispresentin Englishphonologicalinventory,isthe easiesttoaccept.Then an existingwordwithnewcategory,suchasageminate(e.g.kippu “ticket”),comessecondbest,andisrelativelyeasytoaccept asrealword.Whenitcomesto rejectingthenon-words,theoneswithgeminates(thenewcategory)willbelessaccuratethan realwordacceptance,but stillbetterthanrejectingnon-wordswithsingletons(theold category),w
	accuracywererealwordswithsingleton/singleconsonant.In 
	ofthefourcases.Of 

	Table2.1:OrdinalAccuracyin LexicalDecisionTask 
	Lexical 
	Lexical 
	Lexical 

	Representation 
	Representation 
	/akeru/ 
	/ki?u/ 

	TR
	match 
	mismatch 
	no mismatch no mismatch 

	Percept 
	Percept 
	[akeru] 
	*[akkeru] 
	[kippu] *[kipu] 

	Input 
	Input 
	[akeru] 
	*[akkeru] 
	[kippu] *[kipu] 


	Expected 
	yes no yes no 
	Response 
	AccuracyRank 1 3 2 4 
	?=impreciselyrepresented 
	Asmentionedearlier,Darcy,Daidone,andKojima(2013,2015)replicatedthe asymmetriclexicalencodingforL2contrastinJapaneseconsonantallength andGermanvowel distinctions.Moreover,since theyconductedexperimentswithdifferentproficiencylevels, theirdataindicatedlearners’proficiencyforlexicaldecision hasanimpactonaccuracyonthe theirGerman results,theresultsfromadvancedlearnersindicatethattheyovercomethe asymmetriclexicalencodingandbehave essentiallylikenativespeakers.Therewasan asymmetricpatterninaccuracyforthebeginning
	lexicaldecisiontask:theaccuracyprogressivelygetshigheraslearners’proficiencyadvanced.In 

	In additiontothispeculiarL2encodingpattern,someresearchersindicatedthatthereis adifferenceinperceptualdifficultydependingoncontrasts.Thatis,somedistinctionsare easiertoencodethanothers.ItmaybepartlybecauseL2learnersusedifferent cuescompared tonativespeakers.Specifically,Altmann,Berger,andBraun(2012)examinedtheeffectsofL1in 
	In additiontothispeculiarL2encodingpattern,someresearchersindicatedthatthereis adifferenceinperceptualdifficultydependingoncontrasts.Thatis,somedistinctionsare easiertoencodethanothers.ItmaybepartlybecauseL2learnersusedifferent cuescompared tonativespeakers.Specifically,Altmann,Berger,andBraun(2012)examinedtheeffectsofL1in 
	both vocalicandconsonantallengthcontrasts.Ten Germannativespeakerswhohadno exposuretoItalian,10proficientItalianlearnerswhoseL1areGerman,and10Italiannative speakerswhohadnoexposureto German. 

	(4)German vocaliclength contrastandItalianconsonantallengthcontrast 
	German-vocaliclength contrast(e.g./ban/ “ban”vs./ba:n/“train”) Italian consonantallength contrast(e.g./fato/“fate”vs./fat:o/“fact”) Theintriguingperspectiveinthisstudyiswhetherlearnerscanmakeuseoftheir 
	(implicit and/or explicit)knowledge ofconsonantallengthcontrastsintheirL2 whenthey processan unfamiliarconsonantallengthcontrast.Thatis,whetherlearnersofItalian whoseL1 isGermantakeadvantageofknowingconsonantallength contrastsfromtheirexperienceinthe Italian language (i.e.L2):thelearners’groupshould showhigheraccuracyin consonantallength discriminationtaskwhencompared withtheresultsofGermannativespeakerswhohadno exposuretotheItalian. 
	Theresultsof aconsonantallengthdiscrimination taskindicatedthatnon-native listeners(i.e.bothnativespeakersofGermanwith and withoutexposureto Italian)had difficultycomparedtothe native speakersofItalian.However,thelearnersweremoreaccurate than non-learners.Thatin turnindicatesthattheirL2knowledgemayhavehelpedtoimprove theirdiscriminationofconsonantallengthcontrasts.Interestinglythough,therewasno difference(i.e.noeffectofgroupsortypeofcontrast)intheaccuracyforthediscriminationfor thevowelcontrastsinallgroups,
	Thisissomewhatcontradictorytothe resultsfrom Darcy,Daidone,andKojima(2013, 
	2015),whofoundthateven beginninglearnerscan discriminateconsonantallengthinJapanese withhigh accuracy(i.e.above 85%accuracyrate).However,thestudyforJapaneseonlydealt withtheshot vs.longconsonantallengthcontrast.Itdidnotinclude adirect comparisonwith vocaliclength.Hence,thevowellength contrastin comparisonwithconsonantallength contrastismissing,andin thisdissertation,bothvocalicandconsonantallength contrastsare considered.Threedifferentexperimentsweredesignedtoobtainamoreholisticpictureofhow length contrasts
	Thefirstpartofthisstudy(Chapter3)willbedevotedtoreplicatingandexpandingthe discriminationtask(i.e.ABX)reportedinourpreviousstudy(Darcy,Daidone,&Kojima,2013, 2015)includingthe vocaliclength contrast.Inthisway,itispossibleto seewhethersubjects can discriminatevoweland thischapter,we alsoexaminewhetherthevowellength contrastiseasiertodiscriminatethanthe consonantal length contrastbasedonAltmann,Berger,andBraun (2012). 
	consonantallengthcontrastsinonelanguage.In 

	Thesecondpartofthisstudy(Chapter 4)willbedevotedtoreplicatingthelexical decisiontaskfromDarcy,Daidone,andKojima(2013,2015)andKojimaandDarcy(2014),also includingvocaliclength contrast.Todate,nostudyhasexaminedbothvowelvs.consonant asymmetriesin lexicalencodingin one single language.Previousresearch(Cutler,SebastiánGallés,Soler-Vilagelie,&Van Ooijen,2000)indicatesthat vowelsandconsonantsdonothave thesamestatusduringlexicalaccess:consonantsconstrain lexicalaccessmorethan vowels(i.e. 
	-

	duringwordrecognition,listenersare moretolerantofvoweldifferencesthan thatof 
	consonantdifferences).Thus,itisacrucialquestiontoexamine,sinceit mayprovide critical insightsintohowlexicalencodingintheL2unfolds,and whetherencodingdifficult contrastson vowelsisharderoreasierthanonconsonants. 
	Thethirdpart ofthisstudy(Chapter5)willbedevotedtoreinforcingtheobservationof Darcy,Daidone,andKojima(2013,2015)andKojimaandDarcy(2014),byintroducinganew methodtoexaminelexicalbehavior,inthe formof aforced-choicebinarylexicaldecisiontask toseesubjects’L2processingatthetimeoflexicaldecisiontask.Thisadditionalexperimentis designedtogivealimited choice(i.e.onlythetwomostrelevantones)out of apossiblyhuge activatedcohortthatmightbeactivateduponhearingastimulus,andwhich might cloudL2 learners’decisionprocess.Thege

	2.3ResearchQuestions andPredictions 
	2.3ResearchQuestions andPredictions 
	Puttingallthepreviousevidence mentionedabove together,theresearchquestionswe specificallypursue inthisthesisfallintothreemain pointsasfollows: 
	a) 
	a) 
	a) 
	DoesaPerceptualAdvantagein VoweloverConsonantLengthContrastsExistin L2 Japanese? 

	b) 
	b) 
	Doweobserveadissociationbetweenphoneticdiscrimination andlexicalencodingfor vocaliclength contrasts? 

	c) 
	c) 
	Isthisdissociation similarforbothvowelandconsonants? 


	FollowingDarcy,Daidone,andKojima (2013,2015),differentproficiencylevelswillbe included(i.e.beginnersand advanced).Theaimto includedifferentproficiencylevelistotake 
	learnabilityoflexicalencodingprocessintoconsideration. Asmentionedin earliersections,the 
	studyindicatedthatlearnerscouldovercomeasymmetriclexicalencodinginthecase of a Germanvowellengthcontrast. 
	Weassumebothvoweland consonantallength contrastswillexhibitperceptual asymmetriesin learners’responsesbutnotinnativespeakers:advancedlearners’response wouldbemoreaccuratethan beginnersifthisstudyreplicatesDarcy,Daidone,andKojima (addition,learnersexhibithigheraccuracyforthediscrimination ofthe vowel contraststhanconsonantallength contrastsiftheresultsreplicateAltmann,Berger,andBraun (2012). 
	2013,2015).In 


	Chapter III 
	Chapter III 


	Categorical Discrimination Task (ABX) 
	Categorical Discrimination Task (ABX) 
	3.1Introduction 
	3.1Introduction 
	ABXtaskshavebeenwidelyusedinpsychologyfortestingparticipants’abilityof an ABXtask,participantsarepresentedatriplet of stimuli—A,B,andX—and asked whetherthelast one(i.e.X)ismoresimilartothefirstone(i.e.A)orthe secondone(i.e. B).Short-termauditorymemoryinwhichparticipantsuponhearingstimulilastsapproximately 200-300ms(Gerrits&Schouten,2004).Duetotimeintervalsbetweeneachstimulus, participant’sauditorymemoryofAandBmighthave faded awayandtheyhavetorelysolely ontheirknowledgeofphonetic/phonemiccategorystoredin mem
	discrimination.In 

	OtherdiscriminationtasksincludeAX,2AFC,andso on.AnAXtaskasksparticipants whetherthefirst stimulus(i.e.A)wasthesameasordifferentfromthesecondstimulus(i.e.X). Thetaskimposeslesscognitive loadincomparison withtheABXtaskinthatthereislesstime lagfromthestimulipresentation tothemomentin reducesparticipant’scognitiveloadinauditorymemory.AsGerritsandSchouten(2004)point out,thedisadvantageofthistaskisthatparticipantstendtorespond“different” onlywhen theyaresurethatAandXaredifferent.2AFCstandsfortwo-alternative force
	whichparticipantsmakingdecision.It 

	paradigm,apairofstimuliispresented,andtheyarealways“different”.Then,participants 
	havetodeterminetheorderof stimulisuchasABorBA.AsSchoutenandVan Hessen (1992) point out,thistaskhasapotentialriskofencouraginglabellingbehavior.Thatis,participants areinfluencedbythecategoryusedtodescribethestimuliinquestion.BothAXand2AFCtasks haveadvantagesoverABXinthattheyhavelessresponsebias.However,neithertheAXnor 2AFCtaskwouldtapparticipant’sphonetic/phonemicknowledgeinthementallexicon.Thus, manyresearchersmakeuseofABXtasksinsecondlanguageresearchwhereresearchers investigatethecontentorcomposition oflea
	In thediscrimination taskmentioned above,responsetime,alongwithaccuracyrate, willbemeasuredtoexamineprocessingdifficulty.Thatis,iftheresponsetimeisslower,it indicatesthatthetaskismoredifficultfor participantsto process. 
	Darcy,Daidone,andKojima(2013,2015)examinedthediscriminabilityofconsonantal length contrastsbyL2learnersofJapanese.TheyusedABXtasksandexaminedtwodifferent proficiencylevels:beginnersandadvancedlearners.Thestudyshowedthathigh accuracywas addition, therewasnostatisticallysignificantdifference inaccuracyratebetweenbeginnersand advancedlearners,norbetweennativespeakersandadvancedlearners.Thus,theyconcluded thatlearnerscandiscriminategeminateandnon-geminateeven atthebeginninglevel. 
	observedinbothadvancedlearners(average94%)andbeginners(average93%).In 

	Asmentionedin Chapter1,Japaneseexhibitsboth vocalicand consonantallength contrastswithinthelanguage.Aside ofthelengthcontrastitself(i.e.singletonvs.geminate, shortvowelvs.longvowel),L2learnersofJapaneseseemtobeconfusedwithgeminateand longvowel(seeChapter1example(2),p.5).Bothgeminateandlongvowelsare“long”sounds 
	tolearnersandtheyareconfusedintermsofthetypeoflength.Alongthisline,Altmann, 
	Berger,andBraun(2012)observedvoweladvantageoverconsonantsamongnon-native listenersinthespeededsame-differentperceptualdiscriminationtask(i.e.AXtask). 
	Participantsofthestudywere10Germannativespeakers,10Germannativespeakers learningItalian,and10Italiannativespeakers.NotethatGermanhasvowellengthcontrasts (e.g.ban “ban”vs.ba:n “train”)while Italianhasconsonantallengthcontrasts(e.g.fato “fate” vs.fat:o “fact”).Thus,testingnativespeakersofbothlanguagesandGermannativespeakers learningItalian givetheidealtestingenvironmenttoobserveL1influenceholistically. 
	Thestudymeasuredd’ scoreswhich reflectsparticipant’ssensitivityfordifferencein stimuliintermsofhitsandfalsealarms(Macmillan &Creelman,2005).Ahigherd’ score indicatesthataparticipant can easilydetectthedifference;thatis,theyhaveahigh sensitivity tothecontrast.Thestudyfoundthatd’ scoreforconsonantallengthcontrastsdependsonthe participants’L1and/orexperienceoflearningtheItalianlanguage.Thatis,whendiscriminating consonantallengthcontrasts,the d’ scoreoftheItalianswashigherthanGermannative speakerslearningItalia
	Withrespecttothevocaliclength contrast,theaveraged’ scorefortheItalianswas 3.04,fortheGermannativespeakerslearningItalian,it was2.75,andfortheGermannonlearners,itwas2.87.Correspondingstatisticalresult showthattherewasno effect ofgroup(p >.05).RecallherethatonlyItalian languageexhibitsconsonantallength contrast whilethe 
	Withrespecttothevocaliclength contrast,theaveraged’ scorefortheItalianswas 3.04,fortheGermannativespeakerslearningItalian,it was2.75,andfortheGermannonlearners,itwas2.87.Correspondingstatisticalresult showthattherewasno effect ofgroup(p >.05).RecallherethatonlyItalian languageexhibitsconsonantallength contrast whilethe 
	-

	Germanexhibitsvocaliclength contrasts.The resultsindicatethat allthree groupswereequally sensitivetothevocaliclengthcontrastdespite thesedifferencesin L1orL2learningexperience. Therefore,theauthorsconcludedthatnon-native vowellength contrastsareeasiertoperceive than consonantallengthcontrasts.The Italianswereapparentlyabletousethevocaliclength cueand applyitto vocaliclengthdiscrimination,whereasthereversewasnottrueforthe Germanswhendiscriminatingconsonants. 

	TheresultsfromAltmann,Berger,andBraun (2012)suggestthatthereisan advantage in perceptionof vowellengthcontrastoverconsonantallength contrastsbynon-native speakers.Ifthisperceptualadvantageholdsin Japaneselength contrasts,thevocaliclength contrast shouldbe easierforanyonetoperceivewhiletheconsonantallengthcontrastis hardertoperceive.WhatmakesthecurrentstudyandAltmann,Berger,andBraun’s(2012) studydifferentisthatAltmann,BergerandBraun(2012)madeuseoftwodifferentlanguages that exhibitconsonantal(i.e.Italian)andv
	In addition,Altmann,Berger,andBraun (2012)targetedGermannativespeakers learningItalian whohadlearnedthelanguageforatleast11months.The learners’lengthof studyvariedfromalearnerwhostudiedone yearat universitytotheonewho learnedatotalof 7years(5yearsatschoolin Italy(atageof15)then 2yearsatuniversity).Darcy,Daidone,and Kojima(2013,2015)demonstratedthatlearneraccuracyratesaregreatlyinfluencedbytheir proficiencylevel.Therefore,learnergroupsinthecurrentstudyaredividedintotwobased on 
	theirlengthofformaleducation at university.Thosewhoweretakingthesecond semesterof 
	introductoryJapanesecourseswererecruitedasmembersofthebeginnergroupinthe followingexperiments.Those whohad completedthird-yearJapanesecoursesorthosewho additionto these learnergroups,nativespeakerswererecruitedsothatthenativespeakergroupplaysaroleas acontrolgroup. 
	furthercompleted4-yearJapanesewererecruitedasadvancedlearners.In 
	th


	In thecurrent study,alltheparticipantsinlearnergroupsarenativespeakersof American English.Thisissimplyduetothefactthatthedominant studentpopulationfor college-levelJapaneselanguageclassesintheUnitedStatesisnativeEnglish speakers. However,weacknowledgearapidlygrowinginternationalstudentpopulationintheclassroom in alastdecade.Notethat someEnglishphonemesarealsophoneticallylongerorshorterthan others,butlengthitselfisnotlexicallycontrastive.Theminimalpairsit and seat contrastsa phoneticallyshorterandlongerphone
	InternationalPhoneticAlphabet(IPA)as[sɪt],whereasseat couldberepresentedas[si:t],but in termsofhowitisphonologicallyencodedinmemory,Grenon(2010)hasshownthat seat couldnotbe encoded as/si:t/.Thatisbecausespecification forlengthimpliesthatlisteners wouldbeabletorejectshortenednon-wordslike*/sit/,when infact,theyreadilyacceptshort pronunciations,andphoneticallylong[sɪ:t]as sit,aswell. 
	Asintroducedin2.1,phoneticgeminatescan occur inAmerican.However,these geminatesoccurbetweenmorphemeboundariesandarenotphonemic.The occurrenceof phoneticallygeminatecasesarelesscommonthan phoneticallylongsoundsinAmerican English. 
	In mentionedin Chapter1,studentsseemtobeconfused notonlyshort-longdistinctions(e.g. shita vs.shitta and shita vs.shiita)butalso confusedbetween geminates(e.g.shitta)andlong vowels(e.g.shiita).Thusweexplorewhetherlearnerscandiscriminate(a)asingletonand geminate(e.g.shita “under,below”vs.shitta “knew”),(b)short vowelandlongvowel(e.g. shita “under,below”,under”vs.shiita “theta”),and(c)geminateandlongvowel(e.g.shitta “knew”vs.shiita “theta”). 
	thefollowingsection,theexperimentaldesignfordetailswillbedescribed.As 

	In pursuit of replicationofDarcy,Daidone, andKojima(2013,2015),anABXtaskwas chosen,ratherthan an AXtaskthatAltmann,Berger,andBraun (2012)used.Asmentionedin 3.1(p.21),participantshave torelysolelyon theirknowledgeofphonetic/phonemiccategory storedinmemoryinABXtask.Itisduetotimeintervalsbetweeneachstimulus. 
	In Darcy,Daidone,andKojima(2013,2015),onlysingletonsandgeminateswereused as length thisstudy,acrucial additionwasmade to explorelearners’perception andprocessingoflength contrastin Japaneseinamoreholisticway.Thus,thetwo additionalcontrastswere:shortvowelandlong vowel,aswellasgeminateandlongvowels.Todate,thisstudywillbethefirstto includethree contrastsoflength contrasts(i.e.singletonvs.geminate,shortvs.longvowelandgeminatevs. longvowel)in onetask. 
	contrastsfortheABXdiscriminationtaskandlexicaldecisiontask.In 

	In thistask,weexpecthigh accuracyratein generalregardlessofproficiencyleveland typeof stimulibasedonDarcy,Daidone,andKojima (2013,2015).Theresultsofthestudy suggestedthatlearnersscorehigh accuracy(above90%)foran ABXdiscriminationtaskeven at thebeginninglevel.Accordingtotheirstudy,proficiencyplaysacrucialrole inaccuracyrateson thelexicaldecisiontaskbutnotforthe ABXtask. 
	Asfortheprediction intermsofdiscriminability, itisexpectedthat vocaliclength contrast willbe easierthan consonantallengthcontrastbasedonAltmann,Berger,andBraun (2012).Thisadvantageof vocaliccontrastsoverconsonantalcontrastisalso predictedbythe phoneticrealizationoflongvowel andgeminatein American English.Althoughduration isnota primarycueinperception,therearemorephoneticallylongvowelthangeminates(see3.1,p. 22).Itislikelythatlistenersaremoreaccurateatdiscriminatingwhentheyhave moreexposure tosomephoneticfeat
	Withrespecttothecontrastbetween geminateandlongvowel,thereareatleasttwo differentinterpretationsandpredictionsindiscriminability.Despite ofthe perceptibleacoustic durationof ageminateoralongvowelitself,theyareboth “long”(e.g.two morae).Thus, participantshaveto discriminatethetype oflength(i.e.geminate/longvowel)while the length isperceptuallyequalbetween thetwo items.Inthisrespect,discriminatingageminatefroma longvowelcouldbeharderthandiscriminatingashortfromalongsegment(e.g.singletonvs. geminate,orshort vs
	phoneticcuespertainingtothe geminate vs.thevoweloveralongerperiod oftime(because 
	theyarelongsegments). 
	3.2Experimental Conditions and Stimuli 
	Disyllabicsetsof non-word wereused.Sincelearners’L1isEnglish,noneofthestimuli wererealJapaneseorEnglish words.Asmentionedin3.1,therewerethreetargetedtypes:(i) singleton (e.g.mete),(ii)geminate(e.g.mette)and(iii)longvowel(e.g.meete). ThedesignoftheABXtaskin the current studycomparesparticipants’performancein three testconditions(seeTable 3.1): singleton vs.geminate,singlevs.longvowelandgeminate vs. longvowel. Table3.1:ExperimentalConditionsandSampleTrialsforABX 
	Condition 
	Condition 
	Condition 
	Sub-conditions 
	Sampletrial(A–B–X) 
	Expectedanswer 

	Baseline 
	Baseline 
	Baseline 
	goka-kogga–goka 
	A 

	TR
	GeminateCondition(GC) 
	mette-mete–mete 
	B 

	Test 
	Test 
	LongVowelCondition (LV) 
	mete-meete–mete 
	A 

	Qualityof Length (GC/LV) 
	Qualityof Length (GC/LV) 
	mette-meete–meete 
	B 


	Allthestimuliwerenon-words,andlearnerswererequiredtodetecteitherthe differencebetweenashort andlongsoundorthe qualityofthelongsound.Testtripletsconsist of oneofthefollowingsub-conditions:(a)Geminate(GC)(e.g.mette vs.mete),(b)LongVowel (LV)(e.g.meete vs.mete)and(c)QualityofLength(e.g.mette vs.meete).Thecomprehensive list of non-wordpairsispresentedinAppendixB. Therewasnocontrolconditionperse (see 
	Dupouxet al.,1997,Experiment1).Instead,weusedthefirstblockofpractice trialsasa 
	baselinemeasure(seebelow)foranalysis. 
	Stimuliwererecorded multipletimesbytwofemale Japanesenativespeakers.Thiswas toreducetheeffectoffamiliaritywith one specificvoice.Bothspeakersweretrainedlinguists. OnespeakerwasaTokyodialect speakerwhiletheotherwasaphonetician whoisveryfamiliar withtheTokyodialect.The recordingsweremadeinasound-proof roomwith aportable microphoneataprivateuniversityinthe Tokyo region.Stimuliwere recordedontoacomputer andlaterdividedinto separate soundfilesforpresentation in theexperiment.There wasno cross-splicingormanipulat
	3.3Procedure 
	3.3Procedure 
	Eachtrialconsistedof atripletof non-words(i.e.A,BandX)whereXissimilarto either AorB.ParticipantswereaskedtodecidewhetherXwassimilartoAorBasquicklyand accuratelyaspossible.Forinstance,ifthetesttripletwasA-mete,B-mette,X-mete,the correctanswerforXwas“A”.Inhalf ofthetrials,XwasequaltoA,andintheotherhalf,Xwas equaltoB.Allthecounterbalanced combinationsofpresentation orders(i.e.ABA,ABB,BAA 
	andBAB),conditions(singleton,geminateandlong vowel)andvoicetype(i.e.female1and 
	female2)yieldedatotalof144testtriplets(4*3*2=144). 
	Theactualtest session wasalwaysprecededbyapracticesession.Thepracticesession utilized8trials,usedtomake sureparticipantsunderstood andexecutedtheABXtaskproperly. Thus,thepracticesession wasspecificallydesignedtohaveAandBdifferin length and other segments(e.g.kvs.ginthisexample:A=koga,B=gokka,X=koga).Theextracue(i.e.a segmentaldifference)wasexpectedtofacilitateparticipants’distinctionofAandBwhile familiarizingthemwiththetaskinvolvinglengthcontrasts.Weusedperformanceonthisfirst blockasabaselinetoevaluateoutli
	Participantswereseatedinfrontofalaptop computer,equipped withhigh-quality headphonesin asound-isolatedroom,andgavetheir answersbypressingkeyson the computerkeyboard.Keyswerelabeled“1”or“2”.The144tripletsalongwith8practicetriplets werepresentedinfourrandomizedblocksseparatedbybreaks.Experimentalstimulus presentationwascontrolledbythe softwareDMDX(Forster&Forster,2003). Randomization wasexecutedbothamongand withinblocks.AccuracyandResponseTime(RT)weremeasured. Participantshad2500mstomaketheirresponsebeforethe
	Thistaskwasadministered asthefirstin aseriesof3speechperceptiontasks:afterthe subjectcompletedtheABXtasktheymoveontotheLexicalDecisionTaskfollowedbythe ForcedLexicalChoice (FLeC).The subjectsfilledoutthedemographicsurveyandlanguage 
	backgroundquestionnaire beforeorafteralltheexperimentsdependingon waitingtimefor 
	theirturn.Most oftheparticipantsfilledinthesurveyandquestionnairebeforethe experiments. 

	3.4Participants 
	3.4Participants 
	Therecruitment wasdoneatalargeuniversityintheMidwest areain theUnitedStates. Participants’demographicsandlanguage/linguisticbackground werescreenedwithtwo separatequestionnaires(seeAppendixA).Two groupsoflatelearnersofJapanese(advanced learners;n=15,5malesand10females),meanage=24.6,beginninglearners;n=19,11males and8females,mean age19)andonegroupofnative speakersofJapanese(n =16,5malesand 11females,meanage=30.5)weretested. 
	AllthelearnersinthisstudywerenativespeakersofAmericanEnglish.Noneofthe learnersreportedhavinghadformaleducation inor exposuretotheJapaneselanguagebefore theageof14or15dependingonwhichagetheystartedtostudyJapaneseinhighschool. Forlearners,secondlanguagesthattheywereexposedotherthanJapanesewereasfollows: Spanish(19),French(11),Chinese(4),German (2),Korean (2),Italian(1),Norwegian (1), Hebrew(1),andASL(1). 
	Advancedlearnerswereeitherenrolledin 4thyearJapanese(J401)orwereteachingor hadtaughtJapaneseasassociate instructorsatthe timeof recruitment.Averagelengthoftime in Japanforadvancedlearnerswas13.6 months(SD = 21.9).Allthebeginninglearnerswere enrolledinfirstsemesterofbeginningJapanese (J101)atthetimeof recruitment.Noneof 
	themreportedhavinglivedin Japan.SomeofthelearnershadtraveledtoJapan.However,the 
	length of stayduringthetripwasnomorethantwo weeks. 
	NativespeakersofJapanesewererecruitedatthesameuniversitymentionedabove andmostofthemwereenrolled asstudentswhohadtaught/wereteachingJapaneseas associateinstructors.Theywerelivinginthe USatthetimeoftesting.Theiraverage(selfreported)proficiencyinEnglish was5.2 outof7. 
	-

	Noparticipantsreportedanyhistoryofhearingorspeechdisorder.Participantsreceived asmallcompensation of$10fortheirparticipation inthestudy.Allproceduresusedinthisand thefollowingexperiment wereapprovedbytheIndianaUniversityInstitutionalReviewBoard forHumanSubjects(IRB#1310570064). 

	3.5Sample Characteristics and Data Screening 
	3.5Sample Characteristics and Data Screening 
	Meanaccuracyrateandmeanresponsetime(RT)weremeasured on eachcondition (baselinevs.test)foreachparticipantand eachitem.First,accuracyonallitemswasscreened foroutliersinthenativespeakergroup.Five itemsobtained accuracyratesthat werebelow2.5 SDfromthemean accuracyforthisgroup andwereremovedfromtheanalysis.Subsequently, oncetheseitemswereremoved,individualaccuracyin eachcondition wasobtainedforall participants,andthosewho scoredbelow50%(i.e.lowerthanchancelevel)accuracyonthe baselineitemswereremovedfromfurtheran
	3.6AccuracyRate 
	3.6.1GlobalAnalysis 
	ThefollowingTable3.2 showsthe resultsofaccuracyrateandresponsetimebetweennative speakers(NS)andnon-native speakers(Learners)toseetheoverallresultsandtendencies. Notethatwehavenotshowntheresultssplitbydifferentlearnergroups(i.e.beginnersand advancedlearners)in thefollowingtable. Table3.2:Mean AccuracyandRTAccordingto ResponseforEachGroup andEachCondition 
	Test Cond 
	Test Cond 
	Test Cond 
	Group 
	Response 
	Mean Accuracy 
	SE 
	MeanRT 
	SE 

	Base 
	Base 
	Learners 
	First (X=A) 
	.84 
	.04 
	1159.4 
	50.3 

	Second(X=B) 
	Second(X=B) 
	.79 
	.04 
	1149.2 
	55.6. 

	Mean 
	Mean 
	.81 
	.03 
	1154.3 
	43.9 

	NS 
	NS 
	First (X=A) 
	.88 
	.05 
	1144.8. 
	64.2 

	Second(X=B) 
	Second(X=B) 
	.96 
	.05 
	1151 
	68.5 

	Mean 
	Mean 
	90 
	.04 
	1147.9 
	56.7 

	Test 
	Test 
	Learners 
	First (X=A) 
	.83 
	.02 
	1110.3 
	33.6 

	Second(X=B) 
	Second(X=B) 
	.92 
	.02 
	1050.6 
	33.5 

	Mean 
	Mean 
	.87 
	.02 
	1080.5 
	32.9 

	NS 
	NS 
	First (X=A) 
	.96 
	.03 
	962.4 
	46.2 

	Second(X=B) 
	Second(X=B) 
	.98 
	.03 
	904.5 
	46.1 

	Mean 
	Mean 
	.94 
	.03 
	933.5 
	45.5 


	Ascanbeseen,alltheparticipantshadveryhighaccuracyregardlessofgroupor condition.Allthemeanaccuracyratesarearoundorabove80%.Intermsof responsetime (RT),nativespeakersandnon-nativespeakersdonotseemdifferentfromthebaseline 
	Ascanbeseen,alltheparticipantshadveryhighaccuracyregardlessofgroupor condition.Allthemeanaccuracyratesarearoundorabove80%.Intermsof responsetime (RT),nativespeakersandnon-nativespeakersdonotseemdifferentfromthebaseline 
	condition.However,nativespeakers’responsetimeseemsfasterthanthat ofnon-native speakersinthetestcondition. 

	AlinearmixedeffectsmodelwasexecutedinSPSS21onaccuracyrate.Group(i.e.native speakers(NS)vs.learners(NNS)),Condition (i.e.baselinevs.test)andResponse (i.e.First -A=X vs. Second -B = X) were entered as fixed effects. Items and Subjects were entered as random effects. 
	The type III tests of fixed effects revealed significant main effects of Group (F (1, 59.2) = 6.9, p = .011) and Condition (F (1, 159.7) = 5.4, p = .021). However, there was no effect of Response (F (1, 159.7) =2.3, p = .13). In addition, none of the interaction between fixed effects wassignificant:GroupandCondition(F (1,6232)=.005,p =.94),GroupandResponse(F (1,6232) = .98, p =.32) and Condition andResponse (F (1, 159.7) =1.1, p = .29). However, the three-way interactionamongfixedeffectswassignificant:Group
	Note that mean accuracy in both the native speaker group and the combined learner groupshowedthatbaselineperformancewaslessaccuratethanthetestcondition.Baselinedata was collectedthroughthe thetraining session, koga, goka, kogga and gokka were used. Eight triplets from these non-words were used (e.g. koga-gokka-koga, goka-koggakogga). Segmental cues other than length contrasts were added to these stimuli, expecting to facilitateparticipants’distinctionofAandB.Itmightbethecasethatadditionalcuedidnothelp toeas
	trainingsession.In 
	-

	3.6.2Accuracy Rate by Group andConditions 
	Next,amixedeffectsmodelwasrunonthetestconditiononly,to examine effectsof proficiencywithinthelearners,aswellasspecificdifferencesbetweensubconditions.This modelspecifiedGroup(nativespeakers(NS),advancedlearners(EA)andbeginners(EB))and non-word condition (C-C:, V-V: andC:-V)asfixedeffects.Thesethreetypesof conditionsare(i) comparingsingletonandgeminate (i.e.C-C:),(ii)comparingsingleton andlongvowel(i.e.V-V:) and(iii)comparinggeminateandlong vowel(i.e.C:-V:). Notethatwedidnotinclude Response fromthefixedeffec
	TypeIIItestoffixedeffectsrevealedsignificantmain effectsofGroup(F (2,41)=7.3,p = .002)andCondition(F (2,136.9)=7.7,p =.001).In addition,therewasasignificantinteraction betweenGroupandCondition (F (4,5930)=3.8,p =.004). 
	Fortheoveralleffectofconditionacrossgroups,C-C:istheleastaccurateone(87.2%) followedbyC:-V:(90.8%)andV-V:isthe most accurate(92.2%).Namely,wecanseethe tendencythatdiscriminatingsingletonfrom geminateisthehardest(i.e.lowest accuracy)and discriminatingsingletonfrom thelongvowelisthe easiest(i.e.highestaccuracy).Apost-hoc pairwisecomparisonwithSidakcorrection confirmedthat abovedifferencescorrespondstothe statisticalsignificance.Pairwise comparisonbetween C-C:andV-V:wassignificant(p <.001). Namely,thecontrastb
	discriminatinggeminatesfromsingletons.In 

	significanceinthe pairwise comparisonbetweenV-V:andC:-V:(p =.61).Thatis,discriminating shortandlongvowelswasasaccurate asdiscriminatinglongvowelsfromgeminates. 
	Withrespecttotheeffect ofgroup,mean accuracyrateforeachgroup showedthat accuracyratesfornativespeakerswerethehighest(97%),followedbytheadvancedlearners (91.6%)andthebeginner’saccuracyratewastheleastaccurate(81.7%).Post-hocpairwise comparisonwithSidakcorrection revealedthatthenativespeakersaresignificantlymore accuratethanbeginners(p =.001).Onthecontrary,advancedlearnerswereonlymarginally moreaccuratethanbeginners(p =.051).In addition,there wasno significantdifferencewhen nativespeakersandadvancelearnerswere
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	Mean accuracy 
	Figure3.1:AccuracyRateinEachCondition for EachGroup.ErrorBarsRepresentthe95%CI 
	Table3.3 shownbelowisthe summaryof accuracyratebyeachgroup.Theaccuracy ratesforspecificconditionsarelistedinorder fromthehighesttothelowest accuracyrate.For bothlearnergroups,V-V:scoredthehighest accuracyratefollowedbyC:-V:andC-C:scoredthe lowest accuracy.ItiscriticaltopointoutthattheseresultsarecompatiblewithAltmann, Berger,andBraun(2012):discriminatinglongvowelfromsingletons(i.e.V-V:)ismore accurate than discriminatinggeminateconsonantsfrom singletons.Unlikethelearners,thenative speakersdonotfollowthispat
	Table
	TR
	Beginners(EB) 
	AdvancedLearners(EA) 
	NativeSpeakers(NS) 

	Mostaccurate 
	Mostaccurate 
	V-V:(85.9%) 
	V-V: (93.8%) 
	C:-V:(97.9%) 

	↓ 
	↓ 
	C:-V:(82.1%) 
	C:-V:(92.4%) 
	V-V:(96.9%) 

	Least accurate 
	Least accurate 
	C-C:(77.1%) 
	C-C:(88.5%) 
	C-C:(96.1%) 


	Post-hocpairwisecomparisonswithSidakcorrection eachgroupwerethenusedto comparethesesub-conditions.Fortheadvancedlearners,C-C: wasmarginallylessaccurate than C:-V:(88.5%vs.92.4%,p =.061),whereasC-C:wassignificantlylessaccuratethan V-V: (88.5%vs.93.8%,p =.006).Althoughadvancedlearnerswereasaccurateasnativespeakers overall,thesecomparisonsconfirmthatprocessingthesingletonvs.geminateconsonant contrastisthemost challenging. 
	Similarpost-hocpairwisecomparisonswithSidakcorrectionwithinthebeginnergroup revealedthatC-C:wassignificantlylessaccuratethan C:-V:(77.1%VS.82.1%,p =.02)andC-C: wasalsolessaccuratethan V-V:(77.1%vs.85.9%,p <.001).Thispatternparallelsexactlythe difficultiesoftheadvancedlearnersbutappearheremorepronouncedinthebeginnergroup. 
	Weconcludethattheorderof accuracyrepresentsanorderofdifficultyin processingthe 
	length contrastsinL2:differentiatingsingletonfromgeminateconsonantsisthe mostdifficult task;learnersexperiencerelativeeaseindifferentiatinggeminateconsonantsfromlongvowels (C:-V:);Finally,differentiatingshortfrom longvowelsistheeasiest. 
	Whenitcomestothenativespeakers,noneofthecomparisonswerestatistically significantlydifferent astheyarehighlyaccurateon allthe conditionsintherangeof96.197.9%indicatingaceilingeffect,which wasexpectedforthisgroup. 
	-

	OthersetsofpairwisecomparisonswithSidakcorrectionwithin each conditionrevealed thatthebeginnerswerestatisticallylessaccuratethannativespeakersonallthreeconditions: C-C:(p =.001),V-V:(p =.034)andC:-V:(p =.001).Thatis,thenativespeakersweremore accuratein allthreedifferentconditions. 
	Contrarytothebeginnergroup,noneofthecomparisonsshowedsignificantdifferences when comparingnativespeakerstoadvancedlearners(C-C:(p =.18),V-V:(p =.81)andC:-V:(p =.44)).Namely,theadvancedlearnerswereasaccurateasnativespeakersregardlessof condition. 
	WithrespecttothecomparisonbetweenadvancedlearnersandbeginnersC-C:(p = .026)andC:-V:(p =.046)aresignificantbutnotfor V-V: (p =.18).Thatis,advancedlearnersare moreaccuratethanbeginnersinbothC-C: andC:-V: conditions.However,comparingsingleand longvowel(V-V:),therelativelyhigh accuracyratesforadvancedandbeginninglearnerswere notsignificantlydifferent(advancedlearners:93.8%vs.beginners:beginners:85.9%).Thismay bebecausethegroupsareapproachingaceilingeffect,asthiscondition isthemost accurate outofthethreeconditio
	In summary,advancedlearnershavesucceededin performingatnativespeakerlevelsin 
	thistaskoverall,which suggeststhat somedegreeofperceptualacuityforlengthcontrastscan beacquired.Inaddition,advancedlearnersweremoreaccuratethanbeginnersinmostofthe conditionsexceptfortheV-V: condition.IntheV-V:condition,beginnerswereasaccurateas advancedlearners.Fromtheseobservations,wecan concludethatgainsin proficiencylevel correspondtohigheraccuracyratesinthetask. 
	Though advancedlearnerswereasaccurateasthenativespeakers,theadvanced assumethat thisaccuracyorderreflectstheorderofdifficulty. 
	learnersfollowthesameaccuracyorderwithbeginners(i.e.V-V:>C:-V:>C-C:).we 

	Moreimportantly,thefactthatV-V:wasthemost accurateandC-C:wastheleast accurateinbothbeginnerand advancedlearnergroupsclearlycorroboratetheasymmetric perception of non-nativevowelsand consonantsthatAltmann,Berger,andBraun(2012) observed.Thatis,thevocaliclength contrast appearseasiertodiscriminateandthe consonantallengthcontrastishardertodiscriminate. 

	3.7Response Time 
	3.7Response Time 
	3.7.1GlobalAnalysis 
	Thefollowingstatisticalanalysisisforresponsetimesonthediscrimination task.It complementsstatisticalanalysisfor theaccuracyrate.Therefore,webeginwiththeglobal analysistoseeoverallresultsbetweennativespeakers(NS)and non-native speakers(NNS). Namely,theresultsofnon-nativespeakersincludebothbeginnersand advancedlearners.Then 
	wewillmoveonto moredetailedanalysisbyeachgroupandconditioninthefollowing 
	sections. 
	Table3.4 showsthe resultsof response timebetween nativespeakers(NS)andnonnativespeakers(NNS)fortheoverallresultsandtendencies.Alinearmixed effectsmodelwas executedinSPSS21onresponsetime (RT).Meanresponsetimeswerecomputedovercorrect responses.group(i.e.native speakers(NS)vs.learners(NNS)),condition (i.e.baseline vs.test) andresponse(first vs.second)weredeclared asfixed effects.ItemsandSubjectsweredeclared asrandomeffects.TypeIIItestoffixed effectsrevealedthatthereisaneffectofCondition (Baseline:1151.1msvs.Te
	-

	Speakers(NS) 
	Condition 
	Condition 
	Condition 
	Group 
	MeanRT 
	Sig. 

	Base 
	Base 
	NNS 
	1154.3 
	F [(1,77.3)=.91] p =.79 

	TR
	NS 
	1147.9 

	Test 
	Test 
	NNS 
	1080.4 
	F [(1,43)=4.9]. p =.012 

	NS 
	NS 
	933.4 


	Althoughtherewasnoeffectofgroup,therewasasignificantinteractionbetweeneffect ofGroup andCondition (F (1, 5613.6) =15.8, p <.001). However, none ofthe other interactions including the three-way interaction were significant: Condition*Response (p = .31), and Group*Response(p =.80),Condition*Group*Response(p =.84). 
	Univariatetestsfurtherrevealedthateffectofinteractionbetween GroupandCondition 
	stems from the difference in response time for the test condition. Namely, native speakers and non-nativespeakersareequallyfastfortheBaseline(p =.79)butnativespeakersaresignificantly fasterthannon-nativespeakersinthetestcondition (p =.012). 
	3.7.2Response Time by Group andConditions 
	Next,amixedeffectsmodelwasrunonthetestconditiononlyto examinethe effectsof proficiencyand sub-conditions.Thismodeldeclares Group(nativespeakers(NS),advanced learners(EA)andbeginners(EB))andCondition(C-C:,V-V:andC:-V:)asfixed effects.Again, response(first vs.second)wasexcludedfromfixed variableintheanalysisbelow.Subjectsand itemsweredeclaredasrandomeffects. 
	Theresultsrevealedthattherewasamaineffectof condition(F (2,137.3)=7.7,p < .001))andofgroup(F (2,41)=4.4,p =.018)). However,theinteractionofcondition andgroup wasmarginallysignificant(F (4,5363.9)=2.4,p =.052).Regardingthemain effect of condition, V-V: wasthefastestin responsetime (mean RT:996.7ms).C:-V:isthesecondfastest(mean RT:1034ms).C-C:istheslowest(meanRT:1054.2 ms). 
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	Mean RT (ms) 
	Figure3.2:Mean RTforEachGroupandCondition(ErrorBarsrepresent95%CI) 
	Correspondingpost-hocpairwise comparisonswithSidakcorrectionrevealedthatV-V: (mean RT:996.7ms)yieldssignificantlyfasterresponsesthanV:-C:(meanRT:1034 ms,p = .034)andC-C:(mean RT:1054.2 ms,p =.001).However,thereisnostatisticalsignificancewhen C-C:andV:-C:arecompared(p =.45). 
	Withrespecttotheeffect ofgroup,theresultsrevealedthatthenativespeakers’ recordedthefastestmeanresponsetimes(mean RT:934.2ms).Thebeginnersrecordedthe secondfastestresponsetime(mean RT:1031.1ms)andtheadvancedlearners’meanresponse timewastheslowest(1119.6ms). 
	Correspondingpost-hocpairwise comparisonswithSidakcorrectionfurtherrevealed that advancedlearnersweresignificantlyslowerthanthenativespeakersin allthreeconditions (C-C:(p =.025),V-V:(p =.015)andC:-V:(p =.011)). However,noneofthecomparisonbetween beginnersandnativespeakersissignificant(C-C:(p =.71),V-V:(p =.41),andC:-V:(p =.16)).In 
	addition,therewasnostatisticallysignificantdifferencewhentheadvancedlearnersand 
	beginnersarecompared(C-C:p =.28,V-V:p =.42,andC:-V:p =.72). 
	In summary,nativespeakerswerefasterthantheadvancedlearnersinallthree conditions.However,thebeginnersand nativespeakerswereequallyfast.Theresultsalso indicatethatthebeginnersandadvancedlearnerswereequallyfast.Theseresultscontributeto themarginalinteractionofGroupandCondition. 
	TheTable3-5inthefollowingshowsthatthelatencyorderof advancedlearnersand nativespeakersmatch:V-V:isthefastest,followedbyC:-V:,andC-C:istheslowest.Beginners donotfollowthepattern,butresponsespeed wasasfast asnativespeakers. 
	PairwisecomparisonswithSidakcorrectionwithin grouprevealedthatC-C:vs.C:-V:(p = .028)andC-C:vs.V-V:(p =.001)weresignificantlydifferentfornativespeakers.Thatmeans processinglongvowelandgeminate(i.e.C:-V:)isfasterthanprocessingsingletonandgeminate (addition,processingsingletonandlongvowel(i.e.V-V:)isfaster thanprocessing singleton andgeminate(i.e.C-C:). 
	i.e.C-C:).In 

	Foradvancedlearners,onlyC-C:vs.V-V:wassignificant(p =.005).Namely,V-V:isfaster than C-C:.Putdifferently,therewasastatisticalsignificancebetweenthefastestcondition (VV:)andtheslowest condition(C-C:). 
	-

	Asforbeginners,onlythePairwiseComparisonbetweenV-V:andC:-V:wassignificant (p =.009).Again,theresultsshowedthattherewasastatisticallysignificantdifferencebetween thefastest(V-V:)andtheslowest(C:-V:)conditions. 
	Table3.5:RTOrderbyConditions 
	Fastest 
	Fastest 
	Fastest 
	Beginners(EB) 
	AdvancedLearners(EA) 
	NativeSpeakers(NS) 

	↓ 
	↓ 
	V-V:(997.4ms) 
	V-V:(1089ms) 
	V-V:(903ms) 

	TR
	C-C:(1039ms) 
	C:-V:(1120ms) 
	C:-V:(925ms) 

	Slowest 
	Slowest 
	C:-V:(1056ms) 
	C-C:(1149ms) 
	C-C:(974ms) 


	Unliketheaccuracyrate,aboveresultsshowedthatbeginnerswereasfastasnative speakers.Onthecontrary,advancedlearnerswereslowerthanthenativespeakers.Recallthat advancedlearnerswerecomparabletonativespeakersregardingaccuracyrate.Thus,we speculatetheslowerlatencyisatrade-offofaccuracyagainstresponsetime. 
	3.8Discussion 
	Overall,allthreegroupsincludingthebeginner group,performedwithhigh can beseen intheTable3.6,allthreegroupswereleastaccurateintheC-C:condition. However,nativespeakersdidnot showanysignificant effect amongtheconditionsasthey seemedtoreachceilingeffect(96%oraboveforalltheconditions).Onthe contrary,learner groupsfollowed aspecificaccuracyorder(i.e.V-V:>C:-V:>C-C:).Statistically,theadvanced learnerswerenotlessaccuratethannativespeakers.However,resultsoftheadvancedlearners showed statisticalsignificance inmostoft
	accuracy.As 

	In summary,theresultsindicatethatdiscriminatingsingletonsfromgeminatesisharder 
	than discriminatingsingle vowelsfrom longvowels.Thatis,thevocaliclength contrastiseasier toprocess,corroboratingtheresultsfromAltmann,Berger,andBraun(2012).Moreover,the aboveaccuracyorderalsodemonstratesrelativeprocessingdifficultyofJapaneselength contrasts:discriminatinglongvowelsfromgeminatesiseasierthan singletonsvs.geminates butmoredifficultthan single vs.longvowels.Lastbutnotleast,itisworthytopointoutthat proficiencymattersdespitethehigh accuracyacrosstheABXtask. 
	Table3.6:AccuracyRatebyConditions 
	Mostaccurate 
	Mostaccurate 
	Mostaccurate 
	Beginners(EB) 
	AdvancedLearners(EA) 
	NativeSpeakers(NS) 

	↓ 
	↓ 
	V-V:(85.9%) 
	V-V:(93.8%) 
	C:-V: (97.9%) 

	TR
	C:-V:(82.1%) 
	C:-V:(92.4%) 
	V-V:(96.9%) 

	Least accurate 
	Least accurate 
	C-C:(77.1%) 
	C-C:(88.5%) 
	C-C:(96.1%) 


	Table3.7:RTOrderbyConditions 
	Fastest 
	Fastest 
	Fastest 
	Beginners(EB) 
	AdvancedLearners(EA) 
	NativeSpeakers(NS) 

	↓ 
	↓ 
	V-V:(997.4ms) 
	V-V:(1089ms) 
	V-V:(903ms) 

	TR
	C-C:(1039ms) 
	C:-V:(1120ms) 
	C:-V:(925ms) 

	Slowest 
	Slowest 
	C:-V:(1056ms) 
	C-C:(1149ms) 
	C-C:(974ms) 


	Asfortheresponsetime,therewerestatisticalsignificanceinallcomparisonsamong conditionsfornative speakers.Thatis,their latencyissensitivetothetypeofcondition. Interestingly,theorderoftheresponsetimebyconditionisexactlythe same withthe accuracy ratethatlearnersdemonstrated(i.e.V-V:>C:-V:>C-C:).Weassumethatnativespeakers’ 
	accuracywastoohightohavetheorderemergein theaccuracyrate.Indeed,onlyadvanced learnersfollowthisorderforbothaccuracyand responsetime.Wecan saythat advanced learners’accuracyandresponsetimeareboundtotheorderoftheprocessingdifficulty:the easier,thefaster. 
	Thatsaid,recallthat advancedlearnerswereasaccurateasnativespeakerswhen accuracyratewascompared.However,theadvancedlearnersweresignificantlyslowerthan thenativespeakerswhentheresponsetimewascompared.Weassumethattheadvanced learners’responsespeedwasnotasfastasnativespeakersbecausetheslowerlatencywasa resultofcompensationforaccuracy. 
	Beginnersweresomewhatdifferentin comparison withtheadvancedlearners.When it addition,theirresponsetimeorderbycondition isnotcompatible withthe orderthat advanced learnersand nativespeakersfollowed(V-V:>C:-V:>C-C:).Allthepairwise comparisonsby conditionsforbeginnerswassignificantfortheaccuracyraterangingfrom77.1%to85.9%. Thatis,theiraccuracyratedependsonthecondition.Thus,weassumebeginners’latencyorder doesnotattributetotheorderofprocessingdifficulty.Rather,it attributestotheirproficiency: therewassomeuncerta
	comestotheresponsetime,theywereasfastasnativespeakersandadvancedlearners.In 


	3.9Summary 
	3.9Summary 
	In thischapter,weexaminedthedifferencebetween consonantaland vocaliclength contrasts,andtheperception ofqualityoflength(geminatevs.longvowel)alongwiththe effectoflearners’proficiency.Weobservedthatboth advancedandbeginninglearnerscan discriminatelength withhigh accuracyonanABXtask.Additionally,we confirmedthat proficiencyandtypeoflength matter.Inparticular,vowelcontrastswerebetterdiscriminated than consoanatallengthcontrastsaspredicted.Ofparticularinterst,bothadvancedand beginninglearners’discriminationofge
	FromtheviewpointofprevalentmodelsofL2phonologicalacquisition(i.e.SLMand PAM-L2),thelength contrastsarepredicted asthemostdifficult contrastsince American Englishdoesnothave lengthcontrastsinacontrastiveway.Contrarytotheexpectation generatedfromthesemodelshowever,learners’accuracyon ABXtaskwasveryhigh. 
	In thenextchapter,weaddresstheissueastowhetherlearnerscanlexicallyencodethe length contrastsinJapanese.Darcy,Daidone,andKojima(2013,2015)suggestedthatthereisa discrepancybetweendiscriminabilityand accuracyin lexicallyencoding.Lexical encodingrefers 
	toastatewherelearnersstoredL2contrasttotheirmentallexicon.Whileadiscriminationtask 
	requiresparticipantstomakeuseof short-termmemory,thelexicalencodingtasktapsinto learners’L2contrastsinthelexicon:itrequireslong-termmemory.Weexplorerthisissue throughalexicaldecision task. 
	Chapter IV 
	Lexical Decision 
	4.1Introduction 
	Aswasseeninthelast chapter,theABXtaskrevealedthatevenatthebeginninglevel, learnershadhigh accuracyin allthe test conditions.Theresultscorroboratethoseofprevious studies,especiallybyDarcy,Daidone,andKojima(2013,2015)inthatevenbeginnersscored high accuracyrate.Inthischapter,wereporttheresultsofthelexicaldecisiontaskdesignedto observethelearners’abilitytoencodetheL2contrast(i.e.short vs.longcontrastin Japanese) in lexicalrepresentations.Aswasthe case intheABXtask,vocaliclengthcontrasts,and comparisonofgeminate
	Lexicaldecisiontasksareacommonlyemployedtype ofbehavioraltaskinpsychological andpsycholinguisticexperiments(Rubenstein,Garfield,&Millikan,1970;McCusker,HollyWillcox,&Hilinger,1979,andmanyothers).Thetaskaskssubjectstoclassifystimuliasaword oranon-wordinagivenlanguagewhile measuringaccuracyandresponsespeed.Hence,the taskimplicitlyrequiresfulllexicalprocessing.Inotherwords,decidingwhethersomethingisa word ornotdemonstratessuccessfulwordrecognition asitinvolvesamatchbetween incoming acousticsignals(i.e.stimuli)
	-

	In thefield ofperceptioninthesecondlanguage,learneraccuracyand responsespeed 
	(i.e.latency)incomparison with nativespeakersisassessed.Traditionally,eitherABXtasks(see Chapter2and3fordetails)orlexicaldecisiontasksareusedinpreviousstudies. Asmentioned in thelast chapter,researchersuseABXtaskstoassesslearner’sabilitytodiscriminate L2 contrasts,whilealexicaldecisiontasktypicallyassesseshowpreciselylearnersmade connectionbetweenwhattheyperceived and whattheystoreinthementallexicon (i.e.lexical encoding).Unlike thetraditional approach,Darcy,Daidone,andKojima(2013,2015)madeuse ofbothABXandl
	-

	Notonlydidthe studysuggestthediscrepancy,the studycorroboratedprevious findingson asymmetriclexicalencodingspecificto thesecondlanguageacquisitionthroughthe auditorylexicaldecisiontask.AsymmetriclexicalencodingwasoriginallysuggestedbyWeber andCutler(2004)andCutler,Weber,andOtake(2006),usingeye-trackingmethodology(see alsoEscudero,Hayes-Harb,&Mitterer,2008,forawordlearningstudyshowingthe same asymmetrywhenorthographicinformationisprovided). 
	ThecoreideaofasymmetriclexicalencodingisthatlearnersrefertotheclosestL1 
	category(i.e.old)whenevaluatingan L2categoryin question(i.e.new),particularly,when L2 learnershavetodealwith anL2 categorythatisnotintheirL1.Totake anexamplefromthe current experiment,Japanesesingletonandgeminatecanbedefined asfollows:the closestL1 categoryforthiscontrastisasingleton segmentin English.Whenlearnershavetoprocessan L2 newcategory,saysakka “writer”,theyrefertotheoldcategory(i.e.singleton).Infact,thereis aword saka “slope”in Japanese.Thus,learnersneedtoencode saka andsakka preciselyto distinguis
	UnliketheABXtask,Darcy,Daidone,andKojima(2013,2015)reportedthataccuracy ratesdifferedbyproficiencylevelin theirlexicaldecisiontask.Thatis,theaccuracyrate inthe advancedlearnergroupwashigherthantheoneforthebeginnersoverall.Sincethetaskasks participantsto decide whetherstimuliarewordsor not,theresultsoftheirstudysuggested thatthesizeofvocabularymattersforthelexicaldecisiontask. 
	Furthermore,theresultsindicatedthatthereisaninteractionbetween condition (controlvs.test)andlexicalstatus(word vs.non-word).Theauthorssuggestedthe asymmetric lexicalencodingembodied aspecificorder inaccuracythroughtheseinteractions:(1)control word,(2)test word(old),(3)test word(new),(4)controlnon-word,(5)test non-word(new) and(6)test non-word(old).Ingeneral,researchersassumecontrolstimuliare more accurate than test addition,itiswellknownthatwordsarealwaysmoreaccuratethannonwords(ForsterandChambers,1973).Web
	stimuli.In 
	-

	(2006)showedthat aL1likecategory(i.e.dominant)isbetterperceivedthan anewL2category 
	(non-dominant).Iftheoldcategoryalwaysplacedhigherthan thenewcategory,thelasttwo orders(i.etestnon-word(new)>testnon-word(old))donot comformtotheorderpredicted. Darcy,Daidone,andKojimasuggestedthatthisisduetoapeculiarlityofL2lexicalprocessing. Thestudysuggestedthatthisveryorderisevidenceforasymmetriclexicalencoding.Inthe caseoftest-words,knowledgeoftheL2vocabularyhelpslearnersprocesseven wordsusinga thecaseofnon-words,L2learnerscannotmakeuseoftheknowledgeofL2 vocabluary.Hence,learners’L2processingrelieson as
	newcategory.In 

	4.2Rationale andPredictions 
	Whatneedstobeexaminednow,otherthan replicatingthepreviousstudy,isto investigatetherelationshipbetween geminatesandlongvowelsasanewL2 category.The learners’mistakes(Chapter1,p.6)implypossibleconfusionswithin a“long”category,along withtheshort vs.longcontrast.Therefore,the currentexperimentalparadigmincorporated stimuliwithlongvowels(e.g.apaato “apartment”)in additionto theoneswithsingletonsand geminates.Inthisway,oneisabletoexaminehowlearnersprocesssingletonvs.geminate(e.g. akeru “toopen”vs.*akkeru,shortvowe
	sort”).In 

	ABXexaminesL2learners’discriminabilitywhile lexicaldecisionexaminestheirabilityto storeL2contrastsinlong-termmemory(i.e.lexicalencoding).InABX,weobservedhigh accuracyregardlessofgroup(i.e.above85%).Thus,ifthereisadiscrepancybetweenthese abilities,therewillbe adifference inperformance(i.e.accuracyrate)betweenABXandlexical decisiontasks. 
	Withrespecttothedifferencebetweenvocalicand consonantallength contrasts,if thereisaperceptualadvantage(seeABXresultsin Chapter3),weexpectvocaliclength contrastselicithigeraccuracyratethanconsonantallengthcontrasts.Inaddition,the comparativeaccuracybetweengeminteandlongconsonant willbemoreaccuratethan consonantallengthcontrastbutlessaccuratethan vocaliclength contrast. 
	Asatask-specificpredictionforlexicaldecisiontask,ahigheraccuracyrateoverallis expectedforadvancedlearnersthanforbeginners(Darcy,Daidone,andKojima,2013,2015). If learnersprocessstimulibywayofasymmetriclexicalencoding,weexpect aninteraction betweenlexicalstatusand condition.Hence,weexpecttoreplicatethespecificorderof accuracyshown in 4.1:(1)controlword,(2)testword(old),(3)testword(new),(4)controlnonword,(5)testnon-word(new)and(6)test non-word(old).Ifthereisthe intereactionfrom vocaliclength contrasts,thiswoul
	-

	4.3. Method 
	4.3.1Experimental Conditions andStimuli 
	Thirty-sixJapanesewords(12 withsingletons,12withlongvowels,12 withgeminates) wereselectedastestwordsfromthetextbookusedbythefirst-yearandsecond-yearstudents attheinstitution wherethe current researchproject wasexecuted.Thetextbooksarecalled Genki IandII(Banno et.al.,1999).Thetextbookswere usedtoenhancetheleveloffamiliarity withthelexicalitemsamongalllearners. 45fillerwordsasdistractorswerealsoselectedfrom thesametextbooks(seethecomprehensivelistsoftestwords,test-non-wordsandfillersin AppendixA). 
	TwofemalenativespeakersofJapaneserecordedallofthestimuliin anoise-isolated recordingroom:oneisaTokyodialect speakerandtheotheroneisatrainedphoneticianfrom NiigataPrefecture.HalfofthestimuliwerechosenfromtherecordingmadebytheTokyo dialect speakerandtheotherhalf waschosenfrom therecordingsbythetrainedphonetician, 
	in anefforttoavoidfamiliarityto onevoice sothatitdoesnotaffectthe experimentalresults. 
	Whenbalancingastowhich voicetobeused,alltheconditionswereconsidered and meticulouslysplitinhalf.Forinstance,ifthere were4geminatenon-words,weusedtwofrom theTokyodialectspeaker,theothertwofromthetrainedphonetician,andthe same istruefor therestofthestimuli. 
	Forthetestwordswithsingleton(henceforth“OriginS”),12wordscontainingasingleton wereselectedastestitems(e.g.akeru “toopen”).Forthetestwordswithgeminate(henceforth “OriginG”),12wordscontainingageminatewereselectedastestitems(e.g.hikkosu “tomove”), andfinally,forthetestwordswithlongvowel(henceforth“OriginL”),12wordswithalongvowel wereselectedastestitems(e.g.apaato “apartment”). 
	Foreachtest word mentionedabove,twocorrespondingnon-word conditionswere created,resultinginatotalof108test stimuli(i.e.36words+72 correspondingnon-words). Thosenon-wordconditionsfunctionasnon-wordtestitemsintheexperiment.Forinstance, akeru “toopen”isone ofthe test wordswith created onetestnonword withgeminate(ConditionG)byalteringthesingletonconsonanttoa geminate (e.g. akeru “to open” *akkeru).Then,anothernon-word withlongvowel(ConditionL)was createdbyelongatingthefirst voweltocreatealongvowel(e.g.akeru *aa
	Foreachtest word mentionedabove,twocorrespondingnon-word conditionswere created,resultinginatotalof108test stimuli(i.e.36words+72 correspondingnon-words). Thosenon-wordconditionsfunctionasnon-wordtestitemsintheexperiment.Forinstance, akeru “toopen”isone ofthe test wordswith created onetestnonword withgeminate(ConditionG)byalteringthesingletonconsonanttoa geminate (e.g. akeru “to open” *akkeru).Then,anothernon-word withlongvowel(ConditionL)was createdbyelongatingthefirst voweltocreatealongvowel(e.g.akeru *aa
	singleton(i.e.OriginS).We 
	-
	•
	•
	•
	•

	(e.g.apaato “apartment”*apato)andanothernon-word(ConditionG)wascreatedby switchingthelengthfromthe longvoweltoageminate(e.g.apaato *apatto).Notethatthe originalstatuswith respectto thelengthanditsquality(i.e.singleton,geminate/long consonantorlongvowel)isexpressed asOriginfromnowon.Thosetestnon-wordswith singleton arereferredasConditionS,thenon-wordswithgeminatewillbereferredtoas ConditionG,andthe non-wordswithlongvowelwillbereferredtoasConditionL,respectively. Table4.1 showsanoverviewofthe wordandnon-words
	•
	•


	Table4.1:OverviewoftheConditionsforthe TestWordsandTestnon-Words(markedby*), DistinguishingOriginandCondition.Adouble-letterindicatesalongvoweloralongconsonant 
	Origin 
	Origin 
	Origin 
	Word 
	Non-word (singleton) Condition S 
	Non-word (geminate) Condition G 
	Non-word (long vowel) Condition L 

	S 
	S 
	akeru “toopen” 
	N/A 
	*akkeru Origin S Condition G 
	*aakeru Origin S Condition L 

	G 
	G 
	hikkosu “tomove” 
	*hikosu Origin G Condition S 
	N/A 
	*hiikosu Origin G Condition L 

	L 
	L 
	repooto “report” 
	*repoto Origin L Condition S 
	*repotto Origin L Condition G 
	N/A 


	Forthecontrolcondition,45 wordswereselectedfromthetextbooksandincluded as fillersintheexperiment.Eachfiller word wasmodifiedtocreateacorrespondingnon-words 
	Forthecontrolcondition,45 wordswereselectedfromthetextbooksandincluded as fillersintheexperiment.Eachfiller word wasmodifiedtocreateacorrespondingnon-words 
	justlikethetestwords.However,thenon-wordfillersweremadebyalteringonefeatureora segment(e.g. tenki “weather” *tengi)sothatthosefillernon-wordsdidnotinvolveany length contrasts. 
	•


	In summary,atotalof198stimuliwereusedinthe Japanesewords,24non-wordswithsingleton,24non-wordswithgeminate,and24non-words word and45non-wordfillers).Theoverallproportionof wordsand non-wordsintheexperiment was81words(41%)for117non-words(59%). 
	experiment:108testitems(i.e.36 
	withlongvowel)and90fillers(i.e.45 

	4.3.2Procedure 
	The198itemsmentioned aboveweredividedinto threeblocksconsistingof66items 
	(i.e.36testitemsand30fillers),suchthat membersofatriplet(e.g.akeru “toopen”-akkeru*aakeru)wereplacedinadifferentblock.Thepresentation of stimuliwascontrolledbythe DMDXsoftware(Forster&Forster,2003).Thestimuliwerepresentedinarandomizedorder: thethreeblockswererandomized amongblocksand withineachblock.Eachparticipantthus had adifferentpresentation orderofblocks(i.e.Block1-Block2-Block3,Block3-Block1-Block2 etc.)andadifferentpresentation orderofstimuliwithinagivenblock. 
	-

	Theparticipantswereseatedinasound-isolatedor veryquiet roominfrontofalaptop wearinghigh-qualityheadphones(SennheiserHD515).Theywereabletoself-select a comfortablelisteninglevel.Theinstructionsweredisplayed onthe screen,andasked participantsto answerwhetherastimuluswasarealJapanesewordornot.Theywerealsotold toanswerasquickand accuratelyaspossible.The leftControlkeywasassignedforanon-word responseandtherightControlkeywasassignedto aword response.Hence,whenparticipant 
	thoughtthesound sequence he/sheheardisaJapaneseword,theyhittherightControlkey 
	whereaswhentheythoughtit wasanon-word,theyhittheleftControlkey. 
	Thekeyswerecoloredandindicatedyes (i.e.thestimuluswasaJapaneseword)andno (i.e.thestimuluswasnotaJapaneseword)respectively.Alltheinstructionswere givenin Englishforthe learnergroupsandinJapaneseforthenativespeakergroup.Fortheadvanced learnergroup,1participantreportedbeingleft-handed,13participantswererighthanded,and 1reportedbeingambidextrous.Forthebeginnergroup,1participant reportedbeinglefthanded,17participantswererighthanded,and1 reportedbeingambidextrous.For thenative speakergroup,1participantreportedbei
	-

	Participantswerefirstaskedtoadjustthesoundvolumeandplacement oftheheadsets then moveon tothepracticesessiontogetusedtothetask.Therewasashortpracticesession with9trialspriortothetest session.Eachpracticetrialwasfollowedbyfeedback(“correct”or “wrong”)assoon astheparticipanthittheleft(no)orright(yes)key.Forthepracticesession, theitemswereeitherawordoranon-word(e.g. migi “right”, *nigi, sakana “fish”, *sagana). However,noneofthepracticetrialscontainedageminateoralongvowel.Afterthepractice, participantswereoffer
	Duringeachtrial,oneword ornon-word waspresentedthroughtheheadphones. The participanthad2200 msto makeananswerbeforethenexttrialstarted.TheInter-trialinterval 
	was2600ms.Accuracyand responsetimeswerecollected.Responsetimesweremeasured 
	fromthebeginningofeachitem. 
	4.3.3Participants 
	Thethreegroupswhoparticipatedinthe ABXtask(i.e.nativespeakers,N=16, advancedlearners,N=15,andbeginners,N=19)alsotookpartinthistask(seeChapter3, page30). 
	4.4Results 
	4.4.1 Sample Characteristics and Data Screening 
	Meanaccuracyscoreswerecomputedforeachsubject,and werescreenedforoutliers, if any.Onesubjectfromadvancedlearnergroupwhoseoverallaccuracyscorewasbeyond2SD fromthegroupmeanwasconsideredanoutlier.Then,weexamineditemaccuracy.Welooked atthenativespeakers’accuracyrateseparatelyforwordsandnon-words.Nativespeakers’ mean accuracyforthewordswas96%(SD =8)whilemeanaccuracyforthenon-wordswas 93%(SD =1.7).Thenthose itemswithmean accuracybeyond±2SD wereexcludedfrom furtheranalysis:4wordsand5non-wordswere excludedaccordingt
	Afterexcludingoutliers,overallaccuracyandResponseTime(RT)wereexaminedby 
	lexicalstatus(word vs.non-word)andbycondition (test vs.control),ineachgroup.Laterwe examinethespecifictypesoftestitemsbysub conditions(i.e.ConditionS,LandGandOriginS, GandL). 
	4.4.2Accuracy Rate -GlobalAnalysis 
	Table 4.2 shows the overall accuracy rate and RT means by lexical status and condition. Whenlookingataccuracy,thenativespeakerswereveryaccurateinallconditionsforbothwords andnon-words.Withrespecttothe learnergroups,accuracyratesarehigherforwordsthanfor non-words in both groups. We also see a difference in the two conditions (test vs. control), whereby items in the control condition (i.e. distractors) were overall responded to more accuratelythantheitemsinthetest condition. 
	Amixedeffectsmodelwasconductedin SPSS21ontheaccuracyrates,declaringthe factors“group”(i.e.native speakers(NS),advancedlearners(EA)andbeginners(EB)),“lexical status(i.e.word vs.non-word),and“condition”(i.e.testvs.control)asfixed effects. Participantsanditemsweredeclaredasrandomeffects. 
	Table4.2:Mean Accuracy(%),meanRT(ms)andStandardError(SE)inthe Controlvs.Test Conditionsin LexicalDecisonforJapaneseWordsandNon-Words,forEachGroup 
	Lexical status 
	Lexical status 
	Lexical status 
	Condition 
	NS Mean 
	SE 
	Advanced Mean SE 
	Beginning Mean SE 

	Accuracy 
	Accuracy 
	word non-word word non-word 
	Control Control Test Test 
	97.5 97.6 97.1 96.7 
	.023 .032 .028 .022 
	92.9 86.7 90.5 75.6 
	.024 .033 .028 .023 
	66.1 55.8 63.7 37.1 
	.022 .032 .026 .021 

	RT 
	RT 
	word non-word word non-word 
	control control test test 
	1019 1123 1156 1183 
	39.6 44 41.7 39.2 
	1180 1342 1298 1469 
	55.3 45.5 43 40.7 
	1271 1388 1339 1461 
	36.9 42.4 39.3 37.2 


	Note: mean RT is computed over correct responses only 
	When looking at the Type III tests of fixed effects, the F-tests revealed that there was a main effect of group on accuracy (native speakers, 97.2%, advanced, 86.4%, beginners, 55.7%, F[2, 47.4] = 181.1, p < .001). Performance for words was more accurate than for non-words (lexicalstatus:F[1,185.7]=28.3,p <.001).Accuracyratewasalsohigherinthecontrolcondition compared to the test condition (condition: F[1, 185.7] = 10.6, p < .001). All interactions were significant (all p <.01), includingthe triple interacti
	When looking at interaction between group and condition, learner groups were more accurate in the control condition compare to the test condition (both advanced and beginning learner groups, p < .001). Additionally, a significant interaction of group and lexical status was found:learnergroupsweresignificantlymoreaccurateforwordsthannon-words(bothp <.001). 
	The interaction between condition and lexical status was also statistically significant F[1, 186] = 
	5.4, p < .02). However, condition had no effect on the native speaker performance (p =.77). In fact, both lexical status and condition do not affect native speakers’ accuracy as well: their accuracy rate is above 95% for all cases (p > .96). Therefore, the interactions mentioned above aremainlyduetolearners’performance.Morespecifically,bothadvancedlearnerandbeginner groupsfollowedanaccuracyorderasfollows:controlword>testword>controlnon-word>test non-word. This indicates that lexical status for learners is a
	4.4.3Learners’ AccuracyRate as aFunction ofOrigin 
	Aswasseeninthelastsection,theaccuracyrateofthenativespeakersisnotaffectedby lexicalstatus(i.e.wordvs.non-word)orcondition(testvs.control).However,learner’saccuracy is greatly influenced by both lexical status and condition. In order to explore more in depth regardingthe effect oflength manipulations, we consider only the test items, eliminatingitems in thecontrolconditionfor thefollowinganalysis (i.e.controlwordsandcontrolnon-word). 
	When analyzing the test items, we incorporated origin as an additional fixed variable. Origin refers to the original status regarding the length of a phoneme before modification to make a test non-word. For instance, a word akeru “to open” is an example of origin S since the wordhasnogeminateorlongvowel.Onthecontrary,hikkosu “tomove”isanexampleoforigin Gasithasageminateinit.Finally,apaato “apartment”isan exampleoforigin L. 
	Table4.3:Mean Accuracy(%)andStandardError(SE)in theTestCondition inLexicalDecision forJapaneseWordsandNon-Words,forEachGroupbyOrigin 
	Origin 
	Origin 
	Origin 
	NS Mean 
	SE 
	Advanced Mean SE 
	Beginning Mean SE 

	Word 
	Word 
	S G L 
	96.1 97.2 98 
	.043 .043 .046 
	90.5 93.5 87.1 
	.044 .044 .047 
	75.5 63.4 50 
	.04 .04 .043 

	Non-Word 
	Non-Word 
	S G L 
	96.1 95.5 98.6 
	.034 .034 .034 
	85.1 69.3 72.3 
	.035 .035 .035 
	30.4 31.3 49.8 
	.032 .032 .032 


	Note: mean RT is computed over correct responses only 
	Table4.3showstheoverallaccuracyrateoftestwordandtestnon-wordsforeachgroup separated by Origin. Native speakers’ accuracy rate is above 96% regardless of the origin and condition.Advancedlearners’accuracyratevariesfrom72%toover90%dependingontheorigin and/orlexicalstatus.Forinstance,wecanseethattheiraccuracyishigherwhenacceptingaword with singleton/short vowel 90.5 % (e.g. akeru, Origin S) than when rejecting a non-word with a singleton/short vowel, 85.1% (e.g. *akkeru/*aakeru, Origin S). Beginners’ accuracy 
	level(i.e.50

	In order to evaluate the effect of origin on each group’s accuracy, a linear mixed effect model was executed in SPSS 21 on the accuracy means. It declared the factor group (i.e. beginners,advancedlearnersandnativespeakers)asafixed effect andthefactorslexical status 
	(i.e. word, non-word) and origin (i.e. S, G and L) as repeated effects within subjects. Participant anditemweredeclaredasrandomeffects. 
	When looking at the type III tests of fixed effects, the F-tests revealed a main effect of group(F(2,45.9=107),p <.001),andlexicalstatus(F (1,100.6=42.9),p <.001).However,there 
	wasnosignificantmaineffectoforigin(F (2,100.6=1.3),p =.3).Despitethefactthatoriginwas notsignificant,allthepossibleinteractionsincludingthetripleinteractionsofgroup,lexicalstatus an origin,weresignificant:theinteractionbetween group andlexicalstatus(F(2,4814=48.2),p <.001),group andorigin(F(4,4814=2.6,p=.032),lexicalstatusandorigin (F(2,100.1=4.4,p = .014)andatripleinteractionbetweengroup,lexicalstatusandorigin(F 4,4814=21.6,(p <.001). 
	Given that the triple interaction was significant in the global model, it is appropriate to take a closer look by group to evaluate whether the interaction of origin and lexical status is significant. As areminder, asignificant interaction might indicate difficulties in lexical encoding. A linear mixed effect model was executed in SPSS 21 on the accuracy means, for each group separately. It declared the factors lexical status (i.e. word, non-word) and origin (i.e. S, Gand L) asrepeatedeffectswithin subjects
	For native speakers, lexical status (F (1, 100 =.11), p =.8) and origin (F (2,100 =1.6), p = .2)didnothaveaneffectontheir accuracyrate forthelexicaldecisiontask.Justlikethe one we observedintheglobalanalysis,accuracyrateisveryhighregardlessofthelexicalstatusororigin of the stimuli (lexical status: word 97.1%; non-word 96.8%; origin: G 96.4%; L 98.3%; S 96.1%). The interaction between lexical status and origin was not significant, suggesting that the native speakersencodebothlongand shortsoundsequallyaccurat
	For advancedlearners, there was asignificant effect of lexical status (F (1, 100 =26.3), p <.001), suchthat wordswere moreaccurate than non-words. There wasno significant effect of origin(F (2,100=2.9),p =.057).However,theinteractionbetweenlexicalstatusandoriginF (2, 
	100.6 = 3.7), p = .028) was statistically significant. That is, origin itself does not crucially play a 
	role unless lexical status is not taken into consideration (mean accuracy: origin S, 87.8%, origin 
	G,81.4%,andoriginL,79.7%). 
	For beginners, there was a significant effect of lexical status (F (1, 100 = 35.8), p < .001) such that words were more accurate than non-words. However, there was no significant effect of origin (F (2, 100 = .57), p = .6). As in the case of advanced learners, the interaction between lexical status and origin was statistically significant F (1, 100 = 9.2), p < .001). As in advanced learners’results,originasawholedoesnotcruciallyplayaroleunlesslexical statusisnottaken intoconsideration(meanaccuracy: origin S
	For advancedlearners,therewasnosignificant effect of origin on test words (F (2,100= .57, p = .57). Accuracy rate for test words on origin G was 93.5%, origin L (87.1%) and origin S (90.5%). Origin onlyinfluenced accuracyfor test non-words (F (2, 100 =8.9, p <.001)) such that originS(85.1%)yieldedbetteraccuracythanoriginG(69.3%)andL(72.3%).Correspondingposthoc pairwise comparisons with Sidak correction of test non-words for the advanced learners revealed that the comparisons between origin Sand G (p < .001)
	-

	L. However, origin GandLarenotdifferentin terms ofitscontribution tothe willdiscussthisfurtherin 4.8. 
	accuracyrate.We 

	Whenlookingat simplemain effect oforiginforeachleveloflexicalstatus(i.e.the Univariatetests),beginners'accuracyonword(F(2,100=4.1,p =.019))andnon-word(F(2,100 =6.7,p =.002)),it wassignificantlyimpactedbyorigin, suchthat origin S(75%)yieldsbetter 
	Whenlookingat simplemain effect oforiginforeachleveloflexicalstatus(i.e.the Univariatetests),beginners'accuracyonword(F(2,100=4.1,p =.019))andnon-word(F(2,100 =6.7,p =.002)),it wassignificantlyimpactedbyorigin, suchthat origin S(75%)yieldsbetter 
	accuracythan origin G(63.4%)andL(50%)fortest words.Post-hocpairwise comparisonswith Sidakcorrectionfortestwordsrevealedthatthedifferencebetweenorigin SandGwasnot significant(p =.4)whilethedifferencebetween origin SandLwassignificant(p =.015).In addition,thedifferencebetween origin GandLwasalsonot significant(p =.35).Theresults indicatethatthoughorigin Syieldsbetteraccuracythan origin GandLfortestwords,originS (75%)andG(63.4%)arenotdifferent whileoriginS(75%)andL(50%)aredifferentinhow originhasimpactonaccura

	Asforthetestnon-wordcondition,origin L(49.7%)yieldsbetteraccuracythanoriginS (30.3%)andG(31.3%).CorrespondingPairwise Comparison revealedthatorigin SandGwere notsignificantlydifferent(p =1)whileoriginSandL(49.7%)were significantlydifferent(p = .005).In addition,originG(31.3%)andL(49.7%)weresignificantlydifferent(p =.008).Contrary tothetest words,originLcorrespondedtobetteraccuracythanotheroriginsinbeginners’ non-test words. 
	In summary, while lexical statusand origindo not affecttheaccuracy of native speakers, learners were greatly affected by lexical status. Namely, words always lead better accuracy for both beginners and advanced learners. Although origin itself was not statistically significant for both beginners and advanced learners, both learner group had significant interactions with lexical status. The interaction between lexical status in advanced learners took a form in which only test non-words were affected by origi
	In summary, while lexical statusand origindo not affecttheaccuracy of native speakers, learners were greatly affected by lexical status. Namely, words always lead better accuracy for both beginners and advanced learners. Although origin itself was not statistically significant for both beginners and advanced learners, both learner group had significant interactions with lexical status. The interaction between lexical status in advanced learners took a form in which only test non-words were affected by origi
	of test non-words, the accuracy rate of non-words with origin L is 50%. However, the mean accuracyofnon-wordswithoriginSwas30%. 

	Notably, the univariate test showed that there is no difference between native speaker andadvancedlearnergroupswhenitcomestotheaccuracyrateforthetestwords(p =.3).While lexical status was a critical factor for accuracy rate in both advanced and beginning learners, origin critically differenciates from native speakers to the advanced learners if and only if the stimuli were test non-words. Therefore, we further report another statistical result focusing specificallyontestnon-wordsfor thelearner groupsinthenex
	4.4.4Learners’ AccuracyRate as aFunction of WordOrigin andNon-wordCondition 
	As seen in the previous section, origin interacted with lexical status to affect accuracy rates only for learners. Specifically, for beginners, the accuracy rate by different origins influenced accuracyratesforbothtestwordsandnon-words,whereasfortheadvancedlearners origin played a crucial role in accuracy rate when the stimuli were non-words. For instance, in advancedlearnersanon-wordwithoriginG(69.3%)triggeredmoreerrorsthananon-wordwith origin S(85.1%). 
	However, considering origin alone is not sufficientto reveal what contributes theerrors. For instance, those that are labeled as origin G non-words can surface in two forms (i.e. sub-conditions). It can either become a non-word with singleton (origin G becomes non-word conditions S, henceforth G S), or it can become a non-word with a long vowel (G L). Therefore, it is important to know how origin relates to these non-word conditions. In what 
	•
	•

	follows,wethusexaminethisinteractionfortestnon-words,inthelearnergroups,anddeclaring 
	thefixed effect of originandnon-wordcondition. 
	Non-word condition is a subcategory coding the phoneme change occurring in the test non-words.Eachtestnon-wordinthisstudycanbeclassifiedbythesubcategory.Therearethree sub-categories: non-word condition S, G and L. non-word condition S is a test non-word that contains asingleton/short vowel. Atest non-word with ageminateis called non-word condition G,andatestnon-wordwithalongvoweliscallednon-wordconditionL.Eachtestnon-wordcan havetwodifferent origins. 
	To demonstrate the relationshipbetween the non-word condition (i.e. 3sub-categories) and origin, let us take akeru “to open” as an example. It is a test word and labeled as origin S. Then *akkeru and *aakeru (which are both derived from the word akeru) willbe categorized as testnon-words.Thefirstonebelongstonon-wordcondition Gwhereasthe secondonebelongs tonon-word condition L.SeeTable4.1insection4.3.1foran overviewofthestimulitypes. 
	We performed an analysis that is parallel to what was done in the last section. As seen above, we split results of test non-words by group and execute a linear mixed model for each groupinSPSS21ontheaccuracymeans.Itdeclaredorigin(S,G,L)andnon-wordcondition(S,G, L)asfixedeffectswithinsubjects.Table4.4providesanoverviewofthedescriptivemeanscores forthisanalysis. 
	Table4.4:AccuracyMeans(%)forEachGroupandOriginasaFunctionofNon-WordCondition 
	Table
	TR
	NONWORD CONDITION 
	OverallMean 

	GROUP 
	GROUP 
	ORIGIN 

	TR
	S 
	G 
	L 
	byOrigin 


	S 
	96 97 
	96 
	G 97 
	94 96 
	L 98 99 
	99 
	NS 
	Figure
	Overallmeanby non-word 97 98 96 97 condition 
	S 
	81 89 85 
	G 63 
	76 69 
	L 79 66 
	72 
	ADV 
	Figure
	Overallmeanby non-word 71 74 82 76 condition 
	S 
	25 36 30 
	G 27 
	36 31 
	L 48 52 
	50 
	BEG 
	Figure
	Overallmeanby non-word 37 38 36 37 condition 
	When looking at the type III tests of fixed effects on the native speakers, the F-tests revealedthattherewasnooveralleffectoforigin(F (2,66.2=1.3),p =.28)ornon-wordcondition (F (2, 66.2 = .66), p = .94). In addition, there was no interaction between origin and non-word condition (F (1, 66.2 =1.7), p = .2). As was in the case in the previous sections, native speakers’ performanceissolid andaccurate regardlessof origin andnon-wordcondition.(SeeTable4.6). 
	Foradvancedlearners,theF-testsrevealedthattherewasasignificanteffect oforigin (F 
	(2, 66 =8.6), p <.001) as well as of non-word condition (F (2, 66 =4.48), p =.015). With respect to the interaction between origin and condition, it was not significant (F (1, 66 =2.87), p =.095) (seeTable4.4). 
	ForbeginnerstheF-testrevealedthatthereisasignificanteffectoforigin(F (), p <.001)butno effect ofnon-word condition(F (2,66=1.74),p =.18).Theinteraction between origin and non-word condition was not statistically significant (F (1, 66 = .2), p < .65). Although thebeginners’accuracyratewasconsistentlylowontestnon-words,origincruciallyaffectstheir accuracyrate(seeTable4.4). 
	2,66=9.99

	Given that the native speakers accuracy rate was not affected by origin and condition, and origin cruciallyaffectsboth advanced andbeginninglearnergroups,wewillspecificallylook atlearnergroups’accuracyratebyeachorigin.Asfortestnon-wordcondition,it wassignificant onlyinadvancedlearners,so theresultsof advancedlearnerswillbereportedinthefollowing. 
	4.4.5Analysis of Origin for Learner Groups 
	Starting with overall effects of origin, for advanced learners, the mean accuracy of test non-wordsfororiginSis85%,originGwas69%,andoriginLwas72%andrespectively(seeTable 4.4).Thatis,whentheoriginisS,thatelicitsthehighestaccuracycomparedtooriginGandL.Put differently, when the participants refer to a word with singleton to reject the perceived stimuli as a non-word, they have higher accuracy compared to when they have to refer to words with geminatesorwith alongvoweltorejectaperceivednon-word.Thispointwasrein
	G was significant (p = .001) so is S and L (p = .02). Regarding origin G and L, when the subjects 
	refertothewordwithlongvowel(i.e.originL:72%)todeterminewhetherthestimulitheyheard is word or not, participants are more accurate than when they have to refer to the word with geminate (origin G: 69%). Statistically, however, there is no difference between those “long” items.PairwisecomparisonbetweenoriginGandLisnotstatisticallysignificant(p =.8).Inshort, theaboveresultsindicatethattheremightbeanoveralldifferencebetweenthecategory“short” and“long”(i.e.originSvs.LandoriginSvs.G)but no differencewithin a“long”
	Forbeginners,themeanaccuracyfortestnon-wordsfororigin Swas30%,fororiginG,it was 31%, and for origin L, it was 50%. Post-hoc pairwise comparisons with Sidak correction revealed that there was no statistically significant difference between origin S and origin G (p = 1). However, there was a difference between origin Sand origin L(p =.005). In addition, origin Gwasoveralllessaccuratethan origin L(p =.008). 
	Unlike the advanced learners, referring to a word with singleton (i.e. origin S) does not seem to make non-word rejection easier for beginners. The difference between origin G and L was what we have not observed in advanced learners’ result. Since the accuracy rate for each origin in this group was at or below chance level, making a clear interpretation of the data is difficult. We assume that the difference between origin G and L might not be a reflection of a difference within a potential “long” category.
	4.4.6Analysis of Non-wordCondition for Learner Groups 
	Now, we take a look at the results focusing on the non-word condition. Here we report advancedlearners’ results only, sincethis factorwas not significantly affecting accuracy rates in both native speakers and beginners. For the advanced, the mean accuracy for non-word conditionSwas71%,fornon-word conditionGwas73%,andfornon-word condition Lwas82% respectively(seeTable4.4). 
	The post-hoc pairwise comparison with Sidak correction between non-word condition S andGwasnotsignificant(p =.88).However,non-wordconditionSwassignificantlylessaccurate than non-word condition L (p = .016). The difference in accuracy between non-word conditions GandLwasnotsignificant(p =.086). 
	According to these results, non-words that pertain to non-word condition S are the hardest to reject and trigger the lowest accuracy rate among all the conditions. Note that the Condition S is where participants are required to refer to a word with either a long vowel or a long consonant,thatis, asoundfrom the long category, in ordertocorrectly rejectthestimulus as a non-word (i.e. geminate/Origin G or long vowel/Origin L). This is the exact mirror-image of theaccuracyobtainedfororiginS:referringtoawordthat
	4.4.7Interplay ofOrigin and Non-WordCondition 
	Finally,wenowturntothe statisticalanalysisofthecombinationof originandnon-word condition.Wefirsttakealookathowaspecificoriginaffectsaccuracyrateswhencombinedwith a specific non-word condition. To this end, we will take a look at bidirectional effects: we start with specific pairwise comparison based on origin (i.e. Origin X Condition Y). Then we move on to pairwise comparisons based on non-word condition (i.e. Condition X Origin Y). This bidirectionalobservationgivesusoverallperspectiveastohowaccuracyrateva
	•
	•

	Aswasintheprevioussection,welimitourreportsonadvancedlearners.Recallthatthe OriginSingeneralyieldsthehighestaccuracyrateamongalltheorigins.Whenconsideringorigin S and non-word condition together, there are two possible changes for aword with origin S: (i) into a non-word with geminate (i.e. non-word condition G: 81%) and (ii) into a non-word with long vowel (i.e. non-word condition L: 89%). Pairwise comparisons indicate that this difference of8%pointsbetweennon-word conditionGandLwas not significant(p =.147
	When it comes to the origins G and L, there are also two types of changes involved for each origin: (i) G S, (ii) G L, (iii) L S and (iv) L G. With respect to origin G, pairwise comparisonsrevealthatthedifferencebetweennon-word condition SandL was significant(p = .031).Namely,itemsinthenon-wordconditionL(GL:76%)yieldedhigheraccuracyratesthan items in the non-word condition S (G S: 63%). That is, when the original reference words contain a geminate consonant (origin G), it appears easier to reject a non-word
	•
	•
	•
	•
	•
	•

	Regarding the origin L, pairwise comparisons indicate that the difference between Condition S and G was significant (p = .031). Non-words with singletons (L S: 78.6%) were rejected more accurately than those with geminates (L G: 66%), when the reference word containsalongvowel.Inthiscase,andunliketheoriginGsituation,comparingawordcontaining alongvoweltoanon-wordwithasingletonleadstohigheraccuracywhenthenon-wordcontains ageminate.Thismaysuggestthatparticipantsmayhaveamorepreciseencodingofwordswith long vowel
	•
	•

	The pairwise comparisons further revealed that no other relevant comparisons were statisticallysignificant.Although,therewasaratherlargedifferencebetweenGSvs.LSin 
	•
	•

	accuracy rates per se (i.e. 63% vs. 79%), statistically there was no difference. Similarly, the 
	directionality of G and L (e.g. Origin G Condition L vs. Origin L Condition G) was also not statisticallysignificantlydifferent. 
	•
	•

	Figure
	Figure4.1:Mean Accuracyon Non-WordTestItemsforEachGroup,SeparatedbyOrigin asa FucntionofNon-WordCondition. 
	Now,wereversethewayweconsidertherelationshipbetweenthewords’originandthe non-word conditions: we look at how different origins bring changes in accuracy rates for a specific non-word condition. The Figure 4.2 below corresponds to the following statistical analysis. 
	Figure 4.1 shows accuracy rates by non-word condition as a function of origin. For instance, we can see how test items in the non-word condition G are split up into two bars in 
	terms of origin. For the advanced learner group, we can see the test non-words containing geminates (G)yield66% accurate responses when their origin is Lwhereas accuracy rates climb to81%whentheGnon-words’origin isS. 
	Figure
	Figure4.2:Mean Accuracyon Non-WordTestItemsOnlyforEachGroup,SeparatedbyNon-WordConditionasaFunctionofOrigin. Non-wordconditionScomprisesitemsoftwoorigins:(i)awordwithageminatebecomes a singleton non-word (i.e. origin G: 63%) and (ii) a word with a long vowel becomes a singleton non-word (origin L: 79%). The pairwise comparison indicates that the difference between origin GandLforSnon-wordswassignificant(p =.008).InthecomparisonofOriginGandLingeneral (i.e.includingtest words),there wasno differencebetweenthe
	betweenthetwoorigins,whereLoriginyieldedhigheraccuracythanGorigin.Thatis,withinthe “long”category,Origin Lyieldedhigheraccuracyratesthan origin G. 
	With respect to the non-word condition G, the pairwise comparisons show that the difference between Origin S (81%) and L (66%) was significant (p = .011). Namely, the Origin S brings better accuracy rate than the Origin L. This suggests that it is easier for participants to reject G non-words when these refer to a singleton word (which they probably have encoded precisely) than when the non-word refers to a long-vowel word (which is likely more fuzzily encoded). 
	Regarding non-word condition L, the pairwise comparison between origin S(89%) and G (76%) is significant (p = .019). Again, the Origin Sbrings higher accuracy rates than the Origin G when listening to L non-words. The following Tables 4.5 and 4.6 show all the results of the combinationsoforigin andconditionsthatwehave presented sofar. 
	Table4.5:AdvancedLearners'AccuracyRateonNon-WordConditionsforDifferentOrigins 
	Non-word condition 
	Non-word condition 
	Non-word condition 
	AccuracyRate 
	p-value 

	Origin S 
	Origin S 
	G L 
	81% 89% 
	p =.147 

	Origin G 
	Origin G 
	S L 
	63% 76% 
	p =.031 

	Origin L 
	Origin L 
	S G 
	79% 66% 
	p =.031 


	Table4.6:AdvancedLearners'AccuracyRatebyOrigin,forDifferentNon-WordConditions 
	Origin 
	Origin 
	Origin 
	AccuracyRate 
	p-value 

	Non-word condition S 
	Non-word condition S 
	G L 
	63% 79% 
	p =.008 

	Non-word condition G 
	Non-word condition G 
	S L 
	81% 66% 
	p =.011 

	Non-word condition L 
	Non-word condition L 
	S G 
	89% 76% 
	p =.019 


	In Table 4.6, we can see when non-word stimuli are considered, origin S contributes to higheraccuracyratesregardlessofthenon-wordconditions.Thisisstatisticallyreinforcedbyour prior statistical analysis where origin S yields higher accuracy than origin G and L. Conversely, when non-wordscontainS(i.e.non-wordcondition S,seeTable4.6),itishardesttorejectthem if they refer to word with geminate (63% accuracyin advancedlearners). Taken together, these results suggest that words containing singleton sounds are enc
	Datafromnon-wordscontainingageminate(i.e.non-wordconditionG)alsoindicatethat rejecting non-words with geminate by referring to words containing another long sound (i.e. condition L) is more difficult (66%) than referring to a word containing a singleton (81%). A 
	parallelpatternisfoundinfornon-wordscontainingL,whicharehardertorejectwhentheyrefer 
	towordscontainingtheotherlongsound(G,76%)thanwhentheyrefertowordswithsingletons (S,89%). 
	4.4.8Response Time (RT) 
	TheanalysisofRT wasexecutedin the same mannerasaccuracyrates.Ascanbeseenin theTable4.2above(p.57),participantsrespondedtowordsfasterthantonon-words,andthis differencewasvisibleacrossbothtest and controlconditionsinallthree groups. 
	TypeIIItestsoffixedeffects,theF-testsshowedthattherewasamaineffectofgroupon mean RT; native speakers = 1120 ms, advanced learners = 1322 ms, and beginners = 1365 ms, F[2,44.2]=,p <.001).Performanceforwordswasmorefasterthanfornon-words(lexicalstatus F[1, 186] =49.9, p <.001; mean RTfor words =1211 ms andfor non-words =1328 ms)Also, RT was faster in the control condition compared to the test condition (condition F[1, 185.2] =34.4, p <.001;mean RTforcontrol=1221msandfortest =1318ms,). 
	Speakingofinteractionsoftheseindependentvariables,allthreegroupsexhibitedfaster responses for words than for non-words (all p <. 001). Similarly, all three groups were faster on control items than test items (all p < .001). Thus, the pattern of response time was the same acrossgroups.However,theactualresponsetimedifferedin eachgroup.Therefore,therewere significantinteractionsofgroupandlexicalstatusF[2,6622.7]=22.9,p <.001andgroupandtest condition F[2, 6616.5] = 4.9, p < .008). However, the interaction betwe
	understand the triple interaction, we lookedinto the results in eachgroup. For native speakers, 
	therewasnosignificanteffectoflexicalstatusinnativespeakers’testitems(p >.2).However,in the control condition, there was a main effect of lexical status for control items; words were fasterthannon-words. 
	On the contrary, learners’ response times are different from the native speakers’ and showedconsistentpatternsacrossbeginnersandadvancedlearners;controlwordsobtainedthe fastest response in both learner groups followed by test word items. For non-word, similarly, controlitems were faster than non-word test items, which received the slowest response times in both groups. As was seen in the accuracy rate, this triple interaction indicates that learner’s response time depends on the lexical status and condition
	4.5Discussion 
	In thischapter,wereportedtheresultsofalexicaldecision taskfocusingon how learnersrespondtostimuli.Participantswereaskedtodecidewhetherastimuluswasa Japanesewordornot.Inthisrespect,learnerswererequiredtomakeuseoftheirknowledgeof Japanesewordsormakeuseoftheirlexicallyencodedlengthcontrast,even ifthat contrast was stillemergent.Now,wediscussourresultsfocusingonfourpoints:overallperformance in ABX andlexicaldecision,differencebetween voweland consonant,asymmetriclexicalencoding pattern,and accuracyrateand respo
	First,weobservedan overalldifferenceinperformancebetweennativespeakersand 
	learners.Thenativespeakers’performancewasveryhighand wasnotaffectedbyanyfactors such aslexicalstatus,origin,ornon-word condition.Incontrast,thelearnergroupexhibited a varietyofpatternsthatdifferedfromthenativespeakergroup.Thispointisclearlydifferent fromtheperformancepatternintheABXtaskwhereallthegroupsscoredhigh accuracy.Thus, theresult suggestsadifferencebetweendiscriminabilityand storingL2 contrasts. 
	Moreover,notonlydidweobservedifferentperformancebetweennativespeakersand learners,learner’sproficiencylevelseemstoplayacrucialroleinthistask:the moreproficient, themoreaccurateoverall(i.e.advancedlearners>beginners).Overall,though,accuracyscores werequitelowconsideringthehighproficiencyleveloftheadvancedgroup.Especiallyfortest non-words,someconditionstriggered accuracyratesaslowas63%.However,giventhe difficultyofthetaskoverall,theirperformance remainswellintherangeof whathasbeen observed elsewhere(e.g.Simon
	In termsof asymmetricencoding,thetripleinteractionbetween group,lexicalstatus andtest-non word conditionwasfoundstatistically significant(p.<.001).Theinteraction implieswhatimposesdifficultyforlearnerswhenprocessingJapaneselength contrasts.Asthe nativespeakers’performancewasnotaffectedbyanyofthesefactors,thereisnodoubtthat thereisadifferencebetweennativespeakersandlearnersintermsofhowtheyaccesslexical representations.Thisismostlikelybecauseofadifferentialprecision in L2lexical encoding. 
	Wepredictedthatthelearners’accuracyratewouldexhibitthefollowingorder,ifthere isan interactionbetween lexicalstatusandtestnon-word condition: control word>test word (old)>testword(new)>controlnon-word>testnon-word(new)>testnon-word(old). 
	Whetherwecould observethefollowingorderisakeytodiscussingasymmetriclexical 
	encodingsincecontrolwordswerebetterthantest wordsinthistask:testword(old)>test word(new)>testnon-word(new)>testnon-word(old). 
	In thecurrent study,accordingtoDarcy,Daidone,andKojima’sclassification,singleton and short vowelaretheold categorywhilegeminateandlongvowelarethenewcategory. Thus,thetestword stimuliwithgeminateorlongvowelareclassifiedasanewcategory.With respectthenon-wordtest stimuli,the oneslabeled origin Sarenon-word(old): originS representnon-wordswithgeminateorlongvowelcorrespondingtoaword withsingleton. 
	Fortest words,origin Sin beginnerselicitedthehighest accuracyrate(beginners: addition, there wasnostatisticalsignificance whenoriginGand Lwerecompared.Thus,wecould sayword(old)> word(new)fromtheseresults.However, advancedlearners’accuracyforwordswasnotinfluencedbyorigin(p.=.57)duetothehigh accuracyrate(above87%).Ofnote,therewasnostatisticallysignificantdifference between advancedlearnersandnativespeakersinaccuracyrates(p =.3)forthetest words.Thatis, when stimuliwereJapanesewords,advancedlearnerswerecomparab
	75.5%)amongotherorigins.In 

	Forthetest non-words,advancedlearners’accuracyratewasgenerallymuchlower than test wordsandaffectedbyboth wordoriginandnon-word condition.Ifasymmetriclexical encodingisat workforprocessingtestnon-words,weexpectthatorigin Swould outperform origin GandL.Thatisexactlywhat wefoundintheadvancedlearnergroup:whiletherewasno differencebetweenorigin GandL,testnon-wordswith originSoverallresultedin thehighest accuracyfortheadvancedlearners.Theseresultsfromtheanalysisonorigin verifiedthat 
	referringtosingleton/short vowelelicitshigheraccuracyratesthan referringtowordswith 
	geminatesorlongvowel. 
	Welookedintotest non-word conditionsasadditionalevidenceof asymmetriclexical encoding.Contrarytoorigin S,testnon-word condition Selicitedthelowest accuracyrate.This meansnon-wordtest stimuliwith singleton(i.e.old)arethehardesttoreject.Thiscouldbe interpret astest non-word(new)>test non-word(old).However,thesestatisticalanalysis confirmedonlyacomparisonbetweentestnon-word conditionS(71%)andL(82%)was significant(seetable4.7).Thatis,testnon-word conditionSislessaccurate thantestnon-word conditionL. Pairwise co
	Non-Word 
	p-value 
	Condition 
	Non-word 
	Non-word 
	Non-word 
	G 
	p =.88 

	conditionS 
	conditionS 
	L 
	p =.016 

	Non-word 
	Non-word 
	S 
	p =.88 

	conditionG 
	conditionG 
	L 
	p =.086 

	Non-word 
	Non-word 
	S 
	p =.016 

	conditionL 
	conditionL 
	G 
	p =.086 


	Asforbeginners’resultoftestnon-word,theoldcategorysuperioritythatbeginners showedintestwords(origin S> origin fact,origin Lelicitedthe 
	Asforbeginners’resultoftestnon-word,theoldcategorysuperioritythatbeginners showedintestwords(origin S> origin fact,origin Lelicitedthe 
	G&L)wasnotobserved.In 

	higestaccuracyforthetest non-words.However,theseresultsmaybedifficultto interpretdue tothelowaccuracyoverallobservedintheirperformance(i.e.most conditionsremainedbelow chancelevel).Furtheranalysisisrequiredforfuturestudy. 

	Systematically,theaboveresultsreplicatetheordinalaccuracythatDarcy,Daidoneand Kojima(2013,2015)suggested.Learnersshowedpartsof asymmetricpatternbydifferent proficiency.Forinstance,the beginners’resultdemonstratedthefollowingorder:word(old)> word(new),whereasadvancedlearners’resultsshowed:non-word(new)>non-word(old). Word(old)>word(new)wasnotobservedbyadvancedlearnersduetoadvancedlearners’ high accuracy.Itwascomparabletothenative speakers’performance.Onthecontrary,nonword(new)>non-word(old)wasnotobservedbybe
	-

	Additionalissuestobe discussedhere isthedifferencebetweengeminateandlong vowelintermsofthedifficultyof encodingasL2phoneme.Inthepreviouschapter,we observed asuperiorityoflongvowelsovergeminatesinthediscrimination task.Theresultsin theABXtaskcorroboratedthefindingsofAltman,BergerandBraun(2002)that vocaliclength contrastsseemtoyieldhigheraccuracythan consonantallength contrastin discrimination tasks. 
	In thecurrenttask,therearetwopossibilitiesthatwecan observevowelsuperiority overconsonants:(i)when origin GandLare compared,and(ii)when GandLundercertaintest non-word conditionsarecompared. 
	ThefirstonecomesfromthePairwiseComparison of origin GandLforbeginners’test non-word.Forthe sakeof convenience,thefollowingTables4.8and4.9summerizetheresults. 
	Ascanbeseen,therewasasignificanteffectwhen origin G(31%)andL(50%)werecompared. 
	However,testnon-wordelicitedatorbelowthechancelevelforthebeginners.Thus,futher testswillberequiredto investigatevowelsuperiorityoverconsonant.Thesecond caseappears in advancedlearners’resultswhen lookingatthecomparisonbetweenorigin GandLunderthe testnon-wordconditionS(see table4.10).Thismight suggestavowelsuperiorityover consonantin lexicaldecisiontask. Table4.8:SummaryoftheAccuracyRatebyOrigin 
	Origin S 
	Origin S 
	Origin S 
	Origin G 
	Origin L 

	Word 
	Word 
	Non-Word 
	Word 
	Non-Word 
	Word 
	Non-Word 

	ADV 
	ADV 
	90% 
	85% 
	94% 
	69% 
	87% 
	72% 

	BEG 
	BEG 
	76% 
	30% 
	63% 
	31% 
	50% 
	50% 


	Table4.9:SummaryofPairwiseComparisonbetween OriginsbyLexicalStatus 
	Origin Svs.G 
	Origin Svs.G 
	Origin Svs.G 
	Origin Svs.L 
	Origin Gvs.L 

	Word 
	Word 
	Non-Word 
	Word 
	Non-Word 
	Word 
	Non-Word 

	ADV 
	ADV 
	n.s 
	•
	•

	n.s 
	•
	•

	n.s 
	n.s 

	BEG 
	BEG 
	n.s 
	n.s 
	•
	•

	•
	•

	n.s 
	•
	•



	Table4.10:PairwiseComparisononNon-WordConditionSwithDifferentOrigins 
	ConditionS(Origin G) 
	ConditionS(Origin G) 
	ConditionS(Origin G) 
	ConditionS(Origin L) 
	p value 

	ADV 
	ADV 
	63% 
	79% 
	p =.008 

	BEG 
	BEG 
	27% 
	48% 
	p =.008 


	Asfortherelationbetween accuracyrateand responsetime,nativespeakerswerefast and accuratewhereasadvancedlearnerswereslowerthannativespeakersandbeginners,but 
	Asfortherelationbetween accuracyrateand responsetime,nativespeakerswerefast and accuratewhereasadvancedlearnerswereslowerthannativespeakersandbeginners,but 
	accuracywascomparabletothenativespeakers.Thus,weassumetherewasatradeoff betweenresponsetimeand accuracyrate:advancedlearnerstookmoretimetobeaccurate. Whatispuzzlingisthebeginners’result.Theywereasfastasnativespeakers,buttheywere theleastaccurate.Basedonthisdata,weassumethattherewereactuallynodifficultyimposed forbeginners.Thatis,theyhadstrongbiastowardspositiveresponsesmeaningthatthey confusednon-wordsaswords.There wasaconfusionbetweenoldandnewcategories,since theyperceivednon-wordswiththenewcategoryaswords

	An additionalissuerelatedtotheinterpretabilityofdatain thecaseofbeginners,as wellaswiththeoverallhighdifficultyofthelexicaldecision taskitself,needstobe addressed as well.Recallthatinthistask,learnersheareitherwordsornon-words,one byone,andhaveto ourview,theonlywaytomakethisdecision istocomparetheperceivedinputto stored representationsforwords.Thatis,oneneedsto refertothe“correspondingwords”inorderto rejectthenon-word.Theinterpretation of our datareliesonthisassumptionbeingcorrect,aswellasonthelistenersbein
	decidewhetheritisarealJapanesewordornot.In 
	-

	Themajorgoalofthequestioninvestigatedinthe next chapteristoevaluatewhether learnersareinfactreallyactivatingthemostplausibleand closestlexicalcandidatesuchasthe onesweusedasreferencewordsforthenon-word stimuliinthe thereforeattempttoreplicatethesefindingsbyreducingthecognitiveload ofthetaskand focusinglearners’attention onthelengthmanipulationofthestimuli.Wecallthefollowing taska“ForcedLexicalChoice”,whichusesonlyachoicebetweentwoalternatives,ratherthan an open-endedtypeofdecision such asthe one employedina
	lexicaldecisiontask.We 

	4.6Summary 
	In thischapter,wereportedtheresultsofthelexicaldecisiontaskmainlyfocusingon learnergroups.UnliketheABXtask,theaccuracyratevariedbygroup,lexicalstautsandorigin. Therewasacleardifferenceinaccuracyratebyproficiencylevel:nativespeakerswerethe most accurate,and advancedlearnerswerethesecondmostaccurateandbeginnerswerethe least accurate.Thisisadifferentpatternincomparison withABXtaskwhereanygroup scored 80%correctorabove.Thus,weconcludedthatthereisadiscrepancybetween discriminability and storingL2contrastsasapart
	FromtheviewpointofprevalentmodelsofL2phonologicalacquisition(i.e.SLMand PAM-L2),thelength contrastsarepredicted asthemostdifficult contrastasAmericanEnglish doesnothavelengthcontrasts.Inthisrespect,superiorityin accuracyoforigin Sand asymmetriclexicalencodingdiscussedin 4.5demonstratedthatreferringtoafamiliarcategory (singleton/shortvowel)elicitshigher accuracy.Hence,theseresultsverifiedtherelative difficultyoflengthcontrasts.However,ourresultsarenotdecisiveastowhichlength contrasts 
	(i.e.vocalicorconsonantal)arebetterencodedinthelearners’mentallexicon.Careful 
	examinationsshouldbedonetoseewhetherthere isvocaliclength contrast superiorityin anotherexperimentalparadigm(e.g.priming,eye-tracking). 
	Chapter V 
	Forced Lexical Choice Task (FLeC) 
	5.1Introduction 
	Asseeninthepreviouschapter,weobservedtheasymmetriclexicalencodinginlearner groups.Theasymmetriclexicalprocessingisdifferentfromnativespeakerslexicalprocessing:it isaunique wayforlearnerstomaintaintheL2 contrasts.Ithasbeen saidthatprocessingL2 involvemorecompetitionsorneighborhooddensitythannativespeakers(Broersmaand Cutler,2011).Thiscomplexcompetition slowstheir processingspeed.Forinstance,upon hearingaword rock,JapanesenativespeakerslearningEnglish would activatelock (Cutler, Weber,&Otake,2006).Lessdegreeo
	Researchersalwaysassumethatwhatweuseasstimuliaretheonethatlearners actuallyactivate.Morespecifically,weassume*akkeru and *aakeru in relationto akeru “to open”arethemostrelevant stimuliforthelexicaldecision task.However,thevoluminous literatureintheNeighborhoodActivation Model(LuceandPisoni,1998,andothers)had shown thatlearnersactivatemuch morethanwhatwethinklearnersactivate. 
	In thischapter,weevaluatetheseassumptionsbynarrowingplausiblecompetitors downtotwo.Weusethetwo stimulithatwe thinkthemost relevantforagiven competition. Afterlisteningtoapairof stimuli,the participantswereaskedtodeterminewhetherthefirstor thesecond oneisaJapanese word.Recallthatthe LexicalDecisiontaskrequiresparticipantsto 
	decideifthesound sequencetheyheard wasaJapanesewordornot.Thus,intheLexical 
	Decisiontask,thereisonlyonestimuluspresentedtoparticipants.Eventhoughtheyhear only onestimulus,to acceptthe stimulusasawordortorejectit asanon-word,participantsmight activatemorecompetitorsthantwo.Forinstance,uponhearingkippu “ticket”,learnersmight activate*kipu,*kiipu,koppu “cup”andsoonbeforetheymake adecisionthat kippu isa Japaneseword.Analogically,the lexicaldecisiontaskisan open-endedquestion,whileinthe current experimentalparadigmweaskparticipantstochoosefromoneoftwo theremainderofthisstudy,wecallit as
	competitors.In 

	WepositthisFLeCtaskto complementthelexicaldecision taskreportedin the precedingchapter.WeassumetheFLeCtaskwould reduceparticipants’cognitiveloadby presentingtwooptionsto choosefrom.Hence,we expecthigheraccuracyoverall.Bothlearner groupsinparticularshould showhigheraccuracyin thistaskthan inthe lexicaldecisiontask. Foradvancedlearners,theaccuracyratefortestwordsinthelexicaldecisiontaskwashighand comparabletothenativespeaker’s.However,whenit comestotestnon-words,wewillsee asymmetricencoding.Thatis,non-wordswi
	(old))withbetteraccuracyrateinbeginnergroup.Theiraccuracyratewasverylowinthe 
	lexicaldecisiontask,especiallyfortest-non-words. 
	5.2Method 
	5.2.1Participants 
	Thesameparticipantswhotookpartinthepreviousexperimentstookpartin the current experimentaswell(seeChapter3,page30). 
	5.2.2Stimuli 
	UnlikefortheLexicalDecision task,therewerenodistractors.Therefore,thetotal numberof stimuliwas144:36Japanesewordsconsistingof12 with singletons,12withlong vowelsand12withgeminates.ThesewordswerethesameastheonesfromtheLexical Decisiontask.Wealso used72non-wordsfromthe LexicalDecisionthat weremadebasedon the36Japanesewords.Thetestpairin FLeCconsistsofoneofthe36Japanesewordsandone ofthecorrespondingnearwords.Iftheoriginalwordistheonewith singleton (i.e.shigoto “work”),thereweretwocorrespondingnearwords.Forinst
	isaJapaneseword.In 

	experimentalblocks((36pairsineachblock)* 2=144stimuli).Subjectswere allowedtakea 
	breakbetweenthoseblocksasmuch astheyneeded. 
	Thepresentation of stimuliwascontrolledbytheDMDXsoftware(Forster&Forster, 2003).Withintheexperimentalblock,thepresentationofthe orderforlexicaltype (wordvs. non-word)andlength(i.e.short, geminate andlong vowel)wererandomizedsothat participants’performancewasnot affectedbythose factors.Inaddition,presentationorderof theblockswasrandomized viatheDMDXsoftware.Sinceweusethesamestimulifromthe LexicalDecisiontask,thereweretwospeakersand stimuliwhich weresplithalf andhalfto avoidparticipants’familiarityto oneofthe
	Theleft shiftkeywasmarked1andright shiftkeywasmarked2.Participantswere askedtohit “1”whentheythinkthefirstone in agivenpairistheJapaneseword.Incontrast, theywereaskedtohit“2”whentheythinkthesecondoneinthepairwasaJapanese word. Alltheinstructionsweregiven inEnglishforthe learnergroupsandin Japaneseforthenative speakergroup. 
	Priortothetestsession,therewasatrialsession.Therewere5pairswithfeedback.The participantssaw○ when theirresponseiscorrect whiletheysaw× when theirresponsewas 
	wrongasfeedback.Inthistrialsession,noneofthepairscontainedtheshort vs.longcontrast. 
	Aswehavedoneforthelexicaldecisiontask,accuracyonallitemsbynativespeakers wasscreenedtoseeifnon-wordswereperceivedaswordsand viceversa.Tobeconsistent withthelexicaldecisiontask,those itemswiththeaccuracybelow2SD ofthemeanforthe nativespeakergroup wereexcludedforlateranalysis.Thus,afterthisscreeningprocessno stimuliwereexcludedbut one subjectintheadvancedlearnergroupwasexcludedfromfurther 
	analysis.Totalnumber ofparticipantsanalyzedwere16fornativespeakers,14foradvanced 
	learnersand19forthebeginnergroup. 
	5.3Global Analysis on Accuracy Rate 
	Sincethisexperimentisafollow-uptothelexicaldecision task,anditsaim wasto examinewhetherwecouldobserveasymmetriclexicalencodinginbeginners,weonlyfocuson accuracyrateforthefollowingstatisticalanalyses.Table5.1 showsthe accuracyratebygroup fornon-wordtest stimuliin lexicaldecisionandinFLeC.Ascanbeseen,theaccuracyrateisnot thatdifferentintwo different experimentsfornativespeakersbutthereisagreatdifferencein accuracybetweenLexicalDecision andFLeCinadvancedlearners(96.8%vs.75.6%)andin beginners(66.1%vs.37.1%)resp
	forLexicalDecision andFLeC 
	NativeSpeakers 
	NativeSpeakers 
	NativeSpeakers 
	AdvancedLearners 
	Beginners 

	Mean 
	Mean 
	SE 
	Mean 
	SE 
	Mean 
	SE 

	LexicalDecision 
	LexicalDecision 
	96.7 
	.027 
	75.6 
	.028 
	37.1 
	.025 

	FLeC 
	FLeC 
	99.5 
	.013 
	96.8 
	.014 
	66.1 
	.012 


	Alinearmixedeffectsmodelwasexecutedin SPSS21onmeanaccuracy.Thefactor wordposition (First,Last),group(advancedlearners(EA),beginners(EB)andnativespeakers (NS)),origin (S,GandL)andnon-wordcondition(S,GandL)weredeclared asindependent 
	Alinearmixedeffectsmodelwasexecutedin SPSS21onmeanaccuracy.Thefactor wordposition (First,Last),group(advancedlearners(EA),beginners(EB)andnativespeakers (NS)),origin (S,GandL)andnon-wordcondition(S,GandL)weredeclared asindependent 
	variables.Theindependent variableswere entered thistrial,theF-Testsshowed wordpositionandallthepossibleinteractions(i.e.word position*condition,wordposition*origin*condition) werenotsignificant(allp >.1).Thus,the samemodelin SPSS21wasre-ranwithoutthe variablewordposition. 
	asrepeatedeffectswithinparticipants.In 


	Alinearmixedeffectsmodelwasexecuted againin SPSS21on mean mentioned,wordposition wasexcludedthistime.Thus,group,originandnon-word condition weredeclaredasindependentvariables.Theindependent variableswereenteredasrepeated effectswithinparticipants.ThefollowingTable5.2showsthepossible combinationsoforigin andnon-wordconditionthatappearedasapairinstimulipresentations.Theseare critical when wetalkabout accuracyratelaterinthischapter. 
	accuracy.As 

	Table5.2:Possible Pairsin FLeC 
	Table5.2:Possible Pairsin FLeC 
	Table5.2:Possible Pairsin FLeC 

	Origin (Word) 
	Origin (Word) 
	Non-word Condition 
	Label 

	TR
	G 

	TR
	GS 

	S 
	S 
	(e.g.akkeru) 

	akeru “toopen” 
	akeru “toopen” 
	L 

	TR
	LS 

	TR
	(e.g.aakeru) 

	TR
	S 

	TR
	SG 

	G 
	G 
	(e.g.hikosu) 

	hikkosu “tomove” 
	hikkosu “tomove” 
	L 

	TR
	LG 

	TR
	(e.g.hiikosu) 

	TR
	S 

	TR
	SL 

	L 
	L 
	(e.g.apato) 

	apaato “apartment” 
	apaato “apartment” 
	G 

	TR
	GL 

	TR
	(e.g.apatto) 


	TheF-testsrevealedthatthereweremaineffectsofgroup(F [2,46]=233.8,p <.001), 
	origin (F [2,66.8]=3.3,p =.045),buttherewasnoeffectofnon-word condition (F[2,66.8]= 1.5,p =.23).In addition,there weresignificanteffectsintheinteractionbetween group and origin (F [4,3394.2]=4.9,p =.001),andtheinteractionbetweengroup and non-word condition F [4,3394.2]=4.3,p =.002).However,theinteractionbetweenoriginandnon-wordcondition F [1,66.8]=1.4,p =.23)wasnot significant.Thetriple interaction amonggroup,origin andnonword condition wasnotsignificant,either(F [2,3394.2]=1.5,p =.22). 
	-

	Fortheeffectofgroup,post-hocpairwise comparison withSidakcorrection on group effect revealedthatthecomparisonbetweennativespeakers(meanaccuracy:99.5%)and advancedlearners(mean accuracy:96.8%)wasnot significant(p =.32).Putdifferently,degree of accuracyrateofadvancedlearnersiscomparable.However,thecomparisonbetween beginners(mean accuracy:69.2%)vs.nativespeakers(p <.001)andbeginnersvs.advanced learners(p <.001)showed significantdifferences.Therefore,theloweraccuracyrateof beginnersin contrast with native spea
	Withrespecttotheeffect of origin,post-hocpairwisecomparisonswithSidakcorrection revealedthatthecomparisonbetween Origin G(87.4%)andL(86.3%)wasnotsignificantly different(p =.93).However,thecomparisonbetween OriginS(91.9%)vs.G(87.4%)andOrigin S(91.9%)vs.L(86.3%)weresignificant.Thus,in general,notonlydidorigin Selicitsbetter accuracythan origin GandL,aword withasingleton(Origin S)yieldedthe highestaccuracy. 
	Regardingtheinteraction betweenGroupandOrigin,PairwiseComparison on Groupat eachOriginrevealed allthecomparisonsbetween nativespeakersvs.beginners(Origin G,Land 
	Regardingtheinteraction betweenGroupandOrigin,PairwiseComparison on Groupat eachOriginrevealed allthecomparisonsbetween nativespeakersvs.beginners(Origin G,Land 
	S,p <.001)and advancedlearnersvs.beginnersweresignificantateachOrigin (G,LandS,p <.001).However,therewerenosignificanteffectsincomparisonofnative speakersand advancedlearnersforeach origin(G:p =.38,L:p =.68andS:p =.83).Thatis,advanced learnersarenotlessaccuratethannativespeakersandtheyarealwaysmoreaccuratethanthe beginnersregardlessoftheorigin. 

	Theseresultssofaralsotellusthatthetypeof word containedinthetrials(i.e.origin) matteredforoverallaccuracy.What’smoreimportantisthatorigininteracted withgroup, indicatingthat whilewordtype inthetrialmatteredforthebeginnergroup,itdidnotaffect accuracyfornativespeakerandadvancedlearnergroups. 
	Anotherpost-hocpairwise comparison withSidakcorrectiononorigin withineachgroup revealedthattherewasnosignificant effectfornativespeakerandadvancedlearnergroupsin anycomparison (allp >.9).In thebeginnergroup,thereweresignificant effectsforthe comparisonbetweenorigin SandG(p <.001)andSandL(p <.001).Inthesecases,origin S (78.5%)ismoreaccuratethaneitheroriginG(66.2%)ororigin L(63%).However,therewasno significant effect onthecomparisonbetweenorigin GandL(p =.48).Theseresultsindicatethat whenthebeginnerscould ref
	Now,weturntotheeffectofthenon-wordcondition(i.e.typesofnon-wordtest words).Asfoundintheinteractionofgroupandorigin,post-hocpairwisecomparison with Sidakcorrectionongroup ateachconditionrevealed allthecomparisonbetweenbeginnersvs. advancedlearnersandbeginnersvs.nativespeakersweresignificant at each condition (non
	Now,weturntotheeffectofthenon-wordcondition(i.e.typesofnon-wordtest words).Asfoundintheinteractionofgroupandorigin,post-hocpairwisecomparison with Sidakcorrectionongroup ateachconditionrevealed allthecomparisonbetweenbeginnersvs. advancedlearnersandbeginnersvs.nativespeakersweresignificant at each condition (non
	-

	word condition S,GandL,p <.001).However,therewerenosignificanteffectsbetweennative speakersand advancedlearnersforanycondition (G:p =.42,L:p =.447andS:p =.94).The resultsshowthat advancedlearnerswereasaccurateasnativespeakersregardlessofnonword conditions. 
	-


	In addition,apost-hocpairwise comparisonwithSidakcorrectionofnon-word condition bygroup revealedthattherewasnosignificanteffectinanycomparisonswithinnative speakers(Gvs.L:p =1,Gvs.S:p =1,andSvs.L:p =1)andadvancedlearnergroups(Gvs.L:p =1,Gvs.S:p =.78,andSvs.L:p =.89).Thus,anyconditionortypeof non-wordwouldnot affecttheparticipants’performanceinthesetwogroups.Contrarytothenativespeakersand advancedlearners,thereweresignificanteffectsin beginnersforthecomparisonbetweennonword condition S(62.7%)vs.L(77.2%)(p <.
	-

	5.4Results of Beginners from FLeCin Comparison withResults of AdvancedLearners from Lexical Decision 
	In theprevioussection,weobservedthattheadvancedlearners’accuracyratewasvery high:infact,therewasnostatisticaldifference whencompared addition,thebeginners’accuracyratewasalsohighercomparedtotheLexicalDecisiontask (thissection, we wouldliketo lookfurtherinto thebeginners’ resultsin comparison with resultsofadvancedlearnersinthelexicaldecision.Recallthat advancedlearnersshowed asymmetricallexicalencodingfortest-non-wordsinlexicaldecision 
	withthenativespeakers.In 
	seeTable5.1fordetails).In 

	task,butit wasnotobservedin beginnergroupduetothelowaccuracyrateinthetask.Here, 
	wewouldliketoexaminewhethertheasymmetriclexicalencodingisatworkforbeginnersin thecurrenttask. 
	In thelexicaldecisiontask,we observedthattheaccuracyof advancedlearnersfortest wordswashighto thepointthatitwascomparabletotheoneswiththenativespeakers.Yet theintriguingfact wasthattheasymmetriclexicalencodingwasat workfortestnon-words. Namely,testnon-wordswithgeminateandlongvowelyieldedhigheraccuracyratethanthe oneswith singleton. 
	Now,extensivefocuswillbeonbeginner’sresultsin FLeCin comparison withthe advancedlearners’resultsoflexicaldecision.Westartwiththeresultsfocusingonorigin. Figure5.1showstheresultsofaccuracyrateinlexicaldecisiontaskwhereasFigure5.2 shows theresultsof accuracyrateforFLeC.Now,payingattentiontothemarkedareasinthelexical decisiontaskandin FLeC.Bycomparingtwodifferentgroupsin Figures5.1 and5.2showthat origin SyieldshigheraccuracythanoriginLfornon-wordcondition G.In addition,originSyields higheraccuracythanorigin Gf
	accuracywhen compared withorigin GorL(i.e.referringtogeminatesorsingleton (new 
	category)).Theresultsalsoindicatethatthere isnodifferencebetween origin GandLin terms oftheease/difficultyofprocessing. 
	Figure
	Figure5.1:ResultsofNon-WordTestStimuliin LexicalDecisionTaskFocusingonOrigin 
	Figure
	Figure5.2:ResultsofNon-WordTestStimuliin FLeCFocusingonOrigin 
	Table5.3:StatisticalResultsofLexicalDecisionforAdvancedLearnersandResultsofFLeCfor Beginners 
	LexicalDecision (Advanced Learners) 
	LexicalDecision (Advanced Learners) 
	LexicalDecision (Advanced Learners) 
	p-Value 
	FLeC (Beginners) 
	p-Value 

	Origin S&G 
	Origin S&G 
	* 
	p =.001 
	* 
	p <.001 

	Origin S&L 
	Origin S&L 
	* 
	p 
	=.02 
	* 
	p <.001 

	Origin G&L 
	Origin G&L 
	n.s. 
	p =.8 
	n.s. 
	p =.48 


	Notethattheseasymmetricresultswerenotobservedintheadvancedlearnergroup fortheFLeCtaskduetotheextremelyhighaccuracyregardlessoftheorigin.Now,beginners’ asymmetriclexicalencodingwasrevealed withthereducedcognitiveload.Mostimportantly, theasymmetricpatternobservedinthistaskiscomparabletowhat weobservedfromthe advancedlearnersintheLexicalDecisiontask. 
	Movingnowontothecomparisonbetweenadvancedlearnersandbeginnersfocusing 
	onthetestnon-wordcondition.AscanbeseeninFigure5.3and5.4,thesearethegeneral resultsoftheLexicalDecision andFLeCrespectively.Again,wehighlightthe redcircledportions in Figures5.3and5.4. 
	Figure
	Figure5.3:ResultsontheNon-WordConditionintheLexicalDecisionTask 
	Figure
	Figure5.4:ResultsonNon-WordConditionintheFLeC Lookingatrowaccuracyrate,advancedlearnersin lexicaldecision(Figure5.3)shows thattestnon-wordconditionLishigherthancondition S.Fororigin L,accuracyratefor conditionSisbetterthan conditionG.FororiginS,accuracyrateforconditionLisbetterthan G.Correspondingpost-hocpairwise comparisonwithSidakcorrectionthat allofthese comparisonswerestatisticallysignificant(seetable5.4).Fromtheseresults,weobserveorigin L elicitshigheraccuracyratethan origin Gand origin Scontributeshig
	Table5.4:StatisticalResultsofLexicalDecisionforAdvancedLearners 
	Condition 
	Condition 
	Condition 
	Origin 
	Accuracy 
	Sig. 

	S 
	S 
	G 
	63% 
	p =.008 

	L 
	L 
	78.6% 

	G 
	G 
	S 
	81% 
	p =.011 

	L 
	L 
	66.1% 

	L 
	L 
	S 
	89.3% 
	p =.019 

	G 
	G 
	75.6% 


	What canbeseenfromtherawaccuracyrateofbeginnersin FLeC(Figure5.4)isthat 
	accuracyrateoftestnon-word conditionLishigherthancondition S.FororiginL,accuracyrate forconditionSisbetterthan condigtionG.Fororigin S,accuracyrateforconditionLisbetter than G.Correspondingpost-hocpairwisecomparison withSidakcorrection showedthere wasa statisticalsignificancebetweenoriginGandLundercondition S.ThismeansoriginLelicits betteraccuracythanorigin Gundercondition S.However,therewerenostatisticalsignificance forthecomparisonbetweenoriginSandLunderconditionG,origin SandGunder conditionL (seetable5.5
	Table5.5:StatisticalResultsofFLeCfor Beginners 
	Condition 
	Condition 
	Condition 
	Origin 
	Accuracy 
	Sig. 

	S 
	S 
	G 
	60% 
	p =.027 

	(62.7%) 
	(62.7%) 
	L 
	66% 

	G 
	G 
	S 
	75% 
	p =.368 

	(67.8%) 
	(67.8%) 
	L 
	60% 

	L 
	L 
	S 
	82% 
	p =.272 

	(77.2%) 
	(77.2%) 
	G 
	73% 


	Table5.6 showsthepost-hocpairwise comparisonwithSidakcorrection oftestnonword condition withSidakcorrection.Notethatthesearecomparisonsamongtestnon-word foreach conditioningeneral,andnot acomparison withinthe condition.Intheleftcolumnin Table5.6,theresultsoflexicaldecisionfor advancedlearnersareshown.Statisticalanalysis showsthat whilethecomparisonbetweentestnon-wordcondition SandGandconditionG andLwerenotstatisticallysignificant,thecomparisonbetween conditionSandL was significant.Thus,conditionLscoredhighe
	Table5.6 showsthepost-hocpairwise comparisonwithSidakcorrection oftestnonword condition withSidakcorrection.Notethatthesearecomparisonsamongtestnon-word foreach conditioningeneral,andnot acomparison withinthe condition.Intheleftcolumnin Table5.6,theresultsoflexicaldecisionfor advancedlearnersareshown.Statisticalanalysis showsthat whilethecomparisonbetweentestnon-wordcondition SandGandconditionG andLwerenotstatisticallysignificant,thecomparisonbetween conditionSandL was significant.Thus,conditionLscoredhighe
	-

	non-word with singletonscoredlowerthantestnon-wordwithlongvowel.Thisisexactlywhat wewouldexpectiflearnersprocessL2 contrastsasymmetrically:testnon-word(new)>nonword(old).The currentresultsindicate longvowel wasmorecorrectlyrejectedthan consonantallengthwithin the“new”category.However,whenitcomestoconsonantallength (i.e.condition G)andtest non-wordwithsingleton,wecannottellthedifference.Thatis,they areequallydifficultto reject. 
	-


	On therightcolumnsin table5.6,resultsofFLeCforbeginnersareshown.Statistical analysisshowthat whilethere wasno statisticalsignificancebetweentestnon-word condition S(62.7%)andG(67.8%),therewerestatisticalsignificancebetweenconditionS(62.7%)andL (77.2%),and condition G(67.8%)andL(77.2%).Thatis,rejectingnon-word withsingleton and theonewithgeminatesareequallydifficult.However,rejectingnon-wordwithlongvowelis easierthan rejectingnon-word with singleton.Inaddition,rejectingnon-word withlongvowel iseasierthan rej
	Table5.6:StatisticalResultsofLexicalDecisionforAdvancedLearnersandResultsofFLeCfor Beginners 
	Lexicaldecision (Advanced Learners) 
	Lexicaldecision (Advanced Learners) 
	Lexicaldecision (Advanced Learners) 
	p-Value 
	FLeC (Beginners) 
	p-Value 

	ConditionS&G 
	ConditionS&G 
	n.s. 
	p =.88 
	n.s. 
	p =.127 

	ConditionS&L 
	ConditionS&L 
	* 
	p =.016 
	* 
	p <.001 

	ConditionG&L 
	ConditionG&L 
	n.s. 
	p =.086 
	* 
	p <.001 


	Tosummarize,weobservedalmostthesamepatternbetweenbeginnersand advanced learnersnot onlythrough mereaccuracyratebutthroughthestatisticalanalysisonspecific variables(i.e.origin andnon-wordcondition)andcorrespondingpairwisecomparison. 
	Beginnersshowthestatisticalsignificancebetween ConditionGandL(i.e.Lbrings higheraccuracy).Wespeculatethestatisticalsignificanceshownbetweennon-word condition GandLcouldbeareflectionofperceptualeaseon longvowelsovergeminates. 
	5.5Discussion 
	In thischapter,ourgoalwastotestthe validityof ourassumptionsforlexical activation amonglearners,asimplementedinthelexicaldecisiontask.Tothisend,we designedaforced binarychoicethat should resultin alower cognitiveloadwhilehighlightingthe phonological manipulation.Thisenablesustoexaminebeginners’ resultsfocusingonwhetherasymmetric comparison withthe lexicaldecisiontask,weobservedhigher accuracyratesforlearnergroupsin thecurrenttask.ThatindicatesFLeCindeedreduced learners’cognitiveload.Theseenhancementsinaccur
	In thischapter,ourgoalwastotestthe validityof ourassumptionsforlexical activation amonglearners,asimplementedinthelexicaldecisiontask.Tothisend,we designedaforced binarychoicethat should resultin alower cognitiveloadwhilehighlightingthe phonological manipulation.Thisenablesustoexaminebeginners’ resultsfocusingonwhetherasymmetric comparison withthe lexicaldecisiontask,weobservedhigher accuracyratesforlearnergroupsin thecurrenttask.ThatindicatesFLeCindeedreduced learners’cognitiveload.Theseenhancementsinaccur
	lexicalencodingisatwork.In 

	associatedwithtarget wordsintheL2lexicalactivation.Hence,theresultshelpvalidatethe patternof resultsobtainedin thelexicaldecisionmoregenerally. 

	Theenhancedaccuracyin bothlearnergroupsfurtherrevealsthedisappearanceofthe asymmetriclexicalencodingpatternsforadvancedlearners,andinparallel,theemergenceof such apattern oflexicalencodingforbeginners.Theadvancedlearners’accuracyreacheda ceilingeffect withabove95%meanaccuracy:theywereasaccurateasnativespeakersinthis lowercognitiveload situation.Gainingsuchahigh accuracyrate,comparedtothelexical decisiontask,alsoreduced oreliminatedtracesoflearner-specificasymmetriclexicalencoding processesforthisgroupof adv
	On thecontrary,theenhanced accuracyinbeginnersbrought asymmetriclexical encodingto surface.Havingstatisticalsignificancebetweenorigin Sandothertwooriginsor havingno significancewhenOrigin GandLare comparedcoincidewith what weobservedin advancedlearnersfromthelexicaldecisiontask. 
	Alloftheseresultsindicatethatproficiencylevelrelatestohowpreciselyalearnercan activateandprocessthewordstheyhavestoredin theL2mentallexicon.The morethey progressin L2proficiency,themorepreciselytheyarealsoabletoprocess,encode,and activateL2distinctions.Asforthe wayofprocessing,theprimarydriverofbehaviorislexical additionto theknowledge ofthelexicalstatus,learnersmakeuseoftheirL1 knowledgeofphonemes.Hence,ifanL2 word containsphonemessimilartotheonespresent in theL1,itiseasyto process.Thatis,processingdifficu
	status.In 

	anon-wordwithageminate orlongvowelisencountered,learnerscanrejectitbasedontheir knowledgeof aword with thecontrary,whenlearnersencounteranon-word with asingleton,theyexperienceincreaseddifficultyastheyneedtomakeuseofthe knowledgeof aword withgeminateorlongvowel.Indirectly,therefore,ourfindingsshowthat thecorrespondingrepresentationsarelikelytobelessprecise,sincespecificallyinthiscase, difficultiesarise.However,thispeculiardifficultyin processingandencodingL2 contrastsis likelytobemitigatedoreventofullydisap
	asingleton.On 

	5.6Summary 
	In addition,givingbinary choicetolearnergroupsenhancedaccuracyratein both advancedlearnersandbeginners.That in turn,broughtinto sharpfocusthecontrastbetween advancedlearnersandbeginners. Asymmetrclexicalencodingwhichreliesonfamiliar L1categorytostoreL2contrast, disappearedduetothehigh accuracyinadvancedlearnerswhileweobservedasymmetric lexicalencodinginbeginnerswith enhancementof accuracyrate. 
	thischapter,validityoflexicaldecisiontaskwasconfirmed.In 

	Fromtheviewpointofprevalent modelsofL2phonologicalacquisition(i.e.SLMand 
	addition, asseeninABXtaskandothertwotasksinthisthesis(i.e.lexicaldecisionandFLeC),neitherof themodelsmakepredictionsof relativedifficultyin termsthelevelofword recognition (i.e. phoneticdiscriminationvs.lexicalencoding).Themodelsneedtoaddresswhatkindofdifficulty in whatlevelaspecificL2 contrastimposes. 
	PAM-L2),thesemodelsdonotpredictthesedynamicsintermsofproficiencylevels.In 

	Chapter VI 
	Conclusion 
	6. 1 Returningto theResearchQuestions 
	Sofar,wereportedthreeexperimentsandtheirresultsinturn.Inthischapter,we apply ourresultstoourresearchquestionsandconclude whatthisresearchasawholeindicates, contributesandaddressesfurtherdirections. 
	6.1.1Does PerceptualAdvantage in Vowel over Consonant LengthContrasts Exist in L2Japanese? 
	Altmann,Berger,andBraun(2012)demonstratedthatlearnersperceivethevowel length contrastbetterthan theconsonantallength contrastinadiscriminationtaskregardless ourABXtask(i.e.Chapter3)theaccuracyrateoverallwashigh regardlessoftheproficiencylevel.Even beginnersscoredmorethan80%mean accuracy.Most importantly,ABXtaskresultson singleton vs.longvowelyieldedthehighest accuracyin both beginnersandadvancedlearners.Onthecontrary,theresultsonsingletonvs.geminate yielded thelowestaccuracyratein bothlearnergroups.Theresul
	oflearner’sL1experience.In 

	6.1.2Vowel SuperiorityOver Consonant 
	Asforproficiencywith respecttoresearchquestion,bothbeginnersandadvanced learnerswereabletodiscriminateshort andlongvowelcontrasts.Inaddition,theycould 
	discriminatesingleton andgeminatecontrastsandgeminateandlongvowelcontrasts.Allthese 
	resultsindicatethatlearnerscandetectthephysicaldifferencebetween shortandlong contrastsandtypeoflongcategory(i.e.geminateandlongvowel).Accuracyratesforthese contrastswerehigherthan theoneforsingletonandgeminatecontrasts.Overall,originS contributedhighestaccuracyacrossLexicalDecision andFLeCtasks. 
	Asforthelexicaldecision andFLeCtasks,theaccuracyratewasgreatlyinfluencedby combinationsoflexical status(wordornon-word)andtypeof stimuli(controlortest).With respecttoorigin,whileorigin Selicitshigher accuracyratesthan origin GandL,therewasno statisticaldifferencebetween origin GandL.Theonlyexception wasfoundfrom advanced learners’resultsinthepairwisecomparisonbetweenoriginGandLunderthetestnon-word conditionSin theLexicalDecisiontask(p =.008).In thiscase,originLscoredhigheraccuracy ratethanoriginG. 
	Regardingtest non-wordcondition,conditionSelicitsthelowest contrast, conditionLyielsbetteraccuracyratethan condition G.InFLeC,thissuperiorityof vowellength contrastsoverconsonantallength contrastsfrombeginnersresultsfromfindingsthatpairwise comparisonbetweenSandLandbetween GandLwere statisticallysignificant.The superiority of vowellength contrastwasconfirmedfromlexicaldecisiontaskin advancedlearnersaswell. Therewasastatisticalsignificancewhencondition SandLwerecompared.Ourresultsarein linewithdiscrimination
	accuracy.In 

	6.1.3Do We Observe Dissociation Between Phonetic Discrimination andLexical Encodingfor LengthContrast? 
	Whenitcomestothelexicaldecisiontask(seeChapter4),accuracyrateswerelowfor thebeginnergroup(test-word mean 63.7%,testnon-wordmean 37.1%)whereastheaccuracy oftheadvancedlearnerswascomparabletothenativespeakersforthetestwords.Unlikethe ABXtask,thistaskrequiresparticipantstoassociatelexicalstatus(i.e.word ornon-word)when processingincomingstimuli.Foradvancedandbeginninglearnergroups,theaccuracyratefor thetestnon-word wasgreatlyaffectedbytheoriginalstatusof astimuliregardinglength(i.e. origin).Morespecifically,wh
	accuracyratesforthetestnon-wordswerelow.In 

	6.2Asymmetric Lexical Encoding 
	Withrespecttoasymmetriclexicalencoding,it wasonlyvisiblefornon-wordtestwords processingforadvancedlearnersinlexicaldecision task(seeChapter4). 
	Thepattern wasnotshown inthetest fact,advancedlearnerswerecomparabletothenativespeakersfortheaccuracyrateintest words.Unliketheadvancedlearners,beginner’saccuracyratesontestnon-wordswerearound chancelevelorlowerand asymmetriclexicalencodingwasnot visible.These resultssuggest thatknowledgeofL2vocabularyorvocabularysize inL2isacriticalfactorto storeL2 contrasts asapartofthelexicon. 
	wordsduetotheextremelyhighaccuracyrate.In 

	Asymmetriclexicalprocessingtooktheformofhigheraccuracyintestnon-wordswith a geminateorlongvowelwhen compared withtheoneswithasingleton.Thiswasobservedin thebeginnersintheFLeCtask.Theseresultswerefound assuperiorityoforigin Sincomparison with origin GandL,higheraccuracyintestnon-word conditionGandLover conditionS.All theseresultsconincidewiththeaccuracyorderofnon-word(new)>non-word(old)thatDarcy, DaidoneandKojima(2013.2015)suggested.Thatis,referringtoafamiliarL1categoryelicits higheraccuracywhilereferringtoL
	On thecontrary,asymmetriclexicalencodingwasnotobservedamongadvanced learnersatallintheFLeCtask.Thisindicateslesscognitiveloadenhancedtheaccuracyinboth beginnersandadvancedlearners. 
	Thevigorousenhancementin accuracyinbothlearnergroupsfurtherindicatethatthe 
	most relevant competitorsthat researchersassumeareactuallytheonesthatlearnersactivate duringthelexicaldecision task. 
	In conclusion,ourcontributiontoL2perceptionin generalisthatweconfirmedthat thereisadiscrepancybetween learner’sabilitytodiscriminateand addition,wereportedanasymmetricprocessingpatternthatisuniquetolearnersandit becomeslessasymmetricalaslearnerproficiencylevelprogresses.Finally,weexaminedthe lexicaldecisiontaskanditsvaliditythroughanadditionalexperimentalparadigm calledthe ForcedLexicalDecision (FLeC). 
	encodingasL2sounds.In 

	6.3Conclusions 
	6.3.1Summary 
	Thedifferencebetweendiscriminatoryabilityand storingcontraststothelexicon were evidentinthehigh accuracyforbothlearnersintheABXandvaried accuracyratesdepending onproficiencylevelinthe lexicaldecisiontask.Thevariedaccuracyrateinlexicaldecisionand FLeCtaskswereduetointeractionsbetweenlexicalstatus(word vs.non-word),condition (controlvs.test)andproficiencylevel.Theintractionsofthesefactorsembodyspecificaccuracy ordersin lexicaldecisionandFLeCtasks: word(old)>word(new)>non-word(new)> non-word (old).Thisspecific
	Thedifferencebetweendiscriminatoryabilityand storingcontraststothelexicon were evidentinthehigh accuracyforbothlearnersintheABXandvaried accuracyratesdepending onproficiencylevelinthe lexicaldecisiontask.Thevariedaccuracyrateinlexicaldecisionand FLeCtaskswereduetointeractionsbetweenlexicalstatus(word vs.non-word),condition (controlvs.test)andproficiencylevel.Theintractionsofthesefactorsembodyspecificaccuracy ordersin lexicaldecisionandFLeCtasks: word(old)>word(new)>non-word(new)> non-word (old).Thisspecific
	singleton orshortvowel.When it comestoanon-word withasingleton,learnersneedto refer toaL2category(geminate/longvowel)tosuccessfullyrejectthatitisnotaJapanese word.Our resultsshowedthatthisprocessingdifficultyfor learnersarisessincetheyrefertoafamiliarL1 orold categorytomaintain L2(new)contrast.The reasonthatlearnersneedtorelyon L1(old) contrast,L1-like categorymustbeencoded,retrievedandactivatedproperly.Theasymmetriclexicalencoding patternwasobservedbothin lexicaldecision ABXtask,therewasnosuch systematicpr
	categoryisduetotheirL2representationisinaccurate,inprecise,andfuzzy.In 
	andFLeCtasks.In 


	Ourresultsalso showedthatproficiencyleveliscloselyreltedtotheabilitytoprocess, encode,and activateL2distinctions.However,thispeculiardifficultyinprocessingand encodingL2contrastsislikelytobe mitigatedoreventofullydisappearwhenproficiency increases.Theactualreasonsforthisdevelopment arestillunclear,however.Previousstudies foundthat vocabularysize isoneofthe contributingfactorstoaccurateperformanceon namingandlexicalretrievaltasks(Bialystok,Craik&Luk,2008a).Althoughthestudyisfocused onnativespeakersandbilingu
	suggeststhat atleast arelatedfactorcouldbe whatdifferentiateslearnersofdifferent 
	proficiencylevels:surely,L2vocabularysizemattersin someway.Thus,when considering learnerabilitytoencodeL2 contrasts,weshouldconsiderhowvocabularysize expandsover thecourseoflearning.Recentapproaches(e.g.Darcy&Holliday,2018;Darcy&Thomas,2019) surmisethatimprovementsinperception overtime,combined withanincreasingnumber of wordsthatareencodedwith accuratephonolexicalrepresentations,can snowballandleadto graduallymorewide-spread correctionsinthementallexicon.Theexactprocessesbywhich thesedevelopmentsoccurneedto
	Withrespecttoperceptualadvantage,vowellength wasmoreeasilydiscriminated comparedtoconsonantlength onthediscriminationtask.TheresultscorroboratedAltmann, BergerandBraun (addition,ourresultssuggestedtestnon-wordwithlongvowelwill bemorepreciselyrejectedthantheoneswithgeminateinlexicaldecisionandFLeCtasks.This indirectlyimplythatnotonlywouldvowelcontrastsbediscriminated,theywouldbe more accuratelyencoded andactivatedthanconsonantallength contrast.Ourresultsarefirstto reportthevowelcontrast advantageoverconsiona
	2012).In 
	discriminationtask.We 

	6.3.2Implications for L2Acquisition Models 
	Themostprevalent modelsofL2 acquisitionsuchas SLM(Flege,1995)andPAM-L2 (Best andTyler,1997)predictthelength contrastwillbethemostdifficultonefornative speakersofAmericanEnglishbecausethecontrastisnotintheirL1.However,thesemodelsdo notpositdifferentprocessinglevelsin L2perception.Namely,ourresultsindicate thatthere shouldbe addition,therewillbea realmthatisassociatedwithlexicalencoding. Ourresultssuggestthatlearnersdonot show difficultyatphoneticlevelprocessing.ThehighaccuracyobservedinABXtaskregardlessgroup
	arealmthatisassociatedwithphoneticlevelprocessing.In 

	Asfortheresultsoflexicaldecision andFLeCcoincidewiththepredictionsfromSLM andPAM-L2inthatlearnersprocessingpatternisbasedonL1-likecategory.Theprocessing difficultyisalso relatedto whetheraninputcontainsold categoryornot.Alongthisline,our resultsrevealedthatproficiencylevelsplayacrucialroleformoreaccuratelexicalencoding. ProficiencylevelsarenotvigorouslydiscussedinSLM andPAM-L2.Thus,the modelsshould incorporateproficiencyaswellaslevelsofperceptualprocessing. 
	Finally,ourresearchisbased onperceptualexperimentsfroman L2acquisitionpointof view.However,perceptionisonlyoneofthefacultiesoflanguage.Thus,L2production,in associationwithL2perception mustalsobepursued.AccordingtotheSpeechLearningModel (SLM,Flege,1995),betterproductionabilityiscontingent upon increasingabilityinperception. However,recentstudieshavequestionedtheconnectionbetweenperceptionandproduction forL2vowelcontrasts(e.g.Peperkamp&Bouchon,2011).Thus,oneofthe extensionsofthis 
	Finally,ourresearchisbased onperceptualexperimentsfroman L2acquisitionpointof view.However,perceptionisonlyoneofthefacultiesoflanguage.Thus,L2production,in associationwithL2perception mustalsobepursued.AccordingtotheSpeechLearningModel (SLM,Flege,1995),betterproductionabilityiscontingent upon increasingabilityinperception. However,recentstudieshavequestionedtheconnectionbetweenperceptionandproduction forL2vowelcontrasts(e.g.Peperkamp&Bouchon,2011).Thus,oneofthe extensionsofthis 
	studywillbetoincorporateproductiontaskalong withdifferenttypesofperceptualtaskssuch asan ABXtaskandlexicaldecision task,which shouldgiveamoreholisticviewofhowL2 contrastswillbe perceived,processed,and executedforlearners. 

	6.3.3From Researchto Practice 
	Given thatourresearchindicatedthatevenbeginninglearnerscandiscriminatelength contrastswithhigh accuracy,classroomactivitiesin which studentsare simplyaskedto discriminateshortvs.longsoundswouldnotbehelpful.Recallthatlexicaldecisiondoesnot requirefullassociation of meaningandsound:theyneedtoanswerwhetherthesound sequenceisawordornot.Nonetheless,ourresultsindicatethataccuracyonthelexical decisiontaskwouldincrease asstudentproficiencyprogresses.Foradvancedlearners,their accuracyontestwordswerecomparabletothena
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	Appendix B. List of Stimuli 

	Non-Word 
	Non-Word 
	Non-Word 
	Non-Word 

	without LongSound 
	without LongSound 
	with Geminate 
	with LongVowel 

	besa 
	besa 
	bessa 
	beesa 

	gepo 
	gepo 
	geppo 
	geepo 

	kose 
	kose 
	kosse 
	koose 

	mete 
	mete 
	mette 
	meete 

	mopa 
	mopa 
	moppa 
	moopa 

	neka 
	neka 
	nekka 
	neeka 

	nesa 
	nesa 
	nessa 
	neesa 

	pota 
	pota 
	potta 
	poota 

	puki 
	puki 
	pukki 
	puuki 

	pute 
	pute 
	putte 
	puute 

	suke 
	suke 
	sukke 
	suuke 

	tepa 
	tepa 
	teppa 
	teepa 

	(2)ABX-TrainingSession 
	(2)ABX-TrainingSession 

	Non-word 
	Non-word 
	Non-word 

	without longsound 
	without longsound 
	with geminate 

	koga 
	koga 
	kogga 

	goka 
	goka 
	gokka 


	(3)LexicalDecision–TestStimuli 
	Word without Longsound 
	Word without Longsound 
	Word without Longsound 
	CorrespondingNon-Word 
	Gloss 

	akeru 
	akeru 
	akkeru aakeru 
	Toopen 

	akirameru 
	akirameru 
	akkirameru aakirameru 
	Togiveup 

	chikaku 
	chikaku 
	chikkaku chikaaku 
	Close/Nearby 

	daigaku 
	daigaku 
	daigakku daigaaku 
	University/College 

	itsu 
	itsu 
	ittsu iitsu 
	when 

	kongetsu 
	kongetsu 
	kongettsu kongeetsu 
	Thismonth 

	naku 
	naku 
	nakku naaku 
	Tocry 

	sake 
	sake 
	sakke saake 
	Japanesesake (alcoholicbeverage) 

	shigoto 
	shigoto 
	shigotto shigooto 
	job/work 

	tatsu 
	tatsu 
	tattsu taatsu 
	Tostand 

	wakaru 
	wakaru 
	wakkaru waakaru 
	Tounderstand 

	watashi 
	watashi 
	wattashi wataashi 
	I 

	Word with geminate 
	Word with geminate 
	CorrespondingNon-word 
	Gloss 

	bukka 
	bukka 
	buka buuka 
	consumerprice 

	chotto 
	chotto 
	choto chooto 
	alittle 

	gakkou 
	gakkou 
	gakou gaakou 
	school 

	hikkoshi 
	hikkoshi 
	hikoshi hiikoshi 
	Tomove 

	jyaketto 
	jyaketto 
	jyaketo jyakeeto 
	jacket 

	kippu 
	kippu 
	kipu kiipu 
	ticket 

	kissaten 
	kissaten 
	kisaten kiisaten 
	cafe 

	petto 
	petto 
	peto peeto 
	pet 

	yottsu 
	yottsu 
	yotsu yootsu 
	foursmallthings 

	yukkuri 
	yukkuri 
	yukuri yuukuri 
	slowly 

	zasshi 
	zasshi 
	zashi zaashi 
	magazine 

	zutto 
	zutto 
	zuto zutto 
	foralongtime 

	Word with LongVowel 
	Word with LongVowel 
	CorrespodingNon-Word 
	Gloss 

	Apaato 
	Apaato 
	apato apatto 
	apartment 

	Chokoreeto 
	Chokoreeto 
	chokoreto chokoretto 
	chocolate 

	Depaato 
	Depaato 
	depato depatto 
	Departmentstore 

	Kaaten 
	Kaaten 
	katen katten 
	curtain 

	Konsaato 
	Konsaato 
	konsato konsatto 
	concert 

	Peeji 
	Peeji 
	peji pejji 
	page 

	Repooto 
	Repooto 
	repoto repotto 
	report,termpaper 

	Saafin 
	Saafin 
	safin saffin 
	surfing 

	Saakuru 
	Saakuru 
	sakuru sakkuru 
	club activity 

	Supiichi 
	Supiichi 
	supichi supicchi 
	speech 

	Supootsu 
	Supootsu 
	supotsu supottsu 
	sports 

	Suupu 
	Suupu 
	supu 
	soup 

	TR
	suppu 


	(4)LexicalDecision–ControlStimuli(Words) 
	Word 
	Word 
	Word 
	Gloss 
	Word 
	Gloss 

	akai 
	akai 
	red 
	omiyage 
	souvenir 

	ashi 
	ashi 
	foot 
	ongaku 
	music-repeated 

	atama 
	atama 
	head 
	otera 
	temple 

	batsu 
	batsu 
	sign fornotgood 
	oto 
	sound 

	byouki 
	byouki 
	sick 
	otoko 
	male 

	dakara 
	dakara 
	because 
	rekishi 
	history 

	dasu 
	dasu 
	Toturnin,exit 
	ringo 
	apple 

	densha 
	densha 
	train 
	rishi 
	interest 

	donna 
	donna 
	what kindof 
	ryokou 
	Travel/trip 

	eiga 
	eiga 
	movie 
	sakana 
	fish 

	esa 
	esa 
	feed 
	shashin 
	picture 

	gohan 
	gohan 
	rice,meal 
	shigoto 
	job,occipation 

	hanasu 
	hanasu 
	tospeak 
	shiken 
	exam 

	hayaku 
	hayaku 
	quickly 
	soshite 
	andthen 

	hidari 
	hidari 
	left 
	suwaru 
	tosit 

	honya 
	honya 
	bookstore 
	tabemono 
	food 

	imi 
	imi 
	meaning 
	taberu 
	toeat 

	isu 
	isu 
	chair 
	tada 
	freeofcharge 

	kazoku 
	kazoku 
	family 
	takusan 
	many 

	kisetsu 
	kisetsu 
	season 
	tango 
	vocabulary 

	kowai 
	kowai 
	scary 
	tegami 
	letter 

	kuru 
	kuru 
	tocome 
	tenki 
	weather 

	kuruma 
	kuruma 
	car 
	tobu 
	tofly 

	megane 
	megane 
	glasses 
	tokoya 
	barbar 

	migi 
	migi 
	right 
	totemo 
	extremely 

	mochi 
	mochi 
	ricecake 
	tsukue 
	desk 

	mune 
	mune 
	chest 
	wakai 
	young 

	nanika 
	nanika 
	something 
	wakaru 
	tounderstand 

	nodo 
	nodo 
	throat 
	yaku 
	togrill 

	odoru 
	odoru 
	todance-repeated 
	yasumi 
	torest 

	okashi 
	okashi 
	sweets 
	yoyaku 
	reservation 

	omise 
	omise 
	stores 


	(5)LexicalDecision–ControlStimuli(Non-Words) 
	Non-Word 
	Non-Word 
	Non-Word 
	Note 

	agai 
	agai 
	Madefrom arealwordakai“red” 

	achi 
	achi 
	Madefromarealword ashi“foot” 

	ami 
	ami 
	Madefromarealword imi“meaning” 

	bonya 
	bonya 
	Madefromarealwordhonya“bookstore” 

	dagara 
	dagara 
	Madefromarealworddakaraa“because” 

	eza 
	eza 
	Madefromarealword esa“feed” 

	hitari 
	hitari 
	Madefromarealwordhidari“left” 

	ishu 
	ishu 
	Madefromarealword isu “chair” 

	manika 
	manika 
	Madefromarealwordnanika“something” 

	megame 
	megame 
	Madefromarealwordmegane“glasses” 

	muru 
	muru 
	Madefromarealword kuru“tocome” 

	nadama 
	nadama 
	Madefromarealword atama“head” 

	nigi 
	nigi 
	Madefromarealwordmigi“right” 

	nochi 
	nochi 
	Madefromarealwordmocha“ricecake” 

	nune 
	nune 
	Madefromarealwordmune“chest” 

	odera 
	odera 
	Madefromarealword otera“temple” 

	odoko 
	odoko 
	Madefromarealword otoko“male” 

	omize 
	omize 
	Madefromarealword omise“store” 

	oniyage 
	oniyage 
	Madefromarealword omiyage“souvenir” 

	rushi 
	rushi 
	Madefromarealword rishi“interest” 

	sagana 
	sagana 
	Madefromarealword sakana“fish” 

	soshute 
	soshute 
	Madefromarealword “andthen” 

	takuzan 
	takuzan 
	Madefromarealwordtakusan “many” 

	tengi 
	tengi 
	Madefromarealwordtenki“weather” 

	yagu 
	yagu 
	Madefromarealword yaku “togrill” 


	(6)LexicalDecision–TrainingSession 
	Word 
	Word 
	Word 
	Gloss 

	migi 
	migi 
	left 

	sakana 
	sakana 
	fish 

	wasureru 
	wasureru 
	toforget 

	tsuku 
	tsuku 
	toarrive 

	odo 
	odo 
	sound 

	shugoto 
	shugoto 
	job,occupation 

	gankoku 
	gankoku 
	Non-word madefromarealwordkankoku “Korea” 

	zanposuru 
	zanposuru 
	totakeawalk 

	gowai 
	gowai 
	Non-word madefromarealwordkowai“scary” 


	(7)ForcedLexicalChoice(FLeC)-TestStimuli(Pairs) 
	Word 
	Word 
	Word 
	PairedNon-word 
	Gloss 

	akeru akeru 
	akeru akeru 
	*akkeru *aakeru 
	Toopen 

	apaato apaato 
	apaato apaato 
	*apato *apatto 
	apartment 

	bukka bukka 
	bukka bukka 
	*buka *buuka 
	price 

	chikaku chikaku 
	chikaku chikaku 
	*chikakku *chiikaku 
	nearby 

	chokoreeto chokoreeto 
	chokoreeto chokoreeto 
	*chokoreto *chokoretto 
	chocolate 

	chotto 
	chotto 
	*choto 
	alittle 

	chotto 
	chotto 
	*chooto 

	daigaku 
	daigaku 
	*daigakku 
	university,college 

	daigaku 
	daigaku 
	*daigaaku 

	depaato depaato 
	depaato depaato 
	*depato *depatto 
	departmentstore 

	gakkou gakkou 
	gakkou gakkou 
	*gakou *gaakou 
	school 

	hikkosu hikkosu 
	hikkosu hikkosu 
	*hikosu *hiikosu 
	Tomove 

	itsu itsu 
	itsu itsu 
	*ittsu *iitsu 
	when 

	jyaketto jyaketto 
	jyaketto jyaketto 
	*jyaketo *jyakeeto 
	jacket 

	kaaten kaaten 
	kaaten kaaten 
	*katen *katten 
	curtain 

	kippu kippu 
	kippu kippu 
	*kipu *kiipu 
	ticket 

	kissaten kissaten 
	kissaten kissaten 
	*kisaten *kiisaten 
	cafe 

	kongetsu kongetsu 
	kongetsu kongetsu 
	*kongettsu *kongeetsu 
	thismonth 

	konsaato konsaato 
	konsaato konsaato 
	*konsato *konsatto 
	concert 

	naku naku 
	naku naku 
	*naaku *nakku 
	tocry 

	peeji peeji 
	peeji peeji 
	*peji *pejji 
	page 

	petto petto 
	petto petto 
	*peto *peeto 
	pet 

	repooto repooto 
	repooto repooto 
	*repoto *repotto 
	report,termpaper 

	saafin saafin 
	saafin saafin 
	*safin *saffin 
	surfing 

	saakuru saakuru 
	saakuru saakuru 
	*sakuru *sakkuru 
	club activity 

	sake sake 
	sake sake 
	*sakke *saake 
	Japanesealcoholic beverages 

	shigoto shigoto 
	shigoto shigoto 
	*shigotto *shigooto 
	job,occupation 


	supiichi supiichi 
	supiichi supiichi 
	supiichi supiichi 
	*supichi *supicchi 
	speech 

	supootsu supootsu 
	supootsu supootsu 
	*supotsu *supottsu 
	sports 

	suupu suupu 
	suupu suupu 
	*supu *suppu 
	soup 

	tatsu tatsu 
	tatsu tatsu 
	*tattsu *taatsu 
	tostand 

	wakaru wakaru 
	wakaru wakaru 
	*wakkaru *waakaru 
	Toknow,understand 

	watashi watashi 
	watashi watashi 
	*wattachi *waatachi 
	I 

	yottsu yottsu 
	yottsu yottsu 
	*yotsu *yootsu 
	4smallthings/objects 

	yukkuri yukkuri 
	yukkuri yukkuri 
	*yukuri *yuukuri 
	slowly 

	zasshi zasshi 
	zasshi zasshi 
	*zashi *zaashi 
	magazine 

	zutto zutto 
	zutto zutto 
	*zuto *zuuto 
	foralongtime 


	Appendix C. List of Experimental Scripts 
	(1)ABXTask 
	<ep> <azk> <NumberOfItems 144> <scramble 36> <ContinuousRun> <fd 30> <Delay 
	118> <Timeout 2500> <id "Keyboard"> <mr +Space> <MapNegativeResponse "+Right Alt"> <MapPositiveResponse "+Left Alt"> <vm 640,480,480,8,0> <eop> 
	$ 
	0 <line -8> ”ABXInstructions”,<line -6> “Youwillhear3pseudowordsinarow.”, <line -4> “Youhaveto decidewhether thethirdoneissimilarto”, <line -3> “thefirst orthesecondone.”,<line -2> “PleasepresstheLEFTAltortheRIGHTAltBbuttonasquickly aspossible,”,<line 0> “PressLEFT Altifyouthinkthattheoneisthesameasthe”,<line 2> “andPresstheRIGHT Altifyouthinkthatthelastoneisthesameasword”,<line 4> “PressSPACEBARtostartwithashortpractice.”; 
	last
	first 
	second 

	0<line -10> ”はじめに”,<line -6> “このタスクは連続して3つの無意味語を聞いていただいた後、”,<line -4>“最後に聞いたものが最初に聞いたものに類似しているか”,<line -2> "番目に聞いたものに類似しているか判断していただくものです。", <line 2> “もしに聞いた音声がのものと同じだと思ったら左ALTキ－－を、”,<line 4> “の音声と同じだと思ったら右ALTキ－をできるだけ早く押してください。”, <line 8> “スペ－スバ－を押すと短い練習セクションが始まります。－－”; 
	2
	最後
	最初
	2番目

	999 <ms% 2000> "+" /; 
	$ 
	+41221001 <cfb "○"> <wfb "×"> <tlfb "Too slowもう少し早く"> <ms% 500> "+" / <wav 2> "koga" / <ms% 500> / <wav 2> "gokka" / <ms% 500> / <wav 2> "koga" * /; 
	-41212001 <cfb "○"> <wfb "×"> <tlfb "Too slowもう少し早く"> <ms% 500> "+" / <wav 2> "goka" / <ms% 500> / <wav 2> "kogga" / <ms% 500> / <wav 2> "kogga" * /; 
	-42121001 <cfb "○"> <wfb "×"> <tlfb "Too slowもう少し早く"> <ms% 500> "+" / <wav 2> "gokka" / <ms% 500> / <wav 2> "koga" / <ms% 500> / <wav 2> "koga" * /; 
	+42112001 <cfb "○"> <wfb "×"> <tlfb "Too slowもう少し早く"> <ms% 500> "+" / <wav 2> "kogga" / <ms% 500> / <wav 2> "goka" / <ms% 500> / <wav 2> "kogga" * /; 
	+41221002 <cfb "○"> <wfb "×"> <tlfb "Too slowもう少し早く"> <ms% 500> "+" / <wav 2> "goka" / <ms% 500> / <wav 2> "kogga" / <ms% 500> / <wav 2> "goka" * /; 
	-41212002 <cfb "○"> <wfb "×"> <tlfb "Too slowもう少し早く"> <ms% 500> "+" / <wav 2> "koga" / <ms% 500> / <wav 2> "gokka" / <ms% 500> / <wav 2> "gokka" * /; 
	-42121002 <cfb "○"> <wfb "×"> <tlfb "Too slowもう少し早く"> <ms% 500> "+" / <wav 
	2> "kogga" / <ms% 500> / <wav 2> "goka" / <ms% 500> / <wav 2> "goka" * 
	/; 
	+42112002 <cfb "○"> <wfb "×"> <tlfb "Too slowもう少し早く"> <ms% 500> "+" / <wav 2> "gokka" / <ms% 500> / <wav 2> "koga" / <ms% 500> / <wav 2> "gokka" * /; 
	$ 
	0 <line -8> "Ready for the real experiment?", <line -6> "The feedbackisnowturnedoff butotherwiseitwillbealmostthesame.", <line -4> "Respondas fastasyoucanwithoutmakingmistakes.", <line -2> "Ifyoumakeamistake,don'tworryand keepgoing!Goodluck!", <line 0> "ここから実験がはじまります。", <line 1> "ここから先は正解、不正解などのフィ－ドバックはありません。", <line 2> "フィ－ドバックがないという点以外は形式は同じです。", <line 4> "できるだけ早く正確に答えてください。", <line 6> "間違えたと思っても気にせず先に進んでください。", <line 8> "スペ－スバ－を押すと実験が始まります。"; 
	999 <nfb> <ms% 2000> /; 
	$ 
	\ 
	+11211120 <ms% 250> "+" / <wav 2> "sg-20-p" / <ms% 500> / <wav 
	2> "lv-20-p" / <ms% 500> / <wav 2> "sg-20-c" * /; 
	2> "lv-20-p" / <ms% 500> / <wav 2> "sg-20-c" * /; 
	2> "lv-20-p" / <ms% 500> / <wav 2> "lv-20-c" * /; 
	2> "sg-20-p" / <ms% 500> / <wav 2> "sg-20-c" * /; 
	2> "lv-23-p" / <ms% 500> / <wav 2> "gc-23-c" * /; 
	2> "gc-23-p" / <ms% 500> / <wav 2> "gc-23-c" * /; 
	2> "gc-23-p" / <ms% 500> / <wav 2> "gc-23-c" * /; 
	+12121123 <ms% 250> "+" / <wav 2> "lv-23-p" / <ms% 500> / <wav 

	2> 
	2> 
	2> 
	"sg-23-p" / <ms% 500> / <wav 2> "lv-23-c" * /; 

	+11213127 <ms% 250> "+" / <wav 2> "gc-27-p" / <ms% 500> / <wav 

	2> 
	2> 
	2> 
	"lv-27-p" / <ms% 500> / <wav 2> "gc-27-c" * /; 

	-21222127 <ms% 250> "+" / <wav 2> "sg-27-p" / <ms% 500> / <wav 

	2> 
	2> 
	2> 
	"gc-27-p" / <ms% 500> / <wav 2> "gc-27-c" * /; 

	-22111127 <ms% 250> "+" / <wav 2> "lv-27-p" / <ms% 500> / <wav 

	2> 
	2> 
	2> 
	"sg-27-p" / <ms% 500> / <wav 2> "sg-27-c" * /; 

	-21221128 <ms% 250> "+" / <wav 2> "sg-28-p" / <ms% 500> / <wav 

	2> 
	2> 
	2> 
	"lv-28-p" / <ms% 500> / <wav 2> "lv-28-c" * /; 

	-22113128 <ms% 250> "+" / <wav 2> "lv-28-p" / <ms% 500> / <wav 

	2> 
	2> 
	2> 
	"gc-28-p" / <ms% 500> / <wav 2> "gc-28-c" * /; 

	+12122128 <ms% 250> "+" / <wav 2> "gc-28-p" / <ms% 500> / <wav 

	2> 
	2> 
	2> 
	"sg-28-p" / <ms% 500> / <wav 2> "gc-28-c" * /; 

	+11212130 <ms% 250> "+" / <wav 2> "sg-30-p" / <ms% 500> / <wav 

	2> 
	2> 
	2> 
	"gc-30-p" / <ms% 500> / <wav 2> "sg-30-c" * /; 

	+12121130 <ms% 250> "+" / <wav 2> "lv-30-p" / <ms% 500> / <wav 

	2> 
	2> 
	2> 
	"sg-30-p" / <ms% 500> / <wav 2> "lv-30-c" * /; 

	+12123130 <ms% 250> "+" / <wav 2> "lv-30-p" / <ms% 500> / <wav 

	2> 
	2> 
	2> 
	"gc-30-p" / <ms% 500> / <wav 2> "lv-30-c" * /; 

	-22111132 <ms% 250> "+" / <wav 2> "lv-32-p" / <ms% 500> / <wav 

	2> 
	2> 
	"sg-32-p" / <ms% 500> / <wav 2> "sg-32-c" * /; 

	2> 
	2> 
	"gc-32-p" / <ms% 500> / <wav 2> "gc-32-c" * /; 

	2> 
	2> 
	"sg-32-p" / <ms% 500> / <wav 2> "gc-32-c" * /; 

	2> 
	2> 
	"gc-33-p" / <ms% 500> / <wav 2> "sg-33-c" * /; 

	2> 
	2> 
	"lv-33-p" / <ms% 500> / <wav 2> "lv-33-c" * /; 

	2> 
	2> 
	"gc-33-p" / <ms% 500> / <wav 2> "lv-33-c" * /; 

	2> 
	2> 
	2> 
	"lv-35-p" / <ms% 500> / <wav 2> "sg-35-c" * /; 

	-21223135 <ms% 250> "+" / <wav 2> "gc-35-p" / <ms% 500> / <wav 

	2> "lv-35-p" / <ms% 500> / <wav 2> "lv-35-c" * /; 
	2> "lv-35-p" / <ms% 500> / <wav 2> "lv-35-c" * /; 
	-22112135 <ms% 250> "+" / <wav 2> "gc-35-p" / <ms% 500> / <wav 

	2> "sg-35-p" / <ms% 500> / <wav 2> "sg-35-c" * /; 
	2> "sg-35-p" / <ms% 500> / <wav 2> "sg-35-c" * /; 
	-21223136 <ms% 250> "+" / <wav 2> "gc-36-p" / <ms% 500> / <wav 

	2> "lv-36-p" / <ms% 500> / <wav 2> "lv-36-c" * /; 
	2> "lv-36-p" / <ms% 500> / <wav 2> "lv-36-c" * /; 
	-22112136 <ms% 250> "+" / <wav 2> "gc-36-p" / <ms% 500> / <wav 

	2> "sg-36-p" / <ms% 500> / <wav 2> "sg-36-c" * /; 
	2> "sg-36-p" / <ms% 500> / <wav 2> "sg-36-c" * /; 
	+12121136 <ms% 250> "+" / <wav 2> "lv-36-p" / <ms% 500> / <wav 

	2> "sg-36-p" / <ms% 500> / <wav 2> "lv-36-c" * /; 
	2> "sg-36-p" / <ms% 500> / <wav 2> "lv-36-c" * /; 
	+11213137 <ms% 250> "+" / <wav 2> "gc-37-p" / <ms% 500> / <wav 

	2> "lv-37-p" / <ms% 500> / <wav 2> "gc-37-c" * /; 
	2> "lv-37-p" / <ms% 500> / <wav 2> "gc-37-c" * /; 
	-21222137 <ms% 250> "+" / <wav 2> "sg-37-p" / <ms% 500> / <wav 

	2> "gc-37-p" / <ms% 500> / <wav 2> "gc-37-c" * /; 
	2> "gc-37-p" / <ms% 500> / <wav 2> "gc-37-c" * /; 
	-22111137 <ms% 250> "+" / <wav 2> "lv-37-p" / <ms% 500> / <wav 

	2> "sg-37-p" / <ms% 500> / <wav 2> "sg-37-c" * /; 
	2> "sg-37-p" / <ms% 500> / <wav 2> "sg-37-c" * /; 
	+11211139 <ms% 250> "+" / <wav 2> "sg-39-p" / <ms% 500> / <wav 

	2> "lv-39-p" / <ms% 500> / <wav 2> "sg-39-c" * /; 
	2> "lv-39-p" / <ms% 500> / <wav 2> "sg-39-c" * /; 
	+11212139 <ms% 250> "+" / <wav 2> "sg-39-p" / <ms% 500> / <wav 

	2> "gc-39-p" / <ms% 500> / <wav 2> "sg-39-c" * /; 
	2> "gc-39-p" / <ms% 500> / <wav 2> "sg-39-c" * /; 
	+12123139 <ms% 250> "+" / <wav 2> "lv-39-p" / <ms% 500> / <wav 

	2> "gc-39-p" / <ms% 500> / <wav 2> "lv-39-c" * /; 
	2> "lv-42-p" / <ms% 500> / <wav 2> "lv-42-c" * /; 
	2> "gc-42-p" / <ms% 500> / <wav 2> "gc-42-c" * /; 
	2> "sg-42-p" / <ms% 500> / <wav 2> "gc-42-c" * /; 

	-21223120 <ms% 250> "+" / <wav 2> "gc-20-p" / <ms% 500> / <wav 
	-22112120 <ms% 250> "+" / <wav 2> "gc-20-p" / <ms% 500> / <wav 
	+11213123 <ms% 250> "+" / <wav 2> "gc-23-p" / <ms% 500> / <wav 
	-21222123 <ms% 250> "+" / <wav 2> "sg-23-p" / <ms% 500> / <wav 
	-22113132 <ms% 250> "+" / <wav 2> "lv-32-p" / <ms% 500> / <wav 
	+12122132 <ms% 250> "+" / <wav 2> "gc-32-p" / <ms% 500> / <wav 
	+11212133 <ms% 250> "+" / <wav 2> "sg-33-p" / <ms% 500> / <wav 
	-21221133 <ms% 250> "+" / <wav 2> "sg-33-p" / <ms% 500> / <wav 
	+12123133 <ms% 250> "+" / <wav 2> "lv-33-p" / <ms% 500> / <wav 
	+11211135 <ms% 250> "+" / <wav 2> "sg-35-p" / <ms% 500> / <wav 
	-21221142 <ms% 250> "+" / <wav 2> "sg-42-p" / <ms% 500> / <wav 
	-22113142 <ms% 250> "+" / <wav 2> "lv-42-p" / <ms% 500> / <wav 
	+12122142 <ms% 250> "+" / <wav 2> "gc-42-p" / <ms% 500> / <wav 
	$ 
	0 <line -2> "Take a break…press SPACEBAR when ready.", <line 0> "ここで休憩してください。次のセクションへ進む準備ができたらスペ－スバ－を押してください。"; 
	$ 
	-21221220 <ms% 250> "+" / <wav 2> "sg-20-p" / <ms% 500> / <wav 
	2> 
	2> 
	2> 
	2> 
	"lv-20-p" / <ms% 500> / <wav 2> "lv-20-c" * /; 

	-22113220 <ms% 250> "+" / <wav 2> "lv-20-p" / <ms% 500> / <wav 

	2> 
	2> 
	"gc-20-p" / <ms% 500> / <wav 2> "gc-20-c" * /; +12122220 <ms% 250> "+" / <wav 2> "gc-20-p" / <ms% 500> / <wav 

	2> 
	2> 
	"sg-20-p" / <ms% 500> / <wav 2> "gc-20-c" * /; +11211223 <ms% 250> "+" / <wav 2> "sg-23-p" / <ms% 500> / <wav 

	2> 
	2> 
	"lv-23-p" / <ms% 500> / <wav 2> "sg-23-c" * /; -21223223 <ms% 250> "+" / <wav 2> "gc-23-p" / <ms% 500> / <wav 

	2> 
	2> 
	"lv-23-p" / <ms% 500> / <wav 2> "lv-23-c" * /; -22112223 <ms% 250> "+" / <wav 2> "gc-23-p" / <ms% 500> / <wav 

	2> 
	2> 
	"sg-23-p" / <ms% 500> / <wav 2> "sg-23-c" * /; -21223227 <ms% 250> "+" / <wav 2> "gc-27-p" / <ms% 500> / <wav 

	2> 
	2> 
	"lv-27-p" / <ms% 500> / <wav 2> "lv-27-c" * /; -22112227 <ms% 250> "+" / <wav 2> "gc-27-p" / <ms% 500> / <wav 

	2> 
	2> 
	"sg-27-p" / <ms% 500> / <wav 2> "sg-27-c" * /; +12121227 <ms% 250> "+" / <wav 2> "lv-27-p" / <ms% 500> / <wav 

	2> 
	2> 
	"sg-27-p" / <ms% 500> / <wav 2> "lv-27-c" * /; +11212228 <ms% 250> "+" / <wav 2> "sg-28-p" / <ms% 500> / <wav 

	2> 
	2> 
	"gc-28-p" / <ms% 500> / <wav 2> "sg-28-c" * /; -22111228 <ms% 250> "+" / <wav 2> "lv-28-p" / <ms% 500> / <wav 

	2> 
	2> 
	"sg-28-p" / <ms% 500> / <wav 2> "sg-28-c" * /; +12123228 <ms% 250> "+" / <wav 2> "lv-28-p" / <ms% 500> / <wav 

	2> 
	2> 
	"gc-28-p" / <ms% 500> / <wav 2> "lv-28-c" * /; +11211230 <ms% 250> "+" / <wav 2> "sg-30-p" / <ms% 500> / <wav 

	2> 
	2> 
	"lv-30-p" / <ms% 500> / <wav 2> "sg-30-c" * /; +11213230 <ms% 250> "+" / <wav 2> "gc-30-p" / <ms% 500> / <wav 

	2> 
	2> 
	"lv-30-p" / <ms% 500> / <wav 2> "gc-30-c" * /; -21222230 <ms% 250> "+" / <wav 2> "sg-30-p" / <ms% 500> / <wav 

	2> 
	2> 
	"gc-30-p" / <ms% 500> / <wav 2> "gc-30-c" * /; +11212232 <ms% 250> "+" / <wav 2> "sg-32-p" / <ms% 500> / <wav 

	2> 
	2> 
	"gc-32-p" / <ms% 500> / <wav 2> "sg-32-c" * /; +12121232 <ms% 250> "+" / <wav 2> "lv-32-p" / <ms% 500> / <wav 

	2> 
	2> 
	"sg-32-p" / <ms% 500> / <wav 2> "lv-32-c" * /; +12123232 <ms% 250> "+" / <wav 2> "lv-32-p" / <ms% 500> / <wav 

	2> 
	2> 
	2> 
	"gc-32-p" / <ms% 500> / <wav 2> "lv-32-c" * /; 

	+11213233 <ms% 250> "+" / <wav 2> "gc-33-p" / <ms% 500> / <wav 

	2> 
	2> 
	"lv-33-p" / <ms% 500> / <wav 2> "gc-33-c" * /; -21222233 <ms% 250> "+" / <wav 2> "sg-33-p" / <ms% 500> / <wav 

	2> 
	2> 
	"gc-33-p" / <ms% 500> / <wav 2> "gc-33-c" * /; -22111233 <ms% 250> "+" / <wav 2> "lv-33-p" / <ms% 500> / <wav 

	2> 
	2> 
	"sg-33-p" / <ms% 500> / <wav 2> "sg-33-c" * /; -21221235 <ms% 250> "+" / <wav 2> "sg-35-p" / <ms% 500> / <wav 

	2> 
	2> 
	"lv-35-p" / <ms% 500> / <wav 2> "lv-35-c" * /; -22113235 <ms% 250> "+" / <wav 2> "lv-35-p" / <ms% 500> / <wav 

	2> 
	2> 
	"gc-35-p" / <ms% 500> / <wav 2> "gc-35-c" * /; +12122235 <ms% 250> "+" / <wav 2> "gc-35-p" / <ms% 500> / <wav 

	2> 
	2> 
	"sg-35-p" / <ms% 500> / <wav 2> "gc-35-c" * /; +11211236 <ms% 250> "+" / <wav 2> "sg-36-p" / <ms% 500> / <wav 

	2> 
	2> 
	"lv-36-p" / <ms% 500> / <wav 2> "sg-36-c" * /; -22113236 <ms% 250> "+" / <wav 2> "lv-36-p" / <ms% 500> / <wav 

	2> 
	2> 
	"gc-36-p" / <ms% 500> / <wav 2> "gc-36-c" * /; +12122236 <ms% 250> "+" / <wav 2> "gc-36-p" / <ms% 500> / <wav 

	2> 
	2> 
	"sg-36-p" / <ms% 500> / <wav 2> "gc-36-c" * /; -21223237 <ms% 250> "+" / <wav 2> "gc-37-p" / <ms% 500> / <wav 

	2> 
	2> 
	"lv-37-p" / <ms% 500> / <wav 2> "lv-37-c" * /; -22112237 <ms% 250> "+" / <wav 2> "gc-37-p" / <ms% 500> / <wav 

	2> 
	2> 
	"sg-37-p" / <ms% 500> / <wav 2> "sg-37-c" * /; +12121237 <ms% 250> "+" / <wav 2> "lv-37-p" / <ms% 500> / <wav 

	2> 
	2> 
	"sg-37-p" / <ms% 500> / <wav 2> "lv-37-c" * /; +11213239 <ms% 250> "+" / <wav 2> "gc-39-p" / <ms% 500> / <wav 

	2> 
	2> 
	"lv-39-p" / <ms% 500> / <wav 2> "gc-39-c" * /; -21221239 <ms% 250> "+" / <wav 2> "sg-39-p" / <ms% 500> / <wav 

	2> 
	2> 
	"lv-39-p" / <ms% 500> / <wav 2> "lv-39-c" * /; -21222239 <ms% 250> "+" / <wav 2> "sg-39-p" / <ms% 500> / <wav 

	2> 
	2> 
	"gc-39-p" / <ms% 500> / <wav 2> "gc-39-c" * /; +11212242 <ms% 250> "+" / <wav 2> "sg-42-p" / <ms% 500> / <wav 

	2> 
	2> 
	"gc-42-p" / <ms% 500> / <wav 2> "sg-42-c" * /; -22111242 <ms% 250> "+" / <wav 2> "lv-42-p" / <ms% 500> / <wav 

	2> "sg-42-p" / <ms% 500> / <wav 2> "sg-42-c" * /; 
	2> "sg-42-p" / <ms% 500> / <wav 2> "sg-42-c" * /; 
	+12123242 <ms% 250> "+" / <wav 2> "lv-42-p" / <ms% 500> / <wav 

	2> "gc-42-p" / <ms% 500> / <wav 2> "lv-42-c" * /; 

	$ 
	0 <line -2> "Take a break…press SPACEBAR when ready.", <line 0> "ここで休憩してください。次のセクションへ進む準備ができたらスペ－スバ－を押してください。"; 
	$ 
	+11212320 <ms% 250> "+" / <wav 2> "sg-20-p" / <ms% 500> / <wav 
	2> "gc-20-p" / <ms% 500> / <wav 2> "sg-20-c" * /; 
	2> "gc-20-p" / <ms% 500> / <wav 2> "sg-20-c" * /; 
	2> "gc-20-p" / <ms% 500> / <wav 2> "sg-20-c" * /; 
	-22111320 <ms% 250> "+" / <wav 2> "lv-20-p" / <ms% 500> / <wav 

	2> "sg-20-p" / <ms% 500> / <wav 2> "sg-20-c" * /; 
	2> "sg-20-p" / <ms% 500> / <wav 2> "sg-20-c" * /; 
	+12123320 <ms% 250> "+" / <wav 2> "lv-20-p" / <ms% 500> / <wav 

	2> "gc-20-p" / <ms% 500> / <wav 2> "lv-20-c" * /; 
	2> "gc-20-p" / <ms% 500> / <wav 2> "lv-20-c" * /; 
	-21221323 <ms% 250> "+" / <wav 2> "sg-23-p" / <ms% 500> / <wav 

	2> "lv-23-p" / <ms% 500> / <wav 2> "lv-23-c" * /; 
	2> "lv-23-p" / <ms% 500> / <wav 2> "lv-23-c" * /; 
	-22113323 <ms% 250> "+" / <wav 2> "lv-23-p" / <ms% 500> / <wav 

	2> "gc-23-p" / <ms% 500> / <wav 2> "gc-23-c" * /; 
	2> "gc-23-p" / <ms% 500> / <wav 2> "gc-23-c" * /; 
	+12122323 <ms% 250> "+" / <wav 2> "gc-23-p" / <ms% 500> / <wav 

	2> "sg-23-p" / <ms% 500> / <wav 2> "gc-23-c" * /; 
	2> "sg-23-p" / <ms% 500> / <wav 2> "gc-23-c" * /; 
	+11211327 <ms% 250> "+" / <wav 2> "sg-27-p" / <ms% 500> / <wav 

	2> "lv-27-p" / <ms% 500> / <wav 2> "sg-27-c" * /; 
	2> "lv-27-p" / <ms% 500> / <wav 2> "sg-27-c" * /; 
	-22113327 <ms% 250> "+" / <wav 2> "lv-27-p" / <ms% 500> / <wav 

	2> "gc-27-p" / <ms% 500> / <wav 2> "gc-27-c" * /; 
	2> "sg-27-p" / <ms% 500> / <wav 2> "gc-27-c" * /; 
	2> "lv-28-p" / <ms% 500> / <wav 2> "gc-28-c" * /; 
	2> "gc-28-p" / <ms% 500> / <wav 2> "gc-28-c" * /; 
	2> "sg-28-p" / <ms% 500> / <wav 2> "lv-28-c" * /; 
	2> 
	2> 
	2> 
	"lv-30-p" / <ms% 500> / <wav 2> "lv-30-c" * /; 

	-21223330 <ms% 250> "+" / <wav 2> "gc-30-p" / <ms% 500> / <wav 

	2> 
	2> 
	"lv-30-p" / <ms% 500> / <wav 2> "lv-30-c" * /; -22112330 <ms% 250> "+" / <wav 2> "gc-30-p" / <ms% 500> / <wav 

	2> 
	2> 
	"sg-30-p" / <ms% 500> / <wav 2> "sg-30-c" * /; +11211332 <ms% 250> "+" / <wav 2> "sg-32-p" / <ms% 500> / <wav 

	2> 
	2> 
	"lv-32-p" / <ms% 500> / <wav 2> "sg-32-c" * /; +11213332 <ms% 250> "+" / <wav 2> "gc-32-p" / <ms% 500> / <wav 

	2> 
	2> 
	"lv-32-p" / <ms% 500> / <wav 2> "gc-32-c" * /; -21222332 <ms% 250> "+" / <wav 2> "sg-32-p" / <ms% 500> / <wav 

	2> 
	2> 
	"gc-32-p" / <ms% 500> / <wav 2> "gc-32-c" * /; -21223333 <ms% 250> "+" / <wav 2> "gc-33-p" / <ms% 500> / <wav 

	2> 
	2> 
	"lv-33-p" / <ms% 500> / <wav 2> "lv-33-c" * /; -22112333 <ms% 250> "+" / <wav 2> "gc-33-p" / <ms% 500> / <wav 

	2> 
	2> 
	"sg-33-p" / <ms% 500> / <wav 2> "sg-33-c" * /; +12121333 <ms% 250> "+" / <wav 2> "lv-33-p" / <ms% 500> / <wav 

	2> 
	2> 
	"sg-33-p" / <ms% 500> / <wav 2> "lv-33-c" * /; +11212335 <ms% 250> "+" / <wav 2> "sg-35-p" / <ms% 500> / <wav 

	2> 
	2> 
	"gc-35-p" / <ms% 500> / <wav 2> "sg-35-c" * /; -22111335 <ms% 250> "+" / <wav 2> "lv-35-p" / <ms% 500> / <wav 

	2> 
	2> 
	"sg-35-p" / <ms% 500> / <wav 2> "sg-35-c" * /; +12123335 <ms% 250> "+" / <wav 2> "lv-35-p" / <ms% 500> / <wav 

	2> 
	2> 
	"gc-35-p" / <ms% 500> / <wav 2> "lv-35-c" * /; +11212336 <ms% 250> "+" / <wav 2> "sg-36-p" / <ms% 500> / <wav 

	2> 
	2> 
	"gc-36-p" / <ms% 500> / <wav 2> "sg-36-c" * /; -21221336 <ms% 250> "+" / <wav 2> "sg-36-p" / <ms% 500> / <wav 

	2> 
	2> 
	"lv-36-p" / <ms% 500> / <wav 2> "lv-36-c" * /; +12123336 <ms% 250> "+" / <wav 2> "lv-36-p" / <ms% 500> / <wav 

	2> 
	2> 
	"gc-36-p" / <ms% 500> / <wav 2> "lv-36-c" * /; +11211337 <ms% 250> "+" / <wav 2> "sg-37-p" / <ms% 500> / <wav 

	2> 
	2> 
	"lv-37-p" / <ms% 500> / <wav 2> "sg-37-c" * /; -22113337 <ms% 250> "+" / <wav 2> "lv-37-p" / <ms% 500> / <wav 

	2> 
	2> 
	"gc-37-p" / <ms% 500> / <wav 2> "gc-37-c" * /; +12122337 <ms% 250> "+" / <wav 2> "gc-37-p" / <ms% 500> / <wav 

	2> "sg-37-p" / <ms% 500> / <wav 2> "gc-37-c" * /; 
	2> "sg-37-p" / <ms% 500> / <wav 2> "gc-37-c" * /; 
	-21223339 <ms% 250> "+" / <wav 2> "gc-39-p" / <ms% 500> / <wav 

	2> "lv-39-p" / <ms% 500> / <wav 2> "lv-39-c" * /; 
	2> "lv-39-p" / <ms% 500> / <wav 2> "lv-39-c" * /; 
	-22111339 <ms% 250> "+" / <wav 2> "lv-39-p" / <ms% 500> / <wav 

	2> "sg-39-p" / <ms% 500> / <wav 2> "sg-39-c" * /; 
	2> "sg-39-p" / <ms% 500> / <wav 2> "sg-39-c" * /; 
	-22112339 <ms% 250> "+" / <wav 2> "gc-39-p" / <ms% 500> / <wav 

	2> "sg-39-p" / <ms% 500> / <wav 2> "sg-39-c" * /; 
	2> "sg-39-p" / <ms% 500> / <wav 2> "sg-39-c" * /; 
	+11213342 <ms% 250> "+" / <wav 2> "gc-42-p" / <ms% 500> / <wav 

	2> "lv-42-p" / <ms% 500> / <wav 2> "gc-42-c" * /; 
	2> "lv-42-p" / <ms% 500> / <wav 2> "gc-42-c" * /; 
	-21222342 <ms% 250> "+" / <wav 2> "sg-42-p" / <ms% 500> / <wav 

	2> "gc-42-p" / <ms% 500> / <wav 2> "gc-42-c" * /; 
	2> "gc-42-p" / <ms% 500> / <wav 2> "gc-42-c" * /; 
	+12121342 <ms% 250> "+" / <wav 2> "lv-42-p" / <ms% 500> / <wav 

	2> "sg-42-p" / <ms% 500> / <wav 2> "lv-42-c" * /; 

	+12122327 <ms% 250> "+" / <wav 2> "gc-27-p" / <ms% 500> / <wav 
	+11213328 <ms% 250> "+" / <wav 2> "gc-28-p" / <ms% 500> / <wav 
	-21222328 <ms% 250> "+" / <wav 2> "sg-28-p" / <ms% 500> / <wav 
	+12121328 <ms% 250> "+" / <wav 2> "lv-28-p" / <ms% 500> / <wav 
	-21221330 <ms% 250> "+" / <wav 2> "sg-30-p" / <ms% 500> / <wav 
	$ 
	0 <line -2> "Take a break…press SPACEBAR when ready.", <line 0> "ここで休憩してください。次のセクションへ進む準備ができたらスペ－スバ－を押してください。"; 
	$ 
	+11213420 <ms% 250> "+" / <wav 2> "gc-20-p" / <ms% 500> / <wav 
	2> "lv-20-p" / <ms% 500> / <wav 2> "gc-20-c" * /; 
	2> "lv-20-p" / <ms% 500> / <wav 2> "gc-20-c" * /; 
	2> "lv-20-p" / <ms% 500> / <wav 2> "gc-20-c" * /; 
	-21222420 <ms% 250> "+" / <wav 2> "sg-20-p" / <ms% 500> / <wav 

	2> "gc-20-p" / <ms% 500> / <wav 2> "gc-20-c" * /; 
	2> "gc-20-p" / <ms% 500> / <wav 2> "gc-20-c" * /; 
	+12121420 <ms% 250> "+" / <wav 2> "lv-20-p" / <ms% 500> / <wav 

	2> "sg-20-p" / <ms% 500> / <wav 2> "lv-20-c" * /; 
	2> "gc-23-p" / <ms% 500> / <wav 2> "sg-23-c" * /; 
	2> "sg-23-p" / <ms% 500> / <wav 2> "sg-23-c" * /; 
	2> "gc-23-p" / <ms% 500> / <wav 2> "lv-23-c" * /; 
	2> "gc-27-p" / <ms% 500> / <wav 2> "sg-27-c" * /; 
	2> "lv-27-p" / <ms% 500> / <wav 2> "lv-27-c" * /; 
	2> "gc-27-p" / <ms% 500> / <wav 2> "lv-27-c" * /; 
	2> "gc-27-p" / <ms% 500> / <wav 2> "lv-27-c" * /; 
	+11211428 <ms% 250> "+" / <wav 2> "sg-28-p" / <ms% 500> / <wav 

	2> 
	2> 
	2> 
	"lv-28-p" / <ms% 500> / <wav 2> "sg-28-c" * /; 

	-21223428 <ms% 250> "+" / <wav 2> "gc-28-p" / <ms% 500> / <wav 

	2> 
	2> 
	2> 
	"lv-28-p" / <ms% 500> / <wav 2> "lv-28-c" * /; 

	-22112428 <ms% 250> "+" / <wav 2> "gc-28-p" / <ms% 500> / <wav 

	2> 
	2> 
	2> 
	"sg-28-p" / <ms% 500> / <wav 2> "sg-28-c" * /; 

	-22111430 <ms% 250> "+" / <wav 2> "lv-30-p" / <ms% 500> / <wav 

	2> 
	2> 
	2> 
	"sg-30-p" / <ms% 500> / <wav 2> "sg-30-c" * /; 

	-22113430 <ms% 250> "+" / <wav 2> "lv-30-p" / <ms% 500> / <wav 

	2> 
	2> 
	2> 
	"gc-30-p" / <ms% 500> / <wav 2> "gc-30-c" * /; 

	+12122430 <ms% 250> "+" / <wav 2> "gc-30-p" / <ms% 500> / <wav 

	2> 
	2> 
	2> 
	"sg-30-p" / <ms% 500> / <wav 2> "gc-30-c" * /; 

	-21221432 <ms% 250> "+" / <wav 2> "sg-32-p" / <ms% 500> / <wav 

	2> 
	2> 
	2> 
	"lv-32-p" / <ms% 500> / <wav 2> "lv-32-c" * /; 

	-21223432 <ms% 250> "+" / <wav 2> "gc-32-p" / <ms% 500> / <wav 

	2> 
	2> 
	2> 
	"lv-32-p" / <ms% 500> / <wav 2> "lv-32-c" * /; 

	-22112432 <ms% 250> "+" / <wav 2> "gc-32-p" / <ms% 500> / <wav 

	2> 
	2> 
	2> 
	"sg-32-p" / <ms% 500> / <wav 2> "sg-32-c" * /; 

	+11211433 <ms% 250> "+" / <wav 2> "sg-33-p" / <ms% 500> / <wav 

	2> 
	2> 
	2> 
	"lv-33-p" / <ms% 500> / <wav 2> "sg-33-c" * /; 

	-22113433 <ms% 250> "+" / <wav 2> "lv-33-p" / <ms% 500> / <wav 

	2> 
	2> 
	"gc-33-p" / <ms% 500> / <wav 2> "gc-33-c" * /; 

	2> 
	2> 
	"sg-33-p" / <ms% 500> / <wav 2> "gc-33-c" * /; 

	2> 
	2> 
	"lv-35-p" / <ms% 500> / <wav 2> "gc-35-c" * /; 

	2> 
	2> 
	"gc-35-p" / <ms% 500> / <wav 2> "gc-35-c" * /; 

	2> 
	2> 
	"sg-35-p" / <ms% 500> / <wav 2> "lv-35-c" * /; 

	2> 
	2> 
	"lv-36-p" / <ms% 500> / <wav 2> "gc-36-c" * /; 

	2> 
	2> 
	2> 
	"gc-36-p" / <ms% 500> / <wav 2> "gc-36-c" * /; 

	-22111436 <ms% 250> "+" / <wav 2> "lv-36-p" / <ms% 500> / <wav 

	2> "sg-36-p" / <ms% 500> / <wav 2> "sg-36-c" * /; 
	2> "sg-36-p" / <ms% 500> / <wav 2> "sg-36-c" * /; 
	+11212437 <ms% 250> "+" / <wav 2> "sg-37-p" / <ms% 500> / <wav 

	2> "gc-37-p" / <ms% 500> / <wav 2> "sg-37-c" * /; 
	2> "gc-37-p" / <ms% 500> / <wav 2> "sg-37-c" * /; 
	-21221437 <ms% 250> "+" / <wav 2> "sg-37-p" / <ms% 500> / <wav 

	2> "lv-37-p" / <ms% 500> / <wav 2> "lv-37-c" * /; 
	2> "lv-37-p" / <ms% 500> / <wav 2> "lv-37-c" * /; 
	+12123437 <ms% 250> "+" / <wav 2> "lv-37-p" / <ms% 500> / <wav 

	2> "gc-37-p" / <ms% 500> / <wav 2> "lv-37-c" * /; 
	2> "gc-37-p" / <ms% 500> / <wav 2> "lv-37-c" * /; 
	-22113439 <ms% 250> "+" / <wav 2> "lv-39-p" / <ms% 500> / <wav 

	2> "gc-39-p" / <ms% 500> / <wav 2> "gc-39-c" * /; 
	2> "gc-39-p" / <ms% 500> / <wav 2> "gc-39-c" * /; 
	+12121439 <ms% 250> "+" / <wav 2> "lv-39-p" / <ms% 500> / <wav 

	2> "sg-39-p" / <ms% 500> / <wav 2> "lv-39-c" * /; 
	2> "sg-39-p" / <ms% 500> / <wav 2> "lv-39-c" * /; 
	+12122439 <ms% 250> "+" / <wav 2> "gc-39-p" / <ms% 500> / <wav 

	2> "sg-39-p" / <ms% 500> / <wav 2> "gc-39-c" * /; 
	2> "sg-39-p" / <ms% 500> / <wav 2> "gc-39-c" * /; 
	+11211442 <ms% 250> "+" / <wav 2> "sg-42-p" / <ms% 500> / <wav 

	2> "lv-42-p" / <ms% 500> / <wav 2> "sg-42-c" * /; 
	2> "lv-42-p" / <ms% 500> / <wav 2> "sg-42-c" * /; 
	-21223442 <ms% 250> "+" / <wav 2> "gc-42-p" / <ms% 500> / <wav 

	2> "lv-42-p" / <ms% 500> / <wav 2> "lv-42-c" * /; 
	2> "lv-42-p" / <ms% 500> / <wav 2> "lv-42-c" * /; 
	-22112442 <ms% 250> "+" / <wav 2> "gc-42-p" / <ms% 500> / <wav 

	2> "sg-42-p" / <ms% 500> / <wav 2> "sg-42-c" * /; 

	+11212423 <ms% 250> "+" / <wav 2> "sg-23-p" / <ms% 500> / <wav 
	-22111423 <ms% 250> "+" / <wav 2> "lv-23-p" / <ms% 500> / <wav 
	+12123423 <ms% 250> "+" / <wav 2> "lv-23-p" / <ms% 500> / <wav 
	+11212427 <ms% 250> "+" / <wav 2> "sg-27-p" / <ms% 500> / <wav 
	-21221427 <ms% 250> "+" / <wav 2> "sg-27-p" / <ms% 500> / <wav 
	+12123427 <ms% 250> "+" / <wav 2> "lv-27-p" / <ms% 500> / <wav 
	+12122433 <ms% 250> "+" / <wav 2> "gc-33-p" / <ms% 500> / <wav 
	+11213435 <ms% 250> "+" / <wav 2> "gc-35-p" / <ms% 500> / <wav 
	-21222435 <ms% 250> "+" / <wav 2> "sg-35-p" / <ms% 500> / <wav 
	+12121435 <ms% 250> "+" / <wav 2> "lv-35-p" / <ms% 500> / <wav 
	+11213436 <ms% 250> "+" / <wav 2> "gc-36-p" / <ms% 500> / <wav 
	-21222436 <ms% 250> "+" / <wav 2> "sg-36-p" / <ms% 500> / <wav 
	\ 
	0 <line -1> "The End...thank you very much for participating", <line 1> "Please call the experimenter.お疲れ様でした。これでこのタスクは終わりです。小島を呼んでください。", <line 2> "[Experimenter: Press Esc to Save the data]"; 
	(2)LexicalDecisionTask 
	<ep> <azk> <NumberOfItems 198> <scramble 66> <ContinuousRun> <Delay 158> <FrameDuration 250> <Timeout 2200> <id "Keyboard"> <mr +Space> <MapNegativeResponse "+Left Alt"> <MapPositiveResponse "+Right Alt"> <vm 1024,768,768,32,0><eop> 
	$ 
	0 <line -9> "Instructions(はじめに)”,<line -8> ”Youwillhearshortwords thatmayor maynotberealwordsinJapanese”,<line -6> “ifitisarealexistingwordinJapanese,press theRIGHT(yes)key”,<line -5> “PresstheLEFT(no)keyifwhatyouhearisNOTa realwordinJapanese.”,<line -3> “ Pleaseansweras accurately and as QUICKLY as possible.”,<line -1> “PressSPACEBARtostartashortpracticewithfeedback”,<line 1> “これから、音声ファイルを聞いていただきます。”,<line 3> “日本語の単語の時は右YESボタンを”, <line 4> ”日本語でない時は左NOボタンを押してください。”, <line 6> "音声を聞いて、できるかぎり正確に、早く、ボタンを押してください
	999 <ms% 2000> "+" /; $ 
	+11201001 <cfb "○"> <wfb "×"> <tlfb "Too slowもう少し早く"> <wav 2> "migi" * /; 
	+11301002 <cfb "○"> <wfb "×"> <tlfb "Too slowもう少し早く"> <wav 2> "sakana" 
	* /; 
	+11401003 <cfb "○"> <wfb "×"> <tlfb "Too slowもう少し早く"> <wav 2> "wasureru" * /; +11501004 <cfb "○"> <wfb "×"> <tlfb "Too slowもう少し早く"> <wav 2> 
	"atatakai" * /; +11201005 <cfb "○"> <wfb "×"> <tlfb "Too slowもう少し早く"> <wav 2> "tsuku" 
	* /; 
	-11201006 <cfb "○"> <wfb "×"> <tlfb "Too slowもう少し早く"> <wav 2> "odo" * /; -11301007 <cfb "○"> <wfb "×"> <tlfb "Too slowもう少し早く"> <wav 2> 
	"shugoto" * /; 
	-11401008 <cfb "○"> <wfb "×"> <tlfb "Too slowもう少し早く"> <wav 2> "gankoku" * /; -11501009 <cfb "○"> <wfb "×"> <tlfb "Too slowもう少し早く"> <wav 2> 
	"zanposuru" * /; 
	-11301010 <cfb "○"> <wfb "×"> <tlfb "Too slowもう少し早く"> <wav 2> "gowai" 
	* /; 
	$ 
	0 <line -3> "Readyfortherealexperiment? Thefeedbackisnowturnedoff", 
	<line -1> "Respondasfastasyoucanwithoutmakingmistakes", <line 1> "Ifyou makeamistake,don'tworryandkeepgoing!", <line 2> "ここから実際の実験がはじまります。正解、不正解などのフィ－ドバックはありません。", <line 3> "間違わずになるべく早く答えてください。間違えても気にせず、どんどん次に進んでください。", <line 4>"...press SPACEBAR when 
	ready",<line 6> "準備ができたら、スペ－スバ－を押して実験を開始してください。"; 
	999 <nfb> <ms% 2000> /; 
	$ 
	\ 
	+11112101 <wav 2> "sg1-p" * /; +11111104 <wav 2> "sg4-c" * /; +11112107 <wav 2> "sg7-p" * /; +11111110 <wav 2> "sg10-c" * /; +11221201 <wav 2> "lv1-c" * /; +11222204 <wav 2> "lv4-p" * /; +11221207 <wav 2> "lv7-c" * /; +11222210 <wav 2> "lv10-p" * /; +11332301 <wav 2> "gc1-p" * /; +11331304 <wav 2> "gc4-c" * /; +11332307 <wav 2> "gc7-p" * /; +11331310 <wav 2> "gc10-c" * /; -81312103 <wav 2> "sg3-G-p" * /; -81311106 <wav 2> "sg6-G-c" * /; -81312109 <wav 2> "sg9-G-p" * /; -81311112 <wav 2> "sg12-G-c" * /; 
	-81121203 <wav 2> "lv3-S-c" * /; 
	-81122206 -81121209 -81122212 -81132303 -81131306 -81132309 -81131312 -81211102 -81212105 -81211108 -81212111 -81322202 -81321205 -81322208 -81321211 -81231302 -81232305 -81231308 -81232311 +11205006 +11205009 +11205016 +11205019 +11305002 +11305005 +11305008 +11305038 +11405001 -81205010 -81205013 -81205016 
	<wav 2> "lv6-S-p" * /; <wav 2> "lv9-S-c" * /; <wav 2> "lv12-S-p" * /; <wav 2> "gc3-S-p" * /; <wav 2> "gc6-S-c" * /; <wav 2> "gc9-S-p" * /; <wav 2> "gc12-S-c" * /; <wav 2> "sg2-L-c" * /; <wav 2> "sg5-L-p" * /; <wav 2> "sg8-L-c" * /; <wav 2> "sg11-L-p" * /; <wav 2> "lv2-G-p" * /; <wav 2> "lv5-G-c" * /; <wav 2> "lv8-G-p" * /; <wav 2> "lv11-G-c" * /; <wav 2> "gc2-L-c" * /; <wav 2> "gc5-L-p" * /; <wav 2> "gc8-L-c" * /; <wav 2> "gc11-L-p" * /; <wav 2> "dasu" * /; <wav 2> "batsu" * /; <wav 2> "imi" * /; <wav 2> "m
	-81205019 <wav 2> "nigi" * /; 
	-81305002 <wav 2> "agai" * /; -81305005 <wav 2> "manika" * /; -81305024 <wav 2> "hitari" * /; -81305038 <wav 2> "soshute" * /; -81405001 <wav 2> "oniyage" * /; +11205005 <wav 2> "tada" * /; +11205010 <wav 2> "mune" * /; +11205011 <wav 2> "mochi" * /; +11205012 <wav 2> "yaku" * /; +11205013 <wav 2> "rishi" * /; +11305011 <wav 2> "hanasu" * /; +11305012 <wav 2> "taberu" * /; +11305013 <wav 2> "kisetsu" * /; +11305014 <wav 2> "rekishi" * /; +11305015 <wav 2> "odoru" * /; +11305016 <wav 2> "eiga" * /; +11305017
	$ 
	0 <line -2> "Take a break…press SPACEBAR when ready.", <line 0> "ここで休憩してください。次のセクションへ進む準備ができたらスペ－スバ－を押してください。"; 
	999 <ms% 2000> "+" /; 
	$ 
	+12111102 <wav 2> "sg2-c" * /; +12112105 <wav 2> "sg5-p" * /; +12111108 <wav 2> "sg8-c" * /; +12112111 <wav 2> "sg11-p" * /; +12222202 <wav 2> "lv2-p" * /; +12221205 <wav 2> "lv5-c" * /; +12222208 <wav 2> "lv8-p" * /; +12221211 <wav 2> "lv11-c" * /; 
	+12331302 <wav 2> "gc2-c" * /; 
	+12332305 +12331308 +12332311 -82312101 -82311104 -82312107 -82311110 -82121201 -82122204 -82121207 -82122210 -82132301 -82131304 -82132307 -82131310 -82212103 -82211106 -82212109 -82211112 -82321203 -82322206 -82321209 -82322212 -82232303 -82231306 -82232309 -82231312 +12205007 +12205014 +12205017 +12205020 
	<wav 2> "gc5-p" * /; <wav 2> "gc8-c" * /; <wav 2> "gc11-p" * /; <wav 2> "sg1-G-p" * /; <wav 2> "sg4-G-c" * /; <wav 2> "sg7-G-p" * /; <wav 2> "sg10-G-c" * /; <wav 2> "lv1-S-c" * /; <wav 2> "lv4-S-p" * /; <wav 2> "lv7-S-c" * /; <wav 2> "lv10-S-p" * /; <wav 2> "gc1-S-p" * /; <wav 2> "gc4-S-c" * /; <wav 2> "gc7-S-p" * /; <wav 2> "gc10-S-c" * /; <wav 2> "sg3-L-p" * /; <wav 2> "sg6-L-c" * /; <wav 2> "sg9-L-p" * /; <wav 2> "sg12-L-c" * /; <wav 2> "lv3-G-c" * /; <wav 2> "lv6-G-p" * /; <wav 2> "lv9-G-c" * /; <wav 2>
	+12305003 <wav 2> "honya" * /; 
	+12305006 <wav 2> "otera" * /; +12305009 <wav 2> "densha" * /; +12305039 <wav 2> "omise" * /; +12405002 <wav 2> "ongaku" * /; -82205011 <wav 2> "nochi" * /; -82205014 <wav 2> "achi" * /; -82205017 <wav 2> "eza" * /; -82205020 <wav 2> "muru" * /; -82305003 <wav 2> "bonya" * /; -82305006 <wav 2> "odera" * /; -82305025 <wav 2> "tengi" * /; -82305039 <wav 2> "omize" * /; -82405002 <wav 2> "ongaku" * /; +12305018 <wav 2> "kowai" * /; +12305019 <wav 2> "tsukue" * /; +12305020 <wav 2> "gohan" * /; +12305021 <wav 2
	$ 
	0 <line -2> "Take a break…press SPACEBAR when ready.", <line 0> "ここで休憩してください。次のセクションへ進む準備ができたらスペ－スバ－を押してください。"; 
	999 <ms% 2000> "+" /; 
	$ 
	+13112103 +13111106 +13112109 +13111112 +13221203 +13222206 +13221209 +13222212 +13332303 +13331306 +13332309 +13331312 -83311102 -83312105 -83311108 -83312111 -83122202 -83121205 -83122208 -83121211 -83131302 -83132305 -83131308 -83132311 -83212101 -83211104 -83212107 -83211110 -83321201 -83322204 -83321207 
	<wav 2> "sg3-p" * /; <wav 2> "sg6-c" * /; <wav 2> "sg9-p" * /; <wav 2> "sg12-c" * /; <wav 2> "lv3-c" * /; <wav 2> "lv6-p" * /; <wav 2> "lv9-c" * /; <wav 2> "lv12-p" * /; <wav 2> "gc3-p" * /; <wav 2> "gc6-c" * /; <wav 2> "gc9-p" * /; <wav 2> "gc12-c" * /; <wav 2> "sg2-G-c" * /; <wav 2> "sg5-G-p" * /; <wav 2> "sg8-G-c" * /; <wav 2> "sg11-G-p" * /; <wav 2> "lv2-S-p" * /; <wav 2> "lv5-S-c" * /; <wav 2> "lv8-S-p" * /; <wav 2> "lv11-S-c" * /; <wav 2> "gc2-S-c" * /; <wav 2> "gc5-S-p" * /; <wav 2> "gc8-S-c" * /; <w
	-83322210 <wav 2> "lv10-G-p" * /; 
	-83232301 -83231304 -83232307 -83231310 +13205008 +13205015 +13205018 +13305001 +13305004 +13305007 +13305010 +13305040 +13405003 -83205012 -83205015 -83205018 -83305001 -83305004 -83305023 -83305026 -83305040 -83405003 +13305030 +13305031 +13305032 +13305033 +13305034 +13305035 +13305036 +13305037 +13405004 
	<wav 2> "gc1-L-p" * /; <wav 2> "gc4-L-c" * /; <wav 2> "gc7-L-p" * /; <wav 2> "gc10-L-c" * /; <wav 2> "nodo" * /; <wav 2> "isu" * /; <wav 2> "oto" * /; <wav 2> "sakana" * /; <wav 2> "atama" * /; <wav 2> "yoyaku" * /; <wav 2> "ryokou" * /; <wav 2> "otoko" * /; <wav 2> "takusan" * /; <wav 2> "yagu" * /; <wav 2> "ishu" * /; <wav 2> "odo" * /; <wav 2> "sagana" * /; <wav 2> "nadama" * /; <wav 2> "dagara" * /; <wav 2> "megame" * /; <wav 2> "odoko" * /; <wav 2> "takuzan" * /; <wav 2> "tango" * /; <wav 2> "shiken" *
	+13405005 <wav 2> "yasumi" * /; 
	+13405006 <wav 2> "donna" * /; 
	+13405007 <wav 2> "suwaru" * /; 
	\ 
	0 <line -4> "The End...thank you for participating", <line -2> "お疲れ様でした。これでこの実験は終了です。", <line 0> "Please call the experimenter!", <line 2> "小島を呼んでください。実験にご参加いただき、まことにありがとうございました。", <line 4> 
	"[Experimenter: Press Esc to Save the data]"; 
	(3)ForcedLexicalChoice(FLeC) 
	<ep> <azk> <NumberOfItems 72> <scramble 36> <ContinuousRun> <Delay 158> 
	<FrameDuration 250> <Timeout 5000> <id "Keyboard"> <mr +Space> <MapNegativeResponse "+Right Alt"> <MapPositiveResponse "+Left Alt"> <vm 640,480,480,8,0> <eop> 
	$ 
	0 <line -8> ”Instructions”,<line -6> “Youwillhear2itemsinarow. ”, <line 
	-

	4> “Youhaveto decidewhichoneisarealJAPANESEword”,<line -2> “Pleasepressthe LEFT(1)ortheRIGHT(2)buttonasquicklyaspossible,”,<line 0> “PressLEFTifyouthink thattheoneistheJapaneseword”,<line 2> “andPressRIGHTifyouthinkthatthethe oneistheJapaneseword”,<line 4> “PressSPACEBARtostartwithashort practice.”; 
	first
	second

	0<line -10> ”はじめに”,<line -6> “このタスクは連続して2つの刺激音を聞いていただいた後、”,<line -4>“どちらが日本語の単語か判断していただくものです。", <line 2> “のものが日本語の単語だと思ったら左(1)キ－を、”,<line 4> “の音声が日本語の単語だと思ったら右(2)キ－をできるだけ早く押してください。”, <line 8> “スペ－スバ－を押すと短い練習セクションが始まります。－－”; 
	最初
	2番目

	999 <ms% 2000> "+" /; 
	$ 
	-11201006 <cfb "○"> <wfb "×"> <tlfb "Too slowもう少し早く"> <ms% 500> "+" 
	/ * <wav 2> "achi_NW" / <ms% 1000> / <wav 2> "akai_W" /; 
	+11301007 <cfb "○"> <wfb "×"> <tlfb "Too slowもう少し早く"> <ms% 500> "+" / * <wav 2> "dasu_W" / <ms% 1000> / <wav 2> "dazu_NW" /; 
	-11401008 <cfb "○"> <wfb "×"> <tlfb "Too slowもう少し早く"> <ms% 500> "+" / * <wav 2> "keka_NW" / <ms% 1000> / <wav 2> "kesa_W" /; 
	+11501009 <cfb "○"> <wfb "×"> <tlfb "Too slowもう少し早く"> <ms% 500> "+" / * <wav 2> "kesa_W" / <ms% 1000> / <wav 2> "dazu_NW" /; 
	-11301010 <cfb "○"> <wfb "×"> <tlfb "Too slowもう少し早く"> <ms% 500> "+" / * <wav 2> "keka_NW" / <ms% 1000> / <wav 2> "akai_W" /; 
	$ 
	0 <line -3> "Readyfortherealexperiment? Thefeedbackisnowturnedoff", 
	<line -1> "Respondasfastasyoucanwithoutmakingmistakes", <line 1> "Ifyou makeamistake,don'tworryandkeepgoing!", <line 2> "ここから実際の実験がはじまります。正解、不正解などのフィ－ドバックはありません。", <line 3> "間違わずになるべく早く答えてください。間違えても気にせず、どんどん次に進んでください。", <line 4>"...press SPACEBAR when 
	ready",<line 6> "準備ができたら、スペ－スバ－を押して実験を開始してください。"; 
	999 <nfb> <ms% 2000> /; 
	$ 
	\ 
	+113101 <ms% 300> "+" / * <wav 2> "gc1-c" / <ms% 1000> / <wav 2> "gc1-S-p" /; 
	+113111 <ms% 300> "+" / * <wav 2> "gc11-p" / <ms% 1000> / <wav 2> "gc11-S-c" /; 
	+113202 <ms% 300> "+" / * <wav 2> "gc2-p" / <ms% 1000> / <wav 2> "gc2-L-c" /; 
	+113204 <ms% 300> "+" / * <wav 2> "gc4-c" / <ms% 1000> / <wav 2> "gc4-L-p" /; 
	+113206 <ms% 300> "+" / * <wav 2> "gc6-p" / <ms% 1000> / <wav 
	2> "gc6-L-c" /; 
	+113208 <ms% 300> "+" / * <wav 2> "gc8-c" / <ms% 1000> / <wav 2> "gc8-L-p" /; 
	+112101 <ms% 300> "+" / * <wav 2> "lv1-c" / <ms% 1000> / <wav 2> "lv1-S-p" /; 
	+112111 <ms% 300> "+" / * <wav 2> "lv11-p" / <ms% 1000> / <wav 2> "lv11-S-c" /; 
	+112302 <ms% 300> "+" / * <wav 2> "lv2-p" / <ms% 1000> / <wav 2> "lv2-G-c" /; 
	+112304 <ms% 300> "+" / * <wav 2> "lv4-c" / <ms% 1000> / <wav 2> "lv4-G-p" /; 
	+112306 <ms% 300> "+" / * <wav 2> "lv6-p" / <ms% 1000> / <wav 2> "lv6-G-c" /; 
	+112308 <ms% 300> "+" / * <wav 2> "lv8-c" / <ms% 1000> / <wav 2> "lv8-G-p" /; 
	+111301 <ms% 300> "+" / * <wav 2> "sg1-c" / <ms% 1000> / <wav 2> "sg1-G-p" /; 
	+111311 <ms% 300> "+" / * <wav 2> "sg11-p" / <ms% 1000> / <wav 2> "sg11-G-c" /; 
	+111202 <ms% 300> "+" / * <wav 2> "sg2-p" / <ms% 1000> / <wav 2> "sg2-L-c" /; 
	+111204 <ms% 300> "+" / * <wav 2> "sg4-c" / <ms% 1000> / <wav 2> "sg4-L-p" /; 
	+111206 <ms% 300> "+" / * <wav 2> "sg6-p" / <ms% 1000> / <wav 2> "sg6-L-c" /; 
	+111208 <ms% 300> "+" / * <wav 2> "sg8-c" / <ms% 1000> / <wav 2> "sg8-L-p" /; 
	-213110 <ms% 300> "+" / * <wav 2> "gc10-S-p" / <ms% 1000> / <wav 2> "gc10-c" /; 
	-213112 <ms% 300> "+" / * <wav 2> "gc12-S-c" / <ms% 1000> / <wav 2> "gc12-p" /; 
	-213203 <ms% 300> "+" / * <wav 2> "gc3-L-p" / <ms% 1000> / <wav 2> "gc3-c" /; 
	-213205 <ms% 300> "+" / * <wav 2> "gc5-L-c" / <ms% 1000> / 
	<wav 2> "gc5-p" /; 
	-213207 <ms% 300> "+" / * <wav 2> "gc7-L-p" / <ms% 1000> / <wav 2> "gc7-c" /; 
	-213209 <ms% 300> "+" / * <wav 2> "gc9-L-c" / <ms% 1000> / <wav 2> "gc9-p" /; 
	-212110 <ms% 300> "+" / * <wav 2> "lv10-S-p" / <ms% 1000> / <wav 2> "lv10-c" /; 
	-212112 <ms% 300> "+" / * <wav 2> "lv12-S-c" / <ms% 1000> / <wav 2> "lv12-p" /; 
	-212303 <ms% 300> "+" / * <wav 2> "lv3-G-p" / <ms% 1000> / <wav 2> "lv3-c" /; 
	-212305 <ms% 300> "+" / * <wav 2> "lv5-G-c" / <ms% 1000> / <wav 2> "lv5-p" /; 
	-212307 <ms% 300> "+" / * <wav 2> "lv7-G-p" / <ms% 1000> / <wav 2> "lv7-c" /; 
	-212309 <ms% 300> "+" / * <wav 2> "lv9-G-c" / <ms% 1000> / <wav 2> "lv9-p" /; 
	-211310 <ms% 300> "+" / * <wav 2> "sg10-G-p" / <ms% 1000> / <wav 2> "sg10-c" /; 
	-211312 <ms% 300> "+" / * <wav 2> "sg12-G-c" / <ms% 1000> / <wav 2> "sg12-p" /; 
	-211203 <ms% 300> "+" / * <wav 2> "sg3-L-p" / <ms% 1000> / <wav 2> "sg3-c" /; 
	-211205 <ms% 300> "+" / * <wav 2> "sg5-L-c" / <ms% 1000> / <wav 2> "sg5-p" /; 
	-211207 <ms% 300> "+" / * <wav 2> "sg7-L-p" / <ms% 1000> / <wav 2> "sg7-c" /; 
	-211209 <ms% 300> "+" / * <wav 2> "sg9-L-c" / <ms% 1000> / <wav 2> "sg9-p" /; 
	$ 
	0 <line -2> "Take a break…press SPACEBAR when ready.", <line 0> "ここで休憩してください。次のセクションへ進む準備ができたらスペ－スバ－を押してください。"; 
	999 <ms% 2000> "+" /; 
	$ 
	+123210 <ms% 300> "+" / * <wav 2> "gc10-p" / <ms% 1000> / <wav 2> "gc10-L-c" /; 
	+123212 <ms% 300> "+" / * <wav 2> "gc12-c" / <ms% 1000> / <wav 2> "gc12-L-p" /; 
	+123103 <ms% 300> "+" / * <wav 2> "gc3-p" / <ms% 1000> / <wav 2> "gc3-S-c" /; 
	+123105 <ms% 300> "+" / * <wav 2> "gc5-c" / <ms% 1000> / <wav 2> "gc5-S-p" /; 
	+123107 <ms% 300> "+" / * <wav 2> "gc7-p" / <ms% 1000> / <wav 2> "gc7-S-c" /; 
	+123109 <ms% 300> "+" / * <wav 2> "gc9-c" / <ms% 1000> / <wav 2> "gc9-S-p" /; 
	+122310 <ms% 300> "+" / * <wav 2> "lv10-p" / <ms% 1000> / <wav 2> "lv10-G-c" /; 
	+122312 <ms% 300> "+" / * <wav 2> "lv12-c" / <ms% 1000> / <wav 2> "lv12-G-p" /; 
	+122103 <ms% 300> "+" / * <wav 2> "lv3-p" / <ms% 1000> / <wav 2> "lv3-S-c" /; 
	+122105 <ms% 300> "+" / * <wav 2> "lv5-c" / <ms% 1000> / <wav 2> "lv5-S-p" /; 
	+122107 <ms% 300> "+" / * <wav 2> "lv7-p" / <ms% 1000> / <wav 2> "lv7-S-c" /; 
	+122109 <ms% 300> "+" / * <wav 2> "lv9-c" / <ms% 1000> / <wav 2> "lv9-S-p" /; 
	+121210 <ms% 300> "+" / * <wav 2> "sg10-p" / <ms% 1000> / <wav 2> "sg10-L-c" /; 
	+121212 <ms% 300> "+" / * <wav 2> "sg12-c" / <ms% 1000> / <wav 2> "sg12-L-p" /; 
	+121303 <ms% 300> "+" / * <wav 2> "sg3-p" / <ms% 1000> / <wav 2> "sg3-G-c" /; 
	+121305 <ms% 300> "+" / * <wav 2> "sg5-c" / <ms% 1000> / <wav 2> "sg5-G-p" /; 
	+121307 <ms% 300> "+" / * <wav 2> "sg7-p" / <ms% 1000> / <wav 2> "sg7-G-c" /; 
	+121309 <ms% 300> "+" / * <wav 2> "sg9-c" / <ms% 1000> / <wav 2> "sg9-G-p" /; 
	-223201 <ms% 300> "+" / * <wav 2> "gc1-L-c" / <ms% 1000> / <wav 2> "gc1-p" /; 
	-223211 <ms% 300> "+" / * <wav 2> "gc11-L-p" / <ms% 1000> / <wav 2> "gc11-c" /; 
	-223102 <ms% 300> "+" / * <wav 2> "gc2-S-p" / <ms% 1000> / <wav 2> "gc2-c" /; 
	-223104 <ms% 300> "+" / * <wav 2> "gc4-S-c" / <ms% 1000> / <wav 2> "gc4-p" /; 
	-223106 <ms% 300> "+" / * <wav 2> "gc6-S-p" / <ms% 1000> / <wav 2> "gc6-c" /; 
	-223108 <ms% 300> "+" / * <wav 2> "gc8-S-c" / <ms% 1000> / <wav 2> "gc8-p" /; 
	-222301 <ms% 300> "+" / * <wav 2> "lv1-G-c" / <ms% 1000> / <wav 2> "lv1-p" /; 
	-222311 <ms% 300> "+" / * <wav 2> "lv11-G-p" / <ms% 1000> / <wav 2> "lv11-c" /; 
	-222102 <ms% 300> "+" / * <wav 2> "lv2-S-p" / <ms% 1000> / <wav 2> "lv2-c" /; 
	-222104 <ms% 300> "+" / * <wav 2> "lv4-S-c" / <ms% 1000> / <wav 2> "lv4-p" /; 
	-222106 <ms% 300> "+" / * <wav 2> "lv6-S-p" / <ms% 1000> / <wav 2> "lv6-c" /; 
	-222108 <ms% 300> "+" / * <wav 2> "lv8-S-c" / <ms% 1000> / <wav 2> "lv8-p" /; 
	-221201 <ms% 300> "+" / * <wav 2> "sg1-L-c" / <ms% 1000> / <wav 2> "sg1-p" /; 
	-221211 <ms% 300> "+" / * <wav 2> "sg11-L-p" / <ms% 1000> / <wav 2> "sg11-c" /; 
	-221302 <ms% 300> "+" / * <wav 2> "sg2-G-p" / <ms% 1000> / <wav 2> "sg2-c" /; 
	-221304 <ms% 300> "+" / * <wav 2> "sg4-G-c" / <ms% 1000> 
	/ <wav 2> "sg4-p" /; 
	-221306 <ms% 300> "+" / * <wav 2> "sg6-G-p" / <ms% 1000> / <wav 2> "sg6-c" /; 
	-221308 <ms% 300> "+" / * <wav 2> "sg8-G-c" / <ms% 1000> / <wav 2> "sg8-p" /; 
	\ 
	0 <line -4> "The End...thank you for participating", <line -2> "お疲れ様でした。これでこの実験は終了です。", <line 0> "Please call the experimenter!", <line 2> "小島を呼んでください。実験にご参加いただき、まことにありがとうございました。", <line 4> 
	"[Experimenter: Press Esc to Save the data]"; 
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