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Rhythmic Cues and Possible-Word Constraints
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In two word-spotting experiments, Japanese listeners detected Japanese words faster in vowel contexts (e.g.
agura, to sit cross-legged, inagurg than in consonant contexts (e.ggurd). In the same experiments, however,
listeners spotted words in vowel contexts (esgru, monkey, insarug no faster than in moraic nasal contexts
(e.g.,saruN. In a third word-spotting experiment, words likai, sea urchin, followed contexts consisting of a
consonant-consonant-vowel mora (egy) plus either a moraic nasajyaNun), a vowel gyaoun) or a conso-
nant @yabun). Listeners spotted words as easily in the first as in the second context (where in each case the tar-
get words were aligned with mora boundaries), but found it almost impossible to spot words in the third (where
there was a single consonant, such as the [lglyabunj between the beginning of the word and the nearest pre-
ceding mora boundary). Three control experiments confirmed that these effects reflected the relative ease of seg
mentation of the words from their contexts. We argue that the listeners showed sensitivity to the viability of sound
sequences as possible Japanese words in the way that they parsed the speech into words. Since single consona
are not possible Japanese words, the listeners avoided lexical parses including single consonants and thus had di
ficulty recognizing words in the consonant contexts. Even though moraic nasals are also impossible words, they
were not difficult segmentation contexts because, as with the vowel contexts, the mora boundaries between the
contexts and the target words signaled likely word boundaries. Moraic rhythm appears to provide Japanese listen-
ers with important segmentation cues.© 2001 Academic Press
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Our understanding of human speech recogrése. Because the phonological structure of Japa
tion has been advanced by experiments in Jap&se is different in several important respects fron
that of Indo-European languages such as Englis!
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& Segui, 1986, 1992; Cutler & Norris, 1988).straint on speech segmentation. This is tha
Because spoken language is continuous, spokéamnguage rhythm is used as a segmentatio
word recognition entails segmentation of theue. This constraint must of course vary from
speech stream into words. Language rhythfanguage to language depending on the chara
provides one means by which listeners can sagristic rhythm of each particular language.
ment speech into discrete words. Evidence fdhe segmentation of syllable-timed French,
this view came from the target-monitoring taskSpanish, and Catalan appears to be based ¢
(Mehler, Dommergues, Frauenfelder, & Seguthe syllable; the segmentation of stress-timec
1981). French listeners detected consonarEnglish and Dutch appears to be based o
vowel (CV) sequences likka more rapidly in strong syllables.
balance where the target matches the first sylla- Japanese offered an ideal test of this proposa
ble of the word, than ibalcon where the target Japanese rhythm is based neither on syllable
mismatches with the first syllable of the worchor on stress. Instead, it is based on the mora,
(bal). When the targets were CVCs likal, re- subsyllabic unit which can be one of five differ-
sponses were faster bmlconthan tobalance ent types (see Vance, 1987, for further details)
Cutler et al. (1986) found similar effects wherV (e.g.,a), CV (e.g.ta), CCV (e.g.gya), a nasal
French listeners performed target monitoringoda consonant N (as in the second mora ¢
with similar materials in English. Results suchdondg ho-N.-da* or the third mora of futon;
as these led to the claim that French listeners useto-N), and a geminate (doubled) consonant C
the syllable-based rhythm of French in speede.g., the medial consonantMipponis a gemi-
segmentation. natep, which is part of both the coda of the first
Cutler et al. (1986) found, however, that Engsyllable and the onset of the second syllable
lish listeners did not show this sensitivity to sylni-Q.-po-N. It should be clear from this de-
lable structure: English listeners did not perforracription that although morae are often com-
in the same way as French listeners, neither wigtete syllables (e.g., the first syllabletahishi
English nor French materials. But evidence frorsnail, is the CV mor#a, i.e.,ta.-ni.-sh), there is
other tasks suggested that English listeners use one-to-one correspondence between more
the stress-based rhythm of English in speeemd syllables (e.g., the first syllable tainshi
segmentation (Cutler & Butterfield, 1992; Cutleterminal, is made up of two morae, the CV mors
& Norris, 1988). In a word-spotting task (Cutlerta plus the moraic nasal N, i.@a-N.-sh).
& Norris, 1988), where listeners were required Morae form the basic rhythmic units in Japan-
to spot real words embedded in nonsense worése speech. One way in which a language’
English listeners found it harder to detednt, rhythm can be observed is in its verse forms
for example, ilfmintayf(where the second sylla- Thus, regularity in the number of syllables per
ble is strong) than imintef (where the second line is important in French poetry, while regularity
syllable is weak). It was argued that a rhythmiim the number of metrical stresses per line is im
segmentation procedure acts to segment a stripgrtant in English poetry. Mora-based rhythm is
like mintayfat the onset of the strong second syfeund in Japanese poetry: the haiku, for example
lable (before the [t]), making it hard to detecis a verse form which is defined as having thres
mint But the procedure does not segnmairitef lines, consisting of five, seven and five morae, re
because the second syllable is weak. spectively. This convention reflects in part the ex:
The conclusion which was drawn from thesglicit coding of morae in Japanese orthography
studies in French and English (and related stuBach mora is coded by a singnacharacter.
ies in Spanish and Catalan by Pallier, Sebastian-Mora structure has strong influences on the
Gallés, Felguera, Christophe, & Mehler, 1993acoustic-phonetic form of the speech signal
Sebastian-Gallés, Dupoux, Segui, & MehleiSome authors have gone so far as to argue th
1992; and in Dutch by Vroomen, van Zon, &
de Gelder, 1996) was that, across the world'stye il use a period to indicate a syllable boundary and
languages, there is a language-universal cofhyphen to indicate a mora boundary.
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Japanese speech is strictly mora-timed. On orfgythm to segment speech. Their predictions
version of this view (e.g., Homma, 1981)were that because Japanese belongs to a diffe
speakers try to produce each mora in a given @nt rhythmic class than both French and Eng
terance with the same duration, and they tendlish, Japanese listeners would show a pattern ¢
do so by lengthening or shortening the differemterformance which was different from that of
segments within each mora to compensate fboth French and English listeners and that thi
inherent differences in segment lengths. Qpattern would reflect the rhythmic structure of
more recent accounts, compensation also opdapanese. These predictions were confirmec
ates between segments in different morae sulcha target-monitoring task, Japanese listener
that the durations of larger units (e.g., wordgpund it equally easy to detetz, for example,
tend to be predictable from the number of morae tanishi andtanshi presumably becauga is
in those larger units (e.g., Han, 1994; Porthe first mora of both words. But they found it
Dalby, & O'Dell, 1987). Although morae tendvery much harder to deteen in tanishi(with a
to be roughly of the same duration, there amiss rate over 60%) than ianshi(with a miss
significant exceptions to this rule (Beckmamate under 10%), presumably because the mol
1982), and there is recent evidence from thstructure oftan (CV-N) mismatches with the
analysis of spontaneous Japanese speech thatra structure of the former word (CV-CV-CV)
speakers do not make compensatory adjustit not the latter (CV-N-CV). Results from
ments in duration between morae within wordgshoneme detection experiments (Cutler & Otake
(Warner & Arai, 2001). 1994; Otake et al., 1996) have confirmed tha
Even if accounts of mora-based rhythm baseldpanese listeners are sensitive to the mora
on strict isochrony can thus be rejected, it restructure of Japanese.
mains the case that moraic structure has a centralhe study of Japanese thus strengthene
role to play in determining the rhythm of Japathe theory of metrical segmentation. But old
nese and that it is clearly coded in the speech sigabits die hard: our more recent research on le»
nal. Mora structure is still the best predictor oftal segmentation has reverted to the study ©
word duration in spontaneous Japanese, at lebdsio-European languages (McQueen, 1998
for most speakers (Warner & Arai, 2001), and apvicQueen, Norris & Cutler, 1994; Norris, Mc-
pears to determine the relative timing of vowelQueen, & Cutler, 1995; Norris, McQueen, Cut-
and consonants (Ramus, Nespor, & Mehleler, & Butterfield, 1997). Although these experi-
1999). Mora structure is thus coded in the signaients were narrowly focused on only Germanic
primarily by durational differences. One strikindanguages (English and Dutch), their scope wa
durational difference which is particularly imporin another sense very broad. The goal of thi
tant to the following argument is that moraicesearch effort was to provide a more complet
nasal consonants tend to be considerably longarcount of the process of spoken word seg
than nonmoraic nasal consonants (more thamentation and recognition in the form of an ex-
twice as long, according to the estimates of Safolicit computational model, the Shortlist model
1993, and of Otake, Yoneyama, Cutler, & van d€iNorris, 1994). An attempt was made to unify
Lugt, 1996). Otake et al. (1996), for examplethe many different results on segmentation ir
found that moraic nasals which formed the mene processing model.
dial morae in a set of 16 trimoraic words (e.g., the Central to Shortlist is the assumption that worc
N in tentq tent,te-N-tg were, on average, 151.5recognition is based on competition between carn
ms long, while nonmoraic nasal consonanwidate words. The words most consistent with the
which formed the onsets of the medial morae inacoustic-phonetic material in the speech input ar
second set of 16 trimoraic words (e.g., the /n/ iactivated, wherever they may begin, and ente
tenisy tennis,te-ni-sy, were, on average, only a shortlist. They then compete with each othe
63.7 ms long. through lateral inhibitory connections. This com-
Otake, Hatano, Cutler, and Mehler (1993petition process has strong empirical suppor
tested whether Japanese listeners use mof@ow & Gordon, 1995; McQueen et al., 1994;
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Norris et al., 1995; Shillcock, 1990; Tabossithese cues suggests that when the cues are av:
Burani, & Scott, 1995; Vitevitch & Luce, 1999; able in the speech signal, they will be used to as
Vroomen & de Gelder, 1995, 1997; Wallacesist in segmentation. The appropriate questiol
Stewart, & Malone, 1995; Wallace, Stewartto ask, therefore, is not how metrical segmenta
Shaffer, & Wilson, 1998; Wallace, Stewart, Shertion procedures alone can be instantiated il
man, & Mellor, 1995; Zwitserlood, 1989; Zwit- Shortlist, but how all these cues can act to im:
serlood & Schriefers, 1995). The competitioprove segmentation in a model of word recogni-
process alone provides a means by which thien based on lexical competition.
continuous input can be segmented into words. The second fact on which the answer to thi
Words likeenjoy, belowanddull, for example, question depends is that listeners appear to k
will be activated along with the correct wordsensitive to the viability of stretches of speech a
given the inputenjoyable overindulgenceéBut possible words in the speech stream (McQueel
the incorrect words will lose in the competitiorl998; McQueen & Cutler, 1998; Norris et al.,
process because together they cannot providd207). Norris et al. (1997) showed, in two Eng-
complete parse of the input, with no material urlish word-spotting experiments, that listeners finc
accounted for. Segmentation betwesnoyable it much harder to spot the real word in a nonsens
and overindulgencewill occur as these candi- word like fapplethan to spot the real word in a
dates win the competition. This occurs withoutonsense word likeuffapple This, they argued,
any other segmentation procedure operating. was because the stretch of speech left oviaipin
How then can one incorporate metrical segple after applehas been found is the impossible
mentation procedures in the Shortlist model2nglish wordf, while the stretch of speech left
The solution which has been proposed (Norrisver invuffappleis the possible (but nonexisting)
et al., 1997) depends on two further facts. Theord vuff. Similar findings have been obtained
first is the acknowledgment that lexical segmenvith Dutch listeners, who found it much harder to
tation does not depend solely on competition argpotlepel (spoon), for example, iblepelthan in
metrical structure. There are in fact many differselepe(McQueen & Cutler, 1998).
ent cues which listeners can use to segmentThis sensitivity to the viability of stretches of
speech besides rhythmic structure: silence (Nm@peech as possible words has been called t
ris et al., 1997); allophonic cues, such as aspirBossible Word Constraint (PWC). Norris et al.
tion of word initial stops in English (Lehiste,(1997) implemented the PWC in Shortlist. The
1960; Nakatani & Dukes, 1977); the duration odPWC improves segmentation in Shortlist by bi-
segments or syllables (Beckman & Edwardgsing the competition process. When the speec
1990; Gow & Gordon, 1995; Klatt, 1974, 1975material between a candidate word and a likely
Lehiste, 1972; Oller, 1973; Quené, 1992, 1993yord boundary is not a possible word, the acti-
phonotactics, including segment sequence cowvation of that candidate is halved. In tlagple
straints (McQueen, 1998) and vowel harmongase, the activation of the candidafpleis re-
constraints (Suomi, McQueen, & Cutler, 1997duced because there is the impossible ibed
Vroomen, Tuomainen, & de Gelder, 1998); funtween the beginning @ppleand the preceding
damental frequency movement (Vroomen et akjlence, which is a very likely word boundary;
1998); and the sequential probabilities betweepottingappleis thus more difficult than iauf-
segments (Saffran, Newport, & Aslin, 1996; variapple where the PWC penalty does not apply.
der Lugt, in press). The PWC therefore acts so that lexical parse
An important property of this multitude ofincluding impossible words are disfavored.
cues is that they are unreliable. Not all word Under this account of segmentation, likely
boundaries are marked with such cues, and thwerd boundaries can be marked in the signal b
cues can be small, variable, and ambiguowsy of the wide variety of cues discussed above
(Klatt, 1976; Lehiste, 1972; Nakatani & Dukesjncluding silence, as in the example above, an
1977; Quené, 1992). Nevertheless, the fact thaetrical structure. In English, for example,
listeners have been shown to be sensitive to attrong syllable onsets are assumed to be marke
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in the speech input. These boundaries are theifficult to achieve in European languages. Eacl
used by the PWC in the determination of whetheontext is a single phoneme, so the segment:
or not particular candidate words should be péength of the preceding contexts is matchec
nalized. Inmintayf for example, the strong syl- across conditions. In English, for example, it is
lable onset is marked before the [t], and the cahard to match contexts on number of phoneme
didate mint will be evaluated relative to thiswhile manipulating whether or not the contexts
boundary. In this case there is the single consare possible words. If the target words were
nant [t] between the boundary and the end @bwel-initial, glottal stops between the context
mint The word will thus be more difficult to and the word would tend to occur more often in
spot inmintayfthan inmintef where there is no the vowel context than in the consonant contex
boundary cued before the [t]. There are therébilley, Shattuck-Hufnagel, & Ostendorf, 1996).
fore only possible words (the actual wardnt If, on the other hand, the target words were
and the possible wordf) between the end of consonant-initial, a consonant cluster would be
mintand the two closest likely word boundarieformed in the consonant context but not in the
(at the beginning and end of the complete string)owel context. Neither of these comparisons is
The aim of the present experiments was to ettierefore ideal. Japanese allows for a test of th
amine this theory of lexical segmentation ifPWC with vowel-initial words and with the
Japanese. As in the case of the earlier study oamber of segments in the preceding contex
metrical segmentation procedures (Otake et atontrolled since there are no glottal stops be
1993), Japanese provides an opportunity to tasteen neighboring vowels in Japanese (Pierre
aspects of the theory that cannot be tested hombert & Beckman, 1988; Vance, 1987). Vance
English. Japanese experiments also of courf87) argues that glottal stops in Japanese on
provide the opportunity to test the generality ofccur either utterance-finally (after short vowels)
the PWC account. This study consists of threw utterance-initially (particularly in emphatic
word-spotting experiments, which examine howpeech). Pierrehumbert and Beckman (198¢
Japanese listeners segment continuous spegehl8) show an example phrase including a se
and three control experiments. guence of three vowels (spanning a word bounc
In Experiment 1, listeners were required tary) in which there were no glottal closures.
spot trimoraic words in three different types of The following moraic nasal contexts provided
single-phoneme context, which either precedeth opportunity to extend the PWC account in a
or followed the target words. In both positionsway that is not possible in European languages
the contexts were either single vowels, singl€here is a tension between two competing pre-
nonmoraic consonants, or single moraic nasalictions for the moraic nasals. On the one hand
(e.q., for preceding contextagura, to sit cross- because they are consonants, moraic nasals m:
legged, inoagura, taguraand Nagurg and for count as impossible words in Japanese and thu
following contexts, bikini, bikini, in bikinia, may cause the PWC penalty to be applied tc
bikinip and bikiniN). One goal of this experi- words in moraic nasal contexts. On this account
ment was to test the PWC by comparing the prepottingbikini should be harder ibikiniN than
ceding vowel and consonant contexts. If Japam bikinia. On the other hand, a moraic nasal may
ese listeners show the same sensitivity to the an unproblematic context because there is
viability of sound sequences as possible wordsora-boundary between the target and the con
in the lexical parse, they, like English and Dutckext. Since Japanese listeners are sensitive t
listeners, should find it harder to sgmura for mora structure, and appear to use this as a se
example, intagurathan inoagura This is be- mentation cue (Cutler & Otake, 1994; Otake
cause in Japanese, as in English and Dutch, sat-al., 1993, 1996), the mora boundaries aftel
gle consonants are impossible words; a welbikini in bothbikiniN andbikinia may signal that
formed word must contain at least one vowel. bikini is perfectly aligned with a likely word
Note, however, that these conditions allow foboundary and hence will not be penalized by the
a very controlled test of the PWC, one that iBWC in either case. Moraic nasals therefore
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provide a test of the relative strength of the viaeontexts, but only through the inclusion of sev-
bility constraint and of rhythmic cues to likely eral loan words (e.g.bikini). Although such
word boundaries. This test cannot be performadords are marked in the orthography (through
in English, for example, where single consonanthe use okatakanascript), they are phonologi-
never constitute complete rhythmic units. cally fully incorporated into the language. These
The preceding moraic nasal and followin@6 words were placed in three following con-
consonant conditions were included only so thégxts (consonant, e.gbjkini, bikini, in bikinip;
types of contexts were balanced over position ¥wel, e.g., bikinia, and moraic nasal,
context. Both of these contexts involve conse.g., bikiniN). Both the preceding and the fol-
nants in phonotactically illegal positions. Moraidowing contexts were chosen so as to avoid cre
nasals are coda consonants, so they may mbing other embedded words (again as much a
occur in a syllable-initial position. Nonmoraicwas possible given the constraints of the vocab
consonants do not occur in coda positions (nasdary) and such that the complete target-bearing
codas and geminate consonants are the ofitgm was itself not a word. The 50 words, with
possible syllable codas; both are moraic). It sanslations, accent patterns, and in each of thei
therefore difficult to interpret performance irthree contexts, are listed in Appendix A.
the preceding moraic nasal and following con- Eight further trimoraic words were selected
sonant conditions. The crucial comparisons ias additional targets. These words met the san
Experiment 1 are therefore between the prececbnstraints as the other words and were judge
ing consonant and vowel contexts and betweém be of high frequency. Four were placed in
the following moraic nasal and vowel contexts.preceding syllabic (CVN) contexts (e.gmoshj
weight, inruNomoshji and four were placed in
EXPERIMENT 1 following syllabic (CV) contexts (e.gmikan
tangerine, inmikanma. The intention was that
Method these eight targets would be very easy to spc
Participants Fifty-four student volunteers tookand therefore that they would provide listeners
part. They were all native speakers of Japaneset only with positive feedback during the ex-
from the Tokyo area. They received course cregeriment, but with the specific feedback that the
its for their participation. targets to be spotted were trimoraic (thus direct
Materials Fifty 3-mora target words were se-ing the listeners’ attention away from the other,
lected which contained as few embedded wordsavoidable, monomoraic and bimoraic embed
as possible. The structure of the Japanese vocaled words).
ulary is such that most of the 108 possible single One hundred fillers were also constructec
morae are words or bound morphemes. It washich contained no embedded trimoraic words
thus impossible to avoid monomoraic embeddegind were themselves not words. As with the
words. Very many bimoraic sequences are algarget-bearing items, shorter embeddings wer
words or bound morphemes. Such embeddingsoided as much as possible. Forty of thes
were avoided wherever possible, but embedilers were matched to target-bearing items a:
dings which mismatched with the moraic strucfollows: eight began with a moraic nasal fol-
ture of the longer word (e.gari, ant, inatari, lowed by a vowel (matching, e.gNagurg); eight
hit) could not be avoided. An exhaustive searchegan with a vowel-vowel sequence (matching
of the Japanese lexicon resulted in 24 acceptal®ey., oagurg); eight ended with a moraic nasal
vowel-initial words. These 24 words were ther{matching, e.g.bikiniN); eight ended with a
placed in three different preceding contexts: sowel-vowel sequence (matching, elgikinia);
single nonmoraic consonant (C; e.ggura to and eight ended with a nonmoraic consonan
sit cross-legged, imagurg); a single vowel (V; (matching, e.gbikinip). The remaining 60 fillers
e.g., oagurg; and a moraic nasal (N;.g, were all trimoraic CVCVCV sequences (match-
Nagurg. A further 26 consonant-initial words ing, e.g.,tagura, and providing additional non-
were found which could be used with followingtarget-bearing material).
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Three lists were constructed. All three listpermissible (see, e.g., Cutler & Otake, 1999,
consisted of the same pseudo-random sequereal Pierrehumbert & Beckman, 1988, for fur-
of all 50 targets, 6 of the additional target-beather details). The speaker produced each iten
ing items (evenly spaced through the list), an@oth target-bearing items and fillers) such that
94 of the fillers (there was always at least ortbe pitch accent pattern of each complete non
filler after each target-bearing item). Targetsense item was well formed. He was therefore
were therefore embedded in about one thimble to preserve the citation pitch accent pat-
of the nonsense sequences. The only differentns of all of the target words with following
between the lists was in the target-bearingpntexts (the addition of following contexts did
items, that is, in the contexts in which the tamot require any changes to the accent patterns c
gets appeared. The three preceding contexte words themselves, such that they sounded ¢
were counterbalanced evenly across the listhey would if spoken in isolation). The citation
such that each list contained eight targets form of the words in preceding consonantal con-
each type of context. The three following contexts was also preserved (the addition of a pre
texts were counterbalanced as evenly as possibling nonmoraic consonant also does not influ:
across the lists, such that each list containesce the pitch accent pattern). But for the words
nine targets in two types of context and eighi preceding moraic contexts (moraic nasal anc
targets in the third context. The remaining sixowel), the speaker had to change tigtion
fillers and two additional target-bearing itemsforms of the words so as to create phonologi-
plus two more items with embedded targetally legal accent patterns for the complete
words, were used to make a practice list. THeems. Specifically, items containing words with
construction of the lists, and of the filler materieitation low-high-high (LHH and LHH") pat-
als, ensured that it was impossible for listeneterns were produced with the initial (context)
to predict which items contained embeddenhora as low and the first mora of the target as
words, where in a nonsense sequence a wdrgh, thus making legal LHHH and LHHH" se-
might be (i.e., at the beginning or end), or whajuences, respectively. LHL words plus their
the type of context might be (i.e., moraic nasatontexts became LHLL sequences.
consonant, or vowel). It is important to emphasize that the accen

Procedure All materials were recorded by apatterns of words in fluent Japanese can underc
phonetically trained native speaker of Tokyoehanges as a result of the phonological context
dialect Japanese (the second author) in a souimd-which they occur (Pierrehumbert & Beck-
damped booth onto DAT tape, sampling anan, 1988; Poser, 1984; Vance, 1987). Thus
48,000 Hz. The place of articulation of thewhile it is true that a given word has a particular
moraic nasals was always velar, as is appropdecent pattern when spoken in isolation, pitck
ate for moraic nasals in word-final position (aaccents can be shifted or deleted when that wor
in the following context case). appears in continuous speech (for example

In Tokyo Japanese, but not in all dialects othere can only be one accent within an accentu:
Japanese, words have characteristic pitch-acceatitrase). The words in preceding moraic nase
patterns. Some morae, which are labeled highnd vowel contexts therefore had accent pat
(H), tend to have higher pitch and greater ampliterns which were appropriate to those contexts
tude than other morae, which are labeled lowf the sequences had been meaningful, the targ
(L). The relative position of H and L morae, to-words could have been spoken with the accer
gether with a final accent marker (), can bgatterns that were used. It would thus be incor
used to indicate whether a word is accented oect to say that the words were wrongly accentec
not and, if so, where the accent lies. For exanmFhus, although speakers of Tokyo Japanese a
ple, the sequence LHH indicates an unaccent@ear to use pitch accent information in spoker
word, while the sequence LHH” indicates an acword recognition (Cutler & Otake, 1999), it is
cented word with the accent on the final moraunlikely that they would find it harder to spot
Only alimited set of possible accent patterns artie words in these contexts simply because th
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words did not have citation accent patternged and labeled using the Xwaves speech edito
Note, however, that if the listeners did have diffhe duration of each target word and its contex
ficulty with the words in the preceding vowelas measured, as was the duration between tl
and moraic nasal contexts, this would act again#ning pulse and the onset of the item.
the hypothesis. According to the PWC, words in
preceding consonant contexts should be hard@
to spot than those in preceding vowel contexts The raw reaction times (RTs) were adjustec
(in spite of the fact that only the latter word$¢o measure from the offset of each target word
have altered pitch accent patterns). RTs to each target in each following context

The materials were then transferred to conwere adjusted by subtracting the duration of tha
puter, preserving the sampling rate of 48 kHzarget, minus the duration from the timing pulse
and edited using Sound Designer Il software to the item onset, from the raw RTs. RTs to eacl
create the three lists in the correct running otarget in each preceding context were adjuste
ders with 3 s of silence between each item. They subtracting the duration of that complete
three lists were then recorded onto the lefitem, minus the pulse to item onset difference
channel of DAT tape, with a timing pulse orfrom the raw RTs. The spoken responses wer
the right channel aligned approximately witlthecked to test whether each button-press we
the onset of each target-bearing item. Theccompanied by the correct oral response. Al
speech material on the left channel of the tameanual responses which were accompanied &
was presented to listeners binaurally ovex word other than the intended target were
Audio-Technica ATH-A9 headphones; the timireated as errors (only 14 responses, i.e., 0.5¢
ing pulses on the right channel could not bef all responses). Responses slower than 25C
heard by the participants. ms were not recorded and thus any such re

Listeners were tested in separate sound-attesponses were also treated as errors. All other r
uating carrels in a quiet room, either individusponses were submitted to the RT analyse:
ally or in pairs. They were told that they wouldVlean RTs (measured from target offset) anc
hear a list of nonsense words. They were askatkan error rates (percentage of targets misse
to try to spot any real words, embedded at eithare shown in Table 1.
the beginning or the end of the nonsense words.Analyses of variance (ANOVAs) were per-
Examples of trimoraic words in all six context§ormed on both the RT and error data, with ei-
were provided in the instructions. The listenerther listenersK1) or items F2) as the repeated
were asked to press a button as fast as possiblmédasures. In the RT analysis by listeners, miss
they spotted a word and then to say aloud, inileg data for each listener were replaced with the
low voice, what that word was. Those listenersverall mean of that listener; in the RT analysis
who were tested in pairs could not hear each
other’s spoken responses. They were asked to
press the button with their preferred hand. The TABLE 1
spoken responses were recorded onto DAT tapsan Reaction Times for Correct Detection (RT, in ms),
Each listener heard the practice list, and one ®kasured from Target-Word Offset, and Mean Percentagt
the three experimental lists. Eighteen particlissed Targets (Errors), in Experiment 1
pants heard each list.

The experiment was run using a Sony TCD-
D10 DAT player interfaced with a personal COMp eceding

gsults and Discussion

Context Consonant \Vowel Moraic nasal

puter running NESU experiment control soft- gxample tagura oagura Nagura

ware. The computer clock was started by eachrT 1146 1041 984

timing pulse and stopped by each button-pressErors 38% 27% 41%

All responses were logged on the computeafollowing

Prior to data analysis, the materials were trans-Example bikinip bikinia bikiniN

ferred to a computer (down-sampled to 16,000RT 718 678 695
Errors 9% 13% 9%

Hz, 16 bit). Each target-bearing item was exam-
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by items, missing data for each item were re- One potential problem with these results is
placed with the mean of the available RTs fahat they may reflect the operation of lexical
that item within each context condition. Sepacompetition, rather than of the PWC. While
rate analyses were performed for the targetsery attemptwas made to minimize the numbel
with preceding contexts and for the targets witbf embedded words in the materials, it was not
following contexts. possible to avoid creating some embeddec
The listeners’ ability to spot words with pre-words when combining the target words with
ceding contexts was influenced by the nature tifeir preceding contexts. These words were
those contexts (RTF1(2,102)=18.4,p <.001; often very low frequency, but we counted them
F2(2,46)= 13.6,p < .001; ErrorsiF1(2,102)= if they were listed in an online dictionary of
6.5,p <.005;F2(2,46)= 5.8,p < .01). Planned Japanese (Matsumura, 1993). More embedde
comparisons between the vowel and consonambrds were created in the consonant context
conditions were then carried out (all such conthan in the vowel contexts (all 24 items in the
parisons were two-tailetitests, withp < .05, consonant context condition had monomoraic
unless otherwise stated). Listeners spotted woresibeddings likéa, rice field, intagura [this is
significantly more slowly in consonantal conunavoidable, since all CV morae are words], anc
texts (e.g.,agura in tagura) than in vocalic 13 in the consonant condition had bimoraic em-
contexts (e.g.agurain oagurg a difference of beddings liketagy, tag; 13 items in the vowel
105 ms on averagél(53) = 3.4,t2(23) = 3.9). context condition had bimoraic embeddings,
Similar tests on errors showed that listeners alke ea air, in earoe none in the vowel condi-
missed more words in the consonantal than fion had trimoraic embeddings). ANOVAs were
the vocalic contexts (11% more, on averagearried out on the preceding consonant anc
t1(53) = 2.6, t2(23) = 2.6). Both of these find- vowel data (both RTs and errors), with an addi-
ings corroborate the previous findings in bottional lexical embedding factor. One group of
English (Norris et al., 1997) and Dutch (Mc4tems were those matched on embedded word
Queen, 1998; McQueen & Cutler, 1998) that listeither both contexts had embedded words o
teners find it harder to spot words in impossibleteither did); the other items were mismatched
word contexts (e.gtagurd than in possible- (an embedded word in the consonant context bu
word contexts (e.ggagurg. Japanese listenersnot in the vowel context). Neither in the analy-
therefore appear to use the PWC when segmesgs of embeddings involving the first mora of
ing speech. the target (e.g.ta anded nor in those of em-
beddings involving the first two morae of the

2Planned comparisons involving the preceding morairc_arget (e'g'tagu_) was there a_SImelcant"_]teraC'
nasal contexts were also carried out. Responses in the mofi@ Of the lexical embedding factor with the
nasal condition (e.gNagura were reliably faster than in context (consonant vs. vowel) factor. There were
the consonant conditiortagura by 162 ms, on average; glso more lexical competitors consistent with
t1(53)=4.5,12(23)=5.5), and than in the vowel condition {he gnsets of the consonant context items (125.

(oagurg, though this was not significant by items (57 ms . L . .
on averaget1(53)= 2.8,12(23)= 1.4,p > .1). But, although tompetitors, on average, beginning with the first

responses in the moraic nasal condition tended to be fﬂ,re_e segments, as me‘fj‘sured in the same Or?"r
they were the most errorful. More targets were missed in tigictionary; 10.7 competitors, on average, begin-
moraic nasal condition than in the vowel condition (14%ing with the first four segments) than were con-

more errors, on averagei(53) = 3.7, t2(23) = 3.2). There  gistant with the onsets of the vowel context

was no difference in error rates between the consonant aﬂ ms (0.7 and 0.3 mpetitor n av f
moraic nasal conditions. Since moraic nasals are illegal fEms 0.7a -5 competitors, on average, fol

syllable-initial position, these results are difficult to interln€ first three or four segments, respectively).
pret. Although there were fillers which also began witifhere were, however, no significant correlations
moraic nasals, these morae could have provided an addf number of competitors with mean item RT

tional segmentation cue, resulting in the faster responsesd'rr\ error rate, neither for the consonant nor the
this condition. Likewise, the absence of any lexical competi-
tors beginning with N could have made targets in these 00\4(—)\,\/eI contexts. .

texts faster to spot. On the other hand, the illegality of N could 1€ ANOVAs on word-spotting performance

have been disrupting, causing the high error rate. in following contexts showed much weaker ef-
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fects. There were no reliable differences in errazontext items. There was no systematic relation
rates. In RT, the effect of context was signifiship between these measutes.
cant only by subject$:1(2,102)=4.0,p < .05;
F2(2,50)= 2.8, p = .07. Although the error rate EXPERIMENT 2
was on average 4% lower in the moraic nasal Two principal findings have thus emerged
condition than in the vowel condition, re-from Experiment 1: that words with preceding
sponses were, on average, 17 ms faster in tkensonantal contexts are harder to spot thal
vowel condition; neither of these differenceghose with preceding vocalic contexts, suggest:
was significant. There was therefore no eviing that Japanese listeners use the PWC in sec
dence that target words in moraic nasal cormentation, and that words with following moraic
texts were penalized by the PWC (becauseasals are no harder to spot than those with fol
moraic nasals are impossible words). Instead, libwing vowels, suggesting that words in moraic
would appear that the mora boundary betweeamasal contexts do not incur a PWC penalty. But
the end of the target word and the moraic nas#hese conclusions depend on the assumption th:
provided the listeners with a segmentation cu¢he target words in each context were equally
Since the target was thus perfectly aligned witkasy to perceive. Since each target-bearing iter
that boundary it was not penalized by the PWGwas a different natural utterance, there could be
We suggested in the introduction that one imancontrolled acoustic differences between the
portant cue to moraic nasals, and hence to thargets which could be responsible for the differ-
mora boundaries before (and after) them, isnces between contexts found in Experiment 1
provided by their duration. The following-con-and/or for the lack of differences between con-
text moraic nasals in Experiment 1 were in factexts. To address this concern, a go/no-go lexica
slightly longer than the following-context vow- decision task was used (as is common in studie
els (mean durations: moraic nasals, 209 mgmploying the word-spotting task; Cutler &
vowels, 180 ms). The moraic nasal consonantsorris, 1988; McQueen, 1996). In Experiment
were thus as long as the syllables formed bg, each target word from Experiment 1 was ex-
the vowels. cised from its context, and nonwords were cre-
An analysis using the online dictionary (Matated from the Experiment 1 fillers. lLeners
sumura, 1993) revealed that there was again aere asked to listen to a list of these words anc
imbalance in the number of embedded wordwnwords and to press a button whenever the!
between contexts, with more bimoraic embedieard a real word. The pattern of results in Ex-
ded words consisting of the last mora of the taperiment 1 could then be reinterpreted in the
get word and the context in the moraic naséght of the new pattern of results.
condition (22/26 likeniN, person, inbikiniN)
than in the vowel condition (13 likeui, elegant, Method
in garasu). But again, in ANOVAs splitting  Participants Fifty-seven student volunteers
items into those matched and those mismatchembk part. They had not participated in Experi-
on lexical embeddings, there was no interactiament 1. Nineteen heard each of the three list:
of this factor with the context factor. Likewise,
although there were more lexical competitors ®The only significant difference among the following con-
consistent with the moraic nasal contexts (281?@“ conditions was that responses in the consonant conditic

. L . .g., tobikini in bikinip) were, on average, 40 ms slower
competitors, on average, begmnmg with the la%ian in the vowel condition (e.ghikinia; t1(53) = 2.2,

three segments) than there were in the VOW8lss)=2.7). This finding might be seen as providing addi-
contexts (49.7 competitors, on average), conflenal support for the PWC: Listeners found it harder to spo

petitor set size did not correlate with eithewords in following impossible-word contexts than in follow-

mean RT or mean error rate in either the mord[&:} possible-word contexts. Note, however, that syllable-final
nonmoraic consonants are illegal in Japanese. The poor pe

nasal or the vowel conditions. A Correlatlona#ormance in this condition may thus have been caused by th

analy5i§ was also performed on the mean _R-(Eﬁrupting effects of a phonotactically illegal sequence,
and uniqueness points (UPs) of the followingather than or as well as by the operation of the PWC.
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They received course credits or payment aras fast as possible whenever they heard a re
were all Japanese native speakers from therd, and to say what that word was.
Tokyo area.

Materials and procedureThe materials were
made from those used in Experiment 1. They Raw RTs were again adjusted to measur
consisted of all 60 target words (experimentdtom the offset of each target word. All manual
words plus the additional words used as easy @sponses were accompanied by the correct or
practice targets), excised from their contextsesponse. Responses slower than 2000 ms (i.¢
nonwords excised from the 40 fillers which werextreme outliers in lexical decision) were ex-
matched to the target-bearing items; and the r@uded and treated as errors (7 responses, 0.2%
maining 60 unmodified nonword fillers. All itemsresponses slower than 2500 ms were nc
were thus trimoraic. Items were excised using thiecorded and thus any such responses were al
Xwaves speech editor. All cuts were made #&teated as errors. Six subjects were found t
zero-crossings such that there were no perceptave overall error rates over 40%; they were ex
ble transient clicks (neither at word onsets, farluded from further analysis. Furthermore, the
words taken from preceding contexts, nor at woriiming pulse for one word on one of the three
offsets, for words taken from following contexts)lists was missing, so all responses to that wor
The cuts were made at the point of lowest amplin that list were lost. The item was removed
tude in vowel-vowel sequences and at the offsebmpletely from the analysis. All other re-
or onset of the consonantal occlusion (for fricasponses were submitted to the RT analyse:
tives, stops, nasals, and the liquid /r/) in consd4issing data were replaced in the same way a
nant-vowel and vowel-consonant sequences, lie-Experiment 1. Mean RTs (measured from tar-
spectively. Cuts were made at locations such thgett offset) and mean error rates (percentage «
excised words sounded as natural as possible aadjets missed) are shown in Table 2.
such that the context could no longer be heard adn ANOVAs on the responses to words taker
an independent phoneme attached to the tarfetm preceding contexts, there was a significan
word. There were some coarticulatory cues to tledfect of context: RTF1(2,96)= 49.3,p < .001;
contextual segments remaining in the first vowels2(2,44) = 16.7, p < .001; Errors:F1(2,96) =
of words from preceding contexts and the lad5.9,p<.001;F2(2,44)=9.7,p <.001. Pairwise
vowels of words from following contexts, butcomparisons showed that responses to worc
these cues gave the impression only that tkeken from consonantal contexts (e.ggura
words had been excised from longer utteranceaken fromtagurag) were faster than those to
not that the contexts were still present. words taken from vocalic contexts (e.ggura

Three lists were constructed with exactly the
same order of presentation of items as the three
lists in Experiment 1, with each word appearing TABLE 2
where the target-bearing item containing thalean Reaction Times for Correct Detection (RT, in ms),
word had appeared and each nonword appearivigasured from Word Offset, and Mean Percentage
where the filler containing that nonword had ag?issed Words (Errors), in Experiment 2
peared. These lists were played out onto DAT . _

- ; . Qriginal context ~ Consonant Vowel Moraic nasal
tape. Timing pulses were again aligned approxi-
mately with item onsets, and the durations b@,—receding

Results and Discussion

tween pulses and item onsets were again meag=xample (Hagura  (o)agura  (N)agura

ured using Xwaves. RT 518 605 698
The testing procedure and equipment wereErrors 12% 14% 29%

identical to those used in Experiment 1, excepbllowing

that instructions for lexical decision were given. Example bikini(p)  bikini(a) bikini(N)

Listeners were asked to listen to a list of wordsRT 540 492 507

. Errors 8% 5% 7%
and nonwords, to respond by pressing a button i i i
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taken fromoagurg, though this difference was Note that while the simplest result to interpret
not significant by items (a mean difference dirom this control experiment would have been &
91 ms;t1(50)=4.2,t2(22)=1.9,p = .07). There null result, any results which are not the same a
was no reliable difference in the error rates b#éose found in word spotting are useful control
tween these two conditions. One reason why tidata. When a different pattern is found in lexical
words taken from consonantal contexts may hadecision to that which was found in word spot-
been responded to more rapidly than those takimg, as is the case here, it may indeed be due |
from vocalic contexts is that the former wordgart to acoustic confounds caused by the exci
had pitch accent patterns which are approprisg®n (e.g., formant transition cues signaling ar
for those words when spoken in isolation. Thabsent context phoneme, or, as just mentionec
latter words had accent patterns which, thouggitch accent patterns which are illegal for iso-
appropriate in the original contexts, are illegal itated words). But if a within-item acoustic con-
isolation (e.g., LHH words likegurahad HHH found were the cause of the difference in worc
patterns, taken from LHHidagurg. In line with  spotting, then the effects caused by excisior
the present results, Minematsu and Hirose (199%puld have to be exactly the reverse and larg
have shown that Japanese words are harderetwough not only to remove the original confound,
recognize when they are misaccented than whiut also to produce a difference in the opposite
they are correctly accented. Misaccented wordsrection. This seems unlikely. There is no evi-
are analogous to misstressed English words, swubénce in the control experiment to suggest the e
as whentyPHOON is produced asTYphoon istence of an acoustic confound within the word:s
While the pronunciatiof Yphoonis appropriate as they were heard in the word-spotting experi
in a stress-shift environment (e.g., TYphoon ment. The effect observed in word spotting there
Charlie), it is inappropriate in isolation. It is thusfore appears to be due to the relative ease of se
interesting to note that such words, when preaentation of the words from their contexts.
sented in isolation to English listeners, show a In ANOVAs on the responses to words taker
small but not significant misstressing effecfrom following contexts there were no signifi-
(Cutler & Clifton, 1984). cant differences between conditions in the erro
These results suggest that the difference iates. There was, however, an effect of context il
word-spotting performance (in the opposite diRTs, but significant only by subjects1(2,96)=
rection) between the consonant and vowel coB-0, p < .001; F2(2,50)= 2.3, p = .1. Planned
texts was indeed due to the segmentation preemparisons showed that there was no signifi
cess and not to acoustic differences betweeant difference in lexical decision between re-
the targets in each context. In spite of the fasponses to the targets taken from moraic nas
that words from consonantal contexts were reontexts and those taken from vocalic contexts
sponded to somewhat more rapidly in lexicafurthermore, the nonsignificant difference in RTs
decision than words from vocalic contexts, thbetween these two contexts in word-spotting re
words when they were in the consonantal comained nonsignificant in a by-items ANCOVA
texts were harder to spot. An analysis of can those data with the lexical decision data a
variance (ANCOVA) of the RTs from the pre-covariate F2(1,24)=1.8,p > .1). These results
ceding vowel and consonant conditions isuggest that the failure to find a difference be
Experiment 1, with items as repeated factdween the following moraic nasal and vowel
and item RTs from the corresponding condiconditions in word spotting was not due to an
tions in Experiment 2 as covariate, showed thatoustic confound. It was possible that an acous
the difference between these conditions reic confound could have acted to benefit words
mained significantk2(1,21)=21.8,p <.001). in moraic nasal contexts and thus that any dif
A similar ANCOVA on error rates also showederence between these conditions due to se(
that the difference between impossible- anchentation difficulty (i.e., moraic nasals, as im-
possible-word contexts remained significanpossible words, triggering the PWC) might
(F2(1,21)=9.5,p<.01). have been obscured. The lexical decision dat
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suggest that this was not so. Instead, it appeansraic nasal contexts could, however, be due tc
that words in the context of following moraica number of other factors. One is that the materi-
nasals are just as easy to segment as wordsis in Experiment 1 had many unavoidable lex-
the context of following vowel$. ical embeddings in addition to the intended tar-
get words. Even though the analyses of lexica
EXPERIMENT 3 embedding and of number of lexical competi-
The two primary conclusions from Experi-tors failed to reveal any significant effects of
ment 1 were strengthened by the results of Exhese factors, competition between the targe
periment 2. First, preceding nonmoraic consowords and these other words may have acted t
nants are difficult contexts for word spottingmask effects of the context on word-spotting
because those consonants, as impossible wopkrformance. Another problem is that many of
in Japanese, cause the PWC to penalize the adtie targets in the following context condition
vation of the target words. Second, followingwvere loan words; performance on such items
moraic nasals are not difficult contexts for wordnay not be equivalent to that on words from the
spotting because the mora boundary betweeore Japanese vocabulary. Finally, all of the fol-
the end of the target word and the moraic nasédwing context words became unique on their
appears to cue listeners that there is a likelinal phoneme or earlier and thus could in prin-
word boundary at that location. The failure tcciple be recognized without the need to proces:
find a difference between following vocalic andany of the following context. Although the cor-
relation for the following context items between

. ) ) ) word-spotting RTs and UPs was not significant,
Pairwise comparisons involving words taken from pre;, fast r n in th nditi lative t
ceding moraic nasal contexts and from following consonap:llge astresponses ese co lons relative t

contexts were also carried out. Words taken from preceditg€ Preceding context conditions are consisten
moraic nasal contexts were responded to more slowly thiivith the view that the following contexts were
those taken from either other preceding context (morajgot fully processed. If so, then any differential
nasals versus vowel$1(50) = 5.3, t2(22) = 3.8; moraic  gffect hetween moraic nasal and vocalic con-
nasals versus consonant$(50) = 8.6, t2(22) = 6.0) and . ]
also less accurately than in the other two contexts (more%%XtS_ mlght therefore have _been mlssed_'
nasals versus vowel$1(50) = 4.3, t2(22) = 4.0; moraic Given these problems with the following con-
nasals versus consonant$(50) = 4.4, t2(22) = 3.9). In  text items, it was decided to rerun Experiment 1
ANCOVAs on the Experiment 1 preceding vowel andyut with bimoraic targets. Shorter target words
moraic nasal conditions with the equivalent Experiment e\lith late UPs may be more Iikely to reveal ef-
data as covariate, the difference in RTs, as in the originfa\elCts of following contexts. Such words were
analysis, was not significan2(1,21)= 3.2,p > .05), and g o
the difference in errors, which was significant in the origitnerefore used in Experiment 3. Although the
nal analysis, was no longer significaf2(1,21)=3.7,p> Most interesting comparison was between fol
.05). The high error rate on the targets in moraic nasal camwing moraic nasal and vowel contexts, the fol-
texts in word-spotting can therefore at least in part be attriR’)Wing nonmoraic consonant condition was alsc
uted to acoustic differences between the targets in the s . .
moraic nasal and vowel contexts. Ir!clud_ed for compatibility _Wlth Experlmen'_c _1.
Responses to words taken from following consonant&iKEWIS€E, the three preceding context conditions
contexts were slower than those taken from following vefrom Experiment 1 were included, also with bi-
calic contexts (48 ms, on averagi(50)=4.3,12(25)=2.1) moraic targets. The design of Experiment 3 wa:
and those taken from following moraic nasal contexts (%us identical to that of Experiment 1; the only
ms, on averagel(50)= 2.3, butt2(22)=1.3,p > .2). Items ]
ANCOVAs comparing the following consonant and voweplfference was that _We used a set of Shor_ter targ
conditions on the word-spotting RTs with the lexical deciWOrds. It was predicted that the preceding con
sion RTs as covariate showed that the difference betwet@xt results would replicate those of Experimen
these conditions was not significaR2(1,24)=4.1,p>.05). 1. It was also predicted that if there was indeed
This suggests that the poorer performance in word spottimﬁerence between following moraic nasal and

in the following consonant condition was due in part to wel contexts (which Experiment 1 failed t
acoustic differences; the targets from these contexts We¥8 ( ¢ perme ailed to

harder to recognize even when they had been excised fréigtect), then it was more likely t_o be found with
those contexts. the shorter words used in Experiment 3.
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Method subject failed to detect any target words and wa
Participants Sixty volunteer students took€Xcluded from the analysis. In addition, due to

part. Twenty heard each of the three lists. Th@f €Xtratiming pulse appearing inadvertently or
received course credits for their participatiofn€ list, responses to the final target word or
and were all native speakers of Tokyo Japaned@at list were not recorded. That item was re:
None had participated in Experiments 1 or 2. Mmoved from the analysis. All other responses

Materials Fifty new bimoraic targets wereWere subm|tted_to the RT analyses. MlSSlng da_t;
selected. Twenty-four were then combined with’€'€ replaced in the same way as in the earlie

preceding contexts (consonant, vowel, or morafXPeriments. Mean RTs (measured from targe

nasal) and 26 with the equivalent three follow?ffSet) and mean error rates (percentage of ta
ets missed) are shown in Table 3.

ing contexts. As in Experiment 1, embedde k ’ ] , )
words other than the targets were avoided as”S IN Experiment 1, listeners’ performance in
preceding context conditions depended o

much as possible in the target-bearing items, bie
again it was impossible to avoid monomoraithe nature of the contexts. ANOVAs on both RTs

embeddings. These words and their contexts &gd _errors showed significant context effects
isted in Appendix B. RT,F1(2,112)= 78.5,p < .001;F2(2,46)= 33.5,

The other items were also analogous to thoBe< -001; ErrorsF1(2,112)=12.3,p < .001;

in Experiment 1: 8 additional easy target-bearing?(2:46)= 9.2, p < .001. Planned comparisons
items with bimoraic targets, 40 fillers matche@" RTS among the three contexts showed that, :
to each type of target-bearing item, and 60 addn Expenment_l, listeners were reliably slpwer
tional bimoraic fillers. Three experimental listd® SPot words in consonantal contexts (&g.,
with equivalent counterbalancing and ordering"t: inrari) than in vocalic contexts (e.gari,
constraints to those in Experiment 1 were thdly 112 MS on average(58)=6.4,12(23)=3.3).

made from these materials, together with a sinpSt€ners again missed more words in the con
ilar practice list. sonantal than in the vocalic contexts (9% more

Procedure This was identical to that of Ex-©N averaget1(s8) = 2.6,12(23) = 2.3). In con-
periment 1, except that in the instructions listerf@st 0 Experiment 1, it was possible to matct
ers were given examples of bimoraic targets fhe materials fairly well on the presence of em-
each of the six contexts. Note that in the recor§€dded words. For 19 of the 24 targets, the cor
ing the citation accent patterns of the words ifgXt Plus the first mora of the target was an em
all three following contexts and in the precedingedded word in both versions (e.q, la, and
consonant contexts were again preserved, whifé @i, inrari andeari, counts were again per-
those of the words in the preceding moraic nasQrmed using the online dictionary, Matsumura,
and vowel contexts were altered so that the com-
plete item was a well-formed phonological
word. Thus, LH and LH” words plus their con-
texts became LHH and LHH” sequences, respé@ean Reaction Times for Correct Detection (RT, in ms),

: Measured from Target-Word Offset, and Mean Percentage
tively, and HL words plus context became HLLMisse d Targets (Errors), in Experiment 3

TABLE 3

sequences.
Context Consonant Vowel Moraic nasal
Results and Discussion
Preceding
Raw RTs were adjusted in the same way as inexample rari eari Nari
Experiment 1 to measure from the offset of eachRT 1042 930 790
target word. The check of the spoken response&mors 40% 31% 23%
showed that all manual responses were accopalowing
panied by correct oral responses. Response&xample sarup sarua saruN
slower than 2500 ms were not recorded and thust" 839 2 781

Errors 17% 14% 19%
any such responses were treated as errors. Qne ° ° °
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1993). It remained the case, however, that theagtion of this factor with the context factor. There
were more lexical competitors in the consonamiere also more lexical competitors in the moraic
condition than in the vowel condition (therenasal contexts (19.3 competitors, on average, be
were, on average, 41.1 competitors beginninginning with the last three segments) than in the
with the first three segments in the consonambwel contexts (2.9 competitors, on average).
condition and 2.3 such competitors, on averagBut, as in all earlier experiments, there were nc
in the vowel condition). Number of competitorssignificant correlations of number of competitors
did not correlate with mean item RT or error rateith either mean RT or mean error rate.
in either condition. These results thus support The most important result from Experiment 3
the conclusion drawn from the results of thés the replication, with materials which avoided
equivalent conditions in Experiment 1, namelythe problems associated with the Experiment 1
that Japanese listeners appear to segment spemalterials, of the finding that word spotting is
using the PWC. equally easy in moraic nasal and vocalic contexts
In ANOVAs on the following context RTs, Moraic nasals appear to provide a segmentatiol
there was also a significant effect of contextue, namely, that there is a likely word boundary
F1(2,112)=10.3,p<.001;F2(2,48)=6.0,p< at the mora boundary between the end of the tar
.005. This effect was due entirely to differget word and the moraic nasal. As in Experiment
ences involving the consonantal conditionl, the moraic nasal contexts were again slightly
There was no difference between the moralonger than the vowel contexts (mean durations
nasal and vowel conditions (e.garu, mon- moraic nasals, 187 ms; vowels, 151 ms). The du
key, insaruNandsarug. There were no signif- ration of the moraic nasal consonants thus ap
icant effects in the error rates in the followingpears to have provided an important signal to the
context conditions. presence of the mora boundaries at the end of th
For 12 of the 25 targets in moraic nasal contarget words in this condition. Because a word
texts, the final mora of the target and the contexuch assaruis perfectly aligned with the mora
formed an embedded word. For the other targeltmundary insaruN(it ends at that boundary), no
in moraic nasal contexts, and all targets in vowdPWC penalty is applied to the word.
contexts, the final mora of the target and the con- For the same reasons which motivated Exper
text did not form an embedded word. Anyiment 2, however, it was necessary to run a fur
effect of lexical embedding might thus haveher control lexical decision experiment. Experi-
made it harder for listeners to spot words inment 4 was therefore run, as an analogue t
moraic nasal contexts than in vowel context€Experiment 2, but using the targets from Exper-
But, as in Experiment 1, ANOVAs in which itemsiment 3. If the results of Experiment 3 were due
were split into those matched and those mide acoustic differences between the targets spc
matched on lexical embeddings revealed no inteken in each context, then those difference:

5Th s 1 g _ | " meSaQOUId also emerge when the targets are pre
€ results 1or preceding moraic nasals were the sal S " . ..
P 9 nted in isolation, for lexical decision.

those in Experiment 1 in RTs, but not in errors. Listener§e
were reliably faster to detect words in moraic nasal contexts
(e.g.,Nari) than in both the consonantedu(; t1(58)=10.3, EXPERIMENT 4
t2(23) = 10.5) and the vocalic contextsafi; t1(58) = 6.9,

t2(23) = 4.3). However, in contrast to Experiment 1, wherdViethod

responses in the moraic nasal condition were the most error- .. .
ful of the preceding context conditions, responses in this Part|C|pants Forty five student volunteers

condition in Experiment 3 were the most accurate. Listenef@OK part; ﬁfteen_heard each of the three lists
missed fewer targets in the moraic nasal context than in dihey were all native speakers of Tokyo Japanes
ther the consonantall(58) = 4.6,t2(23) = 4.1) or the vo- and received course credits. None had partici
calic contextst((58)=2.6,t2(23)=2.1,p =.05). Responses pated in Experiments 1.2 or3.

to words in the following consonant contexts (esguiup . . .
were slower than those in both the moraic nasal condition Materials and procedureThese were identi-

(saruN t1(58)= 3.1,t2(24)= 2.7) and the vowel condition Cal 10 those of Experiment 2, except that the
(sarug t1(58)= 3.6,t2(24)= 3.6). words and nonwords were excised from the
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Experiment 3 materials rather than from the Ex2(23)= 3.4. These differences may again in part
periment 1 materials. reflect the fact that the words taken from conso-
nantal contexts had correct pitch accent pattern
while those taken from vocalic contexts had
Raw RTs were adjusted to measure from thgtch accent patterns which were not appropri-
offset of each target word. All manual responsesge for isolated words.
were accompanied by the correct oral response As in the comparison between Experiments 1
As in Experiment 2, responses slower than 20@hd 2, therefore, any effect of the acoustic dif-
ms were excluded and treated as errors (20 ferences between the targets in each conte»
sponses, 0.9%); responses slower than 2500 msuld appear to have acted against the effects c
were not recorded and thus any such responsestext observed in Experiment 3. Even though
were also treated as errors. For compatibilitiargets from consonantal contexts were easier t
with Experiment 3, the responses to the iteprocess than those from vowel contexts wher
which had to be excluded in that experimerihey were presented in isolation for lexical deci-
were also excluded here. All other response®on, they were harder to spot when they were
were submitted to the RT analyses. Missing dapsiesented in context. Although by-items ANCO-
were replaced in the same way as in the earlfs on the preceding vowel and consonant errol
experiments. Mean RTs (measured from targetsults from Experiment 3, with the Experiment
offset) and mean error rates (percentage of tarresults as the covariate, showed that the differ
gets missed) are shown in Table 4. ence between these conditions was no longe
In the responses to words taken from precedignificant £2(1,22)= 3.5, p > .05), a similar
ing contexts, there was again a significant effe&NCOVA on the RT data showed that the RT
of context: RT:F1(2,84) = 19.2, p < .001; difference in word-spotting remained significant
F2(2,46)=5.2,p<.01; ErrorsiF1(2,84)=21.1, (F2(1,22)=13.5,p0<.005). The RT effect in Ex-
p<.001;F2(2,46)=7.6,p <.005. As in Experi- periment 3 therefore appears to reflect the fac
ment 2, responses to words taken from precethat listeners find it easier to segment words
ing consonantal contexts (e.@ri taken from from preceding vowel contexts than from pre-
rari) were faster than those to words taken froraeding consonant contexts.
preceding vocalic contexts (e.@uwi taken from
eari), a mean difference of 124 m§:(44)=6.8,
t2(23) = 3.5. Responses in the consonant con- ®Words from preceding moraic nasal contexts (@g.,

dition were also. on average. 20% more acc fr_om Nari) were responded to more slowll(@4) = 3.6,
, g€, sU% $5(23)=2.1) and less accuratelil (44) = 3.4,t2(23)= 2.6)

rate than in the vowel condition1(44) = 7.7, than words from preceding nonmoraic consonant context
(ari fromrari). These results seem to reflect the fact that the

words taken from nonmoraic consonant contexts were par

TABLE 4 ticularly easy to detect in the lexical decision task. Words

) ) . . from preceding moraic nasal contexts were, however, not re
Mean Reaction Times for Correct Detection (RT, in mS)k,nded to more quickly than words from preceding vowel

Measured from Word Offset, and Mean Percentagg,iexts, nor was there a fully reliable effect in the error

Missed Words (Errors), in Experiment 4 rates for this comparison; although responses on the mora
nasal condition were 8% more accurate than those in th

Original context ~ Consonant ~ Vowel  Moraic nasalyowe| condition, this difference was not significant by items
(t1(44) = 2.1,t2(23) = 1.7, p = .1). Although these differ-

Results and Discussion

Preceding ences are not significant, they reflect the pattern observed |
Example (nari (e)ari (N)ari word spotting. In ANCOVAs on the word-spotting data with
RT 648 772 733 the lexical decision data as covariate, the difference betwee
Errors 10% 30% 22% the preceding vowel and moraic nasal conditions remaine

significant in RTsF2(1,22)= 16.1,p < .005) but not in er-

Followin
Examgle saru(p) saru(a) saru(N) rors F2(1,22)= 3.6,p < .05). It therefore appears that the
RT 676 636 660 advantage for the preceding moraic nasal contexts in wor
Errors 10% 7% 11% spotting in errors (but not in RTs) was due to the bettel

acoustic quality of the targets in the nasal contexts.
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There were no fully reliable differences injust like English and Dutch listeners. These re-
the ANOVAs on responses to words taken fronsults are consistent with the account of speec
following contexts. In RTs, the context effectsegmentation offered by the PWC: when the
was significant by subjects but not by itemsstretch of speech between the edge of a cand
F1(2,84)=3.7,p < .05;F2(2,48)= 1.1,p >.1. date word and a likely word boundary contains
Pairwise comparisons showed that this effeanly consonantal material, as with, for example,
was due solely to the difference between thagura in tagura or ari in rari, that candidate
consonant and vowel conditiofsn errors, the word is penalized. It is thus harder to spot thar
context effect was not significant. It was onlywhen there is vocalic material preceding the can
marginal by subjectsF1(2,84)= 2.9, p = .06; didate word, as imaguraandeari. In contexts
F2(2,48)=2.1,p>.1. This weak effect was due such as these, the candidate word is aligned wit
only to the difference between the moraic nasal likely word boundary (a mora boundary), and,
and vowel conditions: responses to words takdn any case, the stretch of speech between tt
from vowel contexts were, on average, 4% moreord and the preceding silence (the vowel con
accurate than responses to words taken frotext) is a possible Japanese word.
moraic nasal contextgl(44)=2.5,t2(24)=2.2. The results for following moraic nasal versus
The nonsignificant trends in word-spotting thavowel contexts are also very clear. There was n
targets in moraic nasal contexts were harder ®vidence, either with 2- or 3-mora words, that
process than those in vowel contexts may thugsord-spotting was harder in moraic nasal con:
be due to a small acoustic confound. It seentsxts than in vowel contexts. It appears that sinc
clear, however, that there is no major differenctarget words were aligned with a mora boundan
between these two conditions and certainly nim both contexts, they were not penalized by the
evidence that an acoustic confound (favoring theWC and word-spotting was equally easy in
words in moraic nasal contexts) was somehoeach case. That is, even though single morai
masking an effect due to the context. nasals are impossible Japanese words, the

presence in an ongoing parse of Japanese spee
EXPERIMENT 5 does not make the recognition of neighboring

We can now summarize the main findings offords harder (likesaruin saruN), since in any
the first four experiments. Japanese listenecase there will be a mora boundary between th
found word-spotting in preceding impossiblemoraic nasal and the offset (or onset) of the
word contexts harder than in preceding possivord. The evidence for this claim, however,
ble-word contexts, for both 2-mora targets (Excomes from two null effects (the lack of a differ-
periment 3) and 3-mora targets (Experiment 1@¢nce between the following moraic nasal versu:

vowel conditions in Experiment 1 and again in

"Responses to words taken from following vowel conExperiment 3). While one can argue that the
texts (e.g.sarufrom sarug were, on average, 40 ms fasterggme experiments were not lacking in powe
than responses to words taken from following consona?t. th bust differen between th r
contexts (e.g.sarufrom sarup: t1(44) = 2.6,t2(24) = 2.0, glv_en € robus erences be _e_e . e pre
p=.06. This trend might suggest that (as in the comparis&£ding consonant and vowel conditions in eact
between Experiments 1 and 2) the relatively poor perforn@Xxperiment), it remains the case that within the
ance on word spotting with following consonant contexts iset of items with following contexts, there is no
due at least in part to an acoustic confound: the words ity dition against which to evaluate the vowel

following contexts which were the hardest to spot were also . L. . .
9 P and moraic nasal conditions. Given the illegal

detected most slowly in lexical decision. But an ANCOVA k SR i
on the Experiment 3 word-spotting RTs, with the ExperiStatus of the following consonants, it is IMpOSSI-
ment 4 RTs as covariate, comparing following consonafale to say whether the vowel and moraic nase
and vowel conditions showed that the difference betweetpnditions were both relatively easy conditions
these conditions remained significaR2(1,23)= 9.7, p < or both relatively hard. A more convincing dem-

.01). The difference therefore appears to reflect how difficult stration that th tw ntext r Il
listeners found it to segment words from consonant verngI a ese 0 contexts are equall

vowel contexts, rather than an acoustic difference betwe&aSY, therefore, would b_e an eXperim_ent in whicl
the words in the different contexts. there was an appropriate comparison contex
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(i.e., a phonotactically legal context). contexts should be harder to segment than thos
Experiment 5 was an attempt to provide suchn vowel contexts). Nevertheless, we decided t
a test. Words, such asni (sea urchin), were control for accent patterns across contexts il
placed in three preceding contexts, consisting &xperiment 5. All target words were bimoraic
a CCV mora (e.g.gya plus either a moraic and had HL accent patterns (were they to b
nasal gyaNun), a vowel gyaoun), or a conso- produced in isolation). The 4-mora sequence
nant @yabun). All three of these contexts are(CCVN and CCVYV, e.g.gyaNuniandgyaoun)
phonotactically legal. The predictions were asvere produced with LHHL patterns (which are
follows. The results of Experiments 1 and 3 sugthemselves well-formed sequences), and th
gest that listeners should find it difficult to spot3-mora sequences (CCVC, e.gyabun) were
uni in gyabunj with the mora structurgya-bu- produced with (legal) LHL patterns. The cita-
ni. There is a single (nonmoraic) consonant ([bJjion HL pattern of the target words was thus pre-
between the likely word boundary aftggyaand served in all three contexts, providing a more
the onset ofuni, souni should be penalized by controlled test of the PWC than was possible ir
the PWC. This condition is exactly comparableéhe earlier experiments.
to the preceding consonant conditions in the
earlier experiments (e.qari in rari), except that Method
there is an additional initial morgyaand thus  Participants Fifty-four student volunteers re-
that the boundary before the critical medial coneeived course credits for their participation.
sonant is cued by mora structure, rather than byhey had not taken part in any of the earlier ex
silence. The addition of the CCV mora makeperiments and were all native speakers of Toky:
the moraic nasal contexgyaNun) legal. In this Japanese.
case, and in the vowel contexfy@oun), the tar- Materials Twenty-four bimoraic target words
get word is aligned with a mora boundagy6- were selected following the constraints used ir
N-u-ni; gya-o-u-n). If the results with following the earlier experiments. These words weaeed
moraic nasals in Experiments 1 and 3 replicatéy three different preceding contexts: a CCV
and our interpretation of them is correct, themora plus a moraic nasal (CCVN; elgnj, sea
listeners should find it just as easy to spot wordsrchin, ingyaNun), the same CCV mora plus a
in the CCVN context as in the CCVV context,vowel (CCVV, e.g.,gyaoun), and the CCV
and both of these contexts should be easier thamora plus a consonant (CCVC; e.gyabun).
the CCVC context. These materials are listed in Appendix C.
Experiment 5 also provided the opportunity Twenty-four additional bimoraic target words
to deal with a lingering concern about pitch adtaken from the list of words with following
cent patterns. In the earlier experiments, thentexts used in Experiment 3) were selecte
words in preceding moraic nasal and vowel comnd placed in following contexts. Eight were
texts were produced with accent patterns whiafiven CV contexts (e.gchizu map, inchizutg,
did not correspond to the accent patterns theyght were given vowel contexts (e.gnoya
would have if spoken in isolation. The words imist, in moyay, and eight were given moraic
preceding consonant contexts were, howeverasal contexts (e.gsaruin saruN). Ninety-six
produced with their citation pitch accent patfillers were made in which embedded words
terns. As we have already argued, it is unlikelywere again avoided as much as was possibl
that listeners would find the noncitation formgjiven the constraints of the Japanese languag
of the words harder to recognize (since theyalf of the fillers were matched in phonological
were, after all, produced in the way that was atructure to the target bearing items. There wer
propriate for those particular contexts). Furthethus 24 bimoraic nonsense sequences with pre
more, to the extent that the listeners did haweding contexts (8 CCVN, 8 CCVV, and 8
difficulty with the words in the preceding vowelCCVC) and 24 bimoraic nonsense sequence
contexts, this would work against the differencevith following contexts (8 CV, 8 V, and 8 N).
predicted by the PWC (that words in consonaiithe other 48 fillers were trimoraic (CVCVCV)
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nonsense sequences. A practice set, consistiagget in it. The itenuri was therefore removed
of six target-bearing items and twelve fillerdrom the analysis. The other four responses ac
with the same phonological structures as thmmpanied by incorrect spoken responses wel
other materials, was also made. treated as errors. One targagzyin myueuzjy
Three lists were constructed. As in the earliavas missed by all subjects who heard it; this
experiments, all three lists consisted of the santem was also removed from the analysis. Fou
pseudo-random sequence of the 48 targets amdre items €gq aku, ang andemg were ex-
96 fillers (there was again always at least orduded on the basis of lexical decision perform-
filler after each target-bearing item). Each lishhce when these targets were presented to li
contained all 24 targets with following contextsteners without their contexts (Experiment 6).
The only difference between the lists was in thEhese words were particularly hard to recognize
target-bearing items with preceding contextsirespective of which type of context they had
that is, in the contexts in which the targets a@ppeared in. Each of these words was missed
peared. The three contexts were counterballl three conditions (i.e., with the words taken
anced evenly across the lists, such that each fisim each of the three contexts) by more thar
contained eight targets in each type of contexialf of the subjects who heard them. The re
As in the earlier experiments, listeners were uigponses to 18 words therefore remained in th
able to predict which items might contain taranalysis. Missing data for each subject (or item
gets, whether a target would be at the beginningere replaced with the mean of the available
or the end of a nonsense sequence, or what R&s for that subject (item) within the CCVN
type of context might be. and CCVV context conditions. Mean RTs
Procedure The materials were again recorde@measured from target offset) and mean erro
by the second author in a sound-damped boatiites (percentage of targets missed) are show
onto DAT tape, sampling at 48,000 Hz. The Hlin Table 5.
accent patterns of all 24 target words were pre- Listeners found it almost completely impossi-
served in each context: the items with CCVNle to spot words in the CCVC contexts. There
and CCVV contexts were produced with LHHLwere only two words spotted, each by only one
patterns; the items with CCVC contexts wersubject (ki in hyupukiand ono in chuzon.
produced with LHL patterns. The procedurdNOVAs by both participants and items on
was identical to that in Experiments 1 and 3he error rates showed that the effect of contex
Listeners were again given examples of targetgas significant £1(2,102)= 382.8,p < .001;
in each of the possible contexts. Eighteen sub2(2,34)= 145.0,p < .001). Planned compar-
jects heard each of the three lists; all subjedsons confirmed that performance in the CCVC
heard the same practice list.

Results and Discussion
TABLE 5

RTs wer just traction of th
S were adJus ed by subtraction o ﬁ/lean Reaction Times for Correct Detection (RT, in ms),

measured duration of the appropriate targﬁeasured from Word Offset, and Mean Percentage
word from each raw RT to measure from the offwissed words (Errors), in Experiment 5

set of each target word. Responses slower thar

2500 ms were again not recorded and thus angontext CCVN CCwv Cccvce
such responses were treated as errors. There was _ ' '
no further exclusion of very fast or very slow re- Example gyaNuni gyaount gyabuni
. 0 692 755 —
sponses. Eight manual responses (0.6%) were 30% 220 99%

accompanied by an incorrect spoken response-

Four of these responses were the waud Note CCVN, consonant-consonant-vowel-moraic nasal;
| t i thi d had b _CCVV, consonant-consonant-vowel-vowel; CCVC, conso-

(melon) o_pyuru_rl, IS wor a . €€N OVEr-hant-consonant-vowel-consonant. No mean latency for tar-

looked during stimulus construction. All othergets in the ccvc condition is given since no meaningful av-

subjects who hearplyururi failed to detect any erage RT could be computed in this condition.
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condition was worse than in each of the othethe context to the end of the first mora of the tar
two conditions: with CCVN,t1(53) = 21.0, get in either the CCVN or the CCVV contexts.
t2(17)=12.8; with CCVV,t1(53)=29.2,t2(17)= There were no significant correlations of mear
15.1. Listeners missed more targets in CCVMRT with number of lexical competitors.
contexts (e.g.uni in gyaNun) than in CCVV The present results thus suggest, in keepin
contexts (e.guniin gyaoun) but this difference with the results of Experiments 1 and 3, that
was only significant by subject$1(53) = 2.4, Japanese listeners find it relatively easy to spo
t2(17)=1.6,p > .1. As in Experiments 1 and 3, words which are aligned with mora boundaries
analyses of lexical embedding based on the ofwhether the segment neighboring the target is :
line dictionary (Matsumura, 1993) were carriednoraic nasal or a vowel) and find it very hard to
out. The items were split into two groups, onespot words which are misaligned with a mora
group in which there was an embedded word iboundary (as in the CCVC condition). It re-
the CCVC condition, from the vowel in the firstmains possible, however, that these results re
mora of the context to the end of the first mordlect acoustic differences between the targe
of the target (e.gabu, horsefly, ingyabun) but words in different contexts rather than segmen-
not in either the CCVV or CCVN conditions (11 tation difficulty. As with Experiments 1 and 3,
items) and one group in which there were ndherefore, a control lexical decision experiment
such embedded words in any condition (sixvas run in which the target words from Experi-
items; one itemjbo, was excluded sinceai, ment 5 were presented in isolation. Note that
companion, in the CCVV context is a word butsince the pitch accent patterns of the target:
oNiin the CCVN context is not). In an ANOVA were the same across all three contexts, an
on the error data, there was no interaction of thiwere appropriate for the targets when spoken ir
lexical embedding factor with the context factorisolation, this experiment provides an even bet-
There were very few lexical competitors beginter control than Experiments 2 and 4 did. Any
ning with the vowel of the context plus the matedifference found between the targets would have
rial up to the end of the first mora of the targetto be due to other acoustic differences betweel
but again there were more competitors (2.0, otine targets and not to differences in pitch accen
average) in the CCVC context than in the othepatterns.
two contexts (means of 0.0 and 0.1 competitors
in the CCVN and CCVV contexts, respectively). EXPERIMENT 6
There were, however_, no significant cqrrelationﬁ/lethod
of mean error rate with number of lexical com- o
petitors. Participants Forty-two volunteers from the
The RTs in the CCVN and CCVV conditionsS@me population as was used in all the earlie
were also analyzed. Listeners spotted words ffPeriments were tested. They had not take
CCVN contexts faster than in CCVV contextsPart in any of the other experiments and re-
but this difference was only significant by subceived course credit for their participation.
jects: F1(1,51)= 6.3, p < .05: F2(1,17)= 1.7, Materials and proced_ureThese were the
p > .2. There was thus a weak speed—accuratgMe s those of Experiments 2 and 4, exce
trade-off. Responses in CCVN contexts werthat the W_ords and nonwords were excised fron
faster but more errorful than those in CCv\e Experiment 5 materials.
contexts. Neither the latency nor the accurac
difference was fully reliable, however, and bot
the CCVN and the CCVV conditions were sub- Raw RTs were adjusted as in Experiment 5 to
stantially easier than the CCVC condition. Imeasure from the offset of each word. Five man-
was not necessary to perform an analysis of thal responses (0.5%) were accompanied by a
RT data based on embedded words, since, apadorrect oral response and were therefore treate
from in the itenrmyoaibq there were no embed-as errors. Responses slower than 2500 ms wel
ded words from the vowel in the first mora ofot recorded and thus any such responses wel

esults and Discussion
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also treated as errors. In the other two lexical deause those words were somehow acousticall
cision experiments, responses slower than 20@@graded relative to the words in the other con
ms were excluded as outliers. Since there wetexts. In isolation, the words from CCVC con-
no such responses in this experiment, no oth&exts were detected the most rapidly, and, al
trimming of the RT data was required. The sixhough they were missed more often than th
words which were removed in Experiment Swvords from the CCVV contexts, this difference
were removed here. Missing data were replacedas not significant. When an ANCOVA on the
in the same way as in Experiment 5. Mean RTExperiment 5 error rates was carried out, with
(measured from target offset) and mean errghe Experiment 6 error rates as covariate, th
rates (percentage of targets missed) are showndantext effect remained highly significarfe2(
Table 6. (2,33)=141.1,p<.001). It appears instead that
In ANOVAs on RTs, there was a significantspotting words in CCVC contexts was hard be-
effect of contextF1(2,78)= 5.3, p < .01; F2 cause listeners had particular difficulty segment
(2,34)= 3.9, p < .05. Listeners detected wordsng the words from those contexts.
taken from CCVN contexts (e.gini from gya- Experiment 6 also examined the difference
Nuni) more slowly than words taken from eithebetween the CCVV and the CCVN contexts.
CCVV contexts (e.gynifrom gyaounjtl(41)= Remember that in Experiment 5, although nei-
2.3,12(17)= 2.2) or CCVC contexts (e.guni ther effect was fully reliable, responses to tar-
from gyabunj t1(41)= 2.3,t2(17)= 2.1). There gets in CCVN contexts were faster but more er
was no significant RT difference between theorful than those to targets in CCVV contexts. In
CCVV and CCVC conditions. Experiment 6, responses to targets taken fror
In ANOVASs on errors, the context effect wasCCVN contexts were reliably slower and more
significant by subjects, but not quite by itemserrorful than those to targets taken from CCVV
F1(2,78)= 13.8,p < .001;F2(2,34)= 3.2,p = contexts. The words in CCVN contexts may
.05. This effect was again due to poorer petherefore have been less clear tokens than tho:
formance in the CCVN condition. Listenerdin CCVV contexts. Note that an ANCOVA on
missed more words taken from CCVN contextthe Experiment 5 RTs in these two conditions,
than words taken from either CCVV contextsvith the Experiment 6 RTs as covariate, showec
(t1(41)=4.6,t2(17)= 2.5) or CCVC contexts, that the difference in word-spotting latencies re-
though this latter difference was only significantnained nonsignificantF@ < 1), and a similar
by subjectst(41)=2.1,t2(17)=1.4,p > .1). ANCOVA on errors showed that the difference
There was no significant difference in error ratea word-spotting accuracy also remained non-
between the CCVV and CCVC conditions.  significant £2(1,16)= 2.6, p> .1). The most
It is quite clear that listeners did not have difimportant result here is that even if the words ir
ficulty spotting words in CCVC contexts be-CCVN contexts were somewhat poorer tokens
word-spotting performance in this condition re-
mains statistically indistinguishable from that
TABLE 6 in the CCVV condition, and both of these con-
Mean Reaction Times for Correct Detection (RT, in ms)ditions are clearly very different from the CCVC
Measured from Word Offset, and Mean Percentageondition. As predicted, Japanese listeners fin
Missed Words (Errors), in Experiment 6 it easier to spot words which are aligned with
mora boundaries than to spot words which ar
misaligned by a single consonant with mora
boundaries.

Original Context CCVN CCwV CcvcC

Example (gyaN)uni  (gyao)uni  (gyab)uni
RT 622 552 541

Errors 36% 20% 26% GENERAL DISCUSSION

Note CCVN, consonant-consonant-vowel-moraic nasal, In Japz_:mese, segmentatlon is based on tt
CCVV, consonant-consonant-vowel-vowel; CCVC, consolora. This conclusion was drawn from target-

nant-consonant-vowel-consonant. monitoring (Otake et al., 1993) and phoneme
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detection studies (Cutler & Otake, 1994; Otake The PWC also accounts for listeners’ ex-
et al., 1996); the same conclusion can be drawnremely poor performance in the CCVC con-
from the present word-spotting experimentglition in Experiment 5 (e.g., detectingni in
Words were relatively easy to spot when thegyabun). Again, there were no mora boundaries
were aligned with mora boundaries and haraligned with word onsets in this condition, so
to spot when they were misaligned with moragain the closest likely word boundary earlier in
boundaries. Specifically, in Experiments 1 anthe sequence is used in the PWC computation. |
3, target words were aligned with mora boundhis case, the boundary is between the first an
aries in the preceding vowel conditions, anthe second mora in the sequence (e.g., before tl
Japanese listeners found them easier to sfiofin gyabun) and again an impossible Japanest
than the target words in the preceding consonamord (the consonant [b] in the example) occurs
conditions, which were all misaligned with morabetween the likely boundary and the word onset
boundaries. Furthermore, in Experiment 5, taffhe activation of the candidate waudi should
get words were aligned with mora boundariethus be penalized, making word spotting hard.
in the CCVV and CCVN conditions (e.@niin The effect in Experiment 5 was considerably
gyaouniandgyaNunj respectively), and Japan-larger than the effects in Experiments 1 and 3
ese listeners again found them much easier @e factor which may have contributed to this
spot than the target words in the CCVC conddifference is that pitch accent patterns were cor
tions (e.g.,uni in gyabun), which were mis- trolled in Experiment 5 but not in the earlier ex-
aligned with mora boundaries (and almost inperiments. The target words in Experiment 5 ha
possible to detect). the same accent patterns across all condition
These results support the account of lexicalnd this pattern was the correct pattern for th
segmentation provided by the PWC and refle¢arget words when spoken in isolation. In Exper-
similar results in English (Norris et al., 1997)iments 1 and 3, the accent patterns of the worc
and Dutch (McQueen & Cutler, 1998). Experi-in the preceding consonant contexts were als
ments 1 and 3 are novel in that they show an ethose that are used when the targets are spoken
fect of the possible word status of contexts whicksolation. But in the preceding vowel contexts
are exactly controlled for phoneme length: botlthe accent patterns of the words were change
the vowel (possible word) and consonant (impogrom those used in isolated productions (e.qg.
sible word) contexts were one phoneme long. Ad-HH words like agura had HHH patterns, in
cording to the PWC account, the nearest likelyHHH oagurg). If this change in the citation ac-
word boundary to the edge of a candidate wordent patterns of the words in the vowel context:
is used in the computation of whether that canmade them harder to recognize than the words i
didate meets the constraint. When there is ne consonant contexts (e.@gurakept its LHH
mora boundary aligned with the beginning opattern intagura), this would have tended to
the word, as wittari in rari, the next likely word weaken any PWC effect. Since there was n
boundary yet earlier in time is used in the comsuch accentual difference in Experiment 5, the
putation, in this case the silence precedinBWC effect could thus have been larger.
the entire string. The stretch of speech between While this remains a possible explanation, it
the beginning of the word and this likely wordcannot be the only one. First, note that while
boundary is a single nonmoraic consonant, thaerformance did improve (in both speed and ac:
is, an impossible word in Japanese. The activauracy) from the preceding vowel condition in
tion of the activated candidate woatli is thus Experiment 3 to the CCVV condition in Experi-
penalized, making word-spotting more difficultment 5 (as the accent-based explanation pre
Experiments 2 and 4 showed that the difficultgicts), the major component of the increased ef:-
listeners had in spotting words in preceding corfect size in Experiment 5 is the increase in the
sonant contexts was not due to an acoustic coarror rates in the CCVC condition relative to
found; indeed, words taken from these contexthe earlier single consonant conditions (which
were the easiest to identify. the accent-based explanation does not predict
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Second, we think it is unlikely that the accenboundary. It is possible that there was a stronge
patterns of the words in the vowel conditions ireffect in Experiment 5, however, because ther
Experiments 1 and 3 would be particularly probwas stronger competition from other candidate
lematic. Japanese listeners appear to use accesirds in Experiment 5 (where the target words
patterns to constrain spoken word recognitiowere proportionally smaller parts of the com-
(Cutler & Otake, 1999), and misaccented Japaiplete nonsense sequence) than in Experiments
ese words are indeed harder to recognize thamd 3 (where the target words formed propor
correctly accented words (Minematsu & Hirosetionally more of the complete sequence).
1995). But misaccenting in sentences has alIn normal listening, the PWC penalty acts to
weaker effect (Minematsu & Hirose, 1995),suppress the activation of spurious competitors
and, in any case, the words in the precedingllowing the speaker’s intended words to domi-
vowel contexts in Experiments 1 and 3 were natate the activation pattern. Words which fail the
misaccented: They were accented in a way thRWC will therefore tend not be recognized. In
was appropriate for those contexts. If the sahe word-spotting task, however, listeners are
guences had been meaningful, the target woréscouraged to spot any embedded words, eve
could have been spoken in the vowel contexthose which fail the PWC. Listeners may there-
with the accent patterns which we used. fore adopt task-specific strategies in order tc
A more likely reason why the effect in Experfind words which (through the operation of the
iment 5 was larger than the effects in the earli®WC and lexical competition) would otherwise
experiments may have been that listeners foubd missed. When no word is immediately recog
it easier to recover from the segmentation probyzed in a nonsense sequence, listeners may ¢
lem caused by a string such @&si or tagura tempt some kind of search for words in that se
than to recover from the segmentation problequence (held in short-term memory). In contras
caused by a string such gggabuni If the PWC to normal recognition processes, this searcl
account is correct, then words in vowel contexisrocess is likely to be slow and effortful. Re-
(either the single vowel contexts in Experimentsiember that in all three word-spotting experi-
1 and 3 or the CCVV contexts in Experiment 5nents, however, listeners could not predict eithe
should not be penalized by the PWC mechavhere the target words would be (at the begin
nism. These words should thus tend to win th@ng or end of the string) or what kind of context
competition process and be recognized in thikere would be. They could not even predict
same way as they would be in normal listeningvhether there would be a target or not on ¢
In other words, there should be no segmentatigiiven trial (and on the majority of trials there
problem to be solved for these items. But in convas no target). The use of search strategies
sonant contexts (both the single consonant caterefore likely to be limited to situations where
texts in the earlier experiments and the CCV@&utomatic recognition processes fail. The PWC
contexts in Experiment 5) the target words amgredicts that normal recognition will be very
penalized by the PWC, and thus a segmentatistow, or will fail, when impossible words would
problem remains for these items. Once the achlie part of the lexical parse, as in the consonar
vation of one of these words has been halvedabhd CCVC contexts.
will be harder for that word to win the competi- Another reason why the PWC effect in Ex-
tion process. According to the PWC account, thjgeriment 5 was larger than the effects in Experi
activation penalty will be the same irrespectivenents 1 and 3, therefore, may be that listener
of the length or complexity of the target word owere more successful in applying a search stra
of the length, position, or complexity of the conegy in the consonant-context conditions in the
text; the only thing which matters is whether oearlier experiments than in the CCVC condition
not there is a possible word between the word Experiment 5. Although there are no directly
and the location of a possible word boundary. lcomparable experiments available, and certainl
other words, the same penalty is applied for atlone in Japanese, we note that word spottin
words that are misaligned with a likely worddoes tend to be harder for misaligned words ir
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longer contexts (misaligned Dutch words sucmuch easier environments for word spotting
asrok, skirt, infi.drok where the context is morethan wagyyabun).
than one syllable, as in the present Experiment 5It does not seem to matter in Japanese spee
CVCC condition, were missed, on average, opegmentation that a moraic nasal is not a poss
59% of trials; McQueen, 1998, Experiment 1ple Japanese word. The possible-word status
than for misaligned words in shorter contexta moraic nasal does not seem to enter into th
(misaligned English words such eggin fegg PWC computation because, for any word which
where the context is a single consonant, as in thecurs next to a moraic nasal, there must nece:
present Experiments 1 and 3, were missed, on aarily be a mora boundary (i.e., a likely word
erage, on 41% of trials; Norris et al., 1997, Exboundary) between the word and the morai
periments 1 and 2). While this comparison mustasal. We have suggested that the boundarie
be treated with caution, it is at least consisteafter moraic nasals are likely to be signaled, a
with the present data. Spotting misaligned wordeast in part, by the duration of the moraic
(i.e., words which have had the PWC penalty apasals. While more work remains to be done t
plied to them) may be harder in longer contexsstablish the precise acoustic correlates of mora
than in shorter contexts because of greater lexirythm in the speech signal, it seems clear the
cal competition from other candidates in longelapanese listeners use moraic rhythm in the
contexts and/or because search strategies are ksgmentation of continuous speech.
likely to succeed, within a limited response time, The present experiments therefore support th
when more context needs to be searched. Mdheory of lexical segmentation that the PWC of-
research is required to establish exactly why ttiers. On this view, candidate words are activate
CVCC condition was so difficult. We suspecby the incoming speech stream and compet
that the answer will lie in the processes whictvith each other until a lexical parse is settlec
act to recover from the application of the PW@pon. Two sources of information act to bias this
(e.g., competition, search strategies) rather thaompetition-based segmentation procedure. On
in the operation of the PWC itself. is the presence in the signal of multiple cues t
The results for words in preceding consonatikely word boundaries. Although the focus of the
and CCVC contexts thus suggest that Japangsesent study has been on the cues provided |
listeners, like English and Dutch listeners, usknguage rhythm, other cues, such as those bas
the PWC in segmenting continuous speech: Legn allophonics and phonotactics, also appear t
ical parses of the speech input which includee used by listeners. These cues are languag
impossible words are disfavored. The resulpecific. Note that they vary from language to
with moraic nasals further extend this view ofanguage not in the sense that some language
lexical segmentation. They suggest that the PW@r example, might encourage the use of rhyth.
operates very locally. Only the nearest likelynic cues in segmentation while others might en
word boundary to the edge of the candidate woaburage the use of phonotactic cues. Instead, the
matters in the computation. Thus, even thouglary across languages in the sense that languag
moraic nasals are impossible words because thdiffer in their metrical and phonological pro-
are single consonants, this does not cause gwerties. Listeners therefore use cues based ¢
deactivation of the candidate word. Becauselanguage-specific phonological structures.
likely word boundary intervenes between the Under the PWC account, these cues provids
word and the nasal consonant, the PWC penattye segmentation process with probabilistic in-
does not apply to the word. This was found iformation about the location of likely word
the following context conditions in Experi-boundaries; they do not indicate where worc
ments 1 and 3 (e.gsaruwas just as easy to spotboundaries must be. Candidate words are evall
in saruN as insarug, and in Experiment 5 ated with respect to these likely boundaries an
(e.g.,uni was spotted just as easily gyaNuni are penalized only if they are misaligned with
as ingyaounj and both of these contexts weréhe boundaries. Thus, in Japanese, recognitio
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of words with more than one mora (as in all theanalmore easily irzecanakhan inscana) even
present experiments) will not be impaired, evetinough the former contextdl which is an open
though these words have internal mora boundyllable with a lax vowel, is an impossible lexical
aries. Such words are not misaligned with theword of English. In a second experiment, Norris
own internal mora boundaries and thus will natt al. (in press) found that English listeners coulc
be penalized by the PWC. But an embeddetbtect words likeseamore easily irseashb than
word which is misaligned with a word-internalin seasheven though the contexbp] is an im-
mora boundary will be penalized by the PWQossible English content word (weak syllables,
For example, iratari (hit), there is a single non- i.e., syllables with the vowel schwa, cannot be
moraic consonant, [t], between the beginning afontent words in English). In each experiment, ¢
the embedded wordri (ant) and the internal syllabic context proved to be easier to segment
mora boundary between the first vowel and theord from than a consonantal context.
[t]. The PWC penalty would therefore be ap- Thus, the PWC, as a mechanism used in or
plied toari in atari. Since the activation airi  line speech segmentation, appears not to be se
would therefore be reducedtari would more sitive to the variability between languages in
easily win in the lexical competition process. what counts as a well-formed word. What count:
The other source of information used in thas a possible word for the PWC is not whether
competition-based segmentation process sequence of sounds constitutes a phonologicall
knowledge about whether or not a stretch @fcceptable word in the native language of an
speech can count as a possible word in the ongme listener, but whether that sound sequence, i
ing lexical parse. The present research, alomgspective of the listener’s native language, con
with earlier work in English (Norris et al., 1997)sists of only consonantal material. The PWC
and Dutch (McQueen & Cutler, 1998), suggestherefore operates on the language-univers:
that single consonants fail the constraint (i.econstraint that no chunks in the lexical parse ca
are treated as impossible words in the ongoimmgntain only consonants.
lexical parse) while stretches of speech includ- The PWC appears to be used for the seg
ing at least a vowel pass the constraint (i.e., angentation of continuous Japanese, as it is for th
treated as possible words in the lexical parsejegmentation of English, Dutch, and Sesotho
New research on Sesotho (Cutler, Demuth, &apanese listeners, like native speakers of the:
McQueen, submitted) suggests that this may ls¢her languages, are sensitive to the viability o
a language-universal constraint. In Sesotho,saund sequences as possible words in the spee
Bantu language spoken in southern Africa, thestream. Furthermore, just as the rhythmic struc
is a phonological restriction which requires thaure of English or Dutch provides English and
all content words have at least two syllables (dDutch listeners with cues to the location of
more precisely, two morae). In a word-spottingikely word boundaries (Cutler & Norris, 1988,
experiment, however, Sesotho listeners foundVroomen et al., 1996), so too does the charac
as easy to spot words in monosyllabic (monderistic rhythm of Japanese provide Japanese li
moraic) CV contexts as to spot words in bisylteners with a segmentation cue. We have argue
labic (bimoraic) CVCV contexts. In other wordsthat mora boundaries signal likely word bound-
although the single CV is not a possible word iaries in Japanese. This means that, in Japane:
the Sesotho language, it causes no segmentatwords are no harder to spot in moraic nasal cor
problems; it passes the PWC. texts than in vowel contexts, even though moraic
Further evidence that the operation of theasals are impossible words. The results witl
PWC does not depend on language-specific phmoraic nasal contexts also suggest that the con
nological constraints on the well-formedness giutation of viability may be very local. Only the
words comes from English. Norris, McQueenspeech material between a candidate word’
Cutler, Butterfield, and Kearns (in press) founédge and the closest likely word boundary is
that English listeners could detect words likevaluated by the PWC.



APPENDIX A

Target-Bearing Materials from Experiment 1 in Each of the Three Contexts

Target Accent pattern Translation Consonant Vowel Moraic nasal
Targets with preceding contexts
agura LHH (sit cross-legged) tagura oagura Nagura
atari LHH (hit) satari uatari Natari
azuki LHH" (azuki bean) razuki eazuki Nazuki
aroe LHH (aloe) karoe earoe Naroe
ibiki LHHA (snore) nibiki uibiki Nibiki
ibitsu LHH (distortion) ribitsu uibitsu Nibitsu
odeko LHL (forehead) todeko eodeko Nodeko
odori LHH (dance) rodori eodori Nodori
odoshi LHH (threat) kodoshi eodoshi Nodoshi
ogori LHH (treat) mogori iogori Nogori
ogura LHH (sweet azuki bean) nogura eogura Nogura
okowa LHL (a kind of rice) zokowa eokowa Nokowa
omoshi LHH (weight) somoshi eomoshi Nomoshi
omote LHHA (outside) romote iomote Nomote
omoyu LHH (rice water) romoyu eomoyu Nomoyu
omutsu LHL (diaper) homutsu iomutsu Nomutsu
onaji LHH (same) monaji eonaji Nonaji
owari LHH (end) nowari eowari Nowari
oyogi LHHA (swim) hoyogi ioyogi Noyogi
ugoki LHHA (movement) hugoki eugoki Nugoki
unaji LHH (nape) kunaji eunaji Nunaji
uroko LHH (scale) nuroko euroko Nuroko
uwabe LHH (surface) huwabe euwabe Nuwabe
uwasa LHH (gossip) ruwasa euwasa Nuwasa
Targets with following contexts
bikini HLL (bikini) bikinip bikinia bikiniN
garasu LHH (glass) garasug garasui garasuN
gojira HLL (godzilla) gojirab gojirau gojiraN
gorira HLL (gorilla) gorirak gorirai goriraN
goruhu HLL (golf) goruhub goruhua goruhuN
gurabu HLL (glove) gurabuk gurabua gurabuN
gurasu HLL (glass) gurasud gurasua gurasuN
higashi LHH (east) higaship higashia higashiN
hotoke LHH (Buddha) hotoked hotokeu hotokeN
karuta HLL (Japanese playing cards) karutap karutau karutaN
medaru LHH (medal) medarus medarua medaruN
megane HLL (spectacles) meganes meganei meganeN
mogura LHH (mole) mogurak mogurau moguraN
nameko LHH (nameko mushrooms) namekok namekoa namekoN
nigari LHH (bittern) nigarib nigariu nigariN
nigori LHH? (muddiness) nigorik nigoria nigoriN
nobori LHH (up-train) noborip noboriu noboriN
pedaru LHH (pedal) pedarub pedarua pedaruN
poteto HLL (potato) potetok potetoa potetoN
puragu HLL (plug) puragus puragua puraguN
purasu HLL (plus) purasug purasua purasuN
puresu HLL (press) puresub puresua puresuN
rizumu HLL (rhythm) rizumug rizumui rizumuN
saguri LHH (probe) sagurig saguria saguriN
terebi HLL (television) terebip terebia terebiN
tsuzumi LHH (hand drum) tsuzumik tsuzumia tsuzumiN
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Target-Bearing Materials from Experiment 3 in Each of the Three Contexts

Target Accent pattern Translation Consonant Vowel Moraic nasal
Targets with preceding contexts
ase HL (sweat) tase iase Nase
aki HL (autumn) raki eaki Naki
asa HL (morning) dasa iasa Nasa
ashi LH” (foot) pashi uashi Nashi
ana LHA (hole) zana uana Nana
ani HL (brother) sani eani Nani
ane LH (sister) rane iane Nane
ami LHA (net) zami uami Nami
ari LH (ant) rari eari Nari
awa LH” (bubble) tawa eawa Nawa
isu LH (chair) pisu uisu Nisu
ima LHA (living room) nima uima Nima
ibo HL (wart) mibo uibo Nibo
usu HL (mortar) gusu eusu Nusu
uso HL (lie) puso iuso Nuso
uta LH” (song) guta auta Nuta
uchi LH (house) zuchi euchi Nuchi
uni HL (sea urchin) puni iuni Nuni
uma LH” (horse) ruma euma Numa
uzu HL (whirlpool) buzu iuzu Nuzu
eki HL (station) keki oeki Neki
esa LH” (pet food) resa oesa Nesa
eri LHA (collar) reri aeri Neri
ebi LH (shrimp) nebi oebi Nebi
Targets with following contexts
chizu HL (a map) chizut chizua chizuN
moya HL (mist) moyap moyau moyaN
kinu HL (silk) kinup kinua kinuN
matsu HL (pine tree) matsup matsua matsuN
haru HL (spring) harup harua haruN
kuzu HL (trash) kuzut kuzua kuzuN
naya HL (a shed) nayat nayau nayaN
tetsu LH (iron) tetsup tetsua tetsuN
natsu LHA (summer) natsup natsua natsuN
fuyu LHA (winter) fuyup fuyua fuyuN
yuzu HL (citron) yuzut yuzua yuzuN
mizu LH (water) mizup mizua mizuN
koya LHA (shed) koyat koyau koyaN
hiru LHA (noon) hiruk hirua hiruN
kaya LH (mosquito net) kayap kayau kayaN
mitsu HL (honey) mitsut mitsua mitsuN
saru HL (monkey) sarup sarua saruN
netsu LHA (heat) netsup netsua netsuN
gasu HL (gas) gasup gasua gasuN
heya LHA (aroom) heyat heyau heyaN
tsuyu LHA (rainy season) tsuyup tsuyua tsuyuN
zaru LHA (basket) zarug zarua zaruN
kizu LH (cut) kizup kizua kizuN
kutsu LHA (shoes) kutsup kutsua kutsuN
maru LH (circle) marut marua maruN
suzu LH (bell) suzup suzua suzuN
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APPENDIX C

Target-Bearing Materials from Experiment 5 in Each of the Three Contexts (All Words Had HL Accent Patterns)

Target Translation CCVN CCVvV CCvC
ase (sweat) pyaNase pyaiase pyapase
aka (red) myaNaka myaoaka myapaka
ani (brother) nyaNani nyaeani nyabani
uki (rainy season) hyuNuki hyuauki hyupuki
uri (melon) pyuNuri pyuiuri pyururi
uzu (whirlpool) myuNuzu myueuzu myubuzu
eki (station) myoNeki myoaeki myokeki
ono (axe) chuNono chuaono chuzono
aki (autumn) kyaNaki kyaeaki kyapaki
ama (woman diver) byoNama byoeama byorama
aji (horse mackerel) byuNaji byueaji byubaji
ibo (wart) nyoNibo nyoaibo nyomibo
umi (sea) ryoNumi ryoeumi ryorumi
uso (lie) hyoNuso hyoeuso hyonuso
ego (ego) gyuNego gyuaego gyupego
oke (tub) syaNoke shauoke shasoke
asa (morning) nyuNasa nyueasa nyurasa
aku (badness) hyaNaku hyauaku hyapaku
ane (sister) kyuNane kyuoane kyupane
ato (mark) ryaNato ryaeato ryawato
usu (mortar) byaNusu byaeusu byagusu
uni (sea urchin) gyaNuni gyaouni gyabuni
ema (votive tablet of a horse) shoNema shoaema shorem:
oku (inner part) ryuNoku ryuaoku ryunoku
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