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Chapter 1: General Introduction
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General introduction.

This thesis is concerned with reading aloud wevdgen in a
logographic script such as Japanese kanji and €hinanzi which are
amongst the most complex writing systems in thddvdmagine
therefore, for a second, that you have to readdadoword presented
on a screen. How long would that take you? The angwnot very
long, generally around half a second. The abilit¢t apeed with
which we convert visually presented material (saskalphabetic
words, logographic words, symbols and pictureshtelligible speech
output is a quite impressive cognitive achievemeotvever, the
exact amount of time it takes to name aloud vigyaiésented words
or pictures depends on a large number of factadd) as the language
or script used, specific properties of a word @tyrie and the setting
(or experimental condition) in which a target wordpicture has to be
named. Word properties that affect naming timesagelanguage,
frequency and length, but also regularity. Glus{ikw/9) found, for
instance, that irregular words (i.e. words thahdbhave a consistent
spelling-to-sound correspondence) are named sloarapared to
regular words; however, others (e.g. Jared, McR&ei&lenberg,
1990) found this to hold only for low-frequencyrits (such as the
first syllable /die/ in DIESEL and DIET which isgmounced /di/ or
/dal/). Picture naming latencies are also founbet@ependent on
properties such as frequency. Oldfield and Windf{@l964) for
instance, found a linear correlation between pichame frequency
and naming latency (i.e. higher frequency leadagdter RTs). For
many decades now scientists have designed chrorioragperiments
and investigated speech errors to better understhiah components
of information processing are involved and whichtes are taken
when producing words.

Models of language production

Models of language (and word) production usually
discriminate between different processing levelgtvimay or may
not (depending on the model) include: conceptuttinaassignment
of syntactic features, phonological word-form ernngdand
ultimately articulation (for overviews see e.g.r&aazza, 1997; Dell,
1986; Levelt, Roelofs, & Meyer, 1999; Coltheartske, Perry,
Langdon & Ziegler, 2001). In this thesis, | do refe other models to
account for my findings, but my primary focus l@sthe most
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detailed model of language production called “WErgtoding by
Activation and VERIfication” or WEAVER++ (which igrgely based
on evidence from chronometric experiments) develdpeRoelofs
(1992) and Levelt et al. (1999). According to thmedel, speech
production involves a specific number of levelse(s&ure 1).

picture input

conceptual
lexical-syntactic

lexical-phonological

overt speech

Figure 1. The route a to-be-named picture followsaming in the
WEAVER++ model of language production (Roelofs,213@velt et
al., 1999; sg = singular)

v

First of all, at the conceptual level, contentshef utterance
related to the communicative situation or intenti@eome activated.
For instance, if one is instructed to name a p&cfarg., of a “house”),
the presented object is visually processed andadet the appropriate
concept. It is commonly assumed that not only éinget concept
“house” but also semantically related conceptsi{ss“building” or
“farm”) receive activation (Collins & Loftus, 197&kpvelt et al.,
1999; Glaser & Dungelhoff, 1984; Starreveld & LaijH£995).

Subsequently, the activated conceptual nodespidad
activation to the level of lexical representaticnstaining the word’s
lexical-syntactic (or lemma) representation. Thigilves accessing
parameters concerning morpho-syntactic make-upeofviords. For
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instance, if one has been presented with multipleseés (“housg),
then at this level the parameter for plural (+$)this specific word
will be set. Obviously, syntactic information fereagular words, such
as “fish” having an irregular plural form (e.g.sfi”), is also stored
and incorporated at this level. The time it takesdlect the target
lexical-syntactic representation depends on thebmuraf co-activated
representations (and their respective activatimngths) that are
assumed to compete for selection (but see MahastaCBeterson,
Vargas, & Caramazza, 2007 for an alternative prapo€ompetition
at the lexical-syntactic level results from casngdictivation between
the conceptual and lexical-syntactic levels. Acoaydo Levelt et al.
(1999; see also Levelt et al., 1991), one lexiyakactic
representation is ultimately selected and only ijesentation
activates a representation at the subsequentdévwedrd form
encoding (but see Peterson & Savoy, 1998; Roe26133).

At the level of phonological word-form encodingstiof all
the phonological make-up of the morphemes thatttatesthe word
(or utterance) has to be retrieved from the mdesaton. This entails
accessing the phonological codes for all includedpinemes, e.g. in
the case of a picture of multiple houses accesbmdree morpheme
/house/ and the bound morpheme /s/. Subsequegtindirical and
segmental properties of these morphemes will begssed. This
involves incremental clustering of phonologicalreegts (e.g. /h/ /a/
/o land /s/) into a syllabic pattern. Metrical encagat this level
involves determining e.g. the amount of syllabled stress placement
in a word.

The final part of the speech production predssurning these
syllabified patterns into motor instructions thahde produced by the
articulatory system resulting in overt speech.

In this thesis, | will be mostly concerned witle tieading
aloud (e.g., overt production) of visually presenteords. In
WEAVER++ (Roelofs, 1992; Levelt et al., 1999), ardican enter the
production system in three different ways (see &d).
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conceptual

orthography

lexical-syntactic

lexical-phonological

[ L L L, overt speech

Figure 2. The route a to-be-named word can follovhie
WEAVER++ model of language production (Roelofs,2t3@velt et
al., 1999)

word input

To begin with, phonemes can be (non-lexicallypatsed
from a presented string of letters through a rasell conversion
route (Route 1 in Figure 2), also called the grapgghoneme rule
system (e.g. Coltheart et al., 2001). The abibtptonounce non-
words (which by definition do not have an entryhie lexicon),
combined with the finding that non-words can faatk production
when they are phonologically to the picture’s ngmg. Lupker,
1982) and, for instance, form-priming effects whieére obtained in
naming non-words (Horemans & Schiller, 2004), desti@te the
involvement of this sub-lexical route during protian. Secondly,
words (which have an entry in the lexicon) followoaite from an
orthographic to a phonological word-form represgota(Route 2 in
Figure 1, see also Roelofs, 2003, 2006). This easeen, for instance,
in the long-lag priming paradigm (i.e. many intarirgy trails between
prime and target words) where morphemically (appie¢prime]->
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apple [target]) related prime words speed up péechiaming (Koester
& Schiller, 2008; Zwitserlood, Bolte, & Dohmes, ZN)0Finally,
besides taking Route 2 (orthography to phonologgyds also travel
from orthography to their lexical-syntactic repnetsgions. This is not
to say that reading aloudkcessarilyinvolves lexical-syntactic
representations when the task is to read aloudrd. Wimwever,
semantic interference effects (e.g., the distrde&RM induces more
interference in naming a picture of a house thanraelated word;
Glaser & Dungelhoff, 1984; Schriefers et al., 19800
gender/determiner congruency effects (in languagisa gender
system, a gender incongruent distractor word inslicierference in
naming a picture using a determiner + noun phitaae & gender
congruent distractor word) are commonly localizaad(indicate
involvement of) visually presented distractor woadishis specific
level (Schriefers, 1993; but see Schiller & Caramaa2003).

The majority of word reading and picture namingg@ch has
been carried out using languages that employ afdlagcripts (e.g.,
English, Dutch, etc.). However, more and more stsidire focusing
on whether language production theories also pecaituseful
account of reading aloud in non-alphabetic scriptshis thesis, | am
concerned with the production of phonology fromhography in
languages that use logographic scripts (to whichepert results in
Japanese and Chinese). In the following | willtfpeovide a brief
overview of the essentials of logographic charadteChinese and
Japanese. Next, important differences between tisigographic
scripts will be discussed. Finally, we present e@raew of the main
guestions addressed in this thesis and how thegeaié with in the
various chapters.

The term “logographic characters” usually refergtaphemes
that represent a complete word or morpheme {.gepresents the
word or free morpheme for “sea”). In this thesig, @oncentrate on
logographs which originated in China and whichareently used in
both Chinese and Japanese. These specific graplvamée divided
into three categories: pictograms, ideograms anthagc-phonetic
compounds (which usually consist of a phonetic sgrdantic radical,
which is a subpart of the whole character indigaamantic
membership, e.g. “animal” or a clue about pronuimmm.
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Table 1. Different types of logograms in Chinese dapanese (number denotes one of four possibéss ion
Mandarin Chinese pronunciation, e.g. 1 = high pjteh= rising, 3 =falling then rising, 4 = fallingkUN or ON
denotes the origin of the pronunciation)

Type of character Form grrggﬁﬁgiation ;?S:Sségtion meaning additional information
pictographic i /shanl/ lyama,/ or /sagy mountain ML L) WAy
Ideographic (simple) A /shi2/ fishiyur/sekin/ stone radical for stone
ideographic compound & lyan2/ liway/gany rock [+ f

semantic - phonetic

4 : , . N
compound e /guil/ lkebd silicon 1+ 3+
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A pictogram is a character denoting somethingiffstance an
object) by representing its shape. In the lastroolof Table 1, it can
be seen how, over time, a drawing from a mountained into the
current logographi{l). The second category, ideographs or
ideographic compounds, are characters which coameagiea. This
can be realized either by combining existing picaps (e.qg.
combining the radical for stonf with mountainiLl to create rock>
) or by the introduction of new ideographs whicfieet ideas or
concepts (such as. for “up” or T for “down”).

It is important to notice that pictographs andigi@phs only
make up a small portion of the whole logograph imoey. The most
commonly found structure for a logographic chanaistealled the
semantic-phonetic compound. Typically, semanticratic
compounds are made up of two parts, (1) a sempattdndicating
the general meaning or category of the charact(2na phonetic
part indicating an approximate pronunciation. Cdesng the last
example from Table E “silicon”. The left part denotes the radical
for stone & or thesomething-to-do-with stone or mineraioup)
and the right part gives a clue to the overall pramation for that
character, e.gE (/guil/ for Chinese or /kgi for Japanese). Another
clear example is the characfér(“ant”; /ma3/). In this character, the
left radical 2 (“insect”; /chong?2/) indicates the group “insecasid
the right radical’ (*horse”; /ma3/) indicates the pronunciation foe t
character (for Chinese, not Japanese where thiactiea does not
exist). In other words, one could etymologicallieipret such
structure as “the insect which sounds like /ma8ithough the
predictions of the phonetic radial are in many sas®rect, e.g#
(“cicada”; /chan2/) withgs (“single”; /chan2/), this is not always the
case, e.gif (“moth”; /e2/) withF& (“I"; lwo3/). However,F% used as
a phonetic radical is still consistent in predigtie/ without the tone
such as irfik (“Russia or suddenly”; /e2/) & (“hungry”; /e4l).

Typically, Chinese characters have just a singbaynciation,
however, there are also some characters whicharay more
pronunciations (e.dg7 /xing2/ or /hang2/, meaning ‘to go’). This is
completely different for Japanese as tiegority of Japanese kanji has
more pronunciations for a single character. Tragaswill be
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discussed in more detail shortly after a briefadtrction on Japanese
scripts.

Modern Japanese employs a combination of no hessthree
scripts (not counting letters/numbers), namely grgphic kanji and
hiragana and katakana. Logographic kanji are gépersed to denote
parts of the language which carry meaning suctoaasiand verb- or
adjective stems. Hiragana is usually used to wetb and adjective
inflections, grammatical particles (e #. object marker “0”), and
some native Japanese words. Katakana is mainlytasegresent
non-Japanese loanwords and onomatopoeiafe=g¥x 7 = &,

“choki choki”, i.e. the cutting sound of scissors).

The route from orthography to phonology in Japariesgi.
As mentioned above, Chinese usually, but not adwhss a
single pronunciation for a character, efgy‘insect”; /chong2/). In

Japanese, howevet; could be pronounced /mughi or /chuu,/
depending on the combination it forms with othearelcters (e.qg.
intra-word context). The etymology of this compf@Eonunciation
system lies in the fact that Japan had no wrigegliage when trade
and cultural exchange with China started. As altesver time,
Chinese characters were incorporated into the égedanguage.
However, in many cases, not only the characterimpsrted, but also
the Chinese pronunciation. Consider, for instatie character for
water7K which in Chinese is pronounced /shui3/. In Japaitesan be
pronounced as the original Japanese word for veagermizy,,/ (also
called KUN, or literally, “meaning” way) or as tivcorporated
Chinese word for water, e.g. /s¥i(also called ON, or literally,
“sound” way). Usually, when a character stands@lamd it has a
KUN reading (which not all characters have), ithlwi pronounced
using that reading, meaning thatif stands alone, one would say
/mizug,y and not /syi/. However, if the character is part of a
compound, usually it will take the ON reading. Taet that such
rules are not invariable can be seen from exangulels agf 7k
(‘seawater’), in which thek is pronounced as /sWi andrizk
(‘rainwater’) in which the/k is pronounced as /migw.

The main issue this thesis tries to shed more bghis how
reading aloud takes place in languages using lagte scripts. In
particular whether in reading aloud words the Japaidanguage
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production system (by means of its complicated pncration system)
differs from Chinese.

At this point, it is useful to return briefly tbe introduction
mentioning that irregular words are found to be edrslower than
regular words (Glushko, 1979) particularly whenythee low
frequent (Jared et al., 1990). In addition, it AB® often been
reported that heterophonic homographs, i.e., witraiscan take more
pronunciations depending on the context they apipeaiso show
prolonged naming latencies. The word “read”, fatamce, would be
pronounced differently depending on its tense (it past tense,
i.e., “I'll read [/rid/] this book” vs. “I've read/re d/] this book”).

There is ample evidence that such words are irrgéread
aloud more slowly than matched controls (Seidenbafaters,
Barnes, & Tanenhaus, 1984; Kawamoto & Zemblidg®21%olk &
Morris, 1995; Gottlob, Goldinger, Stone, & Van Ongd&999). In light
of these results it has been theorized that praatioo of such words
might be complex, due to processing cost refledtiggtime to select
between simultaneously activated pronunciations.

As over 60% of all kanji have such multiple proaiations,
what would this imply for Japanese words? For imsgaif /K is
presented in isolation, perhaps only /migtiand not /syl will
receive activation or when the compoufidk /kaipr-Suipy/ “seawater”
is presented, perhaps /migy does not receive activation, however,
both may still receive activation, but only the aneich reaches the
highest activation (or a certain threshold) willgreduced.

In an influential study, Wydell, Butterworth, aRatterson
(1995) explored this issue. These authors investibahether
consistency effects in terms of competing ON and\Kigadings
could be found in Japanese. Words including a chardike /K were
termed “inconsistent” since the pronunciatiorviofvaries across
orthographic neighborhood. Consistent words wefimelg as words
with a single pronunciation for each character givan position in a
compound. Wydell and colleagues (1995) did not {indconsistency
effects in five experiments with two-kanji wordsdamne experiment
with single-kanji words. Regarding the two-kanjpeximental results,
Wydell et al. (1995) concluded that the computatbphonology
from orthography is mainly situated at the levette whole word
(e.g. the compound) and not at its subcomponergsgeonunciation
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for the individual members of the compound). Inestivords, for/s

7K Ikai,r-Suiy “seawater” it does not matter thét “sea” can also be

pronounced as /umi/ and7k “water” can also be pronounced as
/mizugy. In the stand alone single-kanji experiment, Wiyeleal.
(1995) found that when a kanji presented in isofatiad to be named,
it did not matter whether that kanji had two oreapossible
alternative pronunciations (in compounds), i.eytfoeind no
consistency effects in bare kanji naming.

However, subsequent research by Fushimi, ljuittePson,
and Tatsumi (1999) did find significant RT diffeces between
consistent and inconsistent multiple reading kahjen ‘typicality’
(i.e. when a certain pronunciation was typical at) mvas introduced
as a factor in naming compound and non-words iadege. These
results led to their interpretation (contrastingd®y et al., 1995) that
computation can be affected by the character-soangspondence at
the subcomponent level (individual kanji) and nolyaat the whole-
word level. Another study by Kayamoto, Yamada, &allashima
(1998) reported contrasting results for single kaajning depending
on relative frequencies of the alternative readihgsheir first
experiment, participants were instructed to nammgi keaving only a
single reading, i.64 /niku,y “meat” versus kanji having multiple
reading, i.e2% /kazuyy/ or /sugy “number”. Kayamoto and
colleagues employed high-frequency and mid-frequdanji and
found for both frequency ranges a significant iasgein naming
latencies for multiple reading kanji compared tog$ reading kanji.
Interestingly, participants even produced occasibleading of both
readings, i.e%& might have been blended to /kasuu/ (kg2suu,).
Kayamoto et al. (1998) argued that the longer R¥seoved for the
multiple reading Kanji might be due to the factttimthe stimulus
materials used the alternative readings (i.e. Gidirgys) had
relatively high language frequencies. Thereforey second
experiment, the authors employed kanji with a ginghding, e.g.,
againfl /nikuyy “meat”, versus kanji which had a subordinate
(weaker) alternative and hence a stronger domireaating, e.g.,
mado in% /madqyy/ and /sow/ “window”. In this second
experiment, the naming latencies of single- andipialreading kanji
were similar in size. Kayamoto et al. (1998) therefconcluded that
competition induced by a strong alternative (ONdiag caused the
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processing cost in their first experiment. The abseof an effect in
their second experiment was proposed to be due itosafficient
strength of the alternative reading to be an adequ@mpetitor to the
dominant reading.

In sum, there is evidence for the activation oftiple
readings when processing Japanese kanji (Kayanaiq €998;
Fushimi et al., 1999) as well as evidence agair{8¥ydell et al.,
1995). Thus, the body of experimental evidencerdigg
phonological activation of multiple readings in kgmocessing is not
entirely conclusive yet. In addition, the aforeneméd experimental
evidence was always indirectly acquired, e.g. preations always
necessitated thessumptiorthat the activation of multiple readings
caused naming latency differences. This thesisamuis to establish
whether presentation of a single kanji activate#tipia
pronunciations (Chapter 2; by means of asseshiagtly whether
multiple readings can be primed from a single kprijne) and
subsequently aims to ascertain whether and undiehwh
circumstances the activation of multiple pronunoizd leads to
increased processing costs (Chapter 3 and 4; vsaatjng aloud tasks
with picture distractors).

Units of speech production in Japanese

The focus of Chapter 3-4 concerns the readingdabdu
logographic words, especially whether multiple pdlogical
representations of Japanese kanji show differéemdy patterns from
reading aloud Chinese hanzi when presented in senaan
phonological context. Specific attention in Chatés paid to
establishing whether multiple phonological repréatons become
active in Japanese. In addition to this, Chaptgvexifically zooms in
on the chunk size of the activated phonologicatsuoi speech
production in Japanese.

Theories of language production generally desdtibe
phonemic segment (e.g. /r/) to be the basic urphionological
encoding. However, there is also evidence that auahit might be
language-specific. In Mandarin Chinese, for instarspeakers are
shown to profit from preparation of the first sylla but not from the
first phonemic segment of a word (Chen, Chen, &,[2€02). Such
findings are inconsistent with results obtaineaggtnglish, Dutch,
and other Germanic languages. Certain aspectslyi$oahd in
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theories of word production (such as the segmengtibe basic
phonological unit size) might not apply to all lasages. Therefore, to
augment the understanding of Japanese phonolagicading, it is
important to also establish the size of the bagicgssing unit in
Japanese. This might differ considerably from Céénand Germanic
languages such as English and Dutch, as Japaneferisargued to
be a mora-basédanguage. We address this question in Chapter 5,
where several masked priming experiments distitngilie mora from
segment and syllable effects during word naming.

Overview of the experimental chapters

Chapter 2 of this thesis aims to obtain directlentce
regarding the activation of multiple readings fairgle kanji
character. More specifically, | investigate whethetivation of an
alternative reading can be detected even whenltémative reading
is weak, or to put it in other words, whether aatiion of alternative
readings only occurs under special circumstancgsirecase of a
high frequency competitor. In this chapter, we refite results of two
masked-priming experiments using kanji primes i tKUN and
ON transcriptions in katakana (a syllabic Japasesgt mostly used
to write loan words) that show that presentatioa single kanji prime
indeed activates multiple readings. In ChapteraBtigipants are asked
to read aloud Japanese and Chinese target wordsrsppsed on
semantically related and unrelated picture distractWe show that in
Japanese (but not Chinese) semantically relatedrp&speed up
naming latencies of the target words. In Chaptevelshow the same
pattern of results, this time using phonologicadiated distractor
pictures (e.g., homophones). A subsequent contp#rément in
Dutch confirms that the observed facilitation ipaaese (but not
Chinese) is likely the result of a processing delbghe lexical-
phonological level. Althought this may seem counteitive, |
propose that the processing cost allows phonoltgicsated pictures
(compared to phonologically unrelated picturestert a facilitatory
influence on naming latencies. In the General Dismn of Chapter 4,
we conclude that the research reported in Chaptargl shows that
multiple readings can be activated when proceskipgnese kanji.

1 A mora is considered to be an independent rhytHretoacture within a syllable. For instance, thdlwe
known Japanese name “Honda” consists of two sgtaliiloN/ and /da/ (N = nasal coda) and three
morae, /ho/ /N/ /da/ which last approximately etulaing.
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The activation of multiple representations mighine at a
processing cost (perhaps due to competition oeshactivation)
which makes such stimuli susceptible to semanticrezmophonic
context effects from distractor pictures. Previausk (see Kinoshita,
2003, for a review) has consistently shown thatmééarget word is
preceded by a briefly presented masked prime woadrsy the onset
(i.e. the first letter) with the target, readingud the target is
facilitated compared to an unrelated prime (e.gsteo & Davis,
1991; Schiller, 2004). This masked priming paradigas used in four
experiments described in Chapter 5 to establishiveiner not onset
effects could be obtained in Japanese. Througheuttperiments,
we manipulated the degree of overlap between agpword and a
target word from one consonantal segment to a winol& (CV). The
first three experiments in Chapter 5 show that beffects are not
present in Japanese word reading even when alldwirey script
which favors segmental processing (e.g., romajig fourth
experiment distinguishes between the mora andyitabke, and
indicates that the mora is indeed the elementargr@mximate) unit
during phonological encoding in Japanese languagguption. The
last chapter provides an overview of the resultsl @onclusions on)
the experimental work performed in this thesis.

The following references correspond to the chapretisis thesis.

Chapter 2: Verdonschot, R. G., La Heij, W., Poppe, C., Tanzadk,
& Schiller, N. O. (submitted). Japanese kanji psrfeilitate naming
of multiple katakana targets.

Chapter 3: Verdonschot, R. G., La Heij, W., Schiller, N.OO{®).
Semantic context effects when naming Japanese kanjhot Chinese
hanzi,Cognition 115, 512-518.

Chapter 4: Verdonschot, R. G., Paolieri, D., Kiyama, S., Zina@.
F., La Heij, W., & Schiller, N. O. (submitted). Ctent effects when
naming Japanese (but not Chinese), and degradeti Dauns:
evidence for processing costs?

Chapter 5: Verdonschot, R. G., La Heij, W., Kiyama, S., Tak&o0
K., Kinoshita, S., & Schiller, N. O. (submitted)h& functional unit of
Japanese word naming: evidence from masked priming.
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Chapter 2: Japanese kanji primes facilitate
naming of multiple katakana targets

This chapter is based on: Verdonschot, R. G., Lig W&, Poppe, C.,
Tamaoka, K., & Schiller, N. O. (submitted). Japankanji primes
facilitate naming of multiple katakana targets.
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Abstract

Some types of words such as words with incondisten
grapheme-to-phoneme conversion or homographs adeateud more
slowly than matched controls, presumably due topmdition
processes. The majority of Japanese kanji havapteuteadings for
the same orthographic unit, i.e. the native Japaresding (called
KUN reading) and the Sino-Japanese reading (c@llddeading).
This has led to the question whether the preseherilbhiple readings
may lead to processing costs for the selectiohetbrrect
pronunciation. Studies examining this issue hawesiged mixed
evidence. Wydell and colleagues (1995) did notialjfeocessing
costs for naming single kanji which had more regslicompared to
kanji which had fewer readings. In contrast, Kaysorand colleagues
(1998) did find such costs (longer RTs) when domimaadings were
relatively weak. However, as their participantsquoed the dominant
reading of target words, the presence or absenpgmoéssing costs in
naming kanji having multiple readings only providedirect evidence
on the issue whether or not alternative readinge abkso active. The
current study aims to obtain direct evidence onthéreor not
multiple readings become active and whether biatsiageading
preference towards the KUN and ON reading leadsdifferent
activation spreading pattern. The results of twmprg experiments
showed indeed that the reading of multiple katakargets was
facilitated by the same kanji prime indicating thatltiple readings
were activated. In addition, when Kanji charactaespresented in
isolation, phonological activation was constanthpisger for KUN-
readings compared to ON-readings, even when thigikdnased
towards the ON reading.
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Japanese kanji primes facilitate reading aloud oftiple targets.

Reading aloud words is a task that can be caoue@asily
and rapidly. However, the underlying mechanismscaraplex. For
instance, exception words, which do not consisgentlow
orthography-to-phonology conversion (OPC) rules,STEAK, are
named slower compared to consistent words, i.e.lRE%esumably,
this is caused by a conflict between stored knogdeaf the word’s
pronunciation and OPC regularities for similar oghaphic patterns
(Glushko, 1979; Stanovich & Bower, 1978; see alsié&nberg,
Waters, Barnes & Tanenhaus, 1984). Waters and @uidg (1985)
replicated these findings, but only found this efffilor low-frequency
words. Presently, three categories have been ms$talto describe
the print-to-sound consistency of a word. The fuetegory is termed
regular-consistent, e.g. HAZE, because the sodaltlerd bodies (e.g.
—AZE) of all other words across its neighborhoodahaThese words
are also called “friends” (e.g. MAZE, GAZE, DAZBEce. The
second category contains regular-inconsistent wéinthils words
such as WAVE for which some words, but not all. (ifeends”
would be e.g. GAVE, CAVE, SAVE), in its neighborltbdeviate
from the print-to-sound pattern. These so-calletfries” or
exception words, in turn, form the third categaeyg( HAVE).

Glushko (1979) demonstrated that regular-incoestsvords
took longer to be read aloud than regular-congistends, and
exception words usually take longer than regulaoinsistent words.
However, these findings are not always obtained ésg. Brown,
1987).

In 1990, Jared and colleagues proposed that Etbe o
consistency effect on reading aloud latencies nyghinfluenced by
properties of a particular word's neighborhoodcémally the
relative frequencies of friends and enemies. Apmsistent word
which has many friends and one or few enemies naigpérience less
processing costs when computing its pronunciatian tvords having
many enemies. However, a word which has many fednd also
many enemies might experience a greater cost.

In 1995, Wydell, Butterworth, and Patterson exehthe
discussion to Japanese in an effort to find outtirreconsistency
effects could also be found using Japanese kamnghatave distinctly
different properties compared to alphabetic scripts
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Modern Japanese uses two scripts, syllabic kanes(gting of
hiragana and katakana) and logographic kanji. laéxi@rphemes,
such as nouns and the roots of verbs and adjectvesisually
written in kanji, whereas grammatical morphemeg. (@flections and
function words) are written in hiragana; loan woads usually written
in katakana. Many kanji have the unique properag tine visual form
can be pronounced in many different ways depenalintie
character(s) it combines with. This stems fromft#w that around
350 AD Japanese began to adopt the Chinese sdriph\also
included taking up many Chinese words and prontiocis. Kanji
pronunciation is currently divided into two types, ON-readings,
derived from the Chinese pronunciation, and KUNdnegs,
originating from the native Japanese pronunciatifsually, there is a
tendency that when a kanji character stands atheeKUN
pronunciation is used (e.g< /mizuy/ “water”), and when a kanji is
part of a compound, the ON reading is used. Howeawany
deviations from this rule exist (e.g. the kanjk* in ##7K, /Kain-SUior/
‘seawater’ andi7K /amay-mizug,/ ‘rainwater’).

Wydell and colleagues (1995) described consistentgrms
of competing ON and KUN readings. For instance,dsancluding
the characterk would be termed “inconsistent” as the pronunciation

of 7K varies across orthographic neighborhood. Consisterds are
words for which there would be, for example, jusé gpronunciation
for each character, e §i &5 /ekiyninod/ “station attendant”. Wydell and
colleagues (1995) did not find consistency effect®ss five
experiments with two-kanji words and one experinweith single-
kanji words. They therefore concluded that orthpgseto phonology
is mainly computed at the whole word level andatats
subcomponents (e.qg. individual kanji). However, Htons, ljuin,
Patterson, and Tatsumi (1999) using more contrateduli did find
significant consistency effects when naming comploaimd non-
words in Japanese, leading to a contrasting irg&apon that
computation can be affected by the character-socan@gspondence at
the subcomponent level (individual kanji) and niolyaat the whole-
word level.

It is important to notice that a major differerisween the
previous consistency experiments (Gluhsko, 197@dlat al., 1990)
and the Japanese experiments (Wydell et al., 1P0@himi et al.,
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1999) relates to the fact that most Japanese stused are in fact
compounds. As Wydell et al. put it (p. 1157) conmpgitHASTE vs.
CASTE” would in Japanese actually be similar to panmg
compounds containing heterophonic homographs; B@W-TIE”
vs. “BOW-WOW?” or “LEAD-IN” vs. “LEAD-FREE". It is important
to realize there is an ongoing debate about whettrapounds are
stored in a decomposed way, i.e. stored in terntisedf constituent
morphemes at the lexical-phonological (or lexeraggl (Levelt et al.,
1999), or in their full form (Caramazza, 1997). Bikevelt, and
Baayen (2005) using a speech preparation task fthatdutch
participants are sensitive to morpheme frequemajcating
decomposed storage. However, a recent study bgdanBi, and
Caramazza (2008) used picture naming in Chineséagtish to
establish whether manipulating the frequency aramound’s
constituents influences RTs. In both Chinese argli&nthey found
no evidence of storage in terms of their constitsiesupporting the
full-form storage account (e.g. Caramazza, 1997).

Although the debate is not fully settled, it ispantant to
consider, as Janssen and colleagues (2008) propbaedhen the
morphological complexity changes for a languageré¢tative
importance for representations at that level maiéd change. When
one hypothesizes that for any consistency effeatise the
contrasting pronunciations of the constituents khoacessarily be
active at some point to cause a processing delagems sensible to
first compare single kanji with one or more diffier@ronunciations to
obtain a measure of consistency and subsequestgathe
influences from a representation of that same kergi compound
word level.

This is reasonable if one considers there is aenitence that
monomorphemic heterographic homographs in Engiieh {dove” in
“a dove [dv V] is a bird” and “he dove b V] into the sea”) are
named slower than their matched controls (Seidgnéeal., 1984;
Kawamoto & Zemblidge, 1992; Folk & Morris, 1995; tBob,
Goldinger, Stone, & Van Orden, 1999). It has bemppsed that such
processing delay is due to selection costs betwadtiple
simultaneously activated pronunciations.

Bearing this in mind, one may speculate whethdrtaw such
results would generalize to the naming of singjgd@se kanji. This
is a relevant question because approximately 608 dapanese
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kanji are in fact heterophonic homographs. For mamyji the
meaning also changes with the pronunciation buethee also
sufficient examples of kanji for which the meandaes not
necessarily change for the various pronunciatiaasifany Sino-
Japanese and original Japanese pronunciationgiefigerarry the
same meaning). Bearing this in mind, the questi@®esa whether
kanji which have multiple readings may be namedstahan kaniji
which have fewer or just a single reading. Howeasrmnultiple
pronunciations are the rule rather than the exoepti Japanese, it
may be that native Japanese can efficiently addtess conditions
and not show any processing differences betweejn $sanbols with
one and multiple readings. It might also be tha¢mpresented in
isolation, only the KUN pronunciation, which is adly the preferred
one in such case, will be most highly activatedyileg the alternative
(e.g. ON) pronunciations with much less activation.

Indeed, data from Wydell et al., (1995) seem talate the
latter hypothesis. For instance, in their fifth expent they used
single kanji which were usually read using theirtkading. These
kanji could either have a single alternative (O&§ding or two
alternative (ON) readings. Naming latencies diddiffer between
these two kanji categories. In their study, howeitevas not pointed
out what the ON-ratios (see Nomura, 1978 and Tam&oklakioka,
2004 for details) for alternative readings werg.(eere the
alternative readings frequent?). Such informat#imiportant because
Kayamoto, Yamada, and Takashima (1998) reporteéanigsults for
single kanji naming depending on relative frequesaf the
alternative readings. In their first experimentitiggpants were asked
to name kanji which had only one reading, ff&/eki,/ ‘station’
versus kanji which had multiple readings, & /osuyy or /lyuu,y/
‘male’. Kayamoto et al. used high-frequency and-fnédjuency kanji
and found in both cases a large increase in nalatagcy for kaniji
with multiple readings compared to kanji with segéadings (63 ms
and 88 ms, respectively). Additionally, in someasaparticipants
even produced blending of both readings,/#femight be blended to
/oyuu/ (osu+yuu). However, the alternative readif@s) had a high
frequency of occurrence which might have lead &ltimger RTs.
This led Kayamoto and co-workers (1998) to quesibether the
presence of alternative readings would always exedffect or
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merely in strong alternative reading kanji (e.g@hhON frequency). In
a second experiment, they employed kanji havinglsireadings
versus kanji which had a subordinate (weaker)zdtiere and hence a
stronger dominant reading. With such stimuli thenpetition effect
disappeared, i.e. kanji with multiple readings weaened non-
significantly (10 ms) slower than single pronuniciatkanji.
Kayamoto et al. (1998) concluded that competitietwieen readings
created the processing cost in their first expemimand the absence
of competition in their second experiment was agumsufficient
strength (low ON ratio) of the rival reading to &eompetitor to the
dominant reading. Although this conclusion seeraseoeaable, it is
still an indirect measure and, critically, has $swame activation of
multiple word readings. In addition, it has not béeoroughly fleshed
out how and at what level such activation spreadimdjcompetition
works.

“water”

. [P mizu
conceptual identification 7]( sl kun

on

word-form
perception

lexical-syntactic

representation (lemma) @ 1]
/
/
/
lexical-phonological @

representation {lexeme)
articulation

l

overt speech

Figure 1. Routes to name a kanji character accaydmthe Levelt et
al. (1999) model. Straight lines indicate routesofivation. Dashed
lines indicate possible routes of activation fouhd morphemes (ON-
reading).
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In the model proposed by Levelt and colleague8918ee
Figure 1) printed words activate lexical-syntaetnd lexical-
phonological representation in parallel. It is poigsthat when
encounteringk both lexical-phonological representations attadied
this character (KUN and ON) are activated. Howeasrthe ON
reading is in most cases a bound morpheme (parcofmpound), it is
also conceivable that, when standing alone, ordytpanese (KUN)
pronunciation is activated. There is evidence #éhadirect route from
orthography to phonology to all pronunciations d&daaji (or
subcomponent) is indeed activated when naming wiardapanese.
For instance, Fushimi et al. (2003) found in aacefdyslexic patient
(T1) who suffered from poor word comprehension. Fstance, when
naming kanji, the amount of consistency affectesdp@irformance on
both words and non-words in a parametric way. dsd worst
performance for inconsistent-atypical words, esgcwhen they
were low-frequency, intermediate performance fopirsistent-
typical, and best for consistent words. Importarthat, although his
semantic system had been impaired, e.g. he wasanaa#the
meaning of a word; he could still respond with terect reading but
more importantly, also occasionally with a non-ahbi¢ but still
legitimate reading for a word (or component), e@mingi#/K as
/umigyn.mizug (instead of /kah.Suby/). This indicates that the links
from orthography to phonology for that respectivadvor character
had all remained intact although he could not actes meaning.

The current study aims to obtain direct evidentavbether
multiple readings of a kanji character become actvg. even when
the alternative reading is weak, or whether aatwvadf multiple
readings only occurs under special circumstancgsirecase of a
balanced reading ratio between multiple possibdagnciations. We
report the results of two masked priming experirsavith kanji
primes and their KUN and ON transcriptions in kata (a syllabic
Japanese script mostly used to write loan word.first experiment
employs kanji with two readings which have equalnpmciation
occurrence in compounds (taken from the 2004 databg Tamaoka
and Makioka which can be downloaded from
http://www.lang.nagoya-u.ac.jp/~ktamaoka&uch an experiment is
comparable to Kayamoto et al.’s (1998) first expemnt, as dominant
and alternative readings were selected to be cabfgm frequency
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of occurrence. The second experiment employs kémh are biased
to one of the pronunciations, i.e. the dominandirggis much more
frequent compared to the alternative reading. & sense, it is
comparable to the second experiment of Kayamoab. €1998).

Our hypotheses are straightforward: if native dapa
speakers prepare multiple pronunciations when gicg a masked
kanji prime with two alternative readings, then tlzaning of the
transcriptions of those two readings in katakanawpreceded by the
congruent kanji prime (which is identical for batanscriptions)
should show facilitation compared to control primiesrthermore, if
the activation of non-dominant readings is limitecdabsent, we
expect the priming effect for the non-dominant kata transcription
to be smaller compared to the effect for the domtikatakana
transcription or even entirely absent. Such a figdvould provide a
stronger empirical basis for cause of the absehpeogessing costs in
the parts mentioned earlier of the studies by Wyatedl. (1995) and
Kayamoto et al. (1998). Furthermore, because tleitecludes speech
production components (reading aloud katakanagstyi will also
provide insights into the production processeslwvewhen Japanese
participants are primed with a kanji character.

Experiment 1: Reading aloud katakana targets predday kanji
primes with Equal Reading Preference

We employed a katakana word reading task with eda&kanji
primes. Masked priming is assumed to prevent plesstbategic
influences which may hinder or bias the resultggtes & Davis,
1984). This first experiment was performed usingjkahich, in
compounds, have approximately equal (or balancedugncies of
occurrence in one or the other reading. If theiedsed simultaneous
activation of multiple readings, then kanji haveggproximately
balanced readings are the most likely candidatemdtucing
activation in multiple readings.

Method.

Participants.Forty undergraduate students from Hiroshima
University (23 female, 17 male; average age: 28d&y, SD = 1.8)
took part in this experiment in exchange for finahcompensation.
All participants were native speakers (and flueiders) of Japanese
and had normal or corrected-to-normal vision.
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Stimuli Twenty-nine kanji primes with two possible
pronunciations were selected which adhered to aalégN-reading
ratio (henceforth called Reading Preference ord@Bgtween 40%
and 60% (mean summed average 50.9%), i.e. a Kaanjacter is
pronounced approximately equally often with theoSiapanese (ON)
and the native Japanese (KUN) reading in compowrdsVfor a
detailed description of how this statistic is ob&al see Tamaoka,
Kirsner, Yanase, Miyaoka, & Kawakami, 2002; p. 27jhough
there is a bias towards the KUN-reading for stalodekanji, we still
expected that kanji with equal RP, i.e. which hiess of a bias
towards one of the multiple readings when occuringompounds,
do show activation spreading to multiple readirygn when
presented in isolation (as shown by Kayamoto e¢18P8). The RPs
were taken from a database by Tamaoka and MakR@4j. Target
strings were katakana transcriptions of the KUN @hreading for a
kanji character, for instancB] meaning city or block was transcribed
as~ 7 /machiyu/ (KUN target) and® = 7 /chow,/ (ON target).

We chose to transcribe words into katakana instéhdragana
to avoid tapping into lexical processes as trapsions into katakana
are less familiar to participants compared to lareg Furthermore,
Hino, Lupker, Ogawa and Sears (2003) showed thakethrepetition
priming effects with kanji pronunciations transeabas katakana can
be obtained reliably. Twenty-nine kanji controlmes were selected
which had only one possible reading and were plogicélly and
semantically unrelated to the targets. The sumnaegl kequencies
(Yokoyama, Sasahara, Nozaki, & Long, 1998) of riipetand
control primes were equated as much as possiltle avnean
summed character frequency of 631.4 for repetiiomes and 598.4
for control primes, t(28) = 1.1, ns, as were thesied stroke
complexities, with a mean of 9.8 for repetitionnpeis and 10.6 for
control primes, t(28) < 1. All kanji were takenrndhe set of 1,945
commonly-used Japanese kaniji as published by ffenédae
government in 1981 (for detailed information, seenfioka &
Makioka, 2004; Yasunaga, 1981). See Appendix Aafooverview of
the materials used in this experiment.

Design A 2 (Prime Duration, i.e. backward mask present o
absent) x 2 (Target Type, i.e. KUN and ON katakianget) x 3
(Prime Type, i.e. Congruent, Control, or Neutraifhwm participants
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factorial design was implemented. Each participea subjected to
348 trials (2 x 2 x 3 x 29). Four pseudo-randorts ligere constructed
such that phonologically or semantically relateidhess or targets had
at least a distance of two trials to avoid unineghgriming effects.
Within participants, the order of lists was coubtdanced. Half of the
participants for a particular list saw the backwanasking condition
first and the other half saw the condition withbatkward masking
first.

Procedure In all reported experiments the software package
E-prime 2.0 combined with a voice key was usedfonulus
presentation and data acquisition. Participantewseated
approximately 60 cm from a 17 inch LCD computeeser (Eizo
Flexscan P1700 with a screen cycle refresh raé® #1z) in a quiet
room at Hiroshima University and tested individyallwo trial types
were included, e.g. trials with or without a backevenask consisting
of three hash marks (###) and lasting for 50 mss backward mask
was introduced because besides complete maskiag ibe
hypothesized that prolonging activation spreadiithout extending
the actual prime exposure duration might allowrakiéve
pronunciations to build up more activation. A ticaimprised the
presentation of a fixation cross (1,000 ms) folldviey a forward
mask — identical to the backward mask — for 500ans, subsequently
a kanji prime (50 ms) replaced either immediatslyhe katakana
target word (maximally three characters long), \mtdesappeared
when the participant responded or after maxima@@ ms, or
replaced by the backward mask (50 ms), which in was replaced
by the katakana target word. In between trialgralom inter-
stimulus-interval of 400 — 800 ms was introduced\oid expectancy
effects. Naming latencies were measured from tangseét.
Participants were specifically instructed to respas fast as possible
while avoiding errors. They were not informed abihwgt presence of
the prime. After the experiment, as in earlier gsdinformal
interviewing showed that participants were fountééomostly unable
to recognize the primes under the masking conditiesed in this
study (see also prime visibility tests reportedSajiller, 1998, 2004
under analogous conditions). Participants werdéurhore presented
with a questionnaire containing the kanji usechim éxperiment and
were asked to write down their preferred pronuimiadf the kanji in
a script of their choice (hiragana, katakana, arajp).



-36 -
Results and DiscussioNaming latencies exceeding 2.5 standard
deviations per participant per prime duration wasented as outliers
(comprising 2.5% of the data). Separate analyses vaaried out with
participants (F1) and items (F2) as random vargbtethe F2
analysis, Target Type was considered to be a betitem variable.
In Table 1, mean RTs and error rates per condérerreported. Since
there were overall only 0.93% errors overall distted approximately
equally across conditions in Experiment 1, erroesennot analyzed.

Katakana Target Prime Condition = Mean RT (SD) %E

KUN reading Congruent ) 456 (42) 0.1
(e.g.~F —‘machi’)
Control () 474 (43) 0.0
Congruent-Control -18 (9) 0.1
ON reading Congruent {iT) 462 (44) 0.0
(e.g.F = 7 —‘chou’)
Control (X) 472 (42) 0.1
Congruent-Control -10 (8) -0.1

To rule out that there was already a differendeaire
pronunciation times between targets, we perform2dRrime
Duration) x 2 (Target Type) Repeated Measures ANGdfAhe
neutral (or no-)prime condition for both prime diwas. We found
that bare naming latencies did not depend on whétleetarget was
transcribed in the KUN or ON reading (all Fs <thgre was no
interaction between Prime Duration and Prime TyleHs < 1). As
RTs are indistinguishable when there is a neutiaig@preceding the
targets we decided to perform all subsequent aesysthout the
neutral condition. There was a main effect of PrDugation.
Introducing a backward mask of 50 ms resulted $poase latencies
19 ms faster overall, F1(1,39) = 23.37, MSe = 1280p < .001;
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F2(1,56) = 323.53, MSe =88.12, p <.001. Howethate was no
interaction between Prime Duration and any of tineiovariables (all
Fs < 1 except the F-value in the 3-way interaciiothe participant
analysis between Prime Duration, Target Type anddType,
F1(1,39) = 2.52, ns; F2 < 1). As Prime Duration mld interact with
Target Type or Prime Type, we collapsed the daéa the two prime
durations. On these collapsed data we performe(Target Type:
KUN/ON) by 2 (Prime Type: Repetition, Control) Reped Measures
ANOVA. There was no effect of Target Type (KUN oN F1(1,39)
=3.120, ns; F2 < 1. However, there was a signifiedfect of Prime
Type, F1(1,39) = 220.84, MSe = 35.37, p <.0011F8K) = 48.1,
MSe = 132.94, p < .001 and a significant interachetween Target
Type and Prime Type in the participant analysig1RBB) = 22.6,
MSe = 35.0, p <.001; F2(1,56) = 2.41, ns. Plarcmdparisons show
that KUN targets were named 18 ms faster when destby a
Related Prime compared to a Control Prime, t1(3835, SD = 8.6,
p <.001;t2(29) = 5.9, SD = 16.6, p <.001 and t@igets were
named 10 ms faster when preceded by a Related Bampared to a
Control Prime, t1(39) = 7.4, SD = 8.2, p <.00X28) = 3.9, SD =
16.0, p < .001.

In this experiment we obtained evidence that alsikgnji
prime can cause facilitation in multiple katakaa@gets as e.g. both
~ F Imachjy/ and¥ = 7 /chouw,/ show faster RTs when preceded
by T compared tal. It seems therefore that the prifilg although
presented briefly (50 ms), has activated bothribmpnciations. There
is a stronger facilitation effect for the KUN reagdiwhich is likely
due to the fact that the kanji primes were preskimtésolation, which
usually entails using the KUN reading.

One may, however, argue that because the kanjegrinere
selected such that they adhered to an approximbaaédnced RP, half
of the participants may have preferred one spe#ciing and the
other half the other reading, and hence we obtginiedng effects for
both targets. However, it turns out that this reittomplies with the
experimental item analysis nor with the resultthef questionnaire. If
we look at an item-by-item basis, then for stinsuich asv
/machikun/ (primesf] vs. =) only one out of forty participants did
not show a priming effect, and for = 7 /chow,/ (with the same
prime pairs) this number was three out of forty.rdtaver, the
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questionnaire demonstrated that there was stromgeosus (> 90%)
about the stand-alone pronunciation of the kargi participants
transcribed®] as /machi,/ and not as /chqy), indicating that the
priming effect for /chogy is not due to the fact that this was the
preferred stand-alone reading for participants.

It is conceivable that the obtained facilitatiofeet for both
targets is only present in kanji which do not hawsrong primary
reading, as suggested by the data of the Kayanato @998) study.
Therefore, in Experiment 2 we examine whether erewvadence for
activation of multiple pronunciations can also Iained for kanji
which have a bias towards one of the readingshEurtore, control
primes in Experiment 1 typically took only one raag(e.g.5\),
which might have been responsible for the obtapreding effect.
This was resolved in Experiment 2 where both comgirand control
primes take multiple readings.

Experiment 2: Reading aloud katakana strings preddaly kanji
primes with Equal and high-ON/high-KUN readings

In order to ascertain that the findings of Expenink could be
replicated, Experiment 2 also employed repetitiomes which have
an equal RP as well as stimuli which have a biastds ON- or KUN
reading. This offers the advantage of a compaisiween these
three sets of kanji within the same group of paénts. Experiment 2
sought also to resolve some important issues wtaohbe raised
concerning Experiment 1, such as (1) avoiding estgegepetitions
and (2) using control primes which also take megdmngs. As
Experiment 1 did not show any interaction betweem® Duration
and another variable, the backward mask was |eftooavoid
unnecessary repetitions. We hypothesize that whaj grimes are
selected which have a bias towards a specific nga@UN or ON),
the prime will spread more activation to that regdiompared to the
other (unbiased) reading which will result in méaeilitation by that
prime for its biased transcription target.

Participants Twenty-eight undergraduate students from
Nagoya University (12 female; mean age: 19 yedds:=S8.6) took
part in Experiment 2 in exchange for financial cemgation. All
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participants were native speakers of Japaneseahddrmal or
corrected-to-normal vision.

Stimuli Three Prime Bias groups of kanji were created.
Sixteen kanji primes with two possible pronunciatiavere selected
which adhered to a Reading Preference (RP; Tam&adkakioka,
2004) of between 40% and 60% (Equal-kanji; mean: &h6%).
Furthermore, sixteen kanji primes were selectea¢whiad a RP for
the KUN reading between 70% and 90% (high-KUN kangan sum:
78.0%) and also 16 kaniji primes which had a RP éetwor the ON
reading between 70% and 90% (high-ON kaniji; meam 8.8%).
There were no differences between the groups in rihgpective
repetition and control kanji primes regarding surdnmreean
frequency, F(4,90) = 1.1, ns and summed mean stokwplexity,
F(4,90) = 1.4, ns. In general, the average ON-trdnsd katakana
target words’ frequency of occurrence was highengared to KUN
target words which is due to kanji homophony bemgh higher for
ON compared to KUN readings (e.g. the word /ghioccurs more
frequently than the string /m@gy/; Tamaoka, 2005). However, the
mean summed homophone count was statisticallyiffeteht
between the ON target items in the Equal grou2)1B8igh-ON
group (11.8) and high-KUN group (17.6), F(2,45).2,hs. Appendix
B provides an overview of all stimuli used in Expsgnt 2.

Design. A 3 (Prime Bias, i.e. Equal, high-ON anghhKUN) x 2
(Target Type, i.e. KUN and ON transcribed targe®) (Prime Type,
i.e. Congruent and Control) within participantstéa@l design was
implemented. Each participant was subjected todfalie
experimental trials (equaling 96 trials) showinglesarget (KUN and
ON) only once to avoid unnecessary repetition.damh participant
individually a pseudo-randomized list was createcthsthat
phonologically or semantically related primes ogéds had at least a
distance of two trials to avoid unintended primeftects and
conditions appeared equally often. Across partidipathe design was
complete.

Procedure In all reported experiments the software package
E-prime 2.0 combined with a voice key was usedfonulus
presentation and data acquisition. Participant® weated
approximately 60 cm from a 17 inch LCD computeeser (Eizo
Flexscan P1700; 60Hz) in a quiet room at Nagoyavéisity and
tested individually. A trial comprised the preseiata of a fixation
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cross for 1,000 ms followed by a forward mask 00 5ns, and
subsequently a kanji prime of 50 ms replaced imatetli by the
katakana target word (maximally three characterg)lowhich
disappeared when the participant responded or rati@rmally 2,000
ms. In between trials, a random inter-stimulusswaeof 400 — 800
ms was introduced to avoid expectancy effects. Ngratencies were
measured from target onset. Participants were fegety instructed
to respond as fast as possible while avoiding sribiney were not
informed about the presence of the prime. Afterekigeriment
informal interviewing showed that participants wérend to be
unable to recognize the primes under the maskinditions used in
this experiment.

Results Naming latencies exceeding 2.5 standard devisition
per participant per prime duration were countedutBers
(comprising 1.2% of the data). Error rates in Ekpent 2 were low
(0.8%), and again distributed approximately equadlyoss conditions;
therefore they were not analyzed. In the F2 angly&ime Bias and
Target Type were considered to be between-itenalbkes. In Table 2,
mean RTs and error rates per condition are reported
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Target Type
KUN ON
Prime Bias Prime Type RT (SD) %E RT (SD) %E
Equal Congruent (e.glT) 449 (59) 0.0 450 (62)0.0

(v F /7 =a v) Control (e.giR) 468 (73) 0.1 464 (63)0.0
Congruent-Control -19 (28) —0.1 -14 (23) 0.0
KUN Biased Congruent (e.gé%) 453 (62) 0.0 456 (60)0.0

(£V/> )  Control (e.g#%) 466 (62) 0.1 460 (62)0.2
Congruent-Control -13 (26) -0.1 -4 (26) -0.2

ON Biased  Congruent (e.ggf) 456 (54) 0.1 460 (58)0.1

(> /% A)  Control (e.gfl) 479 (65) 0.0 472 (62)0.1
Congruent-Control -23 (22) -0.1 -12 (22) 0.0

Mean RTs were submitted to a 3 (Prime Bias: Edugh-
KUN, high-ON) x 2 (Target Type: KUN or ON) x 2 (Rre Type:
Congruent vs. Control) Repeated Measures ANOVArd@ s a
main effect of Prime Type, F1(1,27) = 35.7, MSe39.4, p < .001;
F2(1,90) = 40.5, MSe = 236.3, p <.001, reflectimg fact that
congruent primes induced a 14 ms facilitation dféetnpared to the
control primes, and there was a main effect of BriBras, F1(2,54) =
10.2, MSe = 270.6, p < .001; F2(2,90) = 4.1, MSEL8.9, p < .05,
reflecting the fact that targets preceded by highf@imes were
named about 9 ms slower compared to the other tinweias
conditions.

There was a significant interaction between Prirges Bnd
Prime Type in the participant analysis, F1(2,58).8, MSe = 188.5, p
< .05, but not the item analysis, F2(2,90) = 1.4dW 236.3, ns,



-42 -
reflecting the fact that there was less priminghie high-KUN prime
condition compared to the other prime-bias condgjand there was
a marginal interaction between Prime Type and Tafrgpe, F1(1,27)
=4.1, MSe = 341.3, p =.052; F2(1,90) = 3.1, M86.3, p = .078,
showing that KUN targets obtained more priming caned to ON
targets. All other interactions, including the #m®ay interaction
between Prime Bias, Target Type, and Prime Typedideach
significance, all Fs < 1.

In the equal prime bias group we replicated thenrfiading of
Experiment 1 in that congruent primes facilitatieel haming of both
the KUN and ON readings. For exampte;> /machi,/ and¥ = 7
/chou,y showed significant facilitation when precededabgongruent
prime in comparison to a control prime (&fg.compared te). The
lack of a Prime Bias x Prime Type x Target Type ahd Prime Bias
X Target Type interaction indicates that both KUid @®N readings
are facilitated by a congruent compared to comtriohe irrespective
of the prime bias condition. However, the Targepdyand Prime
Type interaction demonstrates that the priming ahagys greater for
KUN targets. A plausible explanation of this fingliis that kanji
primes when presented in isolation usually takektb®l reading.
Given this characteristic, an overall bias towah#sKUN reading —
and hence more priming of the KUN reading — walse@xpected.
The important finding is, of course, that despitéhes KUN bias in
reading isolated kanji, ON readings were signifiafacilitated as
well.

The significant interaction between Prime Bias Briche
Type shows that there was less priming in the kgiN Prime Bias
condition. A likely account of this finding is thas primes were
standing alone (hence favoring the KUN reading)phming of the
KUN reading had already reached its maximum (aridrighat reason
not larger than in the other two Prime Bias condsi), whereas the
bias towards KUN did cause less spreading of aabivdaowards its
ON reading.

General Discussion

Two experiments were performed in order to esthbihether
multiple pronunciations for Japanese kanji becooteaduring
reading aloud. We employed two masked priming pgnasl using
katakana transcriptions as targets for each gpdissible readings of
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the congruent kanji prime. We hypothesized thatuttiple readings
for kanji are activated simultaneously, it shoudddossible to use
these primes to facilitate multiple targets (by paming congruent to
control primes for each target). An additional hyygsis was that if
the alternative readings were not dominant, prinmray be less or
even an absent. The results of both experiments #iet indeed
multiple katakana targets are facilitated by thees&aniji prime
indicating that multiple readings were activated.

Katakana targets for all KUN transcribed readingsenread
significantly faster when preceded by a congrueimig and this
priming effect was greater than that for ON traifsemt readings in
both experiments. Therefore, it seems warrantesdnalude that
when Kanji characters are presented in isolatibonplogical
activation is stronger for KUN-readings than for @®dings. When
turning to the ON readings, we see that katakamets for all but one
ON-transcribed reading were read significantlydasthen preceded
by a congruent prime. The only exception was thelitimn in
Experiment 2 in which the ON reading was preceded kanji with a
high KUN bias. This finding indicates that the ambaf activation
received by the ON reading of a kanji charactendslulated by the
strength of the link between a specific kanji cletgaand its
corresponding ON reading.

Our findings are important because they show taajik
characters activate multiple phonological represt@ns. This leads
to the question whether or not the two represeamtatcompete for
selection. In answering that question it is impatrta note that the
priming effects we reported surfaced in experim@ntshich there
was no direct task on the kaniji (as they were nagkienes). Instead,
in our task the activation spreading from a karijine to the target
reading (KUN or ON) only adds to the large amouradaiivation that
this target reading (KUN or ON) receives from tla¢dkana target.
Given these conditions, the activation of the cotimgereading (the
reading that does not correspond to the katakagatjas most likely
insufficient to delay the selection of the corneding. This situation
differs from the one in the Kayamoto et al. (199&8idy, discussed in
the introduction, in which participants were askedame the kanji
targets directly. In this situation, the two reagirof the target only
receive activation from the target, which makesdte likely that the
activation of the incorrect, competing reading gelthe selection of
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the correct one. A recent study by Verdonschotkg, and Schiller
(2010) showed that when kanji characters need twabeed,
superimposed, semantically related context pictiaeiitated naming
in comparison to unrelated pictures. In line whik tonclusion from
Kayamoto and colleagues, these authors proposeléctisn cost for
multiple reading kaniji (in contrast to Chinese haagpecially when
the RP is close to Equal (50%) thereby allowingternpictures to
exert an effect.

Our current findings need to be further extendeéXsmining
the processing of compound kanji where ON-readiimgipg can be
studied without a stand-alone KUN influence. Fumiere,
parametric mapping of all specific readings forjkaharacters such
as_I= /ueyd (which combined with other kanji or hiragana ¢en
pronounced in no less than six different ways iditlg: /ue/, /uwa/,
ljyoul/, Inobol/, /al or /kami/) can lead to moreailed insights into
how pronunciations are accessed when there are aftemgatives.

It is furthermore important to notice that studasthe
multiple readings of Japanese kanji can possilityrin the debate
about decomposed vs. full-form storage. It has lsbemvn before that
cross-linguistic differences lead to contrastinguits in this debate,
e.g. presence and absence of compounds’ constiteguiency
effects (e.g. Bien et al., 2005; Chen & Chen, 20ério, Perre,
Castel, & Ziegler, 2007; Janssen et al., 2008). likedy importance
of including Japanese kanji into these cross-listiricomparisons,
besides the different consistency effects founghipanese (Wydell et
al., 1995; Kayamoto et al., 1999; Fushimi et 899), is supported by
findings by Tamaoka and Hatsuzuka (1995) who alanipulated the
frequency of individual kanji while controlling f@verall compound
frequency. In their experiments, compound wordseweesented in
four conditions, i.e. (1) left and right kanji veelboth high frequency,
e.g.3E % /unyh.sowy “transport”; (2) left was low and right was high
frequency, e.gi#%=\ /gion.shikio/ “ceremony”; (3) left was high and
right was low, e.g® & /gun,n.sowy/; or (4) both were low frequency,

e.q.718 /ga,.man,/. They found that reading aloud compound
words with a high first constituent frequency wastér (30 ms)
compared to low frequency, while this effect waseati for the
second constituent in reading aloud (but preseatl@xical decision
task). However, Tamaoka and Hatsuzuka did not obfur RP and
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total number of readings for each constituent waeiur findings
indicate this might be an important additional ¢ect

Overall, we conclude that when Japanese nativekepgancounter a
kanji character, multiple readings receive actatiThis multiple
activation can induce priming, as in our presemd\stor interference
(Kayamoto et al. 1999; Verdonschot et al., 201@edeling on the
relative strengths of alternative readings anddbkk at hand.
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Appendix A
Stimulus Materials from Experiment 1

KUN Target ON Target Congruent Prime Control Prime
77 ('sakana’) ¥ = ('gyo) £ ik
4 < (‘tama) X a7 (gyoku) E 53
J 72 (kagami') ¥ =3 ¥ ('kyoo) 5
7 % ('noki') 4 (‘ken') HF Wik
% (ne') = (‘kon') U E23
¥~ (‘yama') > (‘san') 1] it}
7 & (fuda’) 7 ('satsu’) L +
/N (‘ba) ¥ a7 (joo') % G
27 7 (kura') Y7 ('zo0') TR 75
2 ('mi) > (shin) & #H
A7 (‘mura) Y > ('son’) A G
23 (‘mushi') F = v (‘chuu) 0 B
~ 7 (‘machi’) F = U (‘choo) my =X
kU (tori') 7 2 v ('choo’) =" B
% (‘ta’) 7 > ('den’) H El
< (‘shima’) k¥ (too') = I}
7 (ke £ 7 ('moo’) E gzl
71X (kabe’) ~3F (heki) B 2
7 (‘wa') U (rin') Lo I
HU (kawa') t (hi) i3 i
/~JL (‘haru’) a2 (shun) & )
71 X (kami') /N (hatsu’) % i
/N4 (hata’) % (ki) T B
t /L Chiru’) F = v (‘chuu) B &
Y =1 ('soko') T4 (tei) JEE il
T (hara’) 7 7 (‘fuku’) i) G
P~ (‘sama’) 37 (‘'yoo') £ S
% /7 (‘take') 777 (gaku) & b
7 T (‘fue’) 7 % (teki) & T
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Appendix B
Stimulus Materials from Experiment 2

KUN target ON target Congruent Prime Control Prime
Equal % 'ne’ = 'kon' i3 y
4 < 'tama’ X = 7 'gyoku’ & T
< 'shima’ k77 'too' = 5
#1 X 'kabe' % 'heki’ BE i)
7 'wa' U orin' L B
NA hata' x ki’ e 2L
v =1 'soko’ T4 'tei’ JEE H
H~ 'sama’ 37 'yoo' R ¥
~J 'machi’ = v 'choo’ HJ iR
7 & ‘fuda’ P+ 'satsu’  FL P
¥~ 'yama' B 'san' i 4N
I 'mi’ v 'shin' g &
A 'mura’ v v 'son' ) i
7 7 'kura' V' 7 'z00' JE& K
L haru' =2 'shun' & fif
#U 'kawa' t 'hi' )53 fih
KUN Biased &V 'mori' v 'shin' P Bk
U 'kawa' 2 'sen' JI B
2 A 'yume' 2 'mu’ % il
~iF ‘hashira' = 7 '‘chuu’  #E K
s~ 'hashi' %= 7 'kyou' 1 #
7 'saka’ s~ 'han' Uz g
< K 'mado’ Y v 'sou' & #*
~F 'hana’ 7 ka' 1t &=
2 sujit X 'kin' i} 2
A4 b ito’ <+ 'shin’ P i
/7 'hana’ £ 'bi' B =
% U 'kiri' 2 'mu’ % b
27 'sio’ = 'en’ i) o
=% 'yuki' Y 'setsu’ H i
2 3 'sumi' A7 boku' & 2
77 'ude' 7 'wan' i B
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Stimulus Materials from Experiment 2

KUN target ON target Congruent Prime Control Prime
ON Biased # 7 'take' F 7 ‘chiku' 7 L)
Y 3 'tsumi' PA zai' 3t =[]
7 7 'tera’ i <F Hil
7 L=< 'kuruma' ¥+ 'sha’ H i)
# £ 'tabi' U = 'ryo' fik i3
2 X 'mizu’ A A 'sui’ 7K #
A 'meshi' N 'han' I &
%/ 'nuno’ 7 'fu' Kiil %
7 % 'asa’ <~ 'ma’ Jbk =
U /7 ‘wake' Y 7 'yaku' 3 &
7 3 'ushi' F oy gyud' 4 B
% X 'kimi' 7 'kun' = ML
=7 'niwa’ T4 'tei' JiE =y
- 'momo’ k7 'too’ Bk
2T 'tate' MEVAIT it e
¥ 'chi’ Y 'ketsu' I A




-52 -



-53-

Chapter 3: Semantic context effects when
naming Japanese kaniji, but not Chinese
hanzi

This chapter is based on: Verdonschot, R. G., Lig W&, Schiller,
N.O. (2010). Semantic context effects when namapgadese kanji,
but not Chinese hanzZTognition 115, 512-518.
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Abstract

The process of reading aloud bare nouns in algitabe
languages is immune to semantic context effecta fswtures. This is
accounted for by assuming that words in alphali@tiguages can be
read aloud relatively fast through a sub-lexicalpgreme-phoneme
conversion (GPC) route or by a direct route froth@graphy to word
form. We examined semantic context effects in adwaaming task in
two languages with logographic scripts for which@annot be
applied: Japanese kanji and Chinese hanzi. We shihaéreading
aloud bare nouns is sensitive to semanticallyedlabntext pictures
in Japanese, but not in Chinese. The differenosd®at these two
languages is attributed to processing costs camsealltiple
pronunciations for Japanese kanji.
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Semantic context effects when naming Japanese kanhjiot Chinese
hanzi

Models of word production distinguish various pFssing
levels in object naming including conceptualizatimetrieval of
syntactic features, word-form encoding, and aréitah (for
overviews see e.g., Caramazza, 1997; Dell, 198¢It,eRoelofs, &
Meyer, 1999; Roelofs, 1992, 2008). Some of thesdatscare based
on results obtained with both the picture-wordrifgence paradigm
(PWI) paradigm (e.g. Caramazza & Costa, 2000; $tdns, Meyer, &
Levelt, 1990; Starreveld & La Heij, 1995), in whiplctures have to
be named in the context of distractor words, aed‘taversed” PWI
paradigm in which words have to be read in theexdrf distractor
pictures (e.g., Roelofs, 1992; 2006). An influeltmdel of context
effects in word production and word reading, WEAVAERRoeloefs,
1992; Roelofs, Meyer, & Levelt, 1996; Levelt et 4999; Indefrey &
Levelt, 2004; Roelofs, 2006), assumes that in dptia languages a
visually presented word can be processed along tfifeerent routes,
depicted in Figure 1 (adapted from Roelofs, Me§ekevelt, 1996).

(1) A sublexical route from a graphemic represegmato a
phonemic representation (GPC), evidenced by nomsvioiducing
reliable phonological facilitation in picture nargiLupker, 1982).

(2) A route from orthographic to phonological wdoim
representations, evidenced by form-related digiragords speeding
up picture naming (Koester & Schiller, 2008; Zwiteed, Bolte, &
Dohmes, 2000).

(3) A route from orthographic word representatit;ma
word’s lexical-syntactic representation, suppoligédemantic
interference effects (e.g., Schriefers et al., 1290
gender/determiner congruency effects (e.g., Sctéll€aramazza,
2003) in picture naming.
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picture input Concepts
)
= I
J y e g
C—0O—C
NS\ input
Lexical-syntactic CAT

representation

Phonology

Figure 1. Three processing routes of a visuallysprged word.
Adapted from Roelofs, Meyer, & Levelt (1996).

Although all three routes may be used, word-nartatencies
are assumed to be determined by the fastest mbieh is assumed to
be Route 2. This assumption is based on the oligmmtaat bare
word reading is immune to semantic context efféGlaser &
Dungelhoff, 1984; La Heij, Happel, & Mulder, 199oelofs, 2006;
but see Roelofs, 2003). Semantic context effectsading words are
only observed when information at the lemma lesekiuired.
Roelofs (2006), for instance, reported that conpéctiures only
induced semantic facilitation in a word readingktagien Dutch
participants were asked to respond to a singletavgrd using a
determiner-noun phrase (e.g., “de kat”, the cafyuiring syntactic
information at the lemma level (Route 3). This firgican be
accounted for by assuming spreading of activatiomfthe picture
concept (DOG) to the word concept (CAT) and fromréhto the
word’s lexical-syntactic representation (see Figlre

Most research on context effects in picture anddwo
processing has been performed in alphabetic lamguagh scripts
including sets of symbols (letters), which approxiensounds (and
phonemes). However, other scripts such as logogr&jitinese hanzi
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and Japanese kanji characters represent wordsrpheraes rather
than individual sounds or phonemes. These diffgpesperties may
lead to different results in PWI tasks and reveiR@éd tasks.

Modern Chinese employs a logographic script cdiieaizi.
Although some characters are iconic (like/shanl/, ‘mountain’),
most characters are ideograms representing moabgyllinits with
an elementary meaning (Chen, 1992; Taft & Zhu, 199f&ny, but
not all characters contain elements called radicailsdicate semantic
group membership, mostly presented on the leftaidibe character
(such asKk ‘tree’ in #2 ‘pine tree’), and radicals which are cues to the
pronunciation of the character, mostly presentetherright side
(such ast- ‘half' in ¥ ‘partner’ both pronounced /ban4/). Generally,
Chinese words consist of two, but sometimes moagachers that
usually have a single pronunciation.

Modern Japanese, in contrast, employs three sciipt kanji,
hiragana, and katakana. Kana characters, i.e.dneagnd katakana,
were adapted from kanji to provide a means of spreng native
Japanese vocabulary, loanwords, proper names fixesa
Historically, kanji were logographic characters orted from
Chinese. In modern Japanese, they are used faseming words
borrowed from Chinese, compounds of these wordsnative
Japanese vocabulary. There are two types of keamiynciations, i.e.
ON-readings, derived from the original Chinese praation, and
KUN-readings originating from the Japanese proratiamn. For
instance, the kanji charactér is without context pronounced as /ue/
but has different pronunciations when it occurghasstem of a verb (
=% Inobo.ru/, ‘to climb’ or -3 % /a.gerul, ‘to give’); when it
occurs together with other kanji or kana nounsdpecives, it can be
pronounced as /ue/, luwa/, /jyou/, or /kami/. Mibran 60% of the
1,945 basic kanji characters have different prorations in different
contexts. This property of kanji might have progegsonsequences
as shown by Kayamoto, Yamada and Takashima (1988) w
compared reading aloud latencies of high frequésacyi with only
one reading, such d¥ /now,/ ‘brain’ with high frequency kaniji
which have multiple readings, suchféis/machiyy or /gaby/ ‘town’.
Kanji with multiple readings were named slower,igading that some
processing cost was incurred compared to singiimg&anji
(Experiment 1). Such cost also emerged when migisiEacy kanji
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were used, except when alternative readings wead WExperiment
2) which is in line with findings by Wydell, Butteorth and Patterson
(1995).

To recapitulate, Chinese and Japanese logogrdibésid that
Japanese kanji often have more than one pronunciathereas
Chinese hanzi generally have a single pronunciafibis difference
may be reflected in processing differences durgsgling aloud.
Being logographic languages, both Chinese hanzlapdnese kanji
cannot be processed via a GPC route (Siok, Peidetti& Tan, 2004;
Wydell et al., 1995). Within the model depictedHigure 1, this
excludes Route 1. If words in both languages aad wa Route 3
(involving lexical-syntactic representations), waytexpect semantic
facilitation effects of context pictures similartttose observed by
Roelofs (2006) in determiner-noun phrase produdtidbutch. If,
however, Chinese hanzi and Japanese kanji arevieeadlirect route
to the word-form level (Route 2), predictions aependent on model-
specific assumptions. In a discrete model like WER#+, in which
activated lexical-syntactic representations doaubdmatically spread
activation to word forms, reading via the word fdewel should be
unaffected by context pictures (Levelt et al., 989 contrast, in
models assuming cascading of activation from Idxggatactic to
word form representations (e.g. Roelofs, 2008)texdrpictures may
induce facilitation effects, provided that the aation from the
conceptual level has enough time to affect proogssi the word-
form level. Given the processing costs due to wé@sglthe correct
pronunciation in Japanese kaniji with multiple pnociations
(Kayamoto et al., 1998), discussed above, semtatiiitation may be
larger when reading aloud Japanese kaniji relativehinese hanzi.

To test these predictions we carried out a sefiegrd-
picture naming (i.e. reversed PWI) experimentsgidapanese and
Chinese stimuli in which to-be-named logograms veengerimposed
on semantically related or unrelated context peguifo demonstrate
that the potential absence of semantic effectsanding aloud is not
due to the stimulus materials used, for both laggsa standard
picture-word interference (PWI) task (SOA 0 msjngghe same
Japanese and Chinese materials, were administiéeede reading
aloud task to the same participants. In both P\8kdaemantic
interference effects are expected.
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Experiment: Semantic context effects in JapanedeChimese word
reading

Method

Japanese participant§wenty-four native Japanese speakers
(14 female; mean age: 31.5 years; SD = 8.1) livintpe Leiden and
Amsterdam residential area in the Netherlands pzokin the
experiment. They had been living in the Netherlamsverage for
4.5 years (SD = 5.2). The majority of the particisaworked in a
Japanese business-related environment and altipariis reported to
use kanji on a daily basis.

Chinese participant€Eighteen male college students from
Dalian Maritime University (China) and two male Roniversity
volunteers residing in Dalian took part in this estment totalling 20
participants (mean age: 24 years; SD = 3.5).

Japanese Stimulllwenty target kanji having two or more
readings were selected. Each kanji was pairedaviémantically
related and an unrelated context picture. Kanjctupe pairs were
created such that semantically related and uncefziteures occupied
approximately the same screen area. It should tesitbat the names
of some of the context pictures are usually writtekatakana (e.g.
“spoon”), but since pictures enter the productigstesm through the
conceptual system (Roeloefs, 1992; 2006; Carama2d,, Levelt et
al., 1999; see also Figure 1), this is irrelevantdur current issue. See
Appendix and Figure 2 for an overview of the Jagarend Chinese
stimuli.
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Kanji naming Hanzi naming
Avfa - /fune/ - “BOAT” /chuan2/ - “BOAT”
- T SN .
% 2 X -, el
< Picture naming Z Picture naming
% { %% - /kuruma/ - “CAR” T /jiao4che1/ - “CAR”
= O

- > - =
i | | o
semantically related  semantically unrelated semantically related  semantically unrelated

Figure 2. Examples of experimental stimuli.

Chinese StimuliTwenty Chinese target hanzi stimuli were
selected. All but two hanzi matched the Japanetieisense that they
also consisted of a single character. No targetecopairs were
phonologically overlapping. There was no significdifference in
mean target frequency (per million) between Japa(@ss) and
Chinese stimuli (201), t(19) = 1.72, ns (taken fréokoyama,
Sasahara, Nozaki & Long, 1998, and Da, 2004, rdisied0.
Reading aloud design. For both the Japanese amg§hpart a 2x2
within-subjects factorial design was implementethwhe factors
SOA (0 ms, i.e. picture and word presented simalvasly, or —150
ms, i.e. picture first) and Relatedness (semaiicalated or
unrelated context picture). Each participant wasestied to 80
naming trials presented in two blocks (one block$®@A). For each
participant, pseudo-random lists were constructgdppock such that
there were at least two intervening trials betwgleonologically or
semantically related characters or pictures. Acpastcipants, the
order of blocks was counterbalanced. Each blockmweseded by two
warm-up trials (not included in the analysis).

Reading aloud procedur@articipants were seated
approximately 60 cm from a 17 inch CRT computeesnrin a quiet
room at Leiden University (Japanese participarmt$)aian Maritime
University (Chinese participants) and tested irdimailly. Trials
consisted of a fixation point (1,000 ms) which weglaced by the
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kanji/hanzi — picture pair until participants resgded or after
maximally 2,500 ms. The experimenter recorded wdreth not a
response was accurate, followed by an inter tni@rval of 500 ms
before the next trial started. Naming latenciesewaeasured from
target onset using a voice-key. Participants westucted to respond
as fast as possible while avoiding errors.

Picture naming proceduré-or the picture naming experiment,
participants first saw the to-be-named pictureshenscreen with the
corresponding names printed underneath. Subsegupittiures
appeared without any distractor and participantevasked to name
the pictures to verify whether they used the inéghdame. Then the
experiment proper started. Trials consisted okation point (1,000
ms) followed and replaced by the picture — kanjifigoair, which
disappeared when participants responded or afteinmadly 2,500 ms.
Following a response, the experimenter recordedhvener not the
response was accurate before the next trial started

Results picture naming\ll analyses reported were carried out
with participants (F1) and items (F2) as randoniaides. Naming
latencies faster than 300 ms or exceeding 1,50@ens treated as
outliers (Japanese: 2.7%, Chinese: 1.8% of the.dataoverview of
the mean RTs and error rates is given in Table rep&ated measures
analysis with one within-subjects factor (Relatest)eand one
between-subjects factor (Language) was conducteetelwas a main
effect of Language, F1(1,42) = 11.64, MSe = 11,@60p < .001,
F2(1,38) = 21.21, MSe = 6,134.74, p < .001, ancfedhess,
F1(1,42) = 18.58, MSe = 893.84, p <.001; F2(1;388.99, MSe =
890.77, p <.001, but no interaction between Lagguend
Relatedness, F1(1,42) = 1.02, MSe = 893.84, n$1,82) = 1.02,
MSe = 890.77, ns, reflecting similar semantic ifgemce effects for
both languages. Planned comparisons demonstr&édrs semantic
interference effect for Chinese, t1(19) = 3.70,8®81.10, p < .01;
t2(19) = 3.67, SD = 43.70, p < .01, and a 22 msaseim interference
effect for Japanese, t1(23) = 2.39, SD = 43.30,@bxt2(19) = 2.46,
SD =40.70, p < .05. These results confirm thdadth languages our
selected stimuli were able to elicit semantic ifgence.
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Table 1

Mean Naming Latencies (in Milliseconds) and Erratés (in %) in
the Picture Naming Task as a Function of Languagg Semantic
Relatedness.

Japanese Chinese

RTs (SD) %E  RTs(SD) %E
Related 700 (70.4) 2.4 784 (88.1) 2.9
Unrelated 678 (64.4) 3.4 750 (92.3) 2.5
Effect (Related - 55 43 3) 10  34(411) 04

Unrelated)

Interestingly, this well-known effect of distracteprds on
picture naming in alphabetic languages has not e@stigated in
depth with Japanese kanji and Chinese hanzi (b@Hmese see
Zhang & Weekes, 2009). Using a PWI task, Ishio (398iled to find
semantic interference in the Japanese language= idoently,
however, lwasaki, Vinson, Vigliocco, Watanabe, @mdiuli (2008)
reported robust semantic interference when nantgtigres in
Japanese, and we demonstrate here that this ithelsase for object
naming in Japanese (and Chinese) using a stantlérdaBk.

Results reading aloudRTs faster than 300 ms or exceeding
1,500 ms were treated as outliers (Japanese: Chese: 1.1% of
the data). An overview of the mean RTs and err@sr& given in
Table 2. One Japanese kanji, fi¢ /hai/ ‘lung’ turned out to have
only one pronunciation and was excluded from furdrealyses. A
combined analysis of the two data sets revealadaio effect of
Language, F1(1,42) < 1; F2(1,37) = 1.75, MSe =B85, ns. The
main effect of SOA was significant in the items lgeis, but not in the
participants analysis, F1(1,42) < 1; F2(1,37) Z44MSe = 491.27, p
< .05, reflecting (by items) that at SOA —150 wondse named 8 ms
slower than at SOA 0 ms. There was a significanh&Xacilitation
effect of Relatedness, F1(1,42) = 23.20, MSe =2Z8% < .001;
F2(1,37) = 11.43, MSe = 424.64, p <.001. Two iat&ons yielded
significant effects, i.e. Language x SOA in therigeanalysis,
F1(1,42) = 1.59, MSe = 2,544.97, ns; F2(1,37) 38\8Se = 491.27,
p < .01, and Language x Relatedness, F1(1,42)3018ISe =
239.25, p < .01; F2(1,37) =5.51, MSe =424.64,.px To
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investigate these interactions in more detail Jitlial analyses were
performed for both languages.

Japanese ResultMean RTs were submittedtoa 2 x 2
repeated measures ANOVA with SOA and Relatednegsthis-
subject factors. There was no interaction betwe2A 8nd
Relatedness. There was a main effect of SOA imtladysis by items
but not by participants, F1(1,23) = 2.85, MSe 92,36, ns; F2(1,18)
=12.61, MSe = 487.02, p < .01, reflecting (by i83rthat at SOA —
150 words were named 18 ms slower than at SOA G-arghermore,
there was a main effect of Relatedness, F1(1,2%.84, MSe =
314.55, p <.001; F2(1,18) = 22.84, MSe = 297.43,.@01. Kaniji
were named 19 ms faster in the context of a seoaiytrelated as
compared to an unrelated picture. At SOA 0 msgtheas a
significant 14 ms semantic facilitation effect, 23] = 2.75, SD =
24.53, p <.02; t2(18) = 2.82, SD = 21.50, p < &#) at SOA —-150
ms, this effect was 24 ms, t1(23) = 4.67, SD = @40< .001; t2(18)
=3.44, SD = 30.30, p < .01. As error rates werg l@v (overall <
1.1%), no error analysis was performed.

Table 2

Mean Naming Latencies (in Milliseconds) and Erratés (in %) in
the Reading Aloud Task as a Function of SOA andafSin
Relatedness of the Distractor Picture.

Japanese Kanji Naming

SOA -150 SOA 0

RTs (SD) %E RTs (SD) %E
Related 531 (51.1) 1.0 519 (65.7) 0.8
Unrelated 555 (60.2) 1.3 533 (74.9) 1.3
Effect —24 (25.0) -0.3 —14 (24.5) -0.5

Chinese Hanzi Naming

SOA -150 SOAO

RTs (SD) %E RTs (SD) %E
Related 519 (59.2) 15 525 (61.4) 3.0
Unrelated 526 (60.3) 2.5 525 (67.3) 1.3

Effect —7 (18.9) ~1.0  0(14.5) 1.7
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Chinese Result3.he analysis was identical to the one
performed on the Japanese data. The main effe@©Af(both Fs <
1) and Relatedness, F1(1,19) = 1.92, MSe = 1489%2(1,19) < 1,
were not significant, and there was no interactietween SOA and
Relatedness either, F1(1,19) = 1.61, MSe = 13%872(1,19) < 1.
Error rates were very low (overall < 2.1%) and #fere not analyzed.
Discussion

We reported four important empirical results irstsiudy.
First, a significant semantic interference effeciuced by visually
presented distractor words in Japanese picturengar8econd, an
analogous semantic interference effect in Chinégene naming.
Third, a significant semantic facilitation effeaduced by context
pictures in Japanese word (kanji) naming at two SQA50 ms and 0
ms). Fourth, the absence of such effects in Chinesd (hanzi)
naming at the same SOAs.

The observation that naming Chinese hanzi doeshmt a
semantic facilitation effect, despite the presesfca semantic
interference effect in the corresponding picturezimg task, seems to
rule out the hypothesis that words in this languagenamed via their
lexical-syntactic representations. That is, Chirtesezi are likely read
via the direct route from orthography to phonol¢Bpute 2). The
presence of a semantic facilitation effect whemnlireaJapanese kanji
may be taken to suggest that our kanji charactersead via the
lexical-semantic representation (Route 3). Howetheés, interpretation
is hard to reconcile with neuropsychological evioemdicating the
use of a direct orthography to phonology routesiding kanji.
Sasanuma, Sakuma and Kitano (1992) and Nakamata(&098)
showed that the ability of patients with Alzheingedementia to
comprehend kanji deteriorated over time, whilertaéility to read
kanji aloud was retained. More recently, Fushinalaf2003)
reported a Japanese surface-dyslexic patient wieaskng
performance is best explained by assuming (a) tactiorthography-
to-phonology route (Route 2 in Figure 1) and (Ib@duction of
activation arriving from semantics.

Given these considerations, the most parsimonious
interpretation of our findings is that the kanjacacters used in our
experiment activate multiple phonological repreatahs (via Route
2 in Figure 1), which induces a processing delay éiows activation
from the semantic system to affect response lagsntm contrast, in
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reading Chinese hanzi only one phonological reptasien is
activated and selected, allowing no time for at¢ibrafrom semantics
to speed up this process. The observation than@ap&anji words do
not take more reading aloud time than Chinese h@armot be taken
as evidence against this proposal, as the kanjhandi words used in
our experiments differed both in form and pronuticia
In conclusion, although we cannot fully exclude plossibility that
kanji characters are read via a lexical-syntadtide, our data are
most parsimoniously accounted for by assuming(#igibgographic
scripts, like alphabetic scripts, are read viaraaliroute from
orthography to word-form representations and (Is) tbute is
susceptible to semantic context effects when maltipappings
between orthography and word-form are possible.
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Appendix
Japanese Kanji Chinese Japanese Chinese Japanese Chinese
Target Hanzi Target Related Picture Rglated Un_r elated Un_r elated
Picture Picture Picture
. . ¥ (dog; harp
K (dog; inu/ken) gou3) cat (neko) horse (ma3) harp (haapu) (shudqin2)
F (cow; ushi/gyuu) ju(zc;ow; sheep (hitsuiji) sheep (yang2) bed (beddo) axe ijfu3dz
= _ == (cloud, . : chicken . N
ZE (cloud; kumo/un) yun2) sun (taiyou) sun (taidyang?2) (niwatori) chicken (jil)
/& (leg; ashi/soku) il (leg; jiao3) arm (ude) arm (shou3bi4) cup (koppu) cup (beil)
#% (window; 7 (window; rousers
mado/sou) chuangl) door (doa) door (men2) trousers (ZUbon)Eku4zi)
K (tree; ki/moku) fiu(tdrr)ee; flower (hana) flower (hual) brain (nou) brain (npo3
R . N car
H (ear; mimilji) H (ear; er3) eye (me) eye (yan3jingl) car (kuruma) (jiao4che1)
. , =~ (bow; , spoon
= (bow; yumi/kyuu) gong1) axe (ono) axe (fu3zi) spoon (supuun) (shao?)
& (chopsticks; 77 (knife; bed
hashi/cho) dao1) spoon (supuun)  spoon (shao?2) axe (ono) (chuang?)



& (pig; buta/ton)
i (sea; umi/kai)
1L (plate; sara/bei)

iy (boat; fune/sen)

Rl (sword;
ken/tsurugi)

HL (desk; tsukue/ki)
i (flute; fue/teki)
% (house; ie/ka)

Jiti (lung; hai)
#] (nail; kugi/tei)

#t (shoes; kutsu/ka)
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. chicken . . . sun

¥ (pig; zhul) (iwatori) chicken (ji1) sun (taiyou) (taidyang?)

## (sea; hai3) mountain (yama) (n;g;ztla;ln church (kyoukai) aih;oré(‘:thangZ)

%] (plate; . arm

pan2) cup (koppu) cup (beil) arm (ude) (shou3bid)

\ .

ijﬂu(gﬁ;; car (kuruma) car (jlao4chel) eye (me) ?;/:nSjingl)

& (sword; : . istol hammer

j—iaJln(4) pistol (pisutoru) ?shou:%qiangl) bolt (boruto) (chui2zi)

fﬁ;égifk? bed (beddo) bed (chuang?)  sheep (hitsuii) ?;aer?ng)

H (flute; di2) harp (haapu) harp (shu4qin2) cat (neko) horse (ma3)

]ij:;ngzo)use; church (kyoukai) Zihz;gécl’?anQZ) mountain (yama) (ng(r)lggtf;ln

fii (lung; fei4) brain (nou) brain (nao3) flower (hana) Efl\j\;(alr)
pistol

=2 (saw; jud) bolt (boruto) ?Cathinzw;r) pistol (pisutoru) (s)hou3qiang
1

+- .

% (shoes; trousers (zubon) trousers (ku4zi) door (doa) down2)

xie2)
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Note. For the Japanese kanji targets the underlinesupi@ation is the pronunciation for the kanji when
standing alone, and all subjects in our experimesgsl these pronunciations without exception. @rdykan;i
#l| can standalone be pronounced both as,/ken/tsurugi./, however, our participants were consistent in
naming this kanji /kegy/ as this is the modern term. It was furthermoreckled whether excluding from the
analyses four Japanese kanji which turned outve hather infrequent alternative readings (i, ,IIL, #T and
) would yield different results; this turned out o be the case. The Chinese targets matchedpamdse
targets with two exceptions: (1) the symbol fordphticks’ (& /kuai4/ or in Japanesg /hashi/) which was
substituted with ‘knife’ {J /dao1/) as Chinese readers would find it quitesualito pronounc: without the
nominal suffix 1~ (%7 /kuai4zi/) and (2) the Japanese symbol for ‘ri&il{/kugi/) which was replaced in
Chinese by ‘saw’si /jud/) for the same reason. Although the picteneter the production process through the
conceptual system (Roeloefs, 1992; 2006; Caramag&d,; Levelt et al., 1999), we nevertheless decide
change the semantically related picture ‘céi) (nto ‘horse’ () since in Chinese (not Japanesits
semantic radical would have overlapped with ‘dd@)( Finally, for the Chinese pictures ‘bolt’ was l&ged by
‘hammer’ to yield a categorically related conteiitpre for the target ‘saw’.
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Chapter 4: Context effects when naming
Japanese (but not Chinese), and degraded
Dutch nouns: evidence for processing
costs?

This chapter is based on: Verdonschot, R. G., Eadb., Kiyama, S.,
Zhang, Q. F., La Heij, W., & Schiller, N. O. (sulitad). Context
effects when naming Japanese (but not Chinese)legéded Dutch
nouns: evidence for processing costs?
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Abstract

Reading bare words in alphabetic languages hasdfe®wm to
be rather immune to effects of context stimuli,rewden these
stimuli are presented in advance of the target el Glaser &
Dungelhoff, 1984; Roelofs, 2003, 2006). Howevecgergly, semantic
context effects of distractor pictures on the namatencies of
Japanese kanji (but not Chinese hanzi) words hese bbserved
(Verdonschot, La Heij & Schiller, 2010). In the peat study, we
further investigated this issue using phonologjcedlated (i.e.
homophonic) context pictures when naming targetdaam either
Chinese or Japanese. We found that pronouncingnoanes in
Japanese is sensitive to phonologically relatedesompictures,
whereas this is not the case in Chinese. The diifgr between these
two languages is attributed to processing costsezhby multiple
pronunciations for Japanese kanji. A subsequerdgrerent using
Dutch degraded stimuli words demonstrated thatearffects could
arise even in bare noun naming using an alphalagtitiage when
stimulus characteristics (i.e. visual degradatiodlice a processing
cost. A possible way to model these findings isulsed.
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Context effects when naming Japanese (but not Chiee), and
degraded Dutch nouns: evidence for processing co3ts

Word naming (i.e. reading aloud words) has be@msively
studied in recent years and several models havegeohéo explain
how word naming is accomplished. The influentiaBbDRoute
Cascading model (or DRC; Colheart, Rastle, Peraypgddon and
Ziegler, 2001), depicted on the left-hand sideigfife 1, assumes that
there are two routes through which a word can bd edoud: the
lexical and non-lexical route. The lexical route ¢ee further divided
into two parts: the lexical non-semantic route #sthe involvement
of the components of the mental lexicon that coisténe correct
pronunciation of a specific word (Route 2 in Figt)e The lexical-
semantic route (Route 1 in Figure 1) within the DiR@Iving the
word’s semantic representation has not been impieadgColtheart
et al., 2001; p. 217). The non-lexical route cots/erthographic
information (“graphemes”) into pronounceable outpyimeans of
orthography-to-phonology conversion rules (OPC;t@&uin Figure
1). The existence of the OPC route is evidencetth&yact that we
can name non-words such as “DELK” which, by virtddeing a
non-word, do not have entries in the mental lexidorcontrast, words
with an “irregular” pronunciation, such as “TWOUu/t would have to
be looked up in the mental lexicon, as simple cosiga would
produce overgeneralization errors, i.e. /two/.

An influential word-production model that also silates word
naming is WEAVER++ (Roeloefs, 1992; Roelofs, Meyet,evelt,
1996; Levelt, Roelofs, & Meyer, 1999; Indefrey &Jedt, 2004;
Roelofs, 2006). Regarding the naming of objecis, riodel
distinguishes a number of processing levels inalgdi
conceptualization, retrieval of syntactic featuggsynological word-
form encoding, and ultimately articulation. In agtxh to an OPC
route, word naming is assumed to involve the saages (see the
right-hand side of Figure 1). As is evident frongie 1, the three
routes mentioned above, the lexical-syntactic ¢ieixsemantic in
DRC terminology) route, the lexical-phonologicaldirect route
(lexical non-semantic in DRC terminology), and @eC route are
present in both models.
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DRC input Word Production Model WEAVER++ input
(Levell et al., 1999)

| ‘ WEAVER++ |
Printed word(s)

concept object-form OBJECT
Wisual Fealure Units identification — perception A (e.g. picture)

Letter Units lexical -syntactic

/ representation 1

I T wart-farmm

l ] «— WORD(S)
2

erception
Orthographic Input HETCEp
Lexican

lexical -phonological
regresentation

3 |

OPC  [— articulation oPC

|

—» excitatory OVERT SPEECH
—e inhibitory

Figure 1. Input from DRC (Coltheart et al., 2000/dBWEAVER++
into the Word production model of Levelt et al.92p This figure is
partly adapted from Coltheart et al. (2001) and R (2006).

The DRC model states that the visual charactesisti a to-be-
named word first activate the letter units of advdrhese letters in
turn activate the word's entry in the orthographjt lexicon, which
subsequently activates the corresponding entitydrphonological
lexicon (the phonological word-form), which in tuawtivates the
word's phonemes in parallel. The WEAVER++ modej.(Roelofs,
1992, 2006) assumes that to-be-named words autatipi@ctivate
the lexical-syntactic (Route 1) and lexical-phomptal (Route 2)
routes in parallel. If the task does not requiferimation at the
lexical-syntactic level, the fastest route will elehine the reading
latencies, i.e. Route 2. This entails phonologieadd form retrieval,
syllabification, and ultimately turning syllables® motor action
instructions (e.g. overt articulation). However,uko1 determines
reading latencies if the task requires informastored at the lexical-
syntactic level. Support for the usage of a diRmtite 2 without
involvement of Route 1 comes from an observatiotaser and
Dungelhoff (1984). These authors found that seroaltyirelated
distractor words slowed down picture naming comgaoeunrelated
distractor words, but that the reverse effect watdound:
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semantically related distractor pictures did né¢@fthe naming of
single words. A simple horse-race explanationfics asymmetry was
rejected on the basis of the finding that contéstipes did not even
affect word naming when presented 400 ms beforeattyet word.
This finding suggests that words can be named féataroute that
bypasses the lexical semantic/syntactic level.

Roelofs (2003, 2006) investigated semantic corgértts in
naming pictures or words as well. When participavese required to
name visually presented nouns (N) or det (detenpibhephrases, e.g.
“HOND” [dog] or “DE HOND” [the dog], respectivelycontext
pictures did not induce semantic or grammaticablgeeffects,
suggesting the use of Route 2. If the task wagheate a det+N
phrase given a single noun (e.g. responding withfdnd” [the dog]
to the stimulus “hond”), context pictures did indigemantic context
effects. Semantically related context pictures.(EAT) now
facilitated the production of the det+N phrase (hd&d”) compared
to unrelated context pictures. The author propdsadthis finding is
due to the fact that to generate the correct gemdeked determiner
lemma access (via Route 1) is required.

Recently, Verdonschot, La Heij, and Schiller (2010
investigated semantic context effects of picturesi@aming Japanese
kanji and Chinese hanzi words. Japanese kanji foamique set of
words in that over 60% of them are homographicroeteones,
meaning that most kanji have at least two diffegohunciations.
This contrasts with most alphabetic languages @mdese hanzi) in
which the majority of visually presented words ohgve one
pronunciation. The etymology of these multiple iiegd of Japanese
kaniji lies in the fact that they were originallyported from China. In
those days not only the script itself was impotiatialso the Chinese
pronunciation of the characters. For instanceptiggnal name for
“water” in Japanese is /mizu/ (called the KUN-rewy)j and the
Chinese name for “water” is /shui3/. Over time @t@nese-derived
ON-reading in Japanese changed to some extenigeif, but the
character for “water’k still has two potential readings in modern
Japanese, i.e. /migiy/ and /sujy, depending on her character it
combines with (e.gf#7K /kaion.SUby/ “seawater” andfi 7K
lamayn.mizugd “rainwater”).
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In their study, Verdonschot et al. (2010) combikedii
targets with semantically related and unrelatedeodrpictures and
found that at two stimulus-onset asynchronies (S@A® ms
(simultaneous presentation) and —150 ms (contextn first)
semantically related distractor pictures sped ugvw@aming
latencies. This result is at variance with bothl#twdk of a picture-
context effect in reading Chinese characters amdgitk of picture-
context effects in naming words in alphabetic lages discussed
above (Glaser & Diingelhoff, 1984; Roelofs, 2003)&0
Verdonschot et al. suggested two possible accaidrteir finding
with Japanese kanji: (a) naming kanji requiresdaixsyntactic
information to determine which pronunciation is twgrect one
(Route 1) and (b) naming kanji faces a processusg @t the lexical-
phonological level (due to the necessity of promatimn selection),
which provides the opportunity for context pictuteexert an effect
on naming latencies. Although their data did nalede the
involvement of lexical-syntactic representatiorg #uthors opted for
the latter, more parsimonious, alternative (whiaswiurthermore
supported by neuropsychological evidence indicdtimeguse of a
direct orthography to phonology route in readingjka.g. Sasanuma,
Sakuma, & Kitano, 1992; Nakamura et al., 1998; kasht al.,
2003).

As noted above, kanji are unique because over#&@%
homographic heterophones. Although much smalleumber,
homographic heterophones are also present in aticddnguages,
like the word “read” in English (i.e. “I'll readHid/] this book” vs.
“I've read [/re d/] this book”). There is evidence that such words
show longer naming latencies compared to matchetiale
(Seidenberg, Waters, Barnes, & Tanenhaus, 1984 aK®ito &
Zemblidge, 1992; Folk & Morris, 1995; Gottlob, Gmider, Stone, &
Van Orden, 1999). It has been proposed that thiseésto the time
necessary to select between two or more simultahgaativated
pronunciations.

In both the WEAVER++ and DRC models there areast
two ways for a word such as “read” to activate ohits
pronunciations (/rid/ or ér d/). One option is that a single
orthographic unit, i.e. “read”, activates both prooiations and that
one of these pronunciations is ultimately seleciéd second option
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is that such a word is read via the lexical-symtaciute resulting in
the selection of a representation (for instanceherbasis of syntactic
or semantic context) subsequently leading to thigatmon of the
corresponding phonological representation(s).

It seems realistic to assume that in Japanessteadphonic
kanji could follow the same two routes: the kanji fwater” 7K, for
example, could either be read via its lexical-sgttarepresentation or
via the direct route from orthography to phonolgsge Figure 2).

Concept orthographic

lexicon

Lexical-Syntactic

Lexical-Phonological

Figure 2. Activation from orthographic kanji inptat its
pronunciations according to WEAVER++.

Within the basic model depicted in Figure 2, thajksymbol
for water/K will activate its representation in the orthogragexicon
and activation will spread to the phonological wéodn /mizy,,/ as
this character, when standing alone, is typicalnpunced in this
way. However, as argued before, it could also ataithe alternative
word form /sujy/. Evidence for the activation of /gyl although this
pronunciation is not used when standing alone, sdinoen a study by
Kayamoto, Yamada, and Takashima (1998). They reddHhat single
kanji that have a frequent alternative reading wbemn of a compound
are named slower than their matched controls @aivgydell,
Butterworth, and Patterson, 1995; Exp. 5). FurtlmenFushimi,
ljuin, Patterson, and Tatsumi (1999) found sigaifitconsistency
effects when naming compound kanji and non-wordipanese
when typicality was introduced as a factor. Punmesesient kanji were
kanji compounds for which its constituents haveshme
pronunciation in all words containing that consitiin that position
(e.g.[= and*: in target word% % fion.gakw,y/ “medical science”;
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other words are e.@E# /ion.Shad “doctor” and®+ /kaon.gakup
“science”). Inconsistent but typical kanji are @irgompounds for
which the constituents can take more than one pr@ation but there
is a statistically common pronunciation (e.g. coonmuis using that
kaniji at that position usually take that readinggonsistent but
atypical kanji are target words for which its catugtnts can have
alternative pronunciations and the current readimpt typical
amongst words in that same position (e\gandfi] in target A [
Iningn.genyy “mankind”; other words are e.g\ = /hitogn.dewr/
“crowd” and ¢ /jion.kan,y “time”). Consistent words typically took
less time to name compared to inconsistent wosfgaally when
they were of low frequency. Furthermore, consisyezftects between
inconsistent-atypical and typical words were alssavved. This
shows that at a constituent level (individual Kpofiaracter-sound
correspondences exerted an effect, which suggesik/ement of
multiple pronunciations (e.g. /hitg/ for A in AfH).

Finally, a study by Verdonschot, La Heij, Poppembaka,
and Schiller (submitted) reported that a singlgikanmme could
facilitate its multiple readings when those readingre both
transcribed in Japanese katakana script {&.ttown” which can be
pronounced /mackiy/ or /choyy), i.e.~ 7 “machi” and7 = 7
“chou”, compared to an unrelated prime. This intisaghat multiple
readings were activated during the short time spamprime was
presented.

As mentioned earlier, Verdonschot et al. (201Qaivied
facilitation effects from semantically related picts compared to
unrelated pictures when naming Japanese kanjidiwhen naming
Chinese hanazi. If this effect originates from thetfthat Japanese
kaniji is read through the direct route (Route Eigure 1) and this
route is susceptible to context effects when agssing cost is
incurred, then also phonologically related confggtures are
expected to speed up naming latencies in Japabesedt Chinese).
The current study further examines this issue bgmaef three
experiments involving phonological (homophonic) aedhantic
effects of context pictures on word naming. Thstfiwo experiments
employ to-be-named Japanese/Chinese logographiaaties, which
are superimposed on context pictures. The namié®sé pictures are
either homophones of the correct kanji/hanzi repdin
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phonologically unrelated to the correct readingstrof all, for
Chinese the predictions are straightforward, ildn€se hanzi naming
proceeds via the fast direct route from orthografityute 2 in Figure
1) in line with the interpretation by Verdonschoté (2010).
Therefore, distractor pictures with homophonic nanvél not
facilitate Chinese hanzi naming as the fast diaate and the lack of
multiple pronunciations prevents any influence frpicture
processing. However, for Japanese the story becdifiesent. In this
case, we propose that naming Japanese kanji asequs via the
direct lexical-phonological level, however, thetfttat multiple
pronunciations are activated (due to kanji heteooghcauses a
processing cost which in turn leads to the sameegiibility to
context effects as observed (for semantic conteXterdonschot et
al. (2010). Therefore, we hypothesize that intranigi®domophonic
context pictures in our first two experiments slogilve rise to
different effects for Japanese (Experiment 1) ahth€se (Experiment
2).

In order to further investigate the possible @fi@rocessing
costs in the emergence of semantic and phonologicaéxt effects,
we ran a similar experiment in Dutch (an alphabetiguage). This
Experiment 3 employs the naming of bare words atéN phrase
naming in Dutch (see also Roelofs, 2003) but aistudes a novel
degraded-word condition in which the word naminggasss is made
more difficult, thereby artificially inducing a ptessing cost. We
hypothesize that if processing costs at the lexpbainological level
are responsible for the observed context effelaés) haming degraded
bare nouns in Dutch should also become susceptildlentext effects,
similar to Japanese kanii.

Experiment 1: Naming Japanese kanji with homophdrstractor
pictures

In this study, kanji target words are presenteith wistractor
pictures whose name is homophonic with the domineading of the
(standing alone) kanji character. For instancekthgi for “white” A
(/shiraqy or /hakyy) was superimposed on a picture of a “castle”
which is also named /shigg/ (note: the kaniji for “castle” i&k
/shiraq/ or /jyow,/) compared to an unrelated picture. As any
semantic or orthographic relationship between péctlistractor and
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target word is absent in our stimuli, a possib@litation effect of
homophonic pictures is expected to be localizateatexical-
phonological level. Note that phonological faciiiten of picture
names has been observed in word production tagksg naming
and color naming; Kuipers & La Heij, 2009; MorseflaMiozzo,
2002; Navarrete & Costa, 2005) indicating thateast under some
circumstances, context pictures are processed e tievel of
phonological word forms (but see Jescheniak e2@09, Bloem & La
Heij, 2003 and Bloem, van den Boogaard & La He042).
Method

Participants Twenty-one undergraduate students from
Yamaguchi University, Japan (15 female, average 2@8 years; SD
= 1.3) took part in the Experiment in exchangefifwancial
compensation. All participants were native speatams fluent
readers) of Japanese and had normal or correctedrtoal vision.
Stimuli. We selected 22 kanji characters for whi@hcould also
select an appropriate picture bearing the sameupoation. For
instance, the kanji for “construction” which is pronounced /zou/
was superimposed on a picture of an elephant (wddcties the same
pronunciation, /zou/). The control picture of at{pronounced /ki/)
does not bear any phonological relationship withttirget kaniji.

Kanji Naming

(3& fzouf “construction™

ZAN

phonologically related picture phonologically unrelated picture
fzou/ “elephant” il “tree”

Figure 3. Examples of Japanese experimental stimuli
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To avoid effects due to the nature (e.g. visuapprtes) of the
pictures, we balanced the distractor pictures ep thade so-called
equal pairs with the targets, e.g. for the tafget'bowl”, /ki/) the
same two pictures were used asifor(“construction”, /zou/), only
their roles were reversed in this case. Figureo8ides examples of
kanji-picture pairs and Appendix A lists all Japsastimuli. We also
selected 30 kanji characters that were paired twithunrelated
pictures to act as filler items (thereby reducimg homophonic
proportion to 26.8%) to reduce the likelihood thatticipants became
aware of the homophonic relation between someeotdlget-picture
pairs. Kanji target characters had summed averagg-to-sound
correspondence (ranging from 1 [not adequate][t@® adequate])
for the KUN-reading of 5.58 (SD = 1.4) and for tbl-reading of 5.9
(SD = 0.8; Amano & Kondo, 2000).

Design.A 2x2 within-subjects factorial design was
implemented, with the factors SOA (0 ms, i.e. pietand word
presented simultaneously, or —150 ms, i.e. piditsg and
phonological relatedness (homophonic or unrelatedext picture).
Each participant was subjected to 208 kanji nar{B@gexperimental
+ 120 filler) trials presented in four blocks (twlwcks per SOA). For
each participant, pseudo-random lists were constdyger block such
that there were minimally two intervening trialsween
phonologically or semantically related characterpictures. Across
participants, the order of blocks was counterbadn&ach block
started with three warm-up trials (all filler trsl

Procedure Participants were seated approximately 60 cm from
a 17 inch LCD computer screen (Eizo Flexscan PEI®D Hz) in a
quiet room at Yamaguchi University. The E-prime dftware
package was used to present the stimuli and rebertesponses.
Trials consisted of a fixation point presented#6 ms followed and
replaced by the picture — kanji pair (using therappate SOA for
that block), which disappeared when participarspoaded or after
maximally 2,000 ms. Following a response, the erpemter recorded
whether or not the response was accurate befomettterial started.
Naming latencies were measured from target ongeg asvoice-key.
Participants were instructed to respond as fagbasible while
avoiding errors.
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Reaction Time Resultslaming latencies below 300 ms and
above 1,500 ms and voice key errors were countedttiers
(comprising 1.5% of the data). Other errors (neorrect target
names) accounted for 4.3% of the data. Table 1 shiogymean RTs
and percentages of errors in the various conditidansanalysis of
variance (ANOVA) with SOA (0 ms and —150 ms) an@mlogical
Relatedness (homophonic versus unrelated) as watibrect
variables showed a marginal effect of SOA in teeng (but not the
subjects) analysis, F1(1,20) = 1.66, n.s.; F2(1;24)32, MSe =
1329.3, p = .05 and a main effect of PhonologicghRdness in the
subjects (but not the items) analysis, F1(1,20y483, MSe = 611.6, p
<.001; F2(1,21) = 1.42, n.s, reflecting in thejsabanalysis that
overall homophonic target-distractor pairs were edraster. More
importantly, there was a significant interactiomvieen SOA and
Phonological Relatedness in the subjects (nottémes) analysis,
F1(1,20) = 8.18, MSe =549.7, p =.01; F2(1,21)812MSe =
3717.6, p = .11. Planned t-tests show that at S@Ahe 8 ms
facilitation effect of homophonic pictures on kamgiming latencies as
compared to unrelated pictures was not significalhts < 1.
However, for SOA = —-150 homophonic pictures spedamming of
the target kanji as compared to unrelated pictoye37 ms, t1(20) =
5.85, SD =29.00, p <.001; t2(21) = 2.34, SD 030.p < .05.

Table 1

Mean Naming Latencies (in Milliseconds) and Err@té&s (in %) in
the Kanji Naming Task as a Function of SOA and Blagical
Relatedness.

SOA =-150 %E SOA =0 %E

Homophonic relation 552 (54) 3.6 587 (79) 4.2
Phonologically Unrelated 589 (64) 4.9 595 (93) 4.5
Homophonic context effect—37 (29) -1.3 -8(38) -0.3

Error results An identical ANOVA was performed on the
error percentages. This analysis showed no magctedf SOA, all Fs
<1, but there was a main effect of Phonologicdh®eness, F1(1,20)
=6.2, MSe = 1.6, p < .05; F2(1,21) = 5.6, MSe & p.< .05
indicating that more errors were made with unrelgtietures.
Furthermore, there was an interaction (marginagjgificant by
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items) between SOA and Phonological Relatednegs, Fl) = 6.2,
MSe = .69, p <.05; F2(1,21) = 3.4, MSe = 1.2, P& To explore the
interaction in more detail, planned comparisonsevwgarried out, at
SOA = 0 there was no effect of Phonological Rela¢sd on error
rates, all ts < 1, however at SOA = —150 more sw@re made in the
phonologically unrelated condition, t1(20) = 3.3 $1.68, p < .01;
t2(21) = 2.5, SD =2.07, p < .05.

Discussion Our results show that homophonic distractor
pictures speed up kanji naming latencies when ptedel50 ms
before target onset. This is an important findiada English and
Dutch (alphabetic) words such context effects dsent (see for
instance Glaser & Diingelhoff, 1984). Also it comodites well with
the findings obtained in Verdonschot et al., (2046p found
semantic context effects of pictures on the nartatencies of kaniji at
SOA -150 and SOA 0. Our current findings can beoanted for by
assuming that the distractor pictures activate t@iceptual
representations and that this activation cascadéetlexical-
syntactic and the lexical-phonological level andrexan effect at the
latter level. Note that the phonologically relafgcture name should
not affect the processing of the target word aleke&al-syntactic
level, as picture and word are not semanticallgrdrographically
related. The target word is supposed to activatesjtresentation in
the orthographic lexicon and via the fast directeqRoute 2) its
phonological word-form. Although Route 2 is usud#gt, the results
show an effect of homophonic distractor picturegmthe pictures
are given a 150 ms head start. This susceptilmfikanji naming to
context effects stands in marked contrast to tineige lack of context
effects in naming single words in alphabetic lamgpsa(Glaser &
Dungelhoff, 1984; La Heij, Happel, & Mulder, 199Roelofs, 2003).

The most parsimonious explanation for the homojfhon
facilitation effect is the fact that the Japaneasjikcharacters used
have multiple readings (thereby requiring a timestoning selection
process at the word-form level). To test this higpsts, logographic
characters in Japanese should be examined thaitd@we multiple
readings. However, as it turns out to be hardrtd & set of single ON
or KUN reading characters that could be equallyl wltched with
homophonic pictures in Japanese; we decided tomnghinese
logographs in Experiment 2. Chinese hanzi cham¢kesaving
specific grammatical differences between languagete) are similar
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to the Japanese kanji stimuli with the differeritat 2 Chinese hanzi
character usually has a single pronunciation.

Experiment 2: Naming Chinese hanzi with homophpiaitires

The setup of this experiment is identical to Ekpent 1. In
this experiment, word targets are again accompardtbmophonic
and control distractor pictures. The issue is wiethe significant
facilitation effects of homophonic pictures on naglatencies of
Japanese kanji can be replicated using Chinesé.hanz

Method

Participants.Twenty-four undergraduate university students
(who were enlisted in a database of the psychallegartment of the
Chinese Academy of Sciences in Beijing, China;eiidle, average
age: 24.0 years; SD = 1.6) took part in the expeninmn exchange for
financial compensation. All participants were natspeakers (and
fluent readers) of Mandarin Chinese and had nooneabrrected-to-
normal vision.

Stimuli.As in Experiment 1, we selected 22 hanzi character
and corresponding semantically unrelated picturiés thhe same
name. For instance, the ha#ifor “pearl” which is pronounced
/zhul/ was superimposed on a picture of a pigQiieese name
which has the same pronunciation and tone, e.gl/xhThe control
picture of a chicken /jil/ does not bear any phogiglal relationship
with the target hanzi. For target hanzi and distrguctures tones
were always kept the same. There was no signifidiffierence in
mean target frequency (per million) between Japa(e34) and
Chinese stimuli (365), t(42) = 1.20, ns
(taken from Yokoyama, Sasahara, Nozaki, & Long,8%d Da,
2004, respectively). Again, we created equal gassn Experiment
1). Figure 4 provides examples of hanzi-picturespand Appendix B
lists all Chinese stimuli. We also selected 30 haharacters paired
with unrelated pictures to act as filler itemsreduce the likelihood
that participants became aware of the homophofatioa between
some of the target-picture pairs.
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Hanzi naming

(B /zhul/ “pearl”)

phonologically related picture phonologically related picture
fzhul/ “pig” [iil/ “chicken™

Figure 4. Examples of Chinese experimental stimuli.

Design.The design was identical to Experiment 1.

Procedure Participants were seated approximately 60 cm from
a 17 inch CRT computer screen in a quiet roomatriktitute of
Psychology at the Chinese Academy of Sciencesrdsteof the
procedure was identical to Experiment 1.

Reaction Time Resultdaming latencies below 300 ms and
above 1,500 ms were counted as outliers (comprikidg of the
data); other errors (e.g. incorrect target names)unted for another
1.0%. Table 2 shows the mean correct RTs in thewsiconditions.
An ANOVA was performed with SOA (0 ms vs. —150 rasjl
Phonological Relatedness (homophonic vs. unrel@eayithin
subject variables. The analysis showed no mairtieffiesSOA,
F1(1,23) = 1.5, MSe = 900.6, n.s.; F2(1,21) = B18e = 376.7, p =
.08 and no main effect of Phonological Relatednaé§s < 1, and
there was no interaction between SOA and Phondb&elatedness,
all Fs < 1.
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Table 2. Mean Naming Latencies (in Millisecondg]) &nror Rates
(in %) in the Chinese hanzi Naming Task as a Fanaif SOA and
Phonological Relatedness.

SOA -150 %E SOAO0 %E

Homophonic 539 (68) 0.4 531 (61)1.2
Phonologically unrelated 538 (61) 2.0 530 (59)0.4
Phonological context effect 1 (26) -1.6 1(23) 0.8

Error results.An identical ANOVA was performed on the error
percentages. This analysis showed no main effe80# in the
subjects analysis, F1 < 1, but it approached sarite in the items
analysis, F2(1,21) = 4.1, MSe = .07, p = .06. Theas no main effect
of Phonological Relatedness, F1(1,23) = 1.0, R&(1,21) = 1.3, n.s.,
but there was a significant interaction between SMA Phonological
Relatedness in the subjects analysis, F1(1,233-MSe = .22, p <
.05, but not the items analysis, F2 < 1. Plannedts showed that at
SOA = 0 ms there was no effect of Phonological Rellaess on error
rates, t1(23) = 1.1, n.s.; t2 < 1; however, it waaginally significant
at SOA = -150 ms in the subjects analysis, t1(23J1=SD = 0.7, p =
.05, but not the items analysis, t2(21) = 1.3, meflecting slightly
more errors (1.3%) in the unrelated compared tdtdmophonic
condition.

Discussion.

Our results show that Phonological Relatedness ¢ptwany) of
distractor pictures with target hanzi does not dpgenaming
latencies at any SOA. Mean RTs obtained with horoamhand
control distractor pictures are virtually identicaherefore, the
homophonic context effect observed in naming Jagmkan;i
(Experiment 1) does not generalize to naming Cleifészi
(Experiment 2). The absence of this effect in Céénean be
accounted for by assuming that the activation efpghonological
representation of a Chinese word (via Route 2 guié 1) builds up
so fast that pictures are unable to exert an effiectaming latencies.
Some support for this assumption is provided byfaiséer overall
naming latencies in Chinese than in Japanesef@efitce of 46 ms),
F1(1,43) = 6.44, MSe = 14,658.14, p <.05; F2(1422.76, MSe =
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11,310.82, p < .001. However, as hanzi and kanjdevdiffer both in
form and pronunciation, it is difficult to draw etrg conclusions from
this observation. However, the absence of contéa¢tts in Chinese
word reading corroborates our hypothesis that timtext effects
observed in Japanese kanji reading is due to a&gsowy cost induced
by the activation of multiple word-form candidateghat language.
One way to further investigate this issue is byutidg a processing
delay in naming words in languages using alphalsetipts (e.g.
English or Dutch). In the introduction, we discussestudy by
Roelofs (2003) in which he employed both Dutch baran naming
(e.g. naming the word “kat” [cat] as /kat/) and+deéiphrase
generation (e.g. responding with “de kat” to thedvtkat”). He found
semantic facilitation effects of context picturaghe latter but not in
the former task. Roelofs accounted for this findaygassuming that in
det+N naming the lexical-syntactic level has tarbvelved in order to
select the correct gender-marked determiner fouttezance (see
Schiller & Caramazza, 2003, 2006 for additionalangnts). It is at
this lexical-syntactic level that a semanticalliated context picture
can exert its effect.

Our Experiment 3 sought to replicate Roelofs’ @202006)
context effects in Dutch word reading with the aiddi of a degraded
bare noun naming condition. This condition wasadtrced to induce
a cost in stimulus processing without the requinanoé lexical-
syntactic access, as Dutch bare nouns can be naitinexlit accessing
this level.

Experiment 3: Dutch bare noun, det+N, and degradexd naming
This experiment seeks to replicate and extend iixeat 1 of
Roelofs (2006), in which Dutch target words wereaspanied by
semantically related and unrelated context pictaresparticipants
were asked to perform two tasks: bare noun namidgiat+N
naming. In the current experiment, participant$quared three tasks:
(1) a bare noun naming task (e.g. simply respowahdh [dog] when
presented with the word “hond”), (2) a det+N getieratask
(responding “de hond” [the dog; common genderhtoword
“hond”), and (3) a degraded bare noun naming teesdpbnding
“hond” [dog] when presented with “SH3O$N$D$”). Emantic
context effects (as observed in Experiment 1, anderdonschot et
al., 2010) are not due to a processing cost dettieal-phonological
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level, then we expect to find effects of semanityoadlated context
pictures only in the det+N naming task and nohmlbare noun
naming and degraded bare noun naming task. If psiuog costs do
play a role in the emergence of the semantic coetfiéxct, then we
expect to find semantic context effects of pictwaks® in the degraded
bare noun naming task.

Participants.Eighteen paid participants from Leiden
University (9 female; mean age: 22.8 years; SD43 #hok part in the
Experiments. All participants were native speakéidutch and had
normal or corrected-to-normal vision.

Materials.In order to replicate and extend Roelofs’ (2003,
2006) semantic context effects, we used the sanobj@2ts from
eight different semantic categories, with theiribdesvel terms in
Dutch (see Roelofs, 2006). Half of the objects pasticular category
(e.g. ANIMALS) had names with neuter gender (ebgt'konijn”),
and the other half were picture names with comneordgr (e.g. “de
zwaan”). In addition, eight different pictures takeom two non-
included semantic categories were selected to sexaepractice
items. All pictures were black line drawings on tehbackgrounds
(for an overview of the stimuli see Appendix C ardfofs, 2006).

Design.A 3 x 2 within-subjects factorial design was
implemented, with the factors Task (bare word n@mniteterminer
word naming and degraded word naming) and SemBRelatedness
(semantically related vs. unrelated) as withinipgrant variables.
Tasks were blocked and per block participants veck82 word-
picture pairings from the same semantic categ@tat@d condition),
plus 32 word-picture pairings from different semattegory
(unrelated condition), yielding 64 trials for eaelk, and totaling 192
trials for all three tasks. Within each block, tri@adomization was
subjected to the following constraints: (1) itenedomging to the same
semantic category did not appear in consecutia¢stand (2) target
words are not repeated in consecutive trials. Dad&r was
counterbalanced across participants.

In the bare noun naming condition, participantsengsked to
simply read aloud the word on the screen, whil@iigng the picture
in the background (e.g. respond “HOND” [dog]). hetdet+N naming
condition, participants were asked to produce ntt the word but
also the correct gender-marked determiner, e.gores“de hond”
(the dog) for common gender words and e.g. “hetddd¢ghe horse)
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for neuter gender words. For the degraded word mgutaisk,
participants were again simply required to readicltne word
presented on screen. However, unlike in the bane naming task,
the words were degraded by inserting dollar sigta/ben each letter
of the word. For example, if the to be named woad WHOND’
(dog), the stimulus was presented on screen a®O$N$D$'. Each
target word was combined with a picture depictinghject from
either the same semantic category (related condliiowith a random
picture from another semantic category (unrelatadlition). The
word and the picture name always carried the saaramatical
gender.

Procedure Participants were individually tested in a quiet a
dimly lit room. The stimuli were presented using?Bme (PST
Software). Participants were presented with thawdtion a 100 Hz
CRT monitor at a viewing distance of about 50 criis Riere
measured from the onset of the stimulus to therimegg of the
naming response using a voice key (SRBOX). The raxeatal
session lasted about 30 minutes. Before the beygjrofithe
experiment, participants were familiarized with feradigm. After a
participant had read the instructions, a block@pdactice trials (not
part of the proper experiment) was administeredchvivas followed
by the experiment proper. Each trial containeddfiewing
sequence: a fixation point (+) was presented forrB8 in the center
of the screen. Next, the screen was cleared foni)Gollowed by
the distractor picture. One-hundred-and-fifty meidathe target word
was added to the display (i.e. SOA = -150 ms). ditwace of this
SOA was based on the findings of Roelofs (2003620@erdonschot
et al. (2010), and of Experiment 1 in the presardys Both response
speed and accuracy were emphasized. After eatlthiea
experimenter registered whether or not the respaaseaccurate and
whether or not the voice key malfunctioned.

ResultsNaming latencies below 300 ms and above 1,500 ms
were counted as outliers. Also voice key errorsaveeccluded (in total
comprising 3.2% of the data). The mean readingntaés, standard
deviations, and error rates are shown in Table 3.
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Table 3. Mean Reaction Times (in ms; SD betweeenplaeses) and
Error Percentages in Experiment 3 as a Functiomask and
Condition.

?;/s;;actor Tasks
Bare word Word reading  Word reading
readin with with degraded
g determiner stimuli
RT E% RT E% RT E%

Sem. related 500 (51) 0.3 640(91) 2.8 730(181)1.9

Sem. unrelated 502 (51) 0.7 657 (105) 3.5 768 (191) 2.8
Context effect 2 -0.4 -17 -0.7 =38 -0.9

Results.

Reaction TimesThe mean correct RTs were subjected to an
ANOVA with Task (bare noun, det+N, and degradedmoaming)
and Semantic Relatedness (semantically relateahvslated) as
within-participant variables. This analysis shoveehain effect of
Task, F1(2,34) = 31.0, MSe = 18021.6, p <.0012/2) = 223.0,
MSe =4290.2, p <.001, and Semantic Relatedné$$,17) = 22.1,
MSe = 433.6, p <.001; F2(1,31) =17.9, MSe = 1828 < .001, as
well as an interaction between these factors, B4j2; 7.7, MSe =
395.0, p<.01; F2(2,62) = 6.7, MSe = 968.7, pk Rlanned t-tests
showed no effect of Semantic Relatedness in the t@un naming,
all ts < 1; however, there was such an effect endét+N naming,
t1(17) = 2.5, SD = 29.6, p < .05; t2(31) = 2.6, 8B8.0, p < .05, and
the degraded noun naming task, t1(17) = 4.2, SB.5,9 < .001;
t2(31) = 3.6, SD = 65.8, p < .001, reflecting thetfthat responses
were significantly faster when target words werespnted with
semantically related distractor pictures compacedhirelated
distractor pictures (17 ms and 38 ms, respectively)

Error ResultsThe same ANOVA was performed on the error
percentages. This analysis revealed a main effécask, F1(2,34) =
3.5, MSe = 1.9, p<.05; F2(2,62) = 5.9, MSe 9.§,.01, indicating
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that fewer errors were made in the bare noun namasigcompared to
the other two tasks. Task did not interact with 8etic Relatedness,
all Fs < 1, and the main effect of Semantic Reladsd was not
significant, either, F1(1,17) = 3.2, MSe = .4, 09; F2(1,31) = 2.2,
n.s.

DiscussionExperiment 3 replicated Roelofs (2003;
Experiment 3), i.e. we obtained no semantic corgéect of
distractor pictures in bare noun naming. Moreoaksp in accordance
with Roelofs (2003, 2006), we obtained a signiftcammtext effect of
semantically related distractor pictures in thertligproduction task.
Crucially, we also found a significant semantic teot effect in the
degraded word naming task. The absence of senwmttext effects
in the bare noun naming condition indicates thati#xical-syntactic
representation is not involved in producing baranssuch as “hond”
(dog). The most likely interpretation is that therd/“hond” directly
activated its lexical-phonological representatiod aould readily be
pronounced. If participants, however, face a cbsbme point in this
process, context pictures get a chance to induceasurable effect on
the activation of the phonological word form, aglewnced by the
degraded bare noun naming condition.

General Discussion

In three experiments, we investigated to whichreleghe
naming of words in Japanese (kaniji; a logograpmgliage), Chinese
(hanzi; a logographic language), and Dutch (anaddptic language)
can be influenced by context pictures. We found tiesanophonic
context pictures induced facilitation on namingalagse kanji
characters with multiple readings (Experiment 1gwdver,
comparable homophonic context pictures inducedueh effect on
naming Chinese hanzi (Experiment 2). This findiagafiels results
obtained in earlier work in our lab, which showkd same pattern for
semantic context effects in Japanese and Chinesaatkr naming
(Verdonschot et al., 2010). In Experiment 3, udhgch (an
alphabetic language), semantically related corgettires yielded
significant facilitation when naming gender-marKddt + N phrases),
but not when naming bare nouns (replicating RoeR#63).

Crucially, the novel condition (haming degradedeh@ouns)
in the experiment also showed facilitation by seticatly related
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distractor pictures (in comparison to unrelatedypes). In the
remainder, we discuss the implications of our figgi.

First of all, Chinese hanzi naming did not shawoeographic
facilitation effect. This finding suggests that Gése hanzi are read
via the fast, direct, route from orthography to phlogy (Route 2 in
Figure 1). Secondly, in contrast to the Chinesaltgswve found a
homophonic facilitation effect in Japanese. Itrnikely that this
effect arose at the lexical-syntactic level, asdlveas no semantic
(nor orthographic) relation between target words eetated context
pictures. Furthermore, there is ample neuropsydcdd evidence
showing that kaniji activation spreads via orthogsaf® phonology.

For instance, Sasanuma et al. (1992) as well &aNara et al.
(1998) showed that patients with Alzheimer’s den@nthose
comprehension of kanji was deteriorated, still aimed their ability
to read kanji aloud. In addition, Fushimi et aD@3) reported that a
Japanese surface-dyslexic patient (Tl) had antiotdlicography-to-
phonology route in combination with a decreasectization coming
from semantics. It seems as such plausible thaftbet we observed
in reading kaniji arises at the lexical-phonologieakl and is due to a
processing cost that results from the heterophodapanese kanji.
This cost, a result of the necessity to selectafrike activated word
forms, may have allowed for the homophonic distrapictures to
exert a facilitation effect. This account is funtleerroborated by the
findings of Experiment 3, which showed that baramoaming in
Dutch is only affected by semantically related estpictures when
the processing of the target words is hampereddwal/degradation.

The idea underlying our account is that the spaddwhich a
phonological representation is activated upon teegntation of the
target word determines whether a context effeet (fue to a context
picture) surfaces. Reading words in alphabeticdaggs (like Dutch
or German) or reading characters in Chinese mayhiewery strong
links between orthographic and phonological reprg®ns that
makes the process rather invulnerable to effect®ofext stimuli,
even when these stimuli are presented in advantedarget word
(even at SOA —400 ms in Glaser & Dungelhoff, 198wever,
when activation of the phonological representattakes more time
due to, for instance, a one-to-many relation betwaréhography and
phonology (as in many Japanese kanji; our Expetirhear reduced
legibility (our Experiment 3), there is room forrtext stimuli to
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affect the speed with which activation builds up amence, affect
naming latencies. Figure 5 illustrates one way taleh this proposal.
When the build-up of activation of a word’s phorgital
representation is fast (the steep increase inaiivin the left panel
of Figure 5), additional activation from contextratli has little effect
on the time necessary to reach a threshold vdlust(ated by the
dashed line in Figure 5). This might explain wherthis no effect
when the context picture is presented in advantkeofarget word
(negative SOAs, see Glaser & Diingelhoff, 1984). elaav, when the
build-up of activation is relatively slow (right pal), the effect of
picture context can be much larger. This propoaginally requires
further substantiation by future experiments widohld for instance
address this matter by manipulating target frequenc

no processing costs with processing costs

A A

- —>

activation

- related context

—— unrelated context

time
Figure 5. Hypothetical activation of the target wits phonological
representation with an unrelated context picturi¢slines) and with
homophonic context picture (dashed lines) undeditmms of no
processing cost and with processing cost.

In conclusion, we propose that kanji characteke Chinese
characters and alphabetic words) are most liketyathvia a direct
route from orthography to phonology (Route 2 indfegl). In
addition, context pictures can affect processiog@lhis route when
the stimulus characteristics induce a processisg co
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Appendix A — Japanese stimuli
Stimulus Materials from Experiment 1
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Related Picture

Unrelated Picture

Target Distractor Distractor

Pronunciation (kun/on)? Meaning Pronunciation Meaning Pronunciation Meaning
% 'hashi: 6.42' 'chou: 4.08' chopsticks hashi bridge me eye
%% 'utsuwa: 6.02' 'ki: 6.58'  bowl ki tree zou elephant
*) 'ha: 6.42' 'jin: 4.08"' blade ha leaf su nest
3 'me: 6.42' 'ga: 5.42' seedling/sprout me eye hashi bridge
% '0: 6.12' 'sho: 5.75' cord/strap o) tail/ridge  hata flag
Jt~ 'kota: 5.92' 'ou: 6.71' application ou king nami wave
] 'be: 3.42' 'ka: 6.58' possible/passable ka mosquito  shita tongue
f¥ 'ame: 6.79' 'u: 6.00' rain ame candy kutsu shoes
Ui 'hashi: 6.04' 'tan: 5.96' edge hata flag 0 tail
T 'shita: 6.71' 'ka: 5.79' under shita tongue ka mosquito
7 ‘fuda: 2.17 'ken: 6.54' ticket ken sword shima island
i 'nami: 6.42' 'hei: 5.75'  ordinary nami wave ou king
#& 'shima: 5.58' 'kou: 5.21' stripe shima island ken sword
H 'shiro: 6.67' 'haku: 6.12' white shiro castle hi fire
fi 'su: 6.58' 'saku: 4.58' vinegar su nest ha leaf
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1% 'tsuku: 6.17' 'zou: 6.21'  construction zou elephant ki tree

bt 'kura: 5.83" 'hi: 6.62' comparison/ratio hi fire shiro castle
{# 'tayo: 5.21' 'ben: 6.46'  mail/post/flight bin bottle hon book

Jif 'kaga: 4.29' 'kutsu: 6.25' leading/outstanding kutsu shoes ame candy
[F] 'mawa: 6.33' 'kai: 6.38' counter occurrence  kai seashell nou brain
#1 'hirugae: 5.5' 'hon: 6.54' change ones mind  hon book bin bottle
= 'nariwai: 1.75b' 'nou: 6.54'farming/agriculture  nou brain kai seashell

*Numbers denote kanji-reading correspondences. Thd®es were taken from the NTT Japanese Word
Database (Amano & Kondo, 2000). This index rangesfl (not adequate at all) to 7 (very adequatiging
kanji to sound correspondence.

®This unrelated item accidentally turned out to lp@ssible ON-reading foF . A re-analysis without this

distractor and the low kun-reading correspondehegacterZ: did not change the experimental findings and
interpretation; therefore we decided to leave lth
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Appendix B — Chinese stimuli
Stimulus Materials from Experiment 2

Target Related Picture Distractor Unrelated Picture Distractor

Pronunciation Meaning Pronunciation Meaning Pronunciation Meaning
B2 to leave li2 pear wang2 king
. ‘wan3' late wan3 bowl fu3 axe
# 'yan3' to cover yan3 eye tong3 bucket
T 'wang?2' die away wang2 king li2 pear
T 'tang2' mantis tang2 candy gi2 flag
HL *gi2' chess qi2 flag tang2 candy
4 'jian4' a piece jian4 sword bao4 leopard
£ 'bol’ to broadcast bol wave xial shrimp
fd 'bao4’ to hug bao4 leopard jland sword
= 'ping2' to evaluate ping2 bottle xie2 shoes
=} 'xie2' slanted xie2 shoes ping2 bottle
&1 'beid’ back-up bei4 seashell(s) ku4 trousers
i 'xial' blind xial shrimp bol wave
& 'zhul' pear! zhul pig jil chicken
% 'ling2' tomb ling2 bell yun2 cloud
J& 'fu3' rotten fu3 axe wan3 bowl
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] 'yun2' equal yun2 cloud ling2 bell

2~ 'gongl’ male gongl a bow gu3 bone

i 'gus’ old, ancient gu3 bone gongl a bow

P 'kud' cool ku4 trousers bei4 seashell(s)
HL i1 machine jil chicken zhul pig

Z* 'tong3' to unify tong3 bucket yan3 eye




Appendix C — Dutch stimuli
Stimulus materials from Experiment 3

distractor
target determiner semantic unrelated identical
animals zwaan de schildpad rok zZwaan
schildpad de Zwaan beker schildpad
konijn het hert paleis konijn
hert het konijn bureau hert
clothing trui de rok dolk trui
rok de trui zZwaan rok
hemd het vest oor hemd
vest het hemd kasteel vest
transportation fiets de trein kast fiets
trein de fiets arm trein
schip het vliegtuig been schip
vliegtuig het schip glas vliegtuig
buildings molen de fabriek kom molen
fabriek de molen neus fabriek
kasteel het paleis vest kasteel
paleis het kasteel konijn paleis
weapons dolk de speer trui dolk
speer de dolk tafel speer
kanon het pistool bord kanon



service

furniture

bodyparts

pistool
beker
kom
glas
bord
tafel
kast
bed
bureau
arm
neus
been
oor

het
de
de
het
het
de
de
het
het
de
de
het
het
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kanon
kom
beker
bord
glas
kast
tafel
bureau
bed
neus
arm
oor
been

bed
schildpad
molen
vliegtuig
kanon
speer
fiets
pistool
hert
trein
fabriek
schip
hemd

pistool
beker
kom
glas
bord
tafel
kast
bed
bureau
arm
neus
been
oor
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Chapter 5: The functional unit of Japanese
word naming: evidence from masked
priming.

This chapter is based on: Verdonschot, R. G., Lig K&, Kiyama,
S., Tamaoka, K., Kinoshita, S., & Schiller, N. Guljmitted). The
functional unit of Japanese word naming: evidemomfmasked
priming.
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Abstract

Theories of language production generally descdtibe
segment to be the basic unit in phonological emap.g. Dell, 1988;
Levelt, Roelofs, & Meyer, 1999). However, theralso evidence that
such a unit might be language-specific. Chen, GimehDell (2002),
for instance, using a preparation paradigm foundffect of single
segments. To shed more light on the functional einithonological
encoding in Japanese, a language often describesirag mora-
based, we report the results of four experimentgusord reading
tasks and masked priming. Experiment 1 using Jageakena script
demonstrates that primes, which overlapped in thelevmora with
target words, sped up word reading latencies butvhen just the
onset overlapped. Experiments 2 and 3 investigajgossible role of
script by using combinations of romaji (Romanizadahese) and
hiragana, and again found facilitation effects omhen the whole
mora overlapped, but not the onset segment. Théhfexperiment
distinguished mora priming from syllable primingdarevealed that
the mora priming effects obtained in the first thexperiments are
also obtained when a mora is part of a syllablé @gain found no
priming effect for single segments). Our findingggest that the
mora and not the segment (phoneme) is the basitidual
phonological unit in Japanese language productiamng.
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The functional unit of Japanese word naming: ewe@einom masked
priming

Despite the fact that languages throughout thédnbsplay a
great deal of variation, most research on langpagéuction has
focused on West Germanic and Romance languagesasugehglish,
Dutch and French. As a consequence, many thedrleaguage
production (e.g. Dell, 1988; Levelt, Roelofs, & May1999) have
proposed, in one way or the other, that word-foomstruction is
performed by incrementally clustering phonologeagments
(phonemes) into syllabic patterns. For instancetife word “Japan”
the segments #d/ and 4/ would be clustered into the first syllable
/d3 of and the next three segments /p/ /ae/ /In/ wouldustered into

/paen/ thereby creating the phonological form #dpaen/. However,
the functional unit size may differ substantialgtlveen languages.
For instance, Meyer (1991) and Roelofs (2006),qiais0-called
implicit priming task, also known as the prepanmatgaradigm (a
paradigm which we will describe in more detail ixtéound that
Dutch target words which overlapped in the firsbpéme (e.g. boek,
bijl, beer [book, axe, bear]) were read faster twvands that differed
in their first phoneme, indicating that the firétqmeme of a word (a
sub-syllabic segment) is a functional unit in Dutithcontrast Chen,
Chen, and Dell (2002; Exp 5.), using the same taskd that when
to-be-named Mandarin Chinese target words overthppthe first
phoneme (e.g. mo, ma, mu, mi), no facilitation effigas apparent.
Facilitation was found, however, when words oveskgpin the
complete first syllable. Chen and colleagues caterthat Mandarin
Chinese does not allow planning at a sub-syllabielland that
syllables (not segments) are the functional umteed to speech
production in Mandarin Chinese. This is in agreetwath Chen, Lin,
and Ferrand (2003) who reach a similar conclusiomfdata obtained
in a masked priming study.

The idea of variable functional unit size betwésrguages is
furthermore in line with results obtained by Feda8egui, and
Grainger (1996) who investigated the role of suiclephonological
units (in particular the syllable) in French. Usegnasked priming
technique, in which participants were requiredetad aloud words (or
name pictures), whilst keeping the amount of oye(ia segments)
between masked prime words and targets constaytntlanipulated
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whether or not the prime constituted a whole sydlabBor instance,
the CV prime ba%%%% comprises the whole first jiaof
BA.LADE but it is only part of the first syllablef @ AL.CON.
Furthermore, the CVC prime bal%%% transcends tisedyllable of
BA.LADE, whereas it makes up the whole first syleabf BAL.CON.
Ferrand et al. (1996) always obtained greater pgnifiacilitation)
when the prime equaled the syllable compared towithgid not. This
effect was also found in non-word and picture namitowever, it
dissapeared in a lexical decision task, indicativag the effect likely
finds its origin in the generation of articulataytput, which
according to these results, is syllabically struedun French.

This is in contrast to results obtained by Schiil®98) who in
Dutch (using the same paradigm as the previouy sted masked
priming in word and picture naming) found that Cyfimes always
caused greater priming (as compared to CV prinfd®se results
indicate that the syllable does not constituterectional unit in the
production of Dutch phonology as it does in Frerotact, Schiller
(1998) found that the more segments overlap betweaere and
target, the more priming will be obtained in Dutldgding to the
segmental overlap hypothesis.

In the current study, we aim to extend the disomssf
language-specific functional units to Japanesanguage that has
been argued to be mora-timed in contrast to strewsd
Dutch/English and syllable-timed French/Chinese @ert, Dalby, &
O’Dell, 1987; Warner & Arai, 2001). In Japanese pblogy, a
distinction can be made between the syllable aadrtbra. For
instance, a word such as Nihon (Japan) consigtgm$yllables (ni
and hoN; N = nasal coda) but one can further dithigword into
three moras (e.g. ni.ho.N). Moras are considereticaéunits. They
typically correspond to an equal number of kanatsys(Japanese
script; e.g.lZlX A/) and each mora is assumed to be generally constant
in duration (e.g. ni, ho, and N last roughly equ#sihg). Therefore, in
Japanese, moras (such as the nasal coda) forndemeimdent
rhythmical structure within a syllable. The randeapanese moras is
quite limited with only 108 different items divideato 5 types
(Otake, Hatano, Cutler, & Mehler, 1993), i.e. C\b(Sonant —
Vowel), CjV, V, N (Nasal Coda) and Q (Geminatepaaese words
usually involve simple moraic CV combinations (el@/ or /mi/),
which, in CV form, equal a syllable. However, thare also other
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combinations possible: e.g. long vowels take twoande.g. [CVV]
Jité Inou/ “brain”), geminate (denoted as Q; e.g. [CRQ] L] F
/kiQ.te/ “stamp”) and nasal coda (e.g. [CVX]/hoN/ “book”)
elements also take one mora each. Furthermorghthding (VV)
takes one mora per element (e.g. [VV.GN}E /ei.go/ “English”).

See Table 1 for an overview of a selection of sdapganese words
and their properties.

Table 1. Example of Japanese words differing incitire, syllable,
and number of moras.

Meaning Kanji Transcript Kana  Structure* Syll Moras

paper A /ka.mi/ IR Cv.cv 2 2

book /N /hoN/ 1T A CVN 1 2
stamp  BF  /kiQ.te/ 57T CVQCV 2 3
eigo Gk lei.go/ 2 VW.CV 2 3
dragon  E Iryuu/ Dy 5 Cjvw 1 2

*Note: N — nasal coda, Q — geminate, Cj — consomath palatal
glide (C+-w 1&).

As stated before, mora structures in Japanesgdareeflected
in the kana script, which constitutes moraic symlativided into
hiragana and katakana. These scripts were adapiadlie more
complicated logographic kanji characters to alloma@re precise
phonological representation of native Japanesebrdaey words and
their inflectional morphology. The kana scripts ph@nological in
nature by being based on a one-to-one correspoaddi@na-to-
mora, but their usage differs. Katakana is maisigdito represent
loan words, typically those from languages withhalpetic writing
systems, proper nouns, and proper names from foleigyuages (e.g.
~ 7 K7V K Ima.ku.do.na.ru.do/ for “McDonalds”, the fast food
restaurant). Hiragana, on the other hand, is useddtive elements in
the language as, for example, function words, atiti@al affixes,
onomatopoeia, as well as those borrowings that haee assimilated
into the language.

Evidence demonstrating that the mora plays an itapbrole
in language production comes from speech erroos.instance,
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Kubozono (1989) found that Japanese are more litkedjicit errors
which respect mora boundaries, e.g. /toma(re)pts@nd
/(suto)Qpu/ “stop!” would be blended into /to.maq.fthereby
including the geminate (= mora) and not simplyldst syllable).
Furthermore, many Japanese language games alsctrespraic
structure. Consider a game played by children éhdts) such as
“shiritori” (Katada, 1990; p. 641) in which playerave to come up
with a follow-up word that starts with the lastralent (i.e. mora) of
the previously heard word, e.g. when /kao/ “fasehé¢ard, /oN.ga.ku/
“music” would be a valid answer, indicating that tfee entire
diphthong, but only the last mora i.e. /o/, is impat. When a player
says /ka.mi/ “paper/god/hair”, a good continuatiayuld be /mi.zu/
“water”; however, /mi.zu/ cannot be followed by fzoN/ “trousers”
since Japanese has no word that begins with a cedal and as such
the player would lose the game.

Empirical evidence that the mora plays an impantale in the
Japanese language comes from studies on speechrdagjon (e.g.
Otake et al., 1993; Cutler & Otake, 1994). In theselies,
participants were required to monitor Japanese svimndthe
appearance of specific strings of segments, e.g(“@d”) or CVN
(“naN”). They found that there was no detectionaadage for CV
structures whether they were part of a CV.CV.C\CWN.CV target
word, contrary to what a syllable hypothesis waquiedict (CVN.CV
being more difficult as CV target is only part bétsyllable CVN). In
addition, CVN targets (e.g. naN) were much easieletect in
CVN.CV words such as “naN.ka” where the nasal csetaed as a
separate mora compared with “na.no.ka” where tigeetas only part
of a mora. These patterns were not obtained whesame
experiment was repeated with English participdetsling Otake et
al. (1993) and Cutler and Otake (1994) to conchthaé Japanese
speech segmentation respects mora boundaries

However, there could be other factors playingla soch as
the type of task being used. This becomes evidetiteasame authors
(Otake & Cutler, 2003) using a Word Reconstrucpanadigm found

2 |t is worthwhile to mention that in the speech segtation literature an effect of script on segmona
has been shown. Inagaki, Hatano, and Otake (2@@0pared Japanese preschool children who were not
yet able to read to older Japanese children whe wafele to read kana (moraic script). They found tha
the literate children (e.g. who could read kanéfjesththeir segmentation preference from a syllable
based representation towards a mora-based repageant
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that subjects were sensitive to sub-moraic (e gmeatal)
information. In this paradigm, subjects had to giedhether auditorily
presented non-words could be reconstructed infovels. Otake
and Cutler showed that participants found it easi@econstruct
/ka.me.ra/ from non-words which had a partial npmeserved, such
as /ki.me.ra/ and /na.me.ra/ compared to /ni.minahich the whole
mora was different. In a subsequent lexical degitask (LDT),
participants heard words and non-words for whiehgtx-called non-
word uniqueness point (NUP), i.e. the point inweed when it starts
differing from a real word (for example, the “i” irapin), was
manipulated. Otake and Cutler found that the soarveord became a
non-word, the faster participants could rejedtitheir regression
analysis, Duration and Phoneme (but not Moras)fssgmtly
accounted for a portion of the variance as indepengredictors.
Therefore, Otake and Cutler (2003) concluded tegtrgental
information contributes to word recognition. Thesn line with
findings reported by Tamaoka and Taft (1994) whespnted
participants with katakana strings to which a wood-word judgment
had to be made (LDT). Participants found it hatdeeject /ko.me.ra/
which is one mora and one phoneme different froeréal loan-word
/ka.me.ra/ compared to /so.me.ra/ which is one randatwo
phonemes different. Tamaoka and Taft concludecktbes that
participants were sensitive to segmental infornmatibien processing
Japanese kana.

A more recent study by Kureta, Fushimi, and Taig@®06)
directly investigated the functional encoding unifapanese speech
production using the preparation (or implicit png) paradigm (e.g.
Meyer, 1991). In this paradigm, participants apEdglly required to
learn small sets of semantically related word p@iaied prompt-
response pairs). Participants are subsequentlylask@oduce the
corresponding response word upon presentatiorpodrapt, for
instance, a participant should respond by sayimg*rafter seeing the
prompt “marriage”. Creating small blocks differimgphonological
consistency can influence the presence and absépcening. For
instance, prompts can be presented that resultanglogically
congruent (or homogeneous) blocks, such as “raie, ring” (all
starting with the phoneme /r/), or prompts can tes@nted that have
no phonological relationship (so-called heterogemsdmocks) such as
“cloud, book, ring”. Typically, reaction times ashorter in the
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homogeneous blocks compared to the heterogeneocissbivhen
there is phonological congruency in the first dyléa(but not the
rhyme; see Meyer, 1991). Kureta et al. (2006) foulnad for Japanese
this form preparation effect only occurred wheni@iconsonant and
vowel (CV) were similar (e.g. katsura, kabuki, kapbut not when
just the consonant (C) or consonant + palatal dl@jewere similar
(e.g. katsura, kujira, kofun and gyakuten, gyuundyousei,
respectively). Kureta et al. concluded on the bakteese data that
the mora plays a crucial role in the constructibthe phonological
form of a Japanese word. Although their study wal designed and
their results and interpretation were clear-cugreéhare some
additional issues that, in our view, deserve furth@mination.

One important issue concerns the fact that althdlugeta et
al. (2006) used different scripts (to avoid chazaotpetition in
homogenous blocks, e.§>> & [katsura; hiraganafk# 1% [kabuki;
kanji] and#a [kaban; kanji]), they did not include stimuli weh in
romaji (Romanized Japanese, e.g. using alphatbmipt)s Kureta et
al. (2006) did not include these words as wordsteniin romaji have
a low orthographic plausibility (i.e a subjectiaing scale
concerning the preferred orthographic form a paldicword is
usually written in; Amano & Kondo, 1999). Howevercluding
romaji would have had the benefit to include amdhat involves
processing of individual phonemes (as in languag#san alphabetic
script), and although the orthographic plausibiktyow, it is taught at
primary school, and many Japanese frequently usajréo input
Japanese text on computers, cell phones, and @twronic devices.
Therefore, many Japanese are well able to reasvatelJapanese
using romaji.

To briefly summarize: there are studies demonsgat
contrasting effects (e.g. Cutler & Otake, 1994 ggfpesegmentation]
vs. Otake & Cutler, 2003 [word reconstruction]) wiespect to
functional unit size. Yet, a study by Kureta et(2D06) yielded
preparation effects for the whole mora only andthetsegment.

We believe that although there is a growing boldgvidence
for the mora as a functional unit of phonologicateding in Japanese
(e.g. Kureta et al., 2006) it is not conclusiveéhes moment. In this
paper, we are especially interested in whethesohealled Masked
Onset Priming Effect (MOPE), a form priming effelcte to the initial
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segment only, can be found in Japanese. This,rtermwledge has
not been tested so far. The MOPE refers to therfinthat when a
target word (e.g. HOME) is preceded by a prime vsbrdring the
onset (e.g. hill) briefly presented under visuatigsked conditions,
reading aloud of the target is facilitated compacedhen prime (e.g.
pill) and target (HOME) do not share their onseg.(eGrainger &
Ferrand, 1996; Forster & Davis, 1991; Schiller,208ee Kinoshita,
2003, for a review)). Forster and Davis proposed tihe MOPE
originates in the non-lexical route in naming,,ivehen the sub-lexical
phonology from a letter string is computed fromaitthography (also
called orthography-to-phonology conversion or ORR¥ontrast,
Kinoshita (2000) proposed that the locus of the MQ@kcurs later
than OPC, i.e. at the level of phonological encgdihthe speech
response, which she termed the speech-planningiacddore
specifically, the phonology from the prime and thryet are proposed
to compete for a slot during the segment-to-fragsmeaiation process
in speech planning. A mismatch between the onstteoprime and
target will cause an inconsistency in the speeah phd resolving this
conflict comes at a processing cost and hence takgsr (Kinoshita
& Woollams, 2002).

In this paper, we will examine native speakerdagfanese
using a masked priming paradigm to establish wethaot a MOPE
can be found in Japanese. If so, this could bentakeevidence that
the phoneme can function as an independent furatfanning unit.
A factor of influence, as argued earlier, couldhmrole of script in
the detection and processing of phonological inftfom. Consider,
for instance, findings from two masked priming esipents using
Korean by Kim and Davis (2002) who found a (marbioaset effect
when primes and targets were presented in hangpt$avoring
segments) but not when the target was presenteahija (a script
favoring syllables). These authors concluded tmatuinderlying
nature of the script may have been responsiblthéodiscrepancy in
results between the two experiments. Such findngg be interpreted
in terms of the nature of target script governing anits that drive the
phonological encoding process, mediated by theairitie
orthography-to-phonology mapping process. Thatign the target
script is alphabetic, as in Koreal Hangul, Cyriicript and,
importantly, romaji, the phonology would likely roe available
segment-by-segment, and the segment-to-frame asisocprocess of
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the target, as the name implies, could indeed poa a segment-
by-segment basis. A MOPE could be observed inciise because the
segmental information in the prime overlapping with target is
useful because the target script allows the phgnib encoding
process to proceed in a segment-by-segment fashion.

In contrast, when the target script is hanjadnget
phonology would become available only in the sy#atized unit. In
this case, the segment-to-frame association praddhs target could
not proceed segment-by-segment, but syllable-dgtsg@, and hence
overlapping segmental information made availabléheyhangul
prime may not produce onset priming. Thus, maaijing the target
script in Japanese (mora-based kana vs. segmesd-basaji) is
important for interpreting the presence of abseric@ MOPE: It may
be either because segments are not the functioitadfuphonological
encoding in Japanese, or because the unit of oepbyg-to-
phonology mapping was not a segment. On the reakoaasumption
that the nature of target script governs the uitrthography-to-
phonology mapping, a MOPE in Japanese may depettteamature
of the target script. In contrast, if the funcébnnit of phonological
encoding in Japanese is a mora and not a segme@PiE should be
absent even when the target script is segmentgalr(emayji).

We present the empirical results of four experitaen
Throughout the experiments, the degree of overlap always
manipulated from one consonantal segment in the K1G#dition
(e.g. target: ka.ze — primes: ko.to vs. so.to) hok mora (CV)
overlap (e.g. target: ka.ze — primes: ka.mi vanijaThe first
experiment aimed to ascertain whether the maskedmy paradigm
could provide empirical results that could distiisiubetween onset
and mora priming. The second and third experimentsstigated the
possible role of script, i.e. does romaji allow émset priming instead
of kana. Lastly, the fourth experiment aimed tdidguish mora from
syllable priming by introducing C and CV primesnasal coda and
geminated targets (e.g. CVN.CV and CVQ.CV). We lilgpsized that
if the mora (and not the phoneme or syllable) o¢fiehe functional
phonological unit in Japanese, we should only olagpriming effect
when the whole mora overlaps. However, if the pgradmasked vs.
mplicit priming) and/or script type (kana vs. romajdeed have an
influence, we may also expect segmental primingot$f(e.g. MOPE)
to surface.
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Experiment 1: Segment versus mora priming

In the first experiment, the participants’ taskswa name
hiragana strings that were presented on the comgerteen. Targets
were preceded by masked primes and participants eireided in two
groups. In both groups, the target was presentbdanaga (e.gs" L
/su.shi/), but although the MOPE group also reakie primes in
hiragana (e.gE A /seN/ vsi1 A /reN/) the mora group received the
primes in katakana (e.g X /su.mi/ vs.Z X /gu.mi/) to avoid visual
repetition. As Japanese does not have capitatdefieesenting both
prime and target in hiragana in the MOPE settingld/@amount to a
complete visual repetition (e.g-# /su.mi/ =4~ L /su.shi/). If the
segment functions as an independent unit in Japane&sexpect to
find priming effects in both groups, with perhapsaier effect for the
mora group (as more segments are overlappind)elfrtora and not
the segment functions as an independent planniigwm expect to
find priming effects only in the mora group.

Method

Participants.Twenty-two undergraduate students from
Yamaguchi University, Japan (15 female, 7 maleraye age: 20.3
years; SD = 1.3) took part in the MOPE (segmentlapg part of this
experiment and twenty undergraduate students freitaku
University, Japan (15 female, 5 male; average 284" years; SD =
4.9) took part in the MORA (mora overlap) part. siudents received
financial compensation for their participation. pAHrticipants were
native speakers (and fluent readers) of Japaneskahnormal or
corrected-to-normal vision.

MOPE Stimuli Forty-two bi-moraic words were selected as
targets and an additional forty-two bi-moraic, satially unrelated
words as primes. All words (primes and targets)evasiected such
that a broad variety of moras appeared at thedosition (ka, ki, ku,
ke, ko; sa, shi, su, se, so; etc.). Primes anetskgere presented in
hiragana (Japanese syllabic script). There wassuahoverlap
between prime and target (e.g. targett /kaze/ with the onset prime

Z & Ikoto/ vs. the control primé& & /soto/). Some mora
combinations appear more frequently than othersn&tance, the bi-
moraic combination” & /koto/ is more frequent than the bi-moraic
combination’s 4 /kao/ (for more information, see the freely avalita
database on bi-moraic frequencieshtip://www.lang.nagoya-
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u.ac.jp/~ktamaoka/down_en.hinTherefore, whenever possible,
primes were matched to form pairs thereby avoiingoraic
frequency effects (e.g. the targétX /seki/ would be paired with the
onset prime% & /soto/ vs. the control prim& & /koto/).

MORA StimuliThirty bi-moraic words from the same corpus
as the MOPE stimuli were selected as targets armdiditional thirty
bi-moraic, semantically unrelated words as prirdssthe MORA
prime and target when both presented in hiragawa b@amplete
character repetition, primes were presented irkkai@ and targets in
hiragana. Care was taken to avoid onset moras thaignally
matching characteristics in both scripts, e.g. watérting with “ka”
(hiragana)» and katakana?) were not selected. Similar to the
MOPE part, whenever possible the MORA primes forpaids
avoiding any frequency effects. See Appendix Adioroverview of
the stimuli used in these two parts of Experiment 1

Design.In both the MOPE and MORA parts of this
experiment, targets were preceded either by arlapy@ng prime
(first segment in the MOPE case or complete motaeriVIORA
case) or a control prime. Participants in the MQPRE received 84
trials and participants in the MORA part 60 tridtseudo-random lists
were constructed for each individual participardsthat
phonologically or semantically related primes ogéds had at least a
distance of two trials to avoid unintended priméaftects.

ProcedureIn all reported experiments, we used the software
package E-prime 2.0 combined with a voice key fionglus
presentation and data acquisition. Participant® weated
approximately 60 cm from a 17 inch LCD computeeser (Eizo
Flexscan P1700 with a screen cycle refresh raé® #1z) in a quiet
room at Yamaguchi University (MOPE part) or Reitakuiversity
(MORA part) and were tested individually. Afterfzost explanation
of the experimental paradigm and two warm-up trigésticipants
started the experiment proper. A trial comprisedgresentation of a
fixation cross (750 ms) followed by a forward maskisisting of hash
marks (##) (500 ms) and subsequently a hiraganaPi@art) or
katakana (MORA part) prime (50 ms) that was replaoenediately
by the target, which disappeared when the partitipgsponded or
after maximally 3,000 ms. Masks, primes, and tsrgere presented
using the MS Mincho font (36 pt). All items appedhees black
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characters on white background. Target words ctatssf two
hiragana characters which covered about 1.5° xd.visual angle.
After each trial, the experimenter recorded theueszy of the
response. There was a short break halfway the iexpet after which
two warm-up trials preceded the continuation ofdkperiment.
Naming latencies were measured from target onagticants were
specifically instructed to respond as fast as jpessvhile avoiding
errors. They were not informed about the existaridbe prime. After
the experiment informal interviewing showed thatipggpants were
generally unaware of the presentation of the primes

MOPE ResultsNaming latencies exceeding three standard
deviations per participant per condition and vdieg-errors were
excluded from the analysis (comprising 6.7% ofdb&). As errors
were few (1.7% of the data) and equally distribugerbss conditions,
an error analysis was not performed. The reactina analysis
showed that there were no significant priming efdor onset overlap
compared to control primes, both ts < 1.

MORA ResultdNaming latencies exceeding three standard
deviations per participant per condition and vdieg-errors were
excluded from the analysis (comprising 7.7% ofdh&a). As errors
were few (0.1% of the data) and equally distribiderbss conditions,
an error analysis was not performed. The reaciina &nalysis
revealed that there was a significant priming &f{@é ms) when the
whole mora prime overlapped compared to contr¢L¥L= 3.72, SD
=18.11, p <.01; t2(29) = 3.45, SD = 24.23, p ¥, $ee Table 2 for an
overview.

Table 2.

Mean Naming Latencies (in Milliseconds) and Err@té&s (in %) in
Experiment 1 on the MOPE and MORA groups as a kemaif
Relatedness (overlap and control).

MOPE group (N=22) MORA group (N=20)

RT (SD) %E RT (SD) %E
control 519 (59) 1.6 597 (26) 0.0
overlap 520 (65) 1.8 582 (27) 0.2

effect -1 -0.2 15 -0.2
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DiscussionThe results of Experiment 1 show no effect of
onset priming, but do show an effect of mora oyegdeming. This
finding suggests that the functional unit in Jajs@nianguage
production is not the segment, but the mora. Howetshould be
noted that prime and target were presented in mé&eaia
(hiragana/katakana) script, which does not favdividual activation
of segmental elements and as such might have lixe tobserved
pattern of results. Furthermore, in the MORA prigneup, there was
a script switch between prime and target (from kata to hiragana)
that was absent in the MOPE prime group (both hinag This might
have led to the shorter RTs observed for this gamgin turn due to
a floor effect might have obscured a potential prgreffect.
Therefore, we decided to include romaji stimulExperiments 2 and
3 to determine whether or not including a scripbfing the
processing of segments might lead to differentltesvhereas
Experiment 4 deals with the script change issue.

Experiment 2: The effects of kana and romaji serget masked onset
priming

This experiment was designed to examine whetleefitikings
of Experiment 1 could be replicated using an expental situation
that uses visually presented segmental informakaperiment 2
employed hiragana and romaji targets, which wdrprateded by
romaji primes. If the type of script used causadahsence of onset
priming in Experiment 1, Experiment 2 should rem#éudy situation.
If, however, Japanese do plan their speech in marits, then
Experiment 2 should not show any onset primingeejttespite of the
romaji script advantage towards the segment.
Method

Participants. Forty undergraduate students from Nagoya
University, Japan (25 female, 15 male; average 23€: years; SD =
4.8) took part in this experiment in exchange foamcial
compensation. All participants were native speatans fluent
readers) of Japanese and had normal or correctedrtoal vision.

Stimuli. Forty-two bi-mora words were selected as targets a
an additional forty-two bi-mora semantically untehwords as
primes (see Appendix B). Using the pairing procedunm
Experiment 1, these targets were combined witlpthrees to form
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168 target-prime pairs. Targets appeared eitheiragana or romaji
(capitals). All primes were in romaji.

Design.A 2 (Target Type: hiragana or romaji) X 2 (Prime
Type: MOPE or MORA) x 2 (Relatedness: overlap wsitol) within
subjects factorial design was implemented. To afreiquent
repetition of targets and primes, each participeag subjected to only
two repetitions instead of eight per target resglin 84 trials per
participant. All forty-two targets were presentette in romaji and
once in hiragana. To ensure that each conditioedoh Target Type
and Prime Type appeared equally often, participaste assigned to
individually generated pseudo-random lists by Ergri2.0 which
were constructed such that both MORA/MOPE condstifam the
whole Experiment appeared equally often per Targpe.
Furthermore, in these lists phonologically or seticaily related
primes or targets had at least a distance of tials tio avoid
unintended priming effects. Between patrticiparite,design included
all of the experimental conditions. Within partiaigs, the order of
Target Type (romaji or hiragana) was counterbaldnce

Procedure The apparatus was the same as the first
experiment. Participants were tested individuailgiquiet room at
Nagoya University. The trial sequence was identc&xperiment 1.
Masks, primes, and targets were displayed in Coligsv font (28
pt). All items appeared in the center of the sci@eblack characters
on white background. Each upper-case romaji tawmged covered
approximately 0.95° of visual angle from a viewifigtance of 60 cm.
Romaji target words were between four and fiveststin length,
subtending between 2.7° and 3.2° of visual angieddna targets all
consisted of 2 mora characters and covered ab®bit 8.1.6° of
visual angle.
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Table 3.
Mean Naming Latencies (in Milliseconds) and Erratés (in %) in
Experiment 2 as a function of Target Type (hiragasaromaji),
Prime type (MOPE vs. MORA) and Relatedness (ovedapontrol).

Hiragana Target Romaji Target
MOPE MORA MOPE MORA
RT(SD) %E RT(SD) %E RT(SD) %E RT(SD) %E
527 753 765
c (76) 0.8 521 (87) 0.0 (123) 3.2 (132) 24
@] 530 737 732
(89) 0.8 525 (75) 0.8 (110) 1.6 (134) 0.8
E -3 0.0 -4 -0.8 16 1.6 33 1.6

*C = Control, O = Overlap, E = effect

ResultsNaming latencies exceeding three standard dewmmtio
per participant per condition and voice-key ermwese excluded from
the analysis (comprising 1.0% of the data). Asrsrveere few (1.3%
of the data), an error analysis was not perforrRéshse see Table 3
for an overview of the results. There was a mafiectfof Target Type
(hiragana or romaji) indicating that targets iralgaetna were read aloud
221 ms faster than targets in romaji, F1(1,39) 5.20, MSe =
18170.98, p <.001; F2(1,41) = 675.14, MSe = 605,624 .001; min
F'(1,62) = 163.1, p <.001. Furthermore, there svawin effect of
Relatedness in the subject analysis (overlap vara, F1(1,39) =
5.48, MSe = 3021.98, p <.05; F2(1,41) = 2.03, M$3¥10.03, n.s;
min F' (1,67) = 1.48, p = .23. Target Type integdcsignificantly with
Relatedness in the subject analysis, F1(1,39) 2, 6/%e = 2307.84, p
< .05, and approached significance in the itemyasiglF2(1,41) =
3.61, MSe =4258.12, p =.07; min F' (1,74) = 28%,.13. Given this
interaction, paired t-tests were conducted for &laiget Type, Prime
Type, and Trial Type. These t-tests showed thaethwere no
significant effects when Target Types were hiragafids < 1. When
the Target Type was romaji, there was a signifigaiming effect (33
ms) in case the whole mora overlapped, t1(39) 4,5® = 79.22, p <
.05; 12(41) = 2.02, SD = 95.23, p < .05, but noewlonly the first
segment (16 ms) overlapped, t1(39) = 1.26, SD #1821.s.; t2 < 1.

DiscussionReading romaji compared to hiragana takes
significantly more time (221 ms). This could accofar the absence
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of priming effects from romaji primes during hiragatarget naming.
The prime might simply be too late to exert anuafice. However,
when the target is also in romaji (and also takesentime to read),
then both prime and target are delayed, therebiyn adjawing for
priming effects to surface, as evidenced by ounltesln that latter
case, it is again found that only when the wholearaverlaps,
facilitation from priming becomes significant. Hovex we feel that,
although not significant, the observation of theabie 16 ms
difference between overlap and control prime inNH@PE part
induces the necessity to test the romaji targeatathough, this time
with hiragana primes (thereby eliminating any pssteg cost due to
script unfamiliarity).

Experiment 3: Effect of hiragana primes on romajigets

Experiment 2 showed that romaiji targets take lotgyeead
than hiragana targets. Combined with romaji priwgsch also took
longer), no effect was found for any hiragana target again a
MORA and not MOPE effect was found when romaji éasgvere
used. This third experiment aims to replicate axtdred these findings
by again using romaji targets, thus again allovthregresponse to
dictate the unit of speech planning (phonemes). éd@wn current
primes were all in hiragana, which allows for a pamson between
fast (current) and slow access (Experiment 2) éqottme.

Method

Participants. Thirty-one undergraduate students from Nagoya
University, Japan (16 female, average age: 22 y&&rs- 3.7) took
part in this experiment in exchange for financ@ainpensation. All
participants were native speakers (and fluent rsaaé¢ Japanese and
had normal or corrected-to-normal vision.

Stimuli. Forty-two bi-moraic words were selected from the
same pool as in Experiment 2 (see Appendix B) exiaggets were
all in romaji (letters) and all primes were in fysma.

Design.A 2 (Prime Type: MOPE or MORA) x 2 (Relatedness:
overlap vs. control) within subjects factorial dgsivas implemented.
To avoid recurrent repetition of targets and prine@xh participant
received two repetitions instead of four per taggppialling 84 trials
per participant. Each participant received two kdoaf 42 trials,
encompassing all 42 targets once per block. Paatits were assigned
to pseudo-random lists (generated per participahih were
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constructed such that MORA/MOPE conditions appeargahlly
often per group and phonologically or semanticedhated primes or
targets had at least a distance of two trials. Betwparticipants the
design included all the experimental conditiong] @aithin
participants the order of blocks was counterbaldnce
Procedure.The same procedure was used as in Experiment 2.
ResultsNaming latencies exceeding three standard demmtio
per participant per condition and voice-key ermwese excluded from
the analysis (comprising 1.3% of the data). Asrsrveere few (2.2%
of the data) and evenly distributed across conulti@an error analysis
was not performed. See Table 4 for an overvievhefresults. There
was no main effect of Prime Type (MOPE or MORA)(E20) =
1.24, MSe = 933.20, n.s.; F2(1,41) = 1.33, MSe 584, n.s.; min F'
(1,68) < 1, but there was a main effect of Relatsdr{overlap vs.
control). Targets preceded by overlapping primesewead on
average 11 ms faster compared to being precededrttsol primes,
F1(1,30) = 5.75, MSe = 653.30, p < .05; F2(1,45) 2, MSe =
1,439.90, p <.05; min F' (1,70) = 2.71, p = .1Befle was also a
significant interaction between Prime Type and Relaess, F1(1,30)
=11.5, MSe = 1,360.60, p <.01; F2(1,41) = 19M8¢ = 1,324.00, p
<.001; min F' (1,61) = 7.18, p < .001. To expltis interaction, we
performed paired t-tests and found that MOPE priagzsn did not
supply reliable priming effects, t1(30) = 1.52, S[@2.00, n.s.; t2(41)
=1.46, SD = 50.30, n.s., but MORA overlapping miyielded
facilitation effects compared to their control pes(33 ms), t1(30) =
3.92, SD =47.59, p <.001; t2(41) = 4.48, SD =¥34p < .001.

Table 4.

Mean Naming Latencies (in Milliseconds) and Err@té&s (in %) in
Experiment 3 on the romaji Targets as a FunctioRifne Type
(MOPE/MORA) and Relatedness (Overlap and Control).

MOPE prime MORA prime

RT (SD) %E RT (SD) %E
control 733 (98) 2.0 761 (104) 2.4
overlap 744 (110) 1.6 728 (107) 2.8

effect -11 0.4 33 -0.4
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DiscussionThis experiment yielded essentially the same
results as Experiment 2: MOPE primes do not indusignificant
facilitation effect. The results from Experimentarid 3 indicate that
even when romaji script is used to present the e(itmereby favoring
segmental processing), the functional unit of phagical encoding in
Japanese is likely to be the mora, as evidencealdebgignificant CV
but not C priming effects reported in the previttuge experiments.
However, two main issues need to be addressethdacript change
issue of Experiment 1 (MORA: katakana primes amddaina targets)
and (b) the fact that in most stimuli of Experingeht3 moras were

indistinguishable from syllables (e.d. & /ko.to/).

Experiment 4a: Distinguishing the CV from thealylik:
MOPE group.

A possible reason for the discrepancy betweeMiBEE and
MORA group in Experiment 1 might be that in the M®Broup
there was a script change (from katakana to hi@gavhereas this
change was absent in the MOPE group. We remedigthth
Experiments 4a and 4b by using katakana primes@adana targets
in both the MOPE and MORA groups. However, a morpdrtant
issue may be the fact that in most stimuli we usdte previous
experiments the mora was indistinguishable fronsthiable. For
instance, the moras /ko/ and /to/dn& /ko.to/ constitute two moras
but also two syllables. Therefore, in Experimenivd,included three
groups of target words. In the first group, bi-momaords (where
mora equals syllable) were used. In the secondtaraigroup, the
first CV does not constitute the whole syllable, hasal coda words
(CVN; e.g. /hoN.da/ “Honda” [CVN.CV]; group 2) amggminate
obstruents, (CVQ); e.g. /saQ.ka/ “soccer” [CVQ.C¥fpup 3). As
previous experiments never showed any sign of girgming in
Japanese, we expect that Experiment 4a (whichem|yloys onset
overlap primes) would not show priming in any o giroups.
Furthermore, regarding Experiment 4b, we prediat ththe
functional unit in Japanese is the mora, we wite@bCV priming
effects in all three groups, without an interactimtween Group and
Relatedness, as the priming effect should be sirtbdawveen groups.
In contrast, when the previously observed primifigats were in fact
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due to syllabic overlap, we expect CV priming otdyoccur in the bi-
moraic group and not the nasal coda and geminategr
Method

Participants.Twenty-seven undergraduate students from
Yamaguchi University, Japan (21 female, average 28gears; SD =
7.5) took part in this experiment in exchange foafcial
compensation. All participants were native speakédapanese and
had normal or corrected-to-normal vision.

Stimuli. Forty-two bi-mora words were selected for each
group, totalling 126 targets (see Appendix C). Esgvere all in
hiragana and primes in katakana. Congruent primgetaairs were
combined such that they overlapped in the onsetREQO

Design.A 3 (Group: bi-moraic, nasal coda, and geminat2) x
(Relatedness: overlap vs. control) within subjéatsorial design was
implemented. To avoid recurrent repetition of tésgand primes, each
participant was subjected to one repetition instefad/o per target
equalling 126 trials per participant. Each par@gipwas subjected to
two blocks of 63 trials (groups were mixed in blsgkParticipants
were assigned to pseudo-random lists (generateplaptcipant)
which were constructed such that groups/conditappeared
approximately equally often per block and phonatady or
semantically related primes or targets had at aétance of two
trials. Between participants, the design includétha groups and
experimental conditions, and within participants tinder of blocks
was counterbalanced.

Procedure.The same procedure was used as in Experiment 2.
Masks, primes, and targets were displayed in Colgsv font (36
pt). All items appeared as black characters oneataickground. Each
target word covered approximately 1.3° of visuajlarfrom a
viewing distance of 60 cm. Target words were betwee and five
hiragana characters in length, subtending betwe¥nahd 4.7° of
visual angle.

Results and Discussioable 5 provides an overview of the
results. Naming latencies exceeding three stardartions per
participant per condition and voice-key errors wexeluded from the
analysis (comprising 5.1% of the data). As erroesenfew (0.5% of
the data), an error analysis was not performedtelivas a significant
main effect of group, F1(2,52) = 7.50, MSe = 1188d.< .001, F2(2,
123) = 4.60, MSe = 2653.40, p < .05; min F' (2,162)85, p = .06,
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reflecting the fact that the bi-moraic targets weaened faster than the
nasal coda and geminate targets, which did nagrdifbm each other.
There was no main effect of Relatedness in theestdbpnalysis,
F1(1,26) = 1.70, MSe = 678.80, n.s., but it wasificant in the items
analysis, F2(1,123) = 6.60, MSe = 468.20, p <, F' (1,41) =
1.35, p = .25. The interaction between Group anldtBéness was not
significant, both Fs < 1. Planned t-tests showetl ttere was no
reliable effect of overlap for any group: bi-moad,ts < 1; nasal coda,
tl <1, t2(29) = 1.4; SD = 30.14, n.s; and geminidte; 1; t2(29) =
1.97, SD = 34.23, p = .056. Overall, there seent®too reliable
effect of segment overlap on group level when oindysegment
overlaps.

Table 5.

Mean Naming Latencies (in Milliseconds) and Err@té&s (in %) in
Experiment 4a as a Function of Group (bi-moraicsalacoda and
geminate) and Relatedness (overlap and control).

bi-moraic nasal coda geminate

RT (SD) %E RT (SD) %E RT (SD) %E
control 527 (69) 0.6 552(92) 0.6 545(78) 0.0
overlap 522 (66) 0.0 547 (93) 1.2 539 (84) 0.6
effect 5 0.6 5 -06 6 -0.6

Experiment 4b: Distinguishing the CV from the dylta MORA
group.

Method.

Participants. Twenty-eight undergraduate students from
Nagoya University, Japan (12 female, average &@gears; SD =
3.3) took part in this experiment in exchange foafcial
compensation. All participants were native speakédapanese and
had normal or corrected-to-normal vision.

Stimuli. Thirty-two bi-moraic words were selected for each
group, totalling 90 targets (see Appendix C). Teageere all in
hiragana and primes in katakana. Congruent primgetaairs were
combined such that they had CV (mora) overlap.

Design.A 3 (Group: bi-moraic, nasal coda, and geminat2) x
(Relatedness: overlap vs. control) within subjéatsorial design was
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implemented. To avoid recurrent repetition of tésgend primes, each
participant was subjected to one repetition inst#ad/o per target
equalling 90 trials per participant. Each participaas subjected to
two blocks of 45 trials (groups were mixed in adilp Participants
were assigned to pseudo-random lists (generatepaptcipant)
which were constructed such that groups/conditappeared
approximately equally often per block and phonatatly or
semantically related primes or targets had at kasstance of two
trials. Between participants, the design includétha groups and
experimental conditions, and within participant® order of blocks
was counterbalanced.

Procedure Same procedure was used as in Experiment 4a.
Results and Discussion. Table 6 gives an overvietiveoresults.
Naming latencies exceeding three standard devi&pen participant
per condition and voice-key errors were excludedfthe analysis
(comprising 2.2% of the data). As errors were fé\8 @6 of the data),
an error analysis was not performed. There wasia effect of
Group, F1(2,54) = 38.50, MSe = 365.46, p <.00X2FZ) = 12.20,
MSe = 1212.64, p <.001; min F' (2,130) = 9.26, P&, which
reflects significant differences in the overall meaf the three
groups. Furthermore, there was a main effect ohtedhess (overlap
vs. control), F1(1,27) = 24.10, MSe = 279.70, &1, F2(1,87) =
17.20, MSe = 379.24, p < .001; min F' (1,97) = 40[®< .001,
reflecting the fact that on average targets whigrlapped with the
prime were named 13 ms faster. Most importantlgtetwas no
interaction between Group and Relatedness, all Fsdicating that
the effect of Relatedness holds for all Target @soThis was further
confirmed by planned t-tests which showed thatfifiect of overlap
held for each group: bi-mora, t1(27) = 3.05, SD593, p < .01;
t2(29) = 2.86; SD = 27.45, p < .01, nasal cod2#LE 2.54, SD =
22.72, p <.05; t2(29) = 2.30; SD = 23.34, p < &% geminate,
t1(27) = 3.07, SD = 20.95, p < .01; t2(29) = 2.9D, = 31.26, p < .05.
A point of concern (which was also raised in theaduction and for
Experiment 1) is that the moraic nature of the kscrgpt used in
Experiments 4a and 4b might favor the processiog forthography-
to-phonology. Although we cannot unequivocally tefthe claim that
the use of kana script has been responsible fashiteened effect, we
do believe that our Experiments 2 and 3 reasorddatyonstrated that
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when romanized Japanese (romaji) targets are eegblow reliable
priming occurs for the segment.

Table 6.

Mean Naming Latencies (in Milliseconds) and Err@té&s (in %) in
Experiment 4b as a Function of Group (bi-moraicsalacoda, and
geminate) and Relatedness (overlap vs. control).

bi-moraic nasal coda geminate

RT (SD) %E RT (SD) %E RT(SD) %E
control 471(61) 0.0 501(74) 2.4 489(69) 0.6
overlap 456 (68) 0.0 490(77) 18 477(72) 0.0
effect 15 0.0 11 06 12 0.6

General Discussion

Many studies using different paradigms have shithahthe
segment (e.g. phoneme) can be conceived as areindiept
functional element of speech production planninghamy alphabetic
languages (e.g. implicit priming/preparation effédeyer, 1991;
masked onset priming effect: Forster & Davis, 198dhiller, 2004;
Kinoshita, 2003). Studies having investigated ottmr-alphabetic
languages, e.g. Chinese (Chen, Chen and Dell, 2608} that this
unit might be language specific, as segment préiparan Mandarin
Chinese was absent (but syllable priming was ptgs@nour target
language Japanese contrasting patterns were rdporte
comprehension tasks (Cutler & Otake, 1994; Otakeufler, 2003)
and currently there is only one empirical papebeefound regarding
production tasks (Kureta et al., 2006). The airthefpresent research
was to further examine a possible role for the sagras independent
functional unit in Japanese speech production byimgause of the
well-established masked priming paradigm.

The outcomes of four experiments support previoubngs
obtained by Kureta et al. (2006) who proposed ttiaimora and not
the segment is the functional unit of phonologeratoding in
Japanese. Introducing romaji stimuli, which by thesual
characteristics were assumed to favor segmenteépsing (our
Experiments 2 and 3) also did not lead to onsetipg. This indicates
that the observed absence of onset priming (ergiralings and those
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of Kureta et al., 2006) cannot have been due tdeitiethat kana
and/or kanji scripts were used. Importantly, wledwut the
possibility that the absence of MOPE was due tonttare of target
script governing the unit of phonological encodiag,presenting
target in romaji (in which the orthography-to-phtogy mapping
process proceeds by letter-to-segment) did notym@dOPE.

Before accepting the conclusion that the moraranidhe
phoneme is the functional unit of language produrcin Japanese, we
consider two points. The first point is that tlemclusion that there is
no MOPE in Japanese corresponds to the null hypisth©f course,
conventional significance testing cannot stateethidence for a null
hypothesis: Non-significant p-values indicate ‘tiads to reject” the
null hypothesis, not the support for it. Howevexent developments
in the Bayesian data analysis technique (e.g.,d3iep008; Rouder,
Speckman, Sun, & Morey, 2009) have made this plessitihe form
of computation of the Bayes factor. Bayes factaaserally
interpreted as the weight of evidence providedheydata, and is
essentially an odds ratio, ranging between 0 faitgf Bayes factor
of 1 means that the data provide equal evidencthéonull and
alternative hypotheses, and values greater thamdk the null
hypothesis, and values less than 1 favor the altemhypothesis.
According to Jeffreys’ (1961) classification scherBayes factor of
1-3 would be considered anecdotal evidence (“woatimore than a
bare mention”) for the null hypothesis, 3-10 woh&lsubstantial
evidence, 10-30 would be strong evidence, and so on
We computed the Bayes factor for the null hypothésiat there is no
MOPE) for each experiment, using the Bayes factoutator
provided by Rouder et al. (2009, available at
http://pcl.missouri.edu/bayesfacyoBayes factors based on the
Jeffrey-Zellner-Siow (JZS) priors (recommended lop&er et al. as a
“default Bayes factor” requiring minimal assumpsdmre presented
in Table 7.
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Table 7.

Bayes factor values for the null hypothesis for NEOP
Experiment and condition Subjects Items
Experiment 1 5.92 7.12
Experiment 2: Hiragana target  7.26 8.15
Experiment 2: Romaji target 3.79 6.29
Experiment 3 2.43 3.00
Experiment 4: bi-mora 4.30 5.20
Experiment 4: nasal coda 5.35 3.25
Experiment 4: geminate 5.35 1.35

It can be seen that in all cases, the Bayes féavored the
null hypothesis, with the evidence being “substdhtn most cases.
We take these Bayes factor values to argue thadatardo indicate
that there is no MOPE in Japanese.

The second point to note is that each mora containre
phonological content than a phoneme. Consideing&tance, results
by Schiller (2004), who found that when two segreenerlap, more
priming is obtained. For instance, ba%%%% produnede priming
than b%%%%% when naming the word “BALLET” (‘ballgbBut,
importantly, br%%%% also produced more priming th&?6%%%
for a complex onset word such as “BROEDER” (‘brmtﬁeThat is,
the finding of MORA priming but not MOPE may simpiflect a
greater amount of phonological overlap, not thespeatatus of mora
as a functional unit of language production. Ta tleis, an experiment
is needed in which the amount of initial phonemientap is increased
without increasing the number of mora. Unfortungt#iis is not easy
to realize in Japanese, due the absence of cortsdnaters. The
closest match to such an experiment would be ttlasion of the
palatal glide (denoted j) which is occasionallyated between
particular initial consonants and their subsequentels. In that case,
the initial Cj cluster, for instance, /ky/ of a wdosuch as /kyu.u/
[CjV.R] “sudden, haste” (two moras, namely: kyuYCpand a long
vowel [R]) would contain more phonological contémin the
phoneme /k/ in a CV mora structure such as /kug.dbkis has thus

% Note however that the increase in priming duartadditional overlapping phoneme beyond the onset
(e.g., sif-SIB vs. suf-SIB) is small and may notsignificant (e.g., Kinoshita, 2000; Mousikou, Celért,
& Saunders, 2010)
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far not been tested using the masked priming pgmadiowever,
Kureta and colleagues (2006; Experiment 2) spediji¢ested for this
possibility using the preparation paradigm. They mbt find
significant preparation effects even when an aolditi segment (i.e.
palatal glide) was added to the prevocalic conspnénich favors the
hypothesis that the mora is the functional unilapanese speech
production. Still, additional masked onset prim@gperiments using
Cj initial overlap might be warranted to providéarmation as to
whether the absence of the greater overlap (asifoyrikureta et al.,
2006) also generalizes to masked priming.

A recent proposal considering functional unit size
(O’Seaghdha, Chen, & Chen, 2010) puts forward ateem called
the proximate units principle. In short, these atglpropose that,
“proximate units (PU) are the first selectable piogical units below
the level of the word/morpheme” (p. 285). They éiddally put
forward that languages may differ in their speqifioximate unit
sizes. In Dutch and English the PU would be thensad, in Chinese
the syllable (Chen, Chen, & Dell, 2002), wherea3dpanese the PU
would be the mora (Kureta et al., 2006, and oureturfindings).
Interestingly, one can infer from this proposal theross-language
comparisons might also show different types of spesrors. For
instance, Japanese speakers may be less pron&egimaneme
exchange errors (e.g. spoonerisms), as their paiginmit is larger
(e.g. a mora). Indeed, evidence provided by Kubo4&889) shows
that in Japanese most speech errors occur at amaajot at segment
or syllable boundaries. An interesting questiam {tirther
examination) then arises regarding how bilingualaders of
languages differing in proximate unit (such as depa and English)
encode the functional unit of their L2. Would fastance
Japanese/English vs. English/Japanese bilinguais diverging
results on masked and implicit priming tasks, arlddhe proximate
unit be switched depending on the language in ¥e¢?another
possibility might be even the transfer of the pnoaie unit from e.g.
the L1 to the L2 depending on the task at hand.

In conclusion, in line with Kureta et al. (2006yr results
corroborate the view that in Japanese moras ansegobents or
syllables are the functional (or proximate) unies, the units, which
play a crucial role in the construction of the pblagical form of a
word in speech production.
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Appendix A
Stimulus Materials from Experiment 1

MOPE part MORA part
target onset prime control prime overlap prime contol prime
) 'kaze' Z & ‘'koto' % & 'soto’ — —
& < 'kiku' < B 'kura' e & 'mura’ — —
< 1Z 'kuni' NI 'kami' 72 'nami' 7 A 'Kkui' vA rul
IF X 'kesa' = 7 'kika' ') 'bika’ 7 'ketsu' 2 'netsu’
Z % 'koma’ F o 'ketsu' 12> 'netsu’ = |} 'koto' Y I 'soto’
=5 'sara’ L 7> 'shika’ H ) 'chika' # A 'same’ ~ A 'mame’
L & 'shiki’ = 'same' F ® 'mame’ 7 'shika’ 77 ‘chika’
9L 'sushi' A 'sen’ LA ren' A X 'sumi' 7 X 'gumi'
& 'seki’ % & 'soto’ Z & 'koto' — —
% 5 'sofu’ 9 'sumi’ < 'gumit Y |k 'soto’ =k 'koto'
* &£ 'mado’ DU 'mei’ ~ 'pei' ~ % 'mame' A 'same’
A "'mimi’ £ 'mame’ = 'same' < = 'miko’ t = 'hiko'
e L 'mushi' H Y 'mori’ @» Y 'nori' — —
» L 'meshi' e 5 'mura’ < & 'kura’ A4 'mei' 74 ‘'gei
5 'mochi’ F+Z 'miko’ 2 'hiko' — —
722 'natsu’ DY 'nori' H Y 'mori’ 7 2 'nami' A 3 'tami'
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niwa’
'numa’
'neko’
'nodo’
'raku’
rika'
rusu’
retsu’
roji’
'take’
'tetsu’
'tori’
'hana’
'hifu’
'hebi’
'hori'
'batsu’
'biwa’'
'buta’
'betsu’
'boku’

qan>
D

1z<
%0
LA
n<
A<
55
T
& 7
=<’
<
=
[0l
~U)
FLe
x5!
(6D
S

YA

‘nuka’
'netsu’
AN
'niku’
ruri’
ren’
riku’
roku’
rachi'
'teki'
‘tomi’

nami'

taku'
hoku'
hara'

'hiko’
'hei’
boshi'

bara'

'bika’
'‘buka’
'‘bei’
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57 'buka’
7> 'ketsu'
nZx 'kami'
» < 'riku'
< Y kuri'
A 'sen’
(2 < 'niku’
1Z< 'hoku'
=5 'sachi'
~Z 'heki'
Z# 'gomi'
73 < 'gaku’
A< 'roku’
X5 'bara’
A Z 'miko’
T gei'

& L 'toshi'
135 'hara’
& 7 'kika'
¥a7> 'nuka’
OV 'mei’

niku’
'nuka’
'netsu’

nori'

rui’

roku’
'tami’
'teki’

'tomi’

hara'

‘hiko’

hoku'
bara'

‘bika’
'‘buka’

'‘boshi’

riku'
'‘buka’
'ketsu'
'mori'

'kui'

'hoku'
"nami'
'heki'

‘gomi’
'bara’
'miko’

roku’
'hara’
'kika'

'nuka’

'toshi'
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237 'gaka’ =t 'gimu’ Cie jimu’ — —

X L 'gishi’ <A 'gumi' 9 A 'sumi’ — —

<'H 'guchi’ 73 < 'gaku’ 7= < ‘taku’ 7' 3 'gumi' A3 'sumi’
IF & 'geki' Z 7% 'gomi' & Z 'tomi' 74 'gei’ A4 'mei’
ZZ 'gogo’ Fu'gei! ~U" 'hei’ =3 'gomi' 3 'tomi'
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Appendix B
Stimulus Materials from Experiments 2 and 3

MOPE part MORA part
target onset prime control prime overlap prime contol prime
e 'kaze' Z & 'koto' % & 'soto’ MF 'kami' 72 'nami’
& < 'kiku' < B 'kura' 5 'mura’ = ) 'kika' U 'bika'
< 1Z 'kuni' NI 'kami' 72 'nami' < & 'kura' 5 'mura’
I & 'kesa' = 7 'kika' O 'bika' 7> 'ketsu' 2D 'netsu’
Z % 'koma' o 'ketsu' 12D 'netsu’ Z & 'koto' % & 'soto’
=5 'sara’ L 7> 'shika’ 57 'chika’ =¥ 'same' * ¥ 'mame’
L & ‘'shiki' = 'same' * ® 'mame’ L 7> 'shika’ H ) 'chika'
9 L 'sushi' A 'sen’ LA ren' 9 'sumi' < 'gumi'
X 'seki’ % & 'soto’ Z & 'koto' A 'sen’ LA ren'
% 5 'sofu’ 9% 'sumi’ < 'gumit % & 'soto' Z & 'koto'
% & 'mado’ DU 'mei’ ~ 'bei’ * ¥ 'mame’ ¥ 'same'
FrFx "'mimi’ F ® 'mame’ = 'same' #Z 'miko’ OZ 'hiko!
¢ L 'mushi' H Y 'mori’ DY 'nori' {05 'mura’ < B 'kura'
® L 'meshi' e 5 'mura’ < & 'kura' O 'mei’ ~UN 'bef’
H 5 'mochi’ F+Z 'miko’ 2 'hiko' H Y 'mori' DY nori'
72 'natsu’ DY 'nori' H Y 'mori’ 727 'nami' I 'kami'
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‘hifu’
'hebi’
'hori'
'batsu’
'‘biwa’
'buta’
'betsu’
'boku’
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‘nuka’
'netsu’
AN
'niku’
ruri’
ren’
riku’
roku’
rachi'
'teki'
‘tomi’

nami'

taku'
hoku'
hara'

'hiko'
'hei’
boshi'

bara'

'bika’
'‘buka’
‘bei’
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57 'buka’
7> 'ketsu'
nZx 'kami'
» < 'riku'
< Y kuri'
A 'sen’
(2 < 'niku’
1Z< 'hoku'
=5 'sachi'
~Z 'heki'
Z# 'gomi'
73 < 'gaku’
A< 'roku’
X5 'bara’
A Z 'miko’
T gei'

L L 'toshi'
135 'hara’
& 7~ 'kika'
¥a7> 'nuka’
OV 'mei’

(2 < 'niku’
¥a)» 'nuka’

72-D 'netsu’

?D Y 'nori’
55 'rachi'
D < 'riku’
%Y 'ruri’
LA ren'
A < 'roku’
72 < 'taku’
T 'teki’
& # 'tomi'
135 'hara’
ONZ 'hiko'
~U\ 'hei'
1Z< 'hoku'
L5 'bara’
O 'bika’
57 'buka’
~U 'bei’

IZ L 'boshi'
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riku’
'‘buka’
'ketsu'
'mori’
'sachi'
'niku’
'kuri'
'sen’

hoku'

‘gaku’
‘heki’
‘gomi’

bara'

'miko’
Igeil
roku’

hara'

'kika'
‘nuka’
'mei’
‘toshi'



237 'gaka’ =t 'gimu’ Cie jimu’ 23 < 'gaku’ 7= < 'taku’
= L 'gishi' <A 'gumi' 9 'sumi' X{Te 'gimu’ C#e fjimu'
<5 'guchi’ 73 < 'gaku’ 72 < 'taku’ <A 'gumit 97 'sumi’
7 & 'geki’ Z 7 'gomi’ & 7 'tomi' Fu 'gei’ ~U 'hei'

ZZ 'gogo’ v 'gei! ~U" 'hei’ Z 7 'gomi' & A 'tomi'
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Appendix C
Stimulus Materials from Experiments 4a and 4b

MOPE part MORA part
target onset prime control prime overlap prime contol prime
) 'kaze' = ; 'koto' Y | 'soto’ — —
= < ‘kiku' 7 7 'kura’ A7 'mura’ — —
< 1Z 'kuni' 7 X 'kami' 7 2 'nami' 7 A 'kui' VA rult
IF & 'kesa' &7 'kika' v 'bika' 77 'ketsu' 2 'netsu’
Z % 'koma' 77 'ketsu' 2 'netsu’ = | 'koto' Y | 'soto’
=5 'sara’ > 71 'shika’ 7 71 ‘chika’ # A 'same’ ~ A 'mame'
L & 'shiki’ A 'same’ ~ A 'mame' 7 'shika’ 77 ‘chika’
9 L 'sushi' 2 'sen' L oren' A X 'sumi' 73 'gumi'
& 'seki’ Y b 'soto’ = |k 'koto' — —
% 5 'sofu’ A 3 'sumi' 7 'gumi' Y | 'soto’ = I 'koto'
* &£ 'mado’ AA 'mei’ ~A1 'bei’ ~ A 'mame’ A 'same’
FrF "mimi’ ~ A 'mame' # A 'same’ < = 'miko’ t = 'hiko'
e L 'mushi’ £ U 'mori’ /Y 'nori' — —
» L 'meshi’ 27 'mura’ 27 7 'kura' A4 'mei’ 74 'gei’
5 'mochi’ < = 'miko’ t =2 'hiko' — —
72> 'natsu’ / VU 'nori' £V 'mori’ 7= 'nami’ Z X 'tami'
(27 "niwa’ X % 'nuka’' 7 7 'buka’ =7 'niku' U 7 'riku'
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hoku'
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'hei’
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'ketsu'
'kami'

riku'
kuri'

'sen’
niku’

hoku'

'sachi’'
'heki'
‘gomi’
‘gaku’
roku’

bara'

'miko’
Igeil
‘toshi'

hara'

'kika'
‘nuka’
'mei’
jimu'

X7
VA
J U

VA

=0

~

5 ¥

INT !
b

w7
INZF !
=372
7 H

'nuka’
netsu'

nori'

rui’

roku’
'tami’
'teki’

‘tomi'

hara'

‘hiko’

hoku'
bara'

‘bika’
'‘buka’

boshi'

'‘buka’
'ketsu'
'mori’

'kui'

7 'hoku'
'nami'
'heki'
‘gomi’
'bara’
'miko’

roku’
‘hara’
'kika'

'nuka'

‘toshi'
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X L 'gishi' 73 'gumi' Z X 'sumi' — —

<5 'guchi’ 77 'gaku’ & 7 ‘taku' 73 'gumi’ A 3 'sumi'
7 & 'geki’ =3 'gomi' k2 'tomi' 74 'gei’ A A 'mei’
Z Z 'gogo’ 74 'gei’ ~A 'hei' =3 'gomi' kX 'tomi'
A U 'kanjit = h 'koto' Y | 'soto' — —

Z A L 'kinshi* 7 7 'kura’ A7 'mura’ — —

< AL 'kunshi*  # X 'kami' < 'nami' 7 A 'kui' LA rult

T A 'kenka' 7 'kika' v 'bika' 77 'ketsu' Z 'netsu’
Z AL kondo' Y ‘'ketsu' Z 'netsu’ = |k 'koto' Y | 'soto’
S A% 'sanso’ % 'shika’ 771 ‘chika’ # A 'same’ ~ A 'mame'
L 7> 'shinka' A 'same'’ ~ A 'mame' 7 'shika' 7 71 ‘chika’
I AN 'sunka’  t v 'sen’ L ren' A X 'sumi' 73 'gumi'
#A L 'senshi' ~ b 'soto’ = |k 'koto' — —

Z AT A X 'sumi' 73 'gumi' Y b 'soto’ = | 'koto'
'sonkei'

A2 'manga’ A1 'mei’ ~A 'beil' ~ A 'mame' # A 'same’
A AP 'minwa’ < A 'mame’ H# A 'same’ < = 'miko’ t = 'hiko'
e A9 'munzu’ £V 'mori’ /U 'nori' — —

OAE & 27 'mura’ 7 7 'kura' A4 'mei' 74 'gei’
'menkyo’

H A< 'monku’ < = 'miko’ t = 'hiko' — —



A=Y
‘nanban’

(2 A Z 'ninki’
L2V VASE RS
'nunchaku’

A E nendo’

® /v E 'nonki'
5 A L 'ranshi'
v A L 'rinji’

% AR 'runba’
FLAD ‘renga’
A A E rongi’

72 /v Z 'tango’
TA L 'tenshi'
& AZE 'tonbo!
1A Z 'hanko'
O AU E hindo!
~As7> 'henka’
ZIZ % 'honya'

XA 5 'banchi'

CAtr

/U "nori'

X 77 'nuka’

2 'netsu’

7= 'nami'
=7 'niku'
vV rurdt
L 'ren'
U 7 'riku'
v 7 'roku'

Z 7 'rachi'

7 % 'teki'

kX 'tomi'
& 77 'taku'
A7 'hoku'
N7 ‘hara’
& = 'hiko'
~~A 'hel'
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/N7 'bara’
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mori'

'‘buka’
'ketsu'

'kami'

riku'
kuri'
'sen'
niku’
'hoku'
'sachi'
'heki'
‘gomi’
‘gaku’
'roku’
'‘bara’
'miko’
‘gei'
'toshi’
'hara’
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Chapter 6: Summary and Conclusion
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Summary and conclusion.

In this thesis, | specifically reported studiesvaord
processing in languages which employ non-alphalsetipts with an
emphasis on logographic scripts such as Chinespantidularly
Japanese. Detailed focus was put on the undenbyingiples of the
unique heterophonic nature of kanji (i.e. about Gfi%ll kanji have
more than one pronunciation which depends for seleon the intra-
word context). | sought to reveal whether activaiio the production
network spreads to multiple pronunciations or whethis restricted
to a single (preferred) pronunciation (see Chapxein addition, |
attempted to gain an understanding regarding wmiohunciations of
a kanji character receive activation by meansso$énsitivity to
semantic and homophonic context effects (see Craptand 4).
Finally, I intended to clarify whether or not thatare (or size) of the
fundamental phonological unit in Japanese was caabjgto that of
West-European languages on which theories of laggypeoduction
are usually built (see Chapter 5).

Chapter 1

In Chapter 1, a brief overview was given of thestno
influential models of language production called WWER++
(Roelofs, 1992; Levelt, Roelofs, & Meyer, 1999)tlms model, a to-
be conveyed message first enters the conceptue| Eter which it
spreads to the lexical-syntactic level where sytitdeatures are
integrated and lexical selection takes place (Blpidy competition;
but see Mahon et al., 2007). Subsequently, phoiezlbgyord-form
encoding will take place, including the computatadmmetrical
information and syllabification (for overviews s8ehiller, 2000;
Schiller et al., 2006). Finally, the utterance vexly produced
through the articulatory system. It was pointedtbat pictures enter
this system exclusively through the conceptualesydbut that written
words can enter the production system in three wayst, through
grapheme to phoneme conversion evidenced by thevtacan name
non-words, which by definition have no lexical repentation.

Second, via the lexical-phonological route whiglniferred
from the fact that prime words morphologically tethto picture
names speed up naming in the long-lag priming pgmads prime
and target share a morpheme at this level (Koé&sgehiller, 2008, in
press; Zwitserlood, Bolte, & Dohmes, 2000). Ladbly activating
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their lexical-syntactic (lemma) representationsrfrarthography,
which is often inferred from semantic interferemte picture-word
interference task (e.g. Glaser & Dlingelhoff, 198% also MacLeod,
1991, for a review).

Most models of language production (including WHE2RA-+)
are built on empirical data obtained with Indo-Epean languages
typically employing alphabetic scripts. However apter 1 discussed
evidence that caution must be taken when assurhaigtl
parameters of language production models wouldnaatically apply
to languages around the world. Japanese, for iostdras very
different linguistic properties compared to Dutahd therefore might
also require a different interpretation in certaspects of the
production model, such as the absence of orthogrmpphonology
conversion (Siok, Perfetti, Jin, & Tan, 2004). asyput forward that
irregular words and heterophonic homographs inaplic languages
are frequently found to be named slower, presumainéyto
competing pronunciations (e.g. Glushko, 1979; Kantan&
Zemblidge, 1992). In most Indo-European langualyeterophonic
homographs occur infrequently, however, due toifipeeasons
having to do with language history and especiélé/development of
pronunciation (i.e. the assimilation of traditiotZinese
pronunciations vs. the already existing Japaneseupiciations for
words when importing Chinese characters) for kimnjiapanese this is
the rule rather than the exception. Therefore, Jeg@might have
developed different mechanisms to more efficiehtindle
pronunciation selection for heterophonic words.

Chapter 2

Japanese kanji and Chinese hanzi differ in theestrat
Japanese kanji usually have more ways to pronotlneceame
logographic symbol; kanji is therefore less comsisin the
orthography to phonology route than Chinese. Presvgiudies such
as Wydell, Butterworth, and Patterson (1995) exgdarhether kanji
having more alternative pronunciations would shgwacessing
difference compared to kanji, which have fewer prariations
(indicated by longer RTs, for instance). Howevesulits in the
literature regarding this matter are not entirepsistent. Wydell and
colleagues (1995) did not find consistency eff@ttiapanese,
however, Fushimi, ljuin, Patterson, and Tatsumb@adid. Also
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Kayamoto, Yamada, and Takashima (1998) found ctemsig effects
in a single kanji naming study, but only when theraative
pronunciation was of high frequency. What all thetsslies have in
common is that they do not directly assess whethdtiple
pronunciations become active. Rather, they asshatarultiple
pronunciations receive activation to account féfiedénces in naming
latency.

This chapter presents the results from two magkieaing
studies which directly assess activation spreaititk@nji having
multiple pronunciations. The pronunciations frorkeaji prime (e.qg.
7K Imizuwr/ /suiy/) were transcribed into katakana (i.e. a syllabic
script mostly used for loanwords) e . A (mizu) andA A (sui). If
both katakana transcriptions benefit from tkegorime (compared to
an unrelated prime), then activation would haveagro both
pronunciations. In addition, the frequency of bptbnunciations was
manipulated (as Kayamoto et al., 1999, showedtkimimight
influence RTs). The results of two priming expenmsepresented in
this chapter show that the reading of multiple kate targets is
facilitated by the same kanji prime indicating thailtiple readings
are activated. In addition, when kanji characteespsiesented in
isolation, phonological activation was always sgenfor KUN-
readings compared to ON-readings, even when thewas biased
towards the ON-reading. Therefore, the results friloenexperiments
presented in this chapter provide the first diegopirical evidence of
multiple activation spreading in kanji processing.

Chapter 3

As established in Chapter 2, Japanese kanji spretadtion
to multiple pronunciations. This, according to tiaga from e.g.
Kayamoto et al. (1999) and Fushimi et al. (1998€3dk to longer RTs
due to activation of multiple readings (possiblgdang to
competition). In the current chapter, we are irgee which route
Japanese kanji and Chinese hanzi words take wherirenthe
production system. It is quite firmly establishiédttalphabetic words
enter the production system via three differentasu(1)
orthography-to-phonology conversion; (2) orthogragdtlexical
phonological representation; or (3) orthographyetieal syntactic
representation.
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The first route, e.g. orthography-to-phonology goapheme—
phoneme conversion), which exists for most alphalt@tguages, is
not possible in Chinese and Japanese as therereeady no parts of
a character uniquely mapping to a phoneme (Siak £2004; Wydell
et al., 1995). This leaves the system with theagthphy-to-lexical
phonological and lexical-syntactic mappings. Incyre-word
interference (PWI) study, Zhang and Weekes (20e®)ahstrated
that semantically related Chinese word distradtatace interference
(compared to semantically unrelated distractonglicating lexical-
syntactic involvement. However, to date, a compar&Vi
experiment has not been reported for Japanesddrombre, the effect
of context pictures on reading aloud Japanese kadjiChinese hanzi
targets has not been examined, either. In alplalaeiguages, such
word naming experiments usually show that thermigffect of
semantically related context pictures as comparashtelated context
pictures when naming bare nouns (Glaser & DingélidB4; La
Heij, Happel, & Mulder, 1990). This is assumed ¢odue to the use
of the direct route from orthography to the lexipaAbnological level,
i.e. a fast process that prevents context pictioregert an influence.
However, when the lexical-syntactic level is reqdifor naming, as
for instance in determiner noun phrase generas@mantic context
effects of pictures are shown to emerge (Roel@8322006).

Chapter 3 presents the results of a word-namsigite
Japanese and Chinese using logographic scripgsldition, a
standard PWI experiment was carried out to asservalidity of the
stimuli and to obtain as yet unreported PWI resualtiapanese. In this
chapter, | report a number of novel empirical firgsi. First, a
significant semantic interference effect is indubgdemantically
related distractor words in both Japanese and Gaipieture naming,
indicating that both Japanese and Chinese chasaateess the
lexical-syntactic level and delay the selectiothef target word at that
level (due to selection by competition). Theseifigd are identical to
the ones obtained with alphabetic distractor wosgsond, context
pictures induced a significant semantic facilitateffect in Japanese
word (kanji) naming at two SOAs (—150 ms and 0 mg)no such
effect in Chinese word (hanzi) naming at the sa@AsS To account
for the latter findings, | proposed that Chinese@dgpanalogous to
alphabetic words, are read via the orthographyhkimaplogy route
that is too fast to allow for an effect of semamtimtext pictures to
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emerge. To account for the presence of a sematilddtion effect in
Japanese kanji naming, | proposed that Japanegekaalso named
via the orthography-to-phonology but that the pssagg is slowed
down due to the activation of multiple phonologiogbresentations
(and subsequent processing delay due to compeitititire selection
of the appropriate pronunciation), which in turtoas for context
pictures to exert an effect. | do acknowledge thednnot be entirely
ruled out that kanji are read via their lexical{satic representations,
but this latter hypothesis seems not in line wginepsychological
evidence from Japanese patients (see: Sasanuman&a& Kitano,
1992; Nakamura et al., 1998; Fushimi et al., 200B8grefore, |
consider it less plausible.

Chapter 4

Chapter 3 reported semantic facilitation by conhpgstures on
the naming of Japanese (but not Chinese) targatswor Chapter 4, |
aimed to extend these findings by introducing phogioally related
picture distractors, more specifically pictures ethare homophones
to the target word. | found that Japanese kanfinbtiChinese hanzi,
were susceptible to phonological context effeckss Tinding is
completely in line with the results obtained wigngntically related
context pictures in Chapter 3. In a subsequentrerpat, using
Dutch stimuli, we replicated Roelofs’ (2003) findithat semantic
context effects of distractor pictures are obtaimedet+N naming
(which requires lexical-syntactic access), butindtare-noun naming
(which allows for the use of the direct orthograjbyphonology
route). However, when bare nouns were visually aideg (e.g.
$HSOSNSDS), semantic context effects again surfathe idea
underlying our account is that Japanese kanji @ggadied words in
Dutch are read via the lexical-phonological roitewever, the speed
with which a phonological representation is sel@ctpon the
presentation of a target word determines whetl@ngext effect can
emerge. For bare nouns in alphabetic languageasi€lutch or
logographic characters in Chinese (hanzi), theabdin builds up too
fast for any context information to affect it. lardrast, for degraded
Dutch nouns or Japanese kanji, the slope of theagicin buildup
reaching the selection threshold is altered in sualay that context
information can influence processing along thigeoGubsequent
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experiments (including frequency manipulation) ddqurovide
further evidence to substantiate this claim.

Chapter 5

In this chapter, | was especially concerned withunit of
phonological planning in Japanese language prasludBenerally,
theories of language production (e.g. Dell, 1988ydlt et al., 1999)
take the basic phonological planning unit to bestbagment/phoneme
(as most data are acquired with Indo-European kgesisuch as
English and Dutch). However, there is also evidghaea
phonological planning unit might be language-specKor instance,
in Mandarin Chinese, Chen, Chen, and Dell (2008)@iSeaghdha,
Chen, & Chen (2010) using a preparation (or imppciming)
paradigm found no effect of single segments (emesimple
monosyllabic words). These authors therefore catexdithat syllables
and not segments are the phonological planning linked to speech
production in Chinese. In contrast to English andcdb (segment) as
well as Chinese (syllable), Japanese is often cheniaed as a mora-
timed language (for an overview on mora and marantj, see
Warner and Arai, 2001). In Japanese, moras formpgaddent
rhythmical structures within a syllable, for instarin the well-known
brand name “honda” /hoN.da/ has two syllables (/rexidl /da/), but
three moras (the nasal coda of the first syllabken independent
mora) /ho/, IN/ and /da/, all lasting roughly edyiédng.

Previous evidence for the mora as a functiondlshowed
mixed results. For instance, Otake et al. (1993yelbas Cutler and
Otake (1994) using a speech segmentation paradigndflapanese
native speakers were just as likely to detect G\cstires in CVN.CV
structures where moras are part of the syllablepawed to simple
CV.CV structures when moras equal the syllableoAlargets such as
/nan/ (CVN) were more easily detected when the @oaist N was a
mora by itself (haN.ka) compared to when it was pha mora
(na.no.ka) in spite of the fact that in both cabesoverlap was equal
when counted in number of overlapping segnfgniowever, in
contrast, using another paradigm (i.e. word recansbn; see Otake

* note: ahough usually onsets are more salient, also thigiquosf /n/within the syllable
varied (from being the coda in /naN/ to being theet in /no/) in this experiment.
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and Cutler, 2003), the same authors found Japaudsgects to be
sensitive to segmental information.

A recent production study by Kureta, Fushimi, diatisumi
(2006) using the implicit priming (or preparatigggradigm (as did
Chen et al., 2002 and O’Seagdha et al., 2010) fdapdnese native
speakers to prepare their utterances in units eanidis study (and
previous studies), however, made use of kanji amdlscripts, which
do not allow for processing of individual phonenm@s;h as romaiji
(alphabetic Romanized Japanese). In this chaptieeréfore included
stimuli written in romaji to rule out the possilylithat the previous
usage of non-segmental scripts might have occltiiedetection of a
segmental effect in Japanese.

Chapter 5 presents the empirical results of fapeaments
designed to establish the nature of the fundamehtahological
planning unit in Japanese. In all experiments pngicipants’ task
was to name strings that were presented on the utemgcreen.
Targets were preceded by masked primes which dmutelated in
the segment or in the whole mora, e.g. /sushi/ccbalprimed by /sen/
(segment overlap, i.e. “s”) vs. /ren/ (control) aiiwas termed the
masked onset priming (or MOPE) condition or by /gmora
overlap, i.e. “su”) vs. /gumi/ (control) which weesmed the MORA
priming condition. In four experiments, | variecticript type of
target and prime as well as the amount of ovegapgrfient or mora),
see also Table 1.

The first experiment shows that only the groupchihieceived
stimuli overlapping in the whole mora showed sigaift facilitation
effects; i.e. the group which received the segmes#t overlap
stimuli showed no significant priming. The resuf€Experiments 2
and 3 demonstrate that we can discard the posgithit the absence
of segment priming was due to the nature of tasgept governing
the unit of phonological encoding, as presentingetis in romaji
(favoring letter-to segment mapping) did not praglacsegment
priming effect, either.
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Table 1.
Experimental conditions and results for each Expent in Chapter
5.

Experiment Target Prime Overlap priming
Experiment 1a (Groupl) hiraganairagana segment no
Experiment 1b (Group2) hiragan&atakana mora yes
Experiment 2 hiraganaromaiji segment no
hiragana romaji moré no
romaji romaji segment no
romaji romaji mora yes
Experiment 3 romaji  hiragana segment no
romaji hiragana mora yes
Experiment 4a (Group 1) hiragan&atakana segment no
Experiment 4b (Group 2)hiragana katakana mora yes

a) The absence of this mora priming effect washatted to the
relative processing speeds of romaji primes (slamg hiragana
targets (fast)

Finally, the fourth experiment introduced stimfoli which the
mora was always part of the syllable (e.g. /suN.kaérder to rule out
the possibility that the observed priming effeckvwmfact a syllable
priming effect. The first group of participants eddng stimuli
overlapping in the segment did not show signifiganming effects,
however, Group 2 receiving mora overlapping stishbwed
significant priming effects. Therefore, the reswltshese four
experiments provide support for the claim thatrtteea and not the
segment is the functional unit of phonological etfing in Japanese.
This is in line with the before-mentioned implipiiming findings by
Kureta et al. (2006) and also with the interpretathat languages
may differ in their specific phonological basic usize, i.e. the
phoneme/onset in Dutch and English, the syllablehimese, and the
mora in Japanese.

Conclusions and suggestions for future research

This thesis set out to: (1) establish in a divegy whether or
not presentation of a single kanji activates itdtiple pronunciations
and compare this with Chinese hanzi productionaé2prtain which
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route Japanese and Chinese character naming tdkehether the
activation of multiple pronunciations for Japankasji would come
at a processing cost; (3) establish the size ofuthetional
phonological unit in Japanese language produc@unthe basis of the
empirical data gathered in Chapters 2-5 we condiuaie

When presented in isolation, Japanese kaniji s@etadtion to
multiple pronunciations, and phonological activatie generally
stronger for KUN-readings compared to ON-readings.

The naming of Japanese kanji and Chinese hanziuzuthe direct
orthography to lexical-phonological representatiomte; however, at
that level, due to the activation of multiple praoiations, Japanese
kanji incur a processing cost.

The mora and not the segment or syllable is thetfomal unit of
phonological encoding in Japanese.

For future research, it is worthwhile to extend fimdings and
conclusions mentioned in (1) by including compokadji words. In
Chapter 2, it is observed that KUN priming is alwayronger. This is
likely due to the fact that single kanji were nanfetiich in most
cases take the KUN reading). It would be importardstablish
whether kanji being part of compound words, suchgaand/K in ¥

7K “seawater” /kajg.Suiy/, would still be able to prime their respective

~

KUN readings, namelyy X “sea” /Jumiyy or X X “water” (mizuun).

If so, this may indicate that computation of phagyl from
orthography, in Japanese compound words, alsoaltwes full
phonological activation of its subcomponents. Sai¢imding could
further provide new openings for research concerttie debate
regarding decomposed versus stored representdtammpound
words (for more information on this debate see @a®y Caramazza,
1997; Bien, Levelt, & Baayen, 2005; Janssen, BC&amazza,
2008).

With regard to findings and conclusions mentiome®), it is
important to establish whether kanji which only @avsingle
pronunciation, such a&. “ceremony” /shiki/ are not sensitive to
semantic context effects (as there is no processiagdue to having a
single pronunciation). Likewise, it would be vall&to determine
whether Chinese hanzi, which can be pronouncediltipie ways
(e.g9.17 /hang2/ or /xing2/), or heterophonic homograph&riglish
(e.g. dove or read) are sensitive to semantic ampivonological
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context effects of pictures. If so, this would het substantiate the
conclusion that the generation of the pronunciatibsuch words
comes at a processing cost.

Furthermore, regarding (3), it would be interegtio compare
bilingual speakers (or learners) of languages «iiffgin functional
unit (such as Japanese, Chinese, and Englisimdeed the underlying
nature of phonological encoding differs for someglaages, then
comparing such participants might shed more lighth@ underlying
speech production mechanisms. For instance, natireese/Japanese
speakers talking in English (L2) might show lesgnsent exchange
errors, or perhaps might “chunk” larger elements/ofds together
due to the underlying nature of their L1. For ins&®, many Japanese
speakers, when speaking English, show segmentiosefollowing
a moraic pattern (as Japanese does not allow fmoo@nt clusters;
e.g. “milk” becoming /mi.ru.ku/).

To conclude, this thesis shows that using thenkgemand
Chinese language and script in psycholinguistidiegiwill reveal
potential mechanisms underlying language produdhahcannot
easily be investigated with western, alphabetigleages. Moreover,
the involvement of languages such as Chinese grahdae leads to
new findings that are likely to foster the devel@wnof language-
universal accounts of language production.
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Samenvatting in het Nederlands.

Dit proefschrift richt zich op het hardop lezen waoorden in
talen die een logografisch schrift gebruiken, inligonder het
Japans en het Chinees. Het gebruik van schriftnsvaardigheid die
evolutionair recent verworven is en is een van éeshcomplexe
menselijke gedragingen. Echter, ondanks de contplexiindt het
herkennen van woorden en de afleiding van betelanistspraak
binnen een tijdsspanne van ongeveer een halve deqbaats.

Talen zoals het Nederlands en het Italiaans zijragelmatig
in de omzetting van letters naar spraak. Er zifntexcook talen (zoals
het Engels) waarvan de uitspraak niet altijd terspellen is op basis
van het uiterlijk van een woord. Denk hierbij biprbeeld aan het
Engelse woord voor “twee” (“two”) dat als /tu/ wongdtgesproken en
niet als /two/, zoals het volgens de spelling-ndank regels zou
moeten klinken. Talen die logografische karaktetsrgiken, zoals het
Chinees en het Japans hebben geen vaste regedsters haar
klanken om te zetten. Met andere woorden, er Agngduidelijke
visuele kenmerken die omgezet kunnen worden naebegaalde
uitspraak.

In veel Chinese karakters zijn wel zogenaamdetisriee
radicalen aanwezig (onderdeel van een karakterdaaachterkant
geplaatst) zoals in het karak{eér (“mier”) wat wordt uitgespoken als
/ma3/ in het Chinees. In dit geval geeft het fawte radicaal (het
rechtergedeelte van het karakter, dugma3/) een indicatie hoe het
gehele karakter zou kunnen worden uitgesprokedifigeval dus ook
/mag3/). Het fonetische radicaal voorspelt de uitakrechter lang niet
altijd.

Misschien wel het moeilijkste schrijfsysteem invaereld is
het Japans. Japanners gebruiken drie schriftenedkmar heen
namelijk kanji, hiragana en katakana. Hierbij Zapanse woorden
uitgespeld in het alfabet (ook wel ‘romaji’ genagred het gebruik
van cijfers niet eens meegeteld. Een van dezefshrhet
logografische kaniji, is overgenomen uit het Chin&es opmerkelijk
feit en belangrijk verschil met het Chinees is,iddiet Japans naast
de bestaande Japanse uitspraken voor woordenligersdlen ook de
Chinese uitspraak wordt gebruikt. Een voorbeeldvaie is het
karakter voor ‘water’ <) wat in het Chinees wordt uitgesproken als
/shui3/. In het Japans kan dat als /mizu/ (Japanseraak, ook wel
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KUN lezing genoemd) of als /sui/ (afgeleide Chinetgspraak, ook
wel ON lezing genoemd) worden uitgesproken. Deemer uitspraak
hangt af van de combinatie die de kanji aangaaeseander
karakter. Bijvoorbeeld, voor het Japanse woord iegenwater’
wordt de Japanse uitspraak gebruiktZk /amay,.mizuqy en in het

woord voor ‘zeewater’ de Chinese uitspradik<, /kain.Suby/. Het
grote verschil tussen Chinese en Japans karaktdeg Chinese
karakters meestal maar één enkele uitspraak hdébheijl de meeste
Japanse karakters er meerdere hebben. Ondankestidstfals een
karakter alleen staat vaak de Japanse (KUN) ua&pen als het in
een samengesteld (compound) woord staat de Chiitspeaak wordt
gebruikt, is dit geen universeel principe (zie buyenoemd voorbeeld
van “water”).

In Hoofdstuk 2 van dit proefschrift wordt de vraasantwoord
of er bij lezers van het Japans meerdere uitspredeeKUN en ON
lezing) worden geactiveerd bij het zien van eernjilkamakter. Dit
werd gedaan door in een gemaskeerd priming expetineer kort
(zodat bewuste waarneming niet mogelijk is), earjilap een
computerbeeldscherm aan te bieden (dit wordt dengrgenoemd;
bijvoorbeeld’k ‘water’) en die te laten volgen door een op tetez
woord (de target). Het is bekend uit de literatdair een targetwoord
sneller wordt opgelezen wanneer heel kort daareearidentiek
woord wordt aangeboden. De target in dit hoofdstiig werd
aangeboden in katakana, correspondeerde met delédig I X
(mizu) of met de ON lezingg 1 (sui), van waterA). Als de prime
7K wordt aangeboden en zowel /migfials /suiy actief worden dan
zou men voor beide target transcripties snellerteroeijn dan bij een
ongerelateerde prime. Dit patroon is precies wat &xperiment 1
van dit hoofdstuk gevonden werd. In het tweede expnt werd de
voorkeur voor één van de twee uitspraken gemarepdj@at wil
zeggen, de gebruikte kanji prime wordt vaker met\én de twee
uitspraken in verband gebracht dan met de andereobDrkeur is
hierbij gebaseerd op de uitspraak in samengesieideden.
Bijvoorbeeld, in samengestelde woorden wordt dei kaor ‘bos’ £
vaker met de Japanse (KUN) uitspraak gelezen éwwmievoor
‘misdaad’3E vaker met de Chinese (ON) uitspraak. Wat er gesrond
werd in dit experiment is dat de transcriptie vderJapanse lezing
(KUN) altijd meer profijt had van de prime dan deise lezing
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(ON), zelfs al was er een voorkeur voor de Chinetspraak. Dit
komt waarschijnlijk omdat de kanji geisoleerd waahgeboden,
waarbij in de praktijk vaak de Japanse uitspraaidivgebruikt.

Gegeven de bevinding dat veel Kanji meerder watsgm
blijken te activeren is een vervolgvraag hoe derdean het Japans de
juiste uitspraak selecteert. Deze vraag werd ongdétzioor het lezen
van Japanse Kaniji te vergelijken met het lezenGlainese hanzi.
Zoals eerder genoemd heeft het Chinees vaak maaritspraak voor
een karakter (er zijn enkele uitzonderingen zog)sWaarschijnlijk
zal daardoor de selectie van de juiste uitspradleirChinees minder
ingewikkeld zijn dan in het Japans.

In de Hoofdstukken 3 en 4 wordt onderzocht oftfegtoemen
van Chinese en Japanse karakters beinvioed woodiptkatjes die
gelijktijdig of 150 milliseconden eerder dan hettegezen woord
worden aangeboden (zogenaamde “contexteffecteit’priderzoek is
bekend dat de snelheid van benoemen van plaatiet idederlands
of Engels (bijvoorbeeld het plaatje van een hosdtend/) beinvioed
wordt door een eerder, of gelijktijdig aangebodentextwoord. Als
men een semantisch gerelateerd woord op een plaatjeen hond
afbeeldt (bijvoorbeeld ‘kat’) wordt het plaatjsnggzamer benoemd
(als “hond”) dan wanneer er een niet-gerelateerdrd/op staat (bv.
‘tafel’). Tevens is bekend dat als het contextwaguie uitspraak
gerelateerd is aan de naam van het plaatje (bp.)'het plaatje
sneller wordt benoemd (weer in vergelijking met eagerelateerd
woord). Als men de context en target in deze tadlkez omdraait, dus
het plaatje als context en het woord voor te ldaeget gebruikt, dan
verdwijnen deze effecten. De algemeen aanvaardiéavieg hiervoor
is dat het oplezen van woorden via een snelle @ineute gaat, die
niet of nauwelijks beinvioed kan worden door eerlgéeerde
context.

In de Hoofdstukken 3 en 4 werd deze taak geborkte
onderzoeken of de ambiguiteit bij het lezen varmdae Kanji een
selectieprobleem veroorzaakt dat de taak gevoetigekunnen
maken voor context stimuli. De experimenten in bdidofdstukken
toonden aan dat het lezen van Chinese karaktensaagevoelig is
voor context stimuli als het oplezen van woordealfabetisch
schrift. Als proefpersonen Chinese karakters oplamaakte het niet
uit of er een semantisch gerelateerd, fonologissklgteerd, of
ongerelateerd plaatje als context werd gebruikihtét¢ bij het oplezen
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van Japanse karakters maakte dat wel degelijk WerSemantisch en
fonologisch gerelateerde context plaatjes (tenabpeivan niet-
gerelateerde context plaatjes) versnelden het eplean Japanse
kaniji.

Eén mogelijke verklaring voor de gevonden contiéetten bij
het lezen van Japanse Kanji is dat de verwerkimgdeaze karakters
relatief veel tijd kost, waardoor de contextplaatig krijgen om een
effect uit te oefenen. Zo’'n verklaring lijkt echtainder
waarschijnlijk, omdat het alleen maar eerder aatdriesan
contextplaatjes bij het lezen van alfabetisch $chiet voldoende is
om contexteffecten te verkrijgen. Daarom wordt woftistuk 4
voorgesteld dat de zogenaamde activatiecoé&ffi¢giatde sterkte van
toename van activatie van een klankrepresentagieds/ tijd bepaalt)
minder groot is voor Japanse kanji karakters dieroere uitspraken
hebben. Daardoor is er meer tijd nodig om een bdpaa
drempelwaarde te bereiken die nodig is om eennaitdpte selecteren.
Gegeven het feit dat de toename in activatie ogéijd minder sterk
is, is er meer kans voor een contextplaatje omredoed op de
opleestijden uit te oefenen. Samenvattend conatuder dat
alfabetische, Chinese en Japanse woorden waailgkhija dezelfde
route worden gelezen, maar doordat er bij het l#a@nde meeste
Japanse kanji een “cost” optreedt (doordat meemgiespraken
mogelijk zijn), kunnen context plaatjes toch edecfuitoefenen.

Het laatste experimentele hoofdstuk, Hoofdstulet in op
de vraag welke segmenten/onderdelen van uitspigéactiveerd
kunnen worden in het Japans. Uit eerdere studieskisnd dat in
talen zoals het Nederlands en het Engels woorgiemggebouwd uit
eenheden die ‘fonemen’ (klanken) worden genoenjsioBibeeld het
woord /kat/ wordt opgebouwd door de fonemen /K/era/t/
incrementeel te clusteren alvorens uit te sprekehter, uit ander
onderzoek bleek dat in het Chinees soortgelijkelta®zn niet
gevonden werden en dat in die taal een anderénuthé opbouw
wordt gebruikt, namelijk de lettergreep (syllali2g. Japanse taal
wordt vaak beschouwd als een taal die op een edmhbaitijdsduur is
gebaseerd die ‘mora’ wordt genoemd. De meest vooekale mora
combinaties in het Japans (ongeveer 60%) bestaaemi
medeklinker en een klinker, zoals in de mora /kafad. Andere
combinaties zijn echter mogelijk en een enkelekdirzoals /a/ kan
ook een mora zijn. Een medeklinker plus ‘palataipraximant’,
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bijvoorbeeld “kyo”, een nasal coda ‘N’ en een geatim (of
verdubbeling) kunnen allen ook een ‘mora’ durem Beed
voorbeeld is de bekende Japanse naam “Honda”. @itdvheeft twee
lettergrepen /HoN/ en /da/ maar 3 mora’s /ho/, éx//da/ die elk
ongeveer even lang duren.

Eerder onderzoek naar de vraag wat de Japansedeasieid
van fonologische planning is, maakte gebruik varzbgenaamde
implicit priming paradigmaen wees in de richting van de mora. In dit
onderzoek werden echter altijd kana of kanji kaeekpebruikt als
stimulus materiaal. Dit is niet ideaal omdat dezgp$s geen
individuele fonemen (of klanken) kunnen represerieHet
onderzoek in Hoofdstuk 5 maakt gebruik van emsked priming
paradigmagecombineerd met stimuli die zowel in kana script
(hiragana/katakana) als in romaji (Japans uitgespdketters)
gepresenteerd werden. De nadruk lag hierbij opraagvof er een
priming effect gevonden kon worden voor één enketlappend
foneem 6f dat minimaal de gehele mora moets oveelapDus, met
andere woorden, of een prime zoals 'sumi’+ (versus ‘gumiX %)
benoemtijden voor een target zoals 'seki’ (foneeerlap) of ‘sushi’
(mora overlap) zou kunnen beinvioeden. De resultimieen aan dat
het laatste het geval is. Er werd geen signifipaiming effect van het
eerste foneem gevonden (bijvoorbeeld /s/) maamiggbrime en
target die overlapten in de gehele mora (bijvooibési/). Een
controle experiment toonde aan dat deze primirecegh ook
optraden wanneer de mora onderdeel was van degkettg (dus niet
de hele lettergreep zelf).

Concluderend wijzen de onderzoeksresultaten esbpgapanse
kanji karakters en Chinese hanzi karakters beidesehijnlijk via een
directe route van orthografie (letters) naar fog@gklanken) gelezen
kunnen worden en dat veel Japanse kanji daarbijdaezuitspraken
activeren. De verwerkings “cost” die daarvan heftolgis, leidt ertoe
dat context bij het lezen van Kanji van invlioed kgn op de snelheid
waarmee een woord kan worden gelezen. Tot sloewignze
resultaten in Hoofdstuk 5 erop dat de verschillemtipraken in het
Japans in eenheden van mora (en niet in fonemenmjewo
opgebouwd.
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