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ABSTRACT
Mapping Orthographic and Phondogicd NeighbahoodDensity Effedsin
Visual Word Reaognitionin Two Distinct Orthographies. (May 2007)
Hsin-Chin Chen, B.S., National Taiwan University;
M.S., National Taiwan University

Chair of Advisory Committee Dr. JyotsnaVaid

A central isgue in word reaognitionis how readersretrieve and seled the right
representation among othersin the mental lexicon. Recently, it has been claimed that
recognition d individual wordsisinfluenced by the degreeto which the words possess
unique vs. shared letters or sounds relative to ather words, that is, whether the words
have few or several neighba's. Reseach onso-cdled neighbarhood ensity effeds
advances understanding of the organization and operation d the mental Iexicon.
Orthographic neighbarhoodeffeds have been claimed to be faalit ative, but recent
studies of visual word reaognition have led to arevised understanding of the nature of
the orthographic neighbarhood ensity effed.

Through areexamination d orthographic and phondogica neighbarhood ansity
effeds, the spedfic objedive of the present research isto understand hawv orthographic
and phondogicd representations interad aaosstwo dfferent writing systems, i.e.,
English (an a phabetic orthography) and Chinese (a morphasyll abic orthography). The
phenomena were studied using ajoint behavioral (lexicd dedsion) and reural imaging

approad (nea infrared spedroscopy, or NIRS).



Orthographic and phondogicd (more, spedficadly, hamophore) neighbarhood
density were manipulated in threelexicd dedsion experiments with English and three
with Chinese readers. After diff erent sources of fadlit ative inter-lexicon conredions
were @ntrolled, athographic and phondogicd neighbarhood ansity effeds were found
to beinhibitory in bah writing systems. Inhibitory neighbarhood ansity effeds were
also confirmed in two NIRS experiments of English and Chinese.

The present reseach provided a better control of lexicd charaderistics than was
the caein previous reseach on reighbahoodeffeds and founda dea and consistent
pattern of neighbarhood ansity effeds. Thisreseach suppatsinteradive-adivation
models of word recogniti on rather than parall el-distributed models, given the evidence
for lateral inhibitionindexed by inhibitory neighbarhood ansity effeds. As uch, the
present study furthers the understanding of the organization and operation d the mental

lexicon.
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INTRODUCTION

During the last threedecales, visual word recognition hes been ore of the most
extensively studied topics in psychadlinguistics. One asped of thisresearch has recently
attraded alot of attention onthe part of investigators: the daim that recognition o
individual words is influenced by the degreeto which the words possessunique vs.
shared letters or sounds relative to ather words, that is, whether the words have few or
several neighbas (Andrews, 1997 Y ates, Locker & Simpson, 2004. These dfeds,
which are cdled orthographic or phondogicad neighbarhood ansity effeds, provide a
window into the organization and ogeration d the mental lexicon. However, sincethe
classc work onthistopic by Andrews (1989, more problems have been raised rather
than solved with resped to the nature and implicaions of neighbarhoodeffeds.

Through areexamination d orthographic and phondogicd neighbarhood ansity
effed, the objedive of the present reseach isto understand howv orthographic and
phondogicd representations interad aaosstwo dff erent writing systems, i.e., English
(an aphabetic orthography) and Chinese (a morphasyll abic orthography), and what
neighbarhoodeffeds mean for current models of visual word recognition. The
phenomenawill be studied using ajoint behavioral (lexicd dedsion) and reural imaging
(nea infrared spedroscopy, or NIRS) approad. The proposed reseach isthefirst in the
literature to manipulate both orthographic and phondogicd neighbarhood ansity
eff eds, to relate them to writi ng system eff eds, and to examine these dfeds at both the

behavioral and reurobehavioral levels.

This disertation foll ows the style of Journal of Experimental Psychology: Learning, Memory, and
Cognition.



Early Sudies of Orthogaphc NeighbahoodEffeds

Visual word recognitionis afundamental processin reading. Realing is a highly
complex adivity consisting of at least five diff erent componrent processes: word
identification, prsing, semantic-syntadic analysis, text comprehension, and integration
(Perfetti, 1999. Word identification, which is the processto seled the @rred, context-
appropriate meaning, is particularly important at the ealy stages of language
understanding. Visua word reaognition may be defined as the processof retrieving word
charaderistics (including orthographic, phondogicd, and semantic information) on the
basis of the inpu letter string (Dijkstra, 2003. It isimportant to understand visua word
recognition becaiuse such reseach enhances our understanding of the limits and the
plasticity of human cognitive and linguistic systems. Further, to understand what and
how readers processwordsis espedally important for educaional purposes.

A central issuein word reaognitionis how readersretrieve and seled the right
representation among others in the mental lexicon. To understand the mechanism
underlying lexicd retrieval and seledion, it is not enough to study the processng of a
singleword by itself, sinceword reagnition dten relies on recognizing how individual
words are related to ather words. Neighbarhoodeff eds have been suggested to be the
key to understanding the medhanism underlying lexica access(Andrews, 1992).

The measure of orthographic neighbahooddensity® was first proposed by

Landauer and Streder (1973. Coltheat, et al. (1977) defined it as the number of words

! The dfea of neighborhood density was originally caled neighborhood size effea (Coltheat, Davelaa,
Jonasson, & Besner, 1977). However, after 30 yeas of research, the terms neighbahoodsize and
neighbahood ansity were used interchangeably. However, the dfed of homophone density, which |
examined in Chinese experiments, was never replaced by homophone size. For the purpose of coherence and
readability, | use the term density, instead of size, in the present study.



that can be generated by repladng one letter from atarget word in the same letter
position. By this definition, gap, cup, and cat are dl orthographic neighbars of the target
word, cap. In their origina work, Coltheat et a. (1977 found no dferencein lexicd
dedsion between words with a higher orthographic neighbarhood ansity vs. those with
alower orthographic neighbarhood ansity. Perhaps due to this null finding, studies of
the orthographic neighbarhood ensity did na attrad the dtention d researchers urtil
Andrews's (1989 work.

In ajoint manipulation d word frequency and athographic neighbarhood ansity,
Andrews (1989 foundthat words with high orthographic neighbarhood ansity were
responced to faster than thase with low orthographic neighbarhood ansity on bdh
lexicd dedsion and raming tasks. However, this fadlit atory effed was foundfor low
frequency words only. Since Coltheat et a. (1977 only controlled bu did na
manipulate word frequency, their failure to find an effea of orthographic neighbarhood
density might have been due to this reason.

Grainger and Segui (1990 argued that Andrews's (1989 stimuli did na control
for bigram frequency. However, Andrews (1992 foundthat bigram frequency did na
affed resporse time on either lexicd dedsion a naming; even when higram frequencies
were caefully controlled, athographic neighbarhood ansity still showed afadlit ative
effed for low frequency words on bah lexicd dedsion and raming tasks. Andrews
(1992 suggested that processng low frequency words is benefited by having many

orthographic neighbars.



A fadlit ative dfed of orthographic neighbarhood ansity has not, however, been
repli cated. Grainger, O’ Regen, Jacobs, and Segui (1989 found nosignificant difference
onalexicd dedsiontask between words with no athographic neighbars and thase with
many. Instead, Grainger et al. (1989 reported an inhibitory orthographic neighbarhood
frequency effed: the dedsiontime for aword with at least one orthographic neighbar
carying ahigher frequency was dower than that for aword with no hgher frequency
orthographic neighbar. For example, the words kneeand myth have a ompatible
frequency, however, kneeis predicted to be reagnized more slowly than myth because
kneehas a higher frequency neighbar, knew, but the neighbars of myth, i.e., math and
moth, al cary relatively lower frequencies. The inhibitory nature of the orthographic
neighbarhoodfrequency effed suggests that orthographic neighbars can have negative
influences on ead ather. This griously chall enges the fadlit ative acoun of the
orthographic neighbarhood dnsity.

Studies on athographic neighbarhood ansity or orthographic neighbarhood
frequency effeds areimportant on atheoreticd level as both kinds of effeds provide a
detail ed test of different word reacognition models. At thisjuncture | will briefly review
the major word reagnition models and then describe how studies of orthographic
neighbarhood ansity and athographic neighbarhoodfrequency eff eds matter in testing
these models.

Orthogaphic NeighbahoodEffeds and Word Reaognition Models
Orthographic neighbarhoodeffeds are of theoreticd significance becaise they

allow atest of competing claims of word recognition models. Generally, there aethree



groups of word recognition models: serial models, interadive adivation models, and
paral e distributed processng (PDP) models.

Serial Models. In aserial model, whether it is the search model of Forster (1976,
or the adivationverificaion model of Pagy, Newsome, McDonald, and Schvanevel dt
(1982, word recognitioninvolves a serial match processbetween sensory inpu and
attributes of a set of candidates gored in the memory system. In serial models, an
increase in the orthographic neighbarhood aensity al'so means an increase of the search
set. For thisreason, serial models predict an inhibitory effed of orthographic
neighbarhooddensity. According to serial models, aword is verified by itsrelative
pasitionin aset of candidates. High frequency candidates will be matched ealier than
low frequency candidates. Serial models, thus, also predict an inhibitory orthographic
neighbarhoodfrequency effed. A word with a higher frequency neighba will be slower
to verify than aword with alower frequency neighba because the target word has to
wait for the higher frequency neighba to be verified.

Interactive Activation Models. Interadive adivation (IA) models, such asthe |A
model of McCleland and Rumelhart (1981), the Dual Route Cascaded Model of
Coltheat, Curtis, Atkins, and Haller (1993 and Coltheat, Rastle, Perry, Langdon,and
Ziegler (2001, or the Bimodal Interadive Activation model by Grainger and Ferrand
(1999 dl asume that no serial verification mecdanisms are needed. According to
interadive models, sensory inpu adivates a set of related representationsin parallel.
Among these representations, the first one whose adivation level exceadls the

identification threshold will be seleded as the target word. The most important



asuumption d the interadive adivation model isintra-leve lateral inhibition. Because
of thislateral inhibition, athographic neighbas are expeded to interfere with eah
other. For thisreason, interadion adivation models predict an inhibitory orthographic
neighbarhooddensity effed becaise the higher the orthographic neighbarhood dnsity
the more lateral inhibition atarget word shoud recave. Theresting level adivation d a
representation is positively related to the frequency of aword. The higher the word
frequency the higher the resting level adivationwould be. A word with a higher
frequency orthographic neighbar also recaves gronger lateral inhibition die to the
higher resting level adivation d its orthographic neighbar. For this reason, interadive
adivation models also predict an inhibitory orthographic neighbarhoodfrequency effed.
Parallel Distributed Processng Models. Diff erent predictions are made by PDP
models (e.g., Seidenberg & McClelland, 1989. Representations in orthographic,
phondogicd, and semantic lexicons in PDP models are fully interconneded. No expli cit
lateral inhibition mecdanisms or locdi zed word representations are foundin PDP
models. Instead, words are said to be represented by a set of adivation patterns. A word
with many orthographic neighbars is benefited by the smilar adivation pettern of its
similarly spelled neighbars. The related connedions are strengthened by a set of
orthographic neighbars through training sessons. Thus, PDP models predict a
facilit atory orthographic neighbarhooddensity effed. A similar mecdhanism isaso
invoked to explain the orthographic neighbarhoodfrequency effed. In PDP models, high
frequency words would have amore accirate adivation pattern becaise of more training

oppatunity. A word with a higher frequency orthographic neighba benefits by the



strengthened adivation pettern of its neighbar. For this reason, PDP models also predict
afacilit ative orthographic neighbarhoodfrequency effed.

The differing predictions arising from the diff erent word reaognition models have
generated fierce debate dou the nature of orthographic neighbarhood ansity and
orthographic neighbarhoodfrequency effeds. The amnsensus from the first decale of
studies onthisisalie seemsto be that orthographic neighbarhood ansity effed tends to
show afadlit ative dfed and athographic neighbarhoodfrequency tends to show an
inhibitory influence However, newer studies, aswell as dudiesinvalving phondogicd
neighbarhoodeffedsin visual word recognition, have cdl ed this generali zation into
guestion. In the next sedion, | will discussorthographic neighbarhoodeffed findings
that have emerged sincethe work of Andrew (1989 and Grainger et al. (1989. Then, |
will discussfindings related to the phondogicd neighbarhood dnsity effed.

The Debate Abou Orthographic NeighbahoodEffeds

The fadlit ative orthographic neighbarhood ansity effed found ty Andrews (1989,
1992 seriously chall enges the serial model and the interadive adivation model of word
recognition. Both models predict inhibitory, insteal of fadlit ative, orthographic
neighbarhood ansity effeds. However, Grainger et al.’s (1989 study suggested an
inhibitory orthographic neighbarhoodfrequency effea while no athographic
neighbarhood ansity effed was found.In contrast to Andrew’s (1989, 1992 work,
Grainger et a.’ s (1989 work is consistent with the serial model and the interadive

adivation mode. These mntradictory results have led to a series of studies examining



the diredion d both the orthographic neighbarhood ansity and athographic frequency
effeds.

To remncile Andrews's (1989, 1992 and Grainger et a.’s (1989 studies, Seas,
Hino, and Lupker (1995 systematicdly examined the influence of orthographic
neighbarhood ansity and athographic neighbarhoodfrequency. Orthographic
neighbarhood ansity and athographic neighbarhoodfrequency tendto covary in that
words with higher orthographic neighbarhood ansity also tend to have higher frequency
orthographic neighbars. In bah the lexicd dedsionand reming task, Seaset al. (1999
foundthat orthographic neighbarhood ansity clealy showed fadlit ative dfeds for low
frequency words. However, orthographic neighbarhoodfrequency only reveded a slight
fadlit ative dfed in naming but not in lexica dedsion. Theresults of Seaset al. (1999
suppat PDP models but do nd favor serial models or interadive adivation models.
Similar results were dso oltained by Forster and Shen (1996. Instead of seleding two
groups of words with higher and lower orthographic neighbarhood ansity, Forster and
Shen systematicdly seleded words ranging from zero to 5 reighbars, and nded atrend
for afadlit ative dfed for orthographic neighbarhood ansity in the lexicd dedsion
task. When also manipulating orthographic neighbarhoodfrequency, Forster and Shen
(1996 «till obtained afadlit ative orthographic neighbarhood ansity effed but no clea
inhibitory orthographic neighbarhoodfrequency was found.

All of the studies discussed so far that have founda fadlit ative orthographic
neighbarhood ansity effed were conducted in English. Grainger et al.’s (1989 study,

which dd na find such an effed, was condwcted in French. It is possble that the



differencein inpu language may have antributed to the diff erent findings obtained.
Grainger and Jacobs (1996 tested the orthographic neighbarhoodfrequency effed in
French lexicd dedsion and generaly found no athographic neighbarhood ansity
effeds. When manipulating orthographic neighbarhoodfrequency in the same
experiment, Grainger and Jaabs (1996 obtained afadlit ative orthographic
neighbarhood ansity effeda for words with higher frequency neighbars only. A similar
result was obtained by Carreiras, Perea and Grainger’s (1997) study with Spanish.
Although no athographic neighbarhood ansity effed was foundin a Spanish lexicd
dedsiontask, afadlit ative orthographic neighbarhood ansity effed was obtained for
Spanish words with higher frequency neighbars.

Language properties may influencethe particular nature of the orthographic
neighbarhood ansity effed. Andrews (1997) suggested that body/rime structure might
be resporsible for the diff erent results foundin dff erent language. In ore-syllable
words, body structureis defined by combining the onset plus the vowel, whereas the
rime structure is defined by combining the vowel and the amda. For example, the body
structure of the word fine is the letter cluster ine, whereas the rime is its phondogy.
French and Spanish words are more consistent in arthography to phondogy mapping
compared to English. For thisreason, it isnot necessary to develop athography to
phondogy mapping unitsin these languages higher than the grapheme to phoreme level.
By contrast, body structure may be espedally important in reading English (Treiman,
Mullennix, BijeljacBabic, & RichmondWelty, 1995. Andrews (1997, in fad, argued

that body structures developed from the inconsistency of orthography to phondogy
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mapping in English might be resporsible for the fadlit ative orthographic neighbarhood
density effed observed. Because body structure is lessimportant in French and Spanish,
studies with these languages tend to find either anull or a dlight fadlit ative dfed for
orthographic neighbarhood ansity. Based onreplicable findings in English studies,
Andrews (1997 concluded that the dfed of orthographic neighbarhood ansity is
fadlit ative, instead of inhibitory, at least for low frequency words.

Although ealier work by Seaset al. (1995 and Forster and Shen (1996 failed to
obtain clea orthographic neighbarhoodfrequency eff eds, the story is more onsistent in
more recent work. When controlli ng for orthographic neighbarhood ansity, word
frequency, and athographic neighbarhoodfrequency, Huntsman and Lima (1996 found
that words with higher frequency neighbars were responded to slower than those with
fewer higher frequency neighbasin the lexicd dedsiontask. When orthographic
neighbarhood ansity and word frequency were controll ed, Pereaand Poll atsek (1999
obtained slower lexicd dedsion for English words with at least one higher frequency
neighba compared to thase withou. When tested in a sentence @ntext with the eye-
tradker, more regressons and longer fixation time were foundfor words with at least one
higher frequency neighbar. The same result was also oltained in anather eye-tracing
study with English words (Poll atsek, Pereg & Binder, 1999.

Why did Perea and Poll atsek (1998 find an inhibitory orthographic neighbarhood
frequency effed while Seaset a. (1999 and Forster and Shen (1996 did na? Perea
and Rosa (2000 argued that the successof Perea and Poll atsek (1998 in oltaining an

inhibitory orthographic neighbarhoodfrequency effed was that they chose stimuli with
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higher frequency neighbars differing in amidde letter from the target words. This
strategy increased the anbiguity among target words and their neighbars and thus
increased the inhibitory effed of orthographic neighbarhoodfrequency. However, Seas,
Campbell, and Lupker (2006 argued that the stimuli seleded by Perea and Poll atsek
(1998 are very infrequently encourtered. Applying anew set of stimuli, Seaset .
(2006 did na obtain any orthographic neighbarhoodfrequency effed in either alexicd
dedsiontask or in eye tracking.

In ather languages, inhibitory orthographic neighbarhoodfrequency effeds have
repeaedly been oltained. Grainger and Segui (1990 foundthat French words with at
least one higher frequency neighbar were responded to slower than those without such a
neighba in the lexica dedsiontask; theinhibitory orthographic neighbarhood
frequency effed was obtained for both low and high frequency words. After bigram
frequencies were controlled, Grainger (1990 obtained the same results in Dutch as were
reported by Grainger and Segui (1990 for French. Inhibitory orthographic neighbarhood
frequency effeds were dso oltained in the Spanish lexicd dedsiontask (Carreiraset al.,
1997. However, the dfea of orthographic neighbarhoodfrequency was foundto be
fadlit atory in the naming task of Grainger’s (1990 study. Similar naming results were
also foundin Seaset a.’s (1995 study with English. Grainger (1990 argued that the
fadlit atory orthographic neighbarhoodfrequency effed foundin naming was due to the
compensation from the wnnedion d orthographic and phondogicd systems. Becaiuse

naming requires information from the phondogicd system, phondogicd assembly
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processes may override the inhibitory orthographic neighbarhoodfrequency effed in the
orthographic system.

Studies using a priming paradigm in which atarget word is preceded by an
orthographic similar prime word further strengthen the findings of inhibitory
orthographic neighbarhoodfrequency effeds. When a prime word was presented for 60
ms, the lexicd dedsion d a French target word was interfered with by a prime which
was a higher frequency neighbar to the target compared to that in which the prime word
was unrelated to the target word (Segui & Grainger, 1990. Similar results were obtained
by Grainger, O’ Regan, Jambs, and Segui (1992 also for French. Grainger et al. (1992
foundthat higher frequency neighba primes dowed dawvn lexicd dedsion compared to
unrelated primes espedally when the prime and the target differed in the fourth pasition
|letter.

In summary, orthographic neighbarhood ansity appeasto show afadlit ative
effed for English bu anull effea or adlightly fadlit ative dfed for French and Spanish
words. However, clea inhibitory orthographic neighbarhoodfrequency effeds have
been foundin French, Dutch, and Spanish bu no clea evidence has been foundfor
English. Whereas fadlit ative orthographic neighbarhood ansity effeds suppat PDP
models, inhibitory orthographic neighbarhoodfrequency effeds suppat interadive
adivation models. It looks like studies with English favor PDP models but French and
Spanish studies suppat interadive adivation models.

Serial models are ruled ou becaise of the finding that the frequency effed remains

after controlli ng the number of higher frequency neighbars. In serial models, atarget is
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verified within a set of similar candidates (i.e., orthographic neighbars). Because ahigh
frequency neighba will be verified ealier than the target, the verificaion d the target
will be postpored. However, if the number of higher frequency neighbarsisthe same, no
resporse diff erence shoud be obtained for high and low frequency words. Thisis
because the verification sequencefor these two words, i.e., high and low frequency
words with the same number of higher frequency neighbars, is the same. However,
Grainger and Segui (1990 still obtained a frequency effed for these two kinds of stimuli
in alexicd dedsiontask. Interadive adivation models can explain this frequency effed
becaise the resting level adivation d aword representation is positi ve related to the
word frequency. For this reason, even when the number of higher frequency neighbasis
controlled, the higher resting level adivation d the high frequency words makes it faster
than that for low frequency wordsin lexicd dedsion task.

In English, hav can ore reconcil e the mntradictory findings of afadlit ative
orthographic neighbarhood ansity effed but an inhibitory or null orthographic
neighbarhoodfrequency effea? Andrews (1997 suggested that the inhibitory effed of
lateral conredionsin theinteradive adivation models could be mmpensated for by the
fadlit ative bi-diredional conredions between word representations and their sublexicd
representations. Larger orthographic neighbarhood ansity provides gronger excitatory
interconredions between word and | etter representations. For example, before the inpu
cap can be reaognized, its letter representations ¢, a, and p also adivate its orthographic
neighbars gap cup, and cat. Locd representations of these neighbars gap, cup, and cat,

inturn, will send feadbad to and strengthen their |etter representationsincluding c, a, p,
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which are dso letter representations of the input cap. The strengthened representations
of ¢, a, pwill i nturn send stronger feedbadk forward to the word representation cap.
Before capisfinally recognized, cycles of feadbad and feedforward will kegp going
and will be strengthened between word and sublexicd levels. The more neighbas a
word has, the more word and sublexica representations will participate in the fadlit ative
cycles. More importantly, the increasing of the adivationisin amanner similar to
geometric progresson. For example, if the word representation cap sends 3 urits of
adivationto eat o its 3 letter representations in the first cycle, its neighbars oud
deliver 2 urits of adivation aswell due to their sharing of 2 letter units. Each letter
representations, in total, will recave 7 urits of feadbadk from word representations, with
3 untsfrom the target word cap and 2 urits from 2 overlapped neighbas (e.g., ¢
representation will recave 3 untsfrom cap, 2 urtsfrom cup and cat, but O unt from
gap). These letter representations will send 21 uiits of feedbad to the word
representation cap, with 7 unts of adivation from ead o its |etter representations, c, a,
and p. In this manner, the word representation cap will continue recaving 147 urits of
adivationin the semndcycle, and so onand so forth. Compared to words with few
neighbas, words with many neighbars benefit from thiskind o acawmulation via bi-
diredional connedions between word and sublexicd levels. The procedures discussed
here that increase adivation exporentially after cycles will henceforth be cadled
activation enharcement.

On the other hand, Andrews (1997 also suggested that PDP models can explain

the inhibitory orthographic neighbarhoodfrequency eff ed by competition from stronger
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and similar adivation pettern generated by higher frequency neighbars. Grainger and
Jambs (1996 also claimed that their bimodal interadive adivation model could acount
for the fadlit ative orthographic neighbarhood ansity effed by adding a mecdhanism that
is engitiveto oweral | exicd adivity: the larger the orthographic neighbarhood ansity
the higher the overall | exicd adivity.

The emergence of the phondogicd neighbarhood ansity effed in visua word
recognition provides yet ancther explanation. In the next sedion, | will discuss sudies of
the phondogicd neighbarhood ansity effed.

Phondogical NeighbahoodDensity Effea

The phondogicd neighbahood ansity effed isnat new in auditory word
recognition but was not systematicdly studied urtil the work of Yateset a. (2004).
Similar to the definition d orthographic neighbarhood ansity, phondogicd
neighbarhood abnsity is defined by the number of words that can be generated by
repladng one phoreme in the same position d the phoreme structure (Y ates, 2005.
After controlli ng word frequency, orthographic neighbarhood ansity, average
frequency of orthographic neighbars, and average frequency of phondogica neighbars,
Yates et al. (2004 obtained a dea phondogicd neighbahood ansity effed onthe
lexicd dedsiontask. More importantly, the dfed was fadlit ative, just like the
orthographic neighbarhood ansity effed observed by Andrews (1997). With ancther set
of stimuli, Yates (2005 again oltained a fadlit ative phondogicd neighbarhood ansity

effed onlexicd dedsion, raming, and semantic caegorization tasks.
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A similar mechanism shoud presumably work for bath arthographic and
phondogicd lexicons. Interadive adivation models suggest lateral inhibitory
conredions also work for a set of phondogicd neighbas. The fadlit ation foundfor
phondogicd neighbahood ansity is contributed by excitatory interconredions
between whae word phondogy representations and sublexicd phoreme representations.
The bimodal interadive activation model would suggest that a mechanism that is
sensitive to the overall adivation level iswhat isresporsible for the fadlit ative
phondogicd neighbahood dnsity effed.

In many al phabetic scripts, such as English, athographic neighbars also tend to be
phondogicd neighbas. Thisfad makesit difficult to determine the nature of visual vs.
phondogicd neighbarhoodinfluences in word recognition for such languages. Y ates et
al. (2009 suggested, for example, that the ealier finding of afadlit ative orthographic
neighbarhood ansity effed might be the result of a cnfoundng from afadlit ative
phondogicd neighbahood ansity. To examine this posshbility more dosely, |
cdculated the phondogicd neighbarhood ansity for stimuli used in previous gudies
that foundfadlit ative orthographic neighbarhood ansity effeds. As shownin Table 1,
aaoss simuli with high and low orthographic neighbarhood a@nsity there was a
significant differencenat only in arthographic neighbarhood ansity but also in
phondogicd neighbahood ansity, with the exception d the stimuli used in Andrews's
(1992 study.

For studies that did na separate their stimuli i nto distinct groups based on

orthographic neighbarhood ansity, | cdculated the wrrelation between arthographic
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neighbarhood ansity and phondogicd neighbarhood ansity. The results of the
analyses, as hown in Table 2, suggest that an increase in orthographic neighbarhood
density isacompanied by an increase in phonadogicd neighbarhood ansity. Since
Yateset al.’s (2004 and Y ates' s (2005 studies controll ed the orthographic
neighbarhood ansity of their stimuli, the fadlit ative phondogicd neighbarhood ansity
effed canna be atributed to a confound d orthographic neighbarhood dnsity.
Conversdly, because previous sudies on athographic neighbarhood ansity have not
controlled phonadogicd neighbarhood ansity of their stimuli, we do nd know if
orthographic neighbarhood ansity would still reved afadlit ative dfea once
phondogicd neighbarhood ansity is controll ed.

A recent study by Mulatti, Reynalds, and Besner (2006 that did control
phondogicd neighbahood ansity has chall enged the fadlit ative dfed of orthographic
neighbarhood ansity. Using a naming task, Mulatti et al. (2006 foundthat no
orthographic neighbarhood ansity eff eds were obtained when controlli ng phondogicd
neighbarhood ansity, whereas afadlit ative dfed of phondogicd neighbarhood
density was 4gill foundafter controlli ng orthographic neighbarhood ansity. This gudy
cdlsinto question the fadlit ative orthographic neighbarhood ansity effed foundfor
previous gudiesthat did na control phondogicd neighbarhood ansity. However, it
could be agued that the task used by Mulatti et al. (2006 is aphondogicdly-
demanding task and thus nat an appropriate toad for examining orthographic
neighbarhood ansity effeds. It is gill an open question whether a simil ar result would

be obtained when using alexicd dedsiontask.
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CrossCode Consistency Accourt

Another challenge to the daim of fadlit ative dfeds of orthographic and
phondogicd neighbarhood ansity comes from the aosscode mnsistency view. Cross
code mnsistency refersto the degreeof consistency in mapping between orthographic
and phondogicd representations (Grainger, Muneaux, Farioli, & Ziegler, 2005. To
examine the relationship between arthographic neighbarhood ansity and phondogicd
neighbarhood ansity in visual word recognition, Grainger et a. (2005 first
systematicdly manipulated bah the orthographic neighbarhood ansity and the
phondogicd neighbahood dnsity. In alexica dedsiontask with French, Grainger et
a. (2005 foundthat the dfed of phondogicd neighbahood dnsity was fadlit ative for
words with high arthographic neighbarhood ansity but was inhibitory for words with
low orthographic neighbarhood ansity. That is, words with high arthographic and
phondogicd neighbahood dnsity or words with low orthographic and phondogica
neighbarhood abnsity were responded to faster compared to words that were high in ore
type of neighbarhood ansity but low in the other.

No previous models can clealy explain what was found ly Grainger et al. (2005.
In the interadive adivation model, an explanation based onexcitatory conredions
between word and | etter representations or one based onadding a medanism that is
sensitive to owerall lexicd adivation bah predict an additive dfed of orthographic
neighbarhood ansity and phondogicd neighbarhood ansity. That is, words with bah

high orthographic neighbarhood ansity and phondogicad neighbarhood ansity achieve
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the highest adivation and words with low orthographic and phondogicd neighbahood
density achieve the lowest adivation.

To explain the interadion foundfor orthographic neighbarhood ansity and
phondogicd neighbahood ansity, Grainger et al. (2005 added ore more medanism
to their bimodal interadive adivation model. They propcsed a central interfacefor
orthography-to-phondogy and phondogy-to-orthography conversion, which hi-
diredionaly interads with the orthographic whole word system, the orthographic
sublexicd inpu system, the phondogicd whale word system, and the phondogicd
sublexicd inpu system.

With this updated bimodal interadive adivation model, words with high
orthographic and high phondogicd neighbahood ansity and words with low
orthographic and low phondogicd neighbahood dnsity tend to have more cnsistent
orthographic to phondogica representations compared to words that are high in ore
type of neighbarhood ansity but low in the other. The higher the aoss-code cnsistency
the faster the resporse time would be. With this explanation, when words have alarge
orthographic neighbarhood ansity, the greaer the phondogicd neighbarhood dnsity
the word caries, the more mnsistent the aoss-code mapping and the faster the resporse.
Thisresultsin afadlit ative phondogicd neighbarhood ansity effed. Conversely, when
words have alow orthographic neighbarhood ansity, the higher the phondogicd
neighbarhood ansity aword caries, the lessconsistent the aoss-code mapping and thus
the slower the resporse. Thisresultsin an inhibitory phondogicd neighbarhood ansity

effed.
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Crosscode mnsistency can adso explain the fadlit ative dfed of phondogicd
neighbarhood ansity found ty Yates et al. (2004 and Y ates (2005. In these two
studies, the orthographic neighbarhood ansity which is controll ed for in the stimuli
tested fitsinto the higher level of Grainger et a.’s (2005 study. Because increasing the
phondogicd neighbarhood dnsity also increases the aoss-code ansistency, a
fadlit ative phondogicad neighbarhood ansity effed is predicted and thisis what was
foundin Yates et a. (2004 and Y ates (2005.

The Neural Basis of NeighbahoodDensity Effeds

Recant progressin techniques of brain imaging and recording brain adiviti es has
made it passble for reseachers to examine the neura correlates of how neighbarhood
density moduates visual word recognition. In an eledrophysiologicd study, Holcomb,
Grainger, and O’ Rourke (2002 recorded event-related brain pdentias (ERPs) while
subjeds made lexicd dedsionjudgments. Holcomb et a. foundthat words with higher
orthographic neighbarhood ansity generated larger N40Gs than thase with lower
orthographic neighbarhood ansity. The fadlit ative dfed of orthographic neighbarhood
density in ERPsfits with behavioral observations that words with high arthographic
neighbarhood ansity tend to be responded to faster than those with low orthographic
neighbarhood ansity.

Whereas orthographic neighbarhood ansity eff eds have mainly been studied
using ERPs, phondogicd neighbarhood ansity has been mainly studied using
magnetoencephal ography (MEG). MEG measures the magnetic fields induced by nerve

cdls. Within dfferent comporents, the M350response componrent is siggested to be
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sensitive to phondogicd neighbarhood ansity (Pylkkénen & Marantz, 2003
Pylkkanen, Stringfellow, & Marantz, 2002. Pylkkéanen et al. (2002 foundthat words
with high phondogicd neighbarhood ansity deaeased M350 | atencies compared to the
latencies of words with low phondogicd neighbarhood ansity. Thisfadlit ative dfed
of phondogicd neighbahood ansity in M350fits with behavioral observations that
words with high phonadogicd neighbarhood ansity tend to be responded to faster than
those with low phondogicd neighbarhood ansity. However, Pylkkanen et al.’s (2002
finding was nat repli cated in a subsequent study by Stockall, Stringfell ow, and
Marantz’'s (2004, in which anull effea of phondogicd neighbahood dnsity was
obtained.

In the same line with the ERPs and MEG studies, neighbarhood ansity shoud be
expeded to show afadlit ative dfed when using hemodynamic measures. However, an
fMRI study condwcted by Binder et a. (2003 foundthe oppasite. On alexicd dedsion
task, stronger adivationin the left angular gyrus, the dorsal prefrontal cortex, and the
midd e temporal cortex was foundfor words with no athographic neighbars compared
to those with many orthographic neighbars. The Binder et al.’s (2003 finding
contradicts previous behavioral data discussed in the ealier sedions, aswell asthe ERP
and MEG findings. However, Binder et a. (2003 aso oltained a dlightly inhibitory
orthographic neighbarhood ansity effed in their behavioral data measured duing
hemodynamic recding in their participants, athouwgh afadlit ative orthographic

neighbarhood ansity eff ed was obtained where the participant who separately tested
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behaviorally. It is posgble that the imaging setting biased participants’ responses and
made them deviant from the situationin namal reading.
The Present Study

Recant studies on phondogicd neighbarhood ansity and crosscode ansistency
chall enge traditional findings of afadlit ative orthographic neighbarhood ansity effed.
Nevertheless an important cavea hasto be aldressed. As can be seen from Table 1 and
Table 2, thereisahigh pasitive rrelation between arthographic neighbarhood ansity
and phondogicad neighbarhood ansity in stimuli used in previous dudies. Based onthe
crosscode acourt suggested by Grainger et al. (20095, stimuli with ahigh arthographic
and phondogica neighbarhood ansity and thase with alow orthographic and
phondogicd neighbarhood ansity shoud bah be considered as exhibiti ng high cross
code wnsistency. The prediction, thus, isthat no athographic neighbarhood ansity
effed shoud be found.Unfortunately, fadlit ative dfeds of orthographic neighbarhood
density are repeaedly found.

However, the fadlit ative dfeds of orthographic neighbarhood ansity have been
found pedominantly for Engli sh. For more transparent scripts, such as French and
Spanish, the dfed of orthographic neighbarhood ansity tends to be null or only slightly
fadlit ative. Since Grainger et al.’s (2009 results were based onFrench stimuli, the null
effed of orthographic neighbarhood ansity predicted by the aosscode consistency
acourn is suppated. Following thisrationale, | susped that the Grainger et al.’s (2005

findings, which strongly suppat the aosscode @nsistency acourt, would na be found
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in English. The underlying organization and operation may not be the same acoss
diff erent types of writing systems.

The motivation for research oneffeds of orthographic neighbarhood ansity,
phondogicd neighbarhood ansity, and crosscode mnsistency isto examine the
predictions generated from diff erent visual word recognition models. However, dueto
the inconsistency of study results, it is very difficult to evaluate which model is better
fitted to the data obtained. The god of the present study isto understandthe nature of
the conredions between orthographic and phondogical lexconsin studying
orthogaphc neighbahood ensity andthe phondogical neighbahood ansity
concurrently. Only if we can oltain a deaer result for both orthographic neighbarhood
density and phondogicad neighbahood ansity eff eds can we have the wnfidenceto
evaluate the diff erent visual recognition models. For my disertation, atotal of 8
experiments were conducted, as siammarized in Table 3. These included 6 kehavioral

and 2 lrain hemodynamic experiments.
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OVERVIEW AND RATIONALE UNDERLYING THE PRESENT EXPERIMENTS
Behavioral Experimentsin English

Thefirst set of experiments ught to clarify the nature of orthographic and
phondogicd neighbahood ansity effedsin English using standard behavioral
measures sich aslexicd dedsion. To fully test the dosscode nsistency acourt in
English, adesign that mimics Grainger et a.’s (2005 study was condcted. Experiment
1 systematicaly manipulated bah arthographic neighbarhood ansity and phondogicd
neighbarhood ansity in a2 (orthographic neighbarhood ansity: high vs. low) by 2
(phondogicd neighbarhood ansity: high vs. low) within-subjeds fadorial. Experiment
1 also tested the reliabilit y of the orthographic neighbarhood ansity effed. If the dfed
of orthographic neighbarhood ansity is independent of phondogicd neighbarhood
density Experiment 1 shoud oltain a dea orthographic neighbarhood ansity effed, in
additionto aphondogicd neighbahood ansity effed.

Experiment 2 sought to improve onthe design of Mulatti et al. (2006. Whereas
Mulatti et al. had oltained a null effed of orthographic neighbarhood ansity using a
naming task, Experiment 2 examined the orthographic neighbarhood ansity effed using
alexicd dedsiontask, which is considered amore gpropriate task than naming to study
orthographic efeds. A seand poblematic asped of the Mulatti et al.’s (2009 study
was the way phondogicd neighbarhood ansity was controlled. The average
phondogicd neighbarhood dnsity for stimuli used in Mulatti et a.’s (2006 study was
6.47and 6.63for low and hgh orthographic neighbarhood ansity words respedively.

Based onPDP and the mechanism of overall exicd adivity in Grainger and Jacobs's
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(1996 bimodal interadive adivation model, phonadogicd neighbars of the target word
would dtill | ead to aincrease in global adivation in the orthographic lexicon through
interconredions between orthographic and phondogicd lexicons.

Another problem for Mulatti et a.’s (2006 study isthat orthographic neighbars
also tendto be phondogicd neighbass. As such, four sources of fadlit ative bi-
diredional conredions could crede activation enharcement to the target word: 1)
conredions between word and sublexicd levelsin the orthographic lexicon; 2)
conredions between word and sublexicd levelsin the phondogicd lexicon; 3)
conredions between word levels of orthographic and phondogicad lexicons; and 4)
conredions between sublexicd levels of orthographic and phondogicd Iexicons. As an
example, the word scrap has 2 orthographic neighbars, strap and scram, and 4
phondogicd neighbas, strap, scram, scrape, and scratch. The word proof has no
orthographic neighbars but has 4 phondogicd neighbars, prof, prude, prune, and prove
Theinfluences in the phondogicd lexicon can be assumed to be equivalent for scrap
and proof due to the same number of phondogica neighbas. How abou adivationin
the orthographic lexicon? Based onthe same procedure | described ealier, if one
suppases that the word representation scrap sends 5 unts of adivationto ead of its5
letter representationsin the first cycle, itstwo neighbars, strap and scram, shoud deliver
4 unts of adivation as well dueto their sharing of 4 letter units. Eac letter
representation, in total, will receve 13 units of feedbadk from word representations, with
5 untsfrom the target word scrap and 4 urits from overlapping neighbars. These letter

representations will send 57 uiits of feadbad to the word representation scrap, with 13
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units of adivation from letter representations, s, r, and a, and 9 urits of adivation from
letter representations, ¢ and p. In this manner, the word representation cap will continue
receving 669 urts of adivationin the ssaondcycle, and so onand so forth. Asto the
word representation for prodf, itsletter representations will only send 25and 125 uits
of feadbadk in the first and the second cycles.

However, it isincorred to assume that controlling phondogica neighbarhood
density also controls the influences from the phondogicd lexicon. In the cae of scrap,
the activation enharcement in phonadogica |exicon can aff ed enhancement processsin
the orthographic lexicon through inter-conredions of scrap and its two duel role
neighbars, strap and scram. Because strap and scram are both orthographic and
phondogicd neighbars of scrap, their fadlit ative bi-diredional conredions between
their word representations in the orthographic and phondogicd |exicons can work just
li ke the activation enharcement between word and sublexicd levelsin orthographic
lexicon. Similar activation enharcement can al'so happen between |etter representations
between arthographic and phondogicad |exicons for these dual role neighbars. The word
proof canna benefit additionally from sources like this because it has no athographic
neighbas.

To uncerstand more dealy the nature of orthographic neighbarhood ansity
withou the influence of phondogica neighbarhood ansity, the best way would beto
investigate words withou any phondogicd neighbars. In thisway, one muld
significantly reduce the activation enharcement through conredions between word

representations of orthographic and phondogicd lexicons. In Experiment 2, |
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reexamined the orthographic neighbarhood ansity effed with words that had very low
phondogicd neighbahood dnsity. Although the ided design would be one that reduces
the phondogicd neighbarhood ansity to zero, few Engli sh words have zero
phondogicd neighbars. By reducing and controlli ng the number of phondogicad
neighbas, the influencefrom the phondogicd lexicon can be reduced and a deaer
orthographic neighbarhood ansity effed can be examined.

Studies have suggested that the orthographic neighbarhood ansity effed tends to
be present only in low frequency words (Andrews, 1992. Mulatti et al.’s (2009 fail ure
to oltain an arthographic neighbarhood ansity effed may also be due to the fad that
the stimuli i n their study had high frequencies (mean > 100). In Experiment 2, | seleded
stimuli with low frequency to seeif an orthographic neighbarhood ansity effed can be
obtained.

Using the same rationale, to understand the nature of the phondogicd
neighbarhood ansity without any influence from orthographic neighbarhood dnsity,
the best way would be to investigate words withou any orthographic neighbars.
Although the studies of Yates et al. (2004, Y ates (2005, and Mulatti et a. (2006 all
controlled arthographic neighbarhood ansity, orthographic neighbars of target words in
these studies $houd till i ncreese the global adivationin the phondogicd lexicon
through interconredions between orthographic and phondogicd lexicons.

In Experiment 3, | examined the phondogicd neighbarhood ansity effed for
words without any orthographic neighbars. Unlike the cae with phondogicd

neighbarhood ansity, words with zero orthographic neighbarhood abnsity do exist in
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Engli sh. For example, the word urge has no athographic neighbars but has many
phondogicd neighbass, such as edge, age, earl, earn, and earth. By reducing the
number of orthographic neighbars to zero, phondogicd neighbarhood ansity can be
examined withou any influence of orthographic density.

PDP models predict fadlit ative dfeds of orthographic and phondogicd
neighbarhood ansity in Experiments 2 and 3.An additive dfed of fadlit ative
orthographic neighbarhood ansity and phondogicd neighbarhood ansity is also
predicted in Exp.1.For traditional 1A models, inhibitory effeds of orthographic and
phondogicd neighbahood ansity are predicted in Exp.2 and Exp.3. An additive dfed
of inhibitory orthographic neighbarhood ansity and phondogicd neighbarhood ansity
isalso predicted in Exp.1. The BIA mode with medhanisms sensitive to global lexicd
adivation and crosscode ansistency (Grainger and Jambs, 1996 Grainger et a., 2005
predicts fadlit ative dfeds of orthographic and phondogicd neighbarhood ansity in
Exp.2and Exp.3.More importantly, an interadion d orthographic neighbarhood ansity
and phondogicad neighbahood ansity that is smilar to the results of Grainger et al.
(2005 ispredicted in Exp.1.Asto the suggestion by Andrews (1997 of compensation
through fadlit ative bi-diredional conredions, an additive dfed of fadlit ative
orthographic neighbarhood ansity and phondogicd neighbarhood ansity is also
predicted in Exp.1.However, reduced o even inhibitory effeds of orthographic and

phondogicd neighbarhood ansity in Exp.2 and Exp.3are expeded.
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Behavioral Experimentsin Chinese

The next set of experiments ught to clarify the relative wntribution o
orthographic and phondogicd influences on reighbarhood ansity eff eds by testing
native readers of Chinese. Although ore can find words in English that are high in
orthographic neighbarhood ansity but low in phondogicd neighbarhood ansity, in
many casesthisisnot possble. For example, the word urge, which has many
phondogicd neighbas such as edge, age, earl, earn, and earth, has no athographic
neighbas, following the standard definition d orthographic and phondogicd neighbas,
where the target words and its neighbars dill share alarge portion d letters and
phoremes. Thisfad makesit difficult to tease goart the spedfic contribution o visual
vs. phondogicd neighbarhoodinfluencein word recgnition in Engli sh.

By contrast, in ather languages, such as Chinese, ore can easily findagroup d
orthographic neighbars without any phondogicd relationship and agroup d
phondogicdly related words withou any visual simil arity. For this reason,a comparison
between Engli sh and Chinese provides a good oppatunity to examine how the
orthography-phondogy correspondence of awriting system influences the organization
within and between arthographic and phondogicd lexicons. One differenceto nae
between Engli sh and Chinese is that because there ae no untsin Chinese charaders that
correspondto phoremes, there ae strictly speking no phondogicd neighbasin the
same sense & one talks of them in aphabetic languages. Instead, oy whole word
phondogy can be cdculated in Chinese. Fortunately, Chinese has many homophores.

For thisreason, hanophore density was used as a proxy for phondogicd neighbarhood
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density in the Chinese studies. Ancther important differenceisin the definition o
orthographic neighbars acossthe two languages. Sincethere ae no sublexicd structures
correspondng to lettersin Chinese, another orthographic structure, i.e., radicds, was
used in the present experiments as away of manipulating orthographic neighbars.
Chinese orthographic neighbars were thus defined in terms of charaders that share dl
but oneradicd.

For charaders with a frequency higher than ore curt in the database of Wu and
Liu (1988, 93% of Chinese charaders are dealy combined by one semantic radicd and
one phoretic radicd. Feldman and Siok (1999 founda fadlit ative semantic radica
neighbarhood ansity effed in aprimed Chinese lexica dedsiontask, however, it is
difficult to know if thisfadlit ative dfed is due to orthographic or semantic overlap. For
Chinese charaders, semantic radicds tend to have fewer strokes than phoretic radicds.
Based onmy cdculation o charaders with afrequency higher than ore court in Wu and
Liu's (1988 database, 4585Chinese charaders are combined by 326 semantic radicds
with an average of 18 athographic neighbas and 1186 phoetic radicds with an
average of 7 orthographic neighbars. Because the present study focused onthe
organization and operation within and between orthographic and phondogicd lexicons,
| manipulated arthographic neighbarhood ansity effed for phoretic radicds but held
that for semantic radicds constant. Thus, for the purposes of the present reseach, when
referring to Chinese orthographic neighbarhood ansity what | mean is density based on

an owerlap in phoretic radicds (not semantic radicds).
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Two advantages for studying Chinese shoud be pointed ou. First, Chinese
orthographic neighbars studied in the present study only share one sublexicd unit, the
phoretic radicd, urlike English arthographic neighbars, which share many letters,
Chinese orthographic neighbars thus have asubjedively reduced effed of fadlit ative bi-
diredional connedions between word and sublexicd levels within the orthographic
lexicon. Second,since no sublexicd units like phoremes in Engli sh are represented in
the Chinese phondogicd lexicon, forces from fadlit ative bi-diredional connedions
between word and sublexicd levels within the phondogicd lexicon can beruled ou
completely for Chinese. These alvantages makes Chinese avaluable tod to examine the
design of intra-level lateral inhibitionin 1A models.

To test the aosscode mnsistency acourt in Chinese, adesign that resembles that
of Grainger et a.’s (2005 study was aso examined. In Experiment 4, a systematic
manipulation d orthographic neighbarhood ansity and hanophore density was
condwcted using a 2 (orthographic neighbarhood ansity: high vs. low) by 2 (homophore
density: high vs. low) within-subjeds fadoria. Experiment 4 is espedally important for
testing the aosscode acourt suggested by Grainger et al. (2005.

In Experiment 5, | examined the orthographic neighbarhood ansity effed with
Chinese charaders withou any homophore mates. By reducing the number of
homophore matesto zero, a deaer orthographic neighbarhood ansity effed in Chinese
can be examined. In Experiment 6, | examined the homophore density effed for Chinese
charaders without any orthographic neighbars. By reducing the number of orthographic

neighbas to zero, a deaer homophore density effed can be examined.
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One avantage of studying the homophore density effed in Chineseis that
homophore mates can be seleded withou any contamination from visual similarity of
the homophores, thereby avoiding any interconnedions between hanophore mates
within the orthographic lexicon. Further, because no phoreme units are represented for
Chinese orthography, hamophore mates sare only a single whole word phondogicd
representation in the phondogicd lexicon. Sinceno visua similarity and nosublexicd
phoremic units can be foundin Chinese orthography, any density effea foundmust
therefore occur at the whole word level. For this reason, Experiment 6 is espedaly
important in testing the overall | exicd adivation acourt of afadlit ative neighbarhood
density effed (Grainger & Jaabs, 1996. The explanation d fadlit ative bidiredional
conredions between word representations and their sublexicd representations may not
work here (Andrews, 1997. Ziegler, Tan, Perry, & Montant (2000 reported fadlit ative
homophore density effeds in Chinese lexicd dedsion and raming which suppats the
overal lexicd adivation acourt. However, Zhouand Marslen-Wilson (1999 did na
obtain a dea homophore density effed in Chinese naming. Nevertheless Zhouand
Marden-Wilson's (1999 and Ziegler et a.’s (2000 studies did na control orthographic
neighbarhood ansity or orthographic neighbarhoodfrequency. Even more, hanophore
density manipulated in Ziegler et a. (2000 covaried with phondogicd frequency. We,
thus, do nd know if the fadlit ative homophore density effed can till be foundfor our
Experiment 6 which excluded any stimuli with any orthographic neighbars. The better
manipulation in the present research will provide a ¢eaer test of the nature of a

homophore density effed in Chinese.
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PDP models predict fadlit ative dfeds of both orthographic neighbarhoodand
homophore density in Exp. 5and Exp. 6.An additive dfead of fadlit ative orthographic
neighbarhood ansity and hanophore density is also predicted in Exp. 4.

For traditional 1A models, an inhibitory effed of orthographic neighbarhood
density is predicted in Exp.5 dweto intra-level lateral inhibition. However, anull effed
of homophore density is expeded in Exp.6 kecaise stimuli seleded shared only one
phondogy representation and noconnedions within the orthographic lexicon. An
inhibitory orthographic neighbarhood ansity and a null homophore density are thus
also predicted in Exp.4.

The BIA model with medchanisms snsitive to global lexicd adivation and cross
code wmnsistency (Grainger & Jaoobs, 1996 Grainger et al., 2005 predicts fadlit ative
effeds of orthographic neighbarhoodand hanophore density in Exp.5and Exp.6.More
importantly, an interadion d orthographic neighbarhood ansity and hanophore
density that is smilar to the results of Grainger et a. (2009 is predicted in Exp.4.

Asto the suggestion d a mmpensation through fadlit ative bi-diredional
conredions by Andrews (1997, areduced or even inhibitory effed of orthographic
neighbarhood ansity in Exp.5is expeded. A null effed of homophore density shoud
be obtained in Exp.6for two reasons. 1) no sublexicad unitslike phoremes are
represented in the Chinese phondogicd |exicon and thus the forces from fadlit ative bi-
diredional conredions between word and sublexicd representationsin phondogica
lexicon like in English can be reduced to zero; 2) the stimuli i n Exp.6 were seleded

purposely so that they have no athographic neighbars and thus no conredions between
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homophores at either lexicad or sublexicd levels within orthographic lexicon shoud be
found.This $houd also reducethe forces from fadlit ative bi-diredional conredions
between word and sublexicd representations in the orthographic lexiconlike in English
to zero. For the same reason, an inhibitory orthographic neighbarhood ansity effed
with anull effea of homophore density was expeded in Exp.4.

NIRS Experiments

The remaining experiments explored neural correlates of neighbarhood ansity
eff eds using the hemodynamic measure of nea infrared spedroscopy (NIRS). Because
reseach on reighbarhood ansity effeds is comparatively new, very few neural imaging
studies have spedficdly examined this variable. However, hemodynamic changesin the
brain can paentially provide further evidence suppating afadlit ative or inhibitory
acoun for the neighbarhood ansity effed.

Eledrophysiologicd rearding methods like EEG or ERP provide goodtemporal
resolution bu are poar in spatial resolution, whereas hemodynamic measures like fMRI
suppat detail ed spatial resolution bu are more limited in their temporal resolution.
However, the NIRS technique, an opticd imaging method, povides both goodtemporal
resolution (in the milli second scd e) and reasonable spatial resolution (see Strangman,
Boas, & Sutton, 2002 for discusson). NIRS measures the changes in the concentration
of oxy-hemoglobin and deoxy-hemoglobin in the brain regions of interest by shining
nea-infrared light (650-950m) into the scdp and applying its absorbing and scatering
charaderistics. Based onNIRS measures, the amplit udes and latencies of the bloodflow

change can be analyzed.
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In the present study, two exploratory NIRS experiments are anducted to test
neighbarhood ansity effeds in English and Chinese. Two wavelengths, 690m and
830m, were seleded for testing; the former is more sensiti ve to the deoxy-hemoglobin
and the latter is more sensiti ve to the oxy-hemoglobin. When a brain area éigagesin a
mental operation, an increase in the wncentration d the oxy-hemoglobin and adeaease
in the mncentration d the deoxy-hemoglobin shoud be observed (seeStrangman et al.,
2002,for areview).

Because the NIRS system is not able to monitor bloodflow change in the whde
brain, the need to identify the brain region d interest (ROI) before measuring is
important. SincefMRI studies for orthographic processng had shown lessconsi stent
results than those for phondogicd processng, | studied NIRS for phondogicd
processng instead of orthographic processng. In two meta-analyses of fMRI studies
(Bolger, Perfetti, & Schneider, 2005 Tan, Laird, Li, & Fox, 2009, the left middle frontal
gyrus (Brodmann's Area9), which isinvalved in addressed phondogy, was foundto be
spedficdly related to Chinese processng, whereas the left temporoparietal region
(Brodmann's Area39/40), which isinvalved in aseembled phondogy, was foundto be
espedaly important for reading al phabetic writi ng systems like Engli sh.

In Experiment 7, | applied NIRS to measure bloodflow change in Brodmann
Area3940 wsing the English stimuli seleded from Experiment 3 in arder to seeif |
could find the neura basis for phondogicd neighbarhood ansity in English found ly
Yates et al. (2004 and Yates (2005. Different patterns of bloodflow changes for words

with high vs. low phondogicd neighbahood ansity were expeded in Exp.7.
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Spedficdly, words with high phondogicd neighbahood ansity were predicted to
induce greaer bloodflow changes, which may be due to stronger inhibitory or
fadlit ative conredions, than those with low phondogicd neighbarhood dnsity.

In Experiment 8, | used NIRS to measure bloodflow change in Brodmann's Area
9 with Chinese stimuli seleded from Experiment 6 to test homophore density effed
found ly Ziegler et a. (2000. Different patterns of bloodflow changes for words with
high vs. low homophore density were dso expeded in Exp.8. Spedficdly, words with
high hanophore density were predicted to induce larger bloodflow changes, which may
be due to stronger inhibitory or fadlit ative cnnedions, than those with low homophore

density.



40

EXPERIMENT 1: CROSSCODE CONSISTENCY EFFECT IN ENGLISH
Method

Participarts. Twenty-six coll ege students from alarge southwestern U.S.
university participated in the experiment. All were fluent readers of English with namal
or correded-to-normal vision.

Design andMaterials. The design was a 2 (Orthographic neighbarhood ansity:
high vs. low) x 2 (Phondogicd neighbarhood ansity: high vs. low) within subjeds
fadoria, with atotal of 4 condtions. Eighty 4 to 7-letter monasyll abic, single-
morpheme Engli sh words were seleded as the stimuli. They were subdvided into four
caegories as follows: 20 words with high arthographic density (defined as greder than
or equal to 7) and high phondogicd neighbarhood ansity (defined as greder than o
equal to 15, 20words with high orthographic but low phondogicd neighbarhood
density (lower than or equal to 8), 20words with low orthographic density (lower than
or equal to 4) but high phondogicd neighbahood ansity, and 20words with low
orthographic and low phondogicd neighbarhood ansity. In addition there were 80
norwords. The four sets of stimuli were matched in number of |etters, number of
phoremes, bigram frequency, mean frequency of orthographic neighbars, and mean
frequency of phondogicd neighbas. Studies have suggested that the orthographic
neighbarhood ansity effed tendsto be obtained for low frequency words (Andrews,
1989, 1992 For thisreason, orly low frequency words (< 35) were seleded. All values
of linguistic charaderistics were determined by consulti ng the English lexicon pojed

(Balota, et a., in presg and the Irvine Phondadic Online Dictionary (IPhOD) (Vaden &
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Hickok, 2005. SeeTable 4 for asummary of stimulus charaderistics and Appendix A
for the adual stimuli.

Apparatus and Procedure. Participants, tested individually, first saw afixation
signal (a aos9 for 1000ms, followed by a stimulus presented at the center of the screen.

The stimulus was displayed urtil the participant made aspeeded lexicd dedsion

Table4

Characteristics of the Simuli Used in Experiment 1 (Mean Values)

High OND Low OND
Charaderistic High PND Low PND High PND Low PND
Letters 4.35 4.10 4.75 4.55
Phoremes 3.65 4.00 3.60 3.90
Frequency 10.85 10.60 11.20 10.70
OND 9.05 9.00 2.55 2.75
PND 21.20 6.40 21.15 6.30
BF 2232.80 1716.45 2289.10 2002.20
Mean Frequency of ON 6.88 6.95 6.88 6.61
Mean Frequency of PN 16.11 15.44 16.30 15.81

Note. OND = orthographic neighbarhood ansity; BF = bigram frequency; ON =
orthographic neighbars; PN = phondogica neighba's, PND = phondogicd

neighbahood ansity.
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resporse. Resporse time (RT) was recorded from the onset of stimulus presentation urtil
the participant pressed a button. Participants recaved 10 padicetrials at the beginning
of the experiment. A rest was given after every 40trials. The experiment was
administered on personal computers using an E-Prime software padage (Schneider,
Eschman, & Zuccolotto, 2003.

Results and Discusson

Datafrom 3 items were excluded in analyses due to their low acaracy (<40%). In
cdculating the mean RTs of corred resporses for ead condtionfor ead participant,
those trials with RTs lessthan 200ms or higher than 1800ms were discarded. These
cutoffsled to the rgjedion o 1.68% of the observations. Table 5 shows the acaracy
cdculated from the entire set of trials, and re-computed means for corred RTs for ead
experimental condtion.

The datawere analyzed in a 2x2 repeaed measures analysis of variance (ANOVA)
that resulted from the fadtorial combination d Orthographic NeighbarhoodDensity
(high vs. low), and Phondogicd NeighbahoodDensity (high vs. low). The datawere
analyzed by subjeds (F1) and by items (F2). Although we provide the acairacy and the
by-item analyses as well, discusson d the results will focus primarily onthe by-subjed
RT analyses.

The results of the ANOVA indicated a significant main effed for Orthographic
NeighbahoodDensity in RT, F1(1,25 =14.21,p<.01,F»(1,73 = 3.53,p = .06, bu not
inacaracgy, F1(1,25 < 1, F5(1,73 = < 1, indicaing afadlit ative orthographic

neighbarhood ansity effed. In addition, asignificant main effed for Phondogicd
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NeighbahoodDensity was obtained in RT, F1(1,25 =15.25,p<.01,F»(1,73 =4.24,p
<.05,andin acaracy when analyzed by subjed, F1(1,25 =4.90,p <.05,F,(1,73 <1,
indicaing afadlit ative phondogicd neighbahood ansity effed. No interadions of
Orthographic NeighbarhoodDensity and Phondogicad NeighbahoodDensity were
foundin RT, F1(1,295 = 2.24, p=.14,F»(1,73 <1, ainacaracy, F1(1,29 <1, F»(1,73

<l

Table5

Mean Reaction Time (ms) and Accuracy (%) in Experiment 1

High OND Low OND OND Effeda
RT 680.30(17.27 705.14(21.18§ -24.84(10.67
High PND
Accuracy 94.44(0.87) 93.93(1.00 -0.51(1.18
RT 708.29(17.62 753.81(22.7Q -45.52(12.49
Low PND
Accuracy 92.12(1.15 91.92(1.27) -0.20(1.70
RT -27.99(9.749  -48.67(13.9)
PND Effeda
Accuracy -2.32(1.29 -2.01(1.53

Note. OND = orthographic neighbarhood ansity; PND = phondogicd neighbarhood
density. The OND effed refers to the differencein performanceonthe high vs. low
OND condtion. The PND effed refersto the differencein performanceonthe high vs.
low PND condtion. A positive value indicates afadlit ative dfed and a negative value

an inhibitory effed. Standard errors are reported in parentheses.
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Theresultsindicae that despite adesign that was modeled after Grainger et al.’s
(2005 study, their results were nat repli cated; thus, nosuppat was foundfor Grainger
et a.’s crosscode acourt. Although Y ates (2005 and Mulatti et al. (2006 have
guestioned the reliabilit y of the orthographic neighbarhood @nsity effed, the present
study obtained a dea effed of orthographic neighbarhood ansity using a better
manipulation than was the cae in the previous sudiesin this literature. The present
results suggest that the orthographic neighbarhood ansity effed is reliable and
independent of the dfed of phondogicd neighbahood dnsity.

Whereas no suppat was foundfor traditional 1A models, the findings from the
present experiment can be acourted for both by PDP models and by Andrews's (1997
suggestion d compensation from fadlit ative bi-diredional conredions. Although the
global adivationacourt in the BIA mode can explain the aurrent data, the spedfic
suggestion by Grainger et al. (2005 of a mechanism that cdculates crosscode

consistency was not suppated.
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EXPERIMENT 2: ORTHOGRAPHIC NEIGHBORHOOD
DENSITY EFFECT IN ENGLISH
Method

Participarts. Twenty participants were seleded, based onsimilar criteria & were
used in Exp.1.

Design andMaterials. The experimental design was a one fador (Orthographic
NeighbahoodDensity: high vs. low) within-subjeds design.

The same aiteriafor stimulus ledionasin Exp.1were used except that only
English words with few phondogicd neighbas were seleded. To keg phondogicd
neighbarhood ansity aslow as possble, ony English words with fewer than 4
phondogicd neighbars were seleded. Stimuli i ncluded 20words with high orthographic
neighbarhood ansity (greaer than 5) and 20words with low orthographic neighbarhood
density (lower than 5).

In addition, 40 nowords were seleded and intermixed with the experimental
trials. Each participant recaved a diff erent randamized sequencefrom alist consisting of
80trialsthat included 20words with high orthographic neighbarhood ansity, 20words
with low orthographic neighbarhood ansity, and 40 nomvords. SeeTable 6 for a
summary of stimulus charaderistics and Appendix A for the acual stimuli.

Appaatus andProcedure. The gparatus and the procedure in Exp.2 were the

same ain Exp.1.
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Results and Discusson

Datafrom 2 items were excluded from the analyses due to their low acaracy
(<40%). In cdculating the mean RTs of corred resporses per condtion for eah
participant, those trials with RTs lessthan 200ms or higher than 1800ms were
discarded. These aitoffsled to the rgedion d 2.17%6 of the observations. Table 7 shows
the acarracy, cdculated from the entire set of trials, and the re-computed means for

corred RTsfor ead experimental condtion.

Table6

Characteristics of the Simuli Used in Experiment 2 (Mean Values)

Charaderistic High OND Low OND
Letters 4.40 4.65
Phoremes 4.25 4.40
Frequency 10.00 9.75
OND 7.15 2.20
PND 3.25 3.20

BF 1655.20 1631.80
Mean Frequency of ON 6.32 6.47
Mean Frequency of PN 23.12 23.30

Note. OND = orthographic neighbarhood ansity; BF = bigram frequency; ON =
orthographic neighbars; PN = phondogica neighba's, PND = phondogicd

neighbahood ansity.
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The datawere analyzed in a one-way repeaed measures analysis of variance
(ANOVA) with the fador of Orthographic NeighbarhoodDensity (high vs. low). The
datawere analyzed by subjeds (F1) and by items (F,). Although the discussonin the
present study is based mainly onthe by-subjed RT analyses, the acaracy and by-item
RT anayses are dso provided for readers interest.

The results of the ANOVA indicaed asignificant main effed for Orthographic
NeighbahoodDensity in RT when analyzed by subjed, F1(1,19 =11.59,p< .01,
F2(1,36 =2.67,p =.11,indicaing an inhibitory orthographic neighbarhood ansity
effed. There was no effed of orthographic density in the acarracy analysis, F1(1,19 =
2.58,p=.12,F5(1,36 <1.

After improving onthe design of Mulatti et al. (2006 by seleding stimuli with

very few phondogicd neighbas, evidencewas foundin the present study for a dea

Table7

Mean Reaction Time (ms) and Accuracy (%) in Experiment 2

High OND Low OND OND Effed
RT 780.88(28.15 740.49(25.96 40.39(11.87)
Accuracy 88.89(1.7) 91.25(1.20 2.36(1.47)

Note. OND = orthographic neighbarhood ansity. The OND effed refersto the
differencein performanceonthe high vs. low OND condtion. A pasitive value indicates
afadlitative dfed and anegative value an inhibitory effed. Standard errors are reported

in parentheses.
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inhibitory orthographic neighbarhood ansity effed in lexicd dedsion RT. Although
Mulatti et al.’s (2006 study controlled phondogicd neighbarhood ansity, their stimuli
still had phondogicd neighbarhood ansiti es high enough to induce activation
enharcement through conredions between word levels of orthographic and
phondogicd lexicons by dual role neighbars. The assumptionin Mulatti et al.’s (2006
study that controlli ng phondogicd neighbarhood ansity also controls the influence
from the phondogicd lexicon turns out nat to be crred.

Another passble reason for the fail ure by Mulatti et a. (2006 to oltain an
orthographic neighbarhood ansity effed was their use of high frequency stimuli. When
stimuli with low frequencies are seleded, as in the present experiment, there was no
fadlit ative orthographic neighbarhood ansity effed.

The finding of an inhibitory orthographic neighbarhood ansity effed suppatsthe
ideaof inter-level lateral inhibition central to IA models. Conversely, PDP modelsfail to
explain the present results. The ideaof a mecdhanism sensitive to global adivation by
(Grainger & Jambs, 1996 did na receve suppat because stimuli with ahigher
orthographic neighbarhood ansity were not recognized faster. .

Andrews's (1997 suggestion d a compensation from fadlit ative bi-diredional
conredions can successully explain the results in bah Exp.1and Exp.2. When words
have several phondogicd neighbars, they are influenced by four sources of fadlit ative
bi-dirediona connedions: 1) conredions between word and sublexicd levelsin the
orthographic lexicon; 2) conredions between word and sublexicd levelsin the

phondogicd lexicon; 3) connedions between word levels of the orthographic and
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phondogicd lexicons, and 4 conredions between sublexicd levels of the orthographic
and phondogicd lexicons. These four sources of influence quickly acaumulate resulting
in strong adivations of the target word. Foll owing Andrews, ore may argue that these
forces were so strong that they compensated for the inhibitory forces from intra-level
lateral conredions and resulted in a net fadlit ative dfed, asobtained in Exp.1.
However, when forces from fadlit ative bi-diredional conredions are limited to the
orthographic lexicon only, forces from intra-level lateral inhibition may override the
fadlit ative forces from bi-diredional conredions and cause anet inhibitory effed, as

foundin Exp.2.
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EXPERIMENT 3: PHONOLOGICAL NEIGHBORHOOD
DENSITY EFFECT IN ENGLISH
Method
Participarts. Twenty-four participants were seleded, based onsimil ar criteria &
used in Exp.1.
Design andMaterials. The experimental design was a one fador (Phondogica

NeighbahoodDensity: high vs. low) within-subjeds design.

Table 8

Characteristics of the Simuli Used in Experiment 3 (Mean Values)

Charaderistic High OND Low OND
Letters 5.50 5.90
Phoremes 3.80 4.50
Frequency 11.05 11.20
OND 0.00 0.00
PND 14.75 2.80

BF 2381.65 2311.90
Mean Frequency of ON 0.00 0.00
Mean Frequency of PN 17.76 17.55

Note. OND = orthographic neighbarhood ansity; BF = bigram frequency; ON =
orthographic neighbars; PN = phondogica neighba's, PND = phondogicd

neighbahood ansity.
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The same aiteriafor stimulus sledionasin Exp.1were used except that stimuli
were Engli sh words withou any orthographic neighbars. They included 20words with
higher phondogicd neighbarhood ansity (greaer than 6) and 20words with lower
phondogicd neighbahood dnsity (lower than 6).

In addition, 40 nowords were seleded and intermixed with the experimental
trials. Each participant recaved a diff erent randamized sequencefrom alist consisting of
80trialsthat included 20words with higher phondogicd neighbarhood ansity, 20
words with lower phondogicad neighbarhood ansity, and 40 nomvords. SeeTable 8 for
asummary of stimulus charaderistics and Appendix A for the adual stimuli.

Appaatus andProcedure. The gparatus and procedure in Exp.3were the same &
in Exp.1.

Results and Discusson

In cdculating the mean RTs of corred resporses for ead condtionfor ead
participant, those trials with RTs lessthan 200ms or higher than 1800ms were
discarded. These aitoffsled to the rgedion d 2.2%% of the observations. Table 9 shows
the acairacgy, cdculated from the entire set of trials, and re-computed means for corred
RTsfor eat experimental condition.

The datawere analyzed in a one-way repeaed measures analysis of variance
(ANOVA) with the fador Phondogicd NeighbahoodDensity (high vs. low). The data
were analyzed by subjeds (F;) and by items (F,). Although the discussonin the present
study is mainly based onthe by-subjed RT analyses, we provide acaracy and by-item

RT analysesfor readers’ interest.
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The results of the ANOVA indicaed asignificant main effed for Phondogicd
NeighbahoodDensity in RT when analyzed by subjeds, F1(1,23 =8.60,p< .01,
F2(1,38 =2.76,p=.10,and in acaracy, F1(1,23 =39.91,p<.001,F»(1,36 =4.01,p
< .05, indicaing an inhibitory phondogicad neighbahood ansity effed.

Thus, asin Exp.2where an inhibitory orthographic neighbarhood ansity effed
was obtained, in Exp. 3an inhibitory phondogicd neighbarhood ansity effed was
found.Although Y ates (2005 and Mulatti et al. (2006 controlled arthographic
neighbarhood ansity, their stimuli still had arthographic neighbarhood aensities high
enowgh to induce activation enharcement through conrnedions between word levels of
orthographic and phondogicd |exicons by dua role neighbars.

PDP models again fail to explain the present results. The ideaof amedanism

Table9

Mean Reaction Time (ms) and Accuracy (%) in Experiment 3

High PND Low PND PND Effed
RT 723.69(19.86 694.35(19.80 29.34(10.00
Accuracy 87.71(1.56 97.08(0.85 9.37(1.48

Note. PND = phondogicd neighbarhood ansity. The PND effed refersto the difference
in performance onthe high vs. low PND condtion. A paositive valueindicaes a
fadlit ative dfed and a negative value an inhibitory effed. Standard errors are reported

in parentheses.
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sensitive to global adivation by Grainger and Jacbs, 1996 did na obtain suppat as
well becaise higher phondogicd neighbarhood ansity did na accéerate the speed of
recognizing words. Andrews's (1997 suggestion d compensation from fadlit ative bi-
diredional connedions does siccesSully explain the results of the present experiment
aswell asthose from Exp.1and Exp.2. When forces from fadlit ative bi-diredional
conredions are limited to the phondogicd | exicon, forces from intra-level lateral
inhibition can owerride the fadlit ative dfed of bi-diredional conredions, resultingin a

net inhibitory effed.
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EXPERIMENT 4: CROSSCODE CONSISTENCY EFFECT IN CHINESE
Method

Participarts. Twenty Taiwanese graduate students from alarge southwestern U.S.
university participated in the experiment. All were fluent readers of Chinese with namal
or correded-to-normal vision.

Design andMaterials. The design was a 2 (Orthographic neighbarhood ansity:
high vs. low) x 2 (Homophore density: high vs. low) within subjeds fadorial, with a
total of 4 conditions.

Sixty-four Chinese charaders were seleded as the stimuli. Subdvided into four
caegories, they included 16words with high arthographic neighbarhood dnsity (greaer
or equal to 10 and hanophore density (greaer or equal to 9), 16 words with high
orthographic neighbarhood ansity but low homophore density (lower or equal to 5), 16
words with low orthographic neighbarhood ansity (lower or equal to 4) but high
homophore density, and 16words with low orthographic neighbarhood ansity and
homophore density. These four sets of stimuli were matched on number of strokes,
mean frequency of orthographic neighbars, and mean frequency of homophore mates.
For the samereason as in Exp.1, oy low frequency charaders were seleded. All values
of linguistic charaderistics were cdculated from the database aeaed by Wu and Liu
(1988 and Wu (2003.

In addition, 64fill er charaders and 128 geudo-charaders were seleded and
intermixed with the experimental trials. Pseudo-charaders were aeaed by combining

two radicds that never co-occur in red charaders but follow legal Chinese mmbination
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rules. Each participant receved a diff erent randomized sequence from alist consisting of
256trias containing 16 charaders with high orthographic neighbahoodand hanophore
density, 16 charaders with high arthographic neighbarhood ansity but low homophore
density, 16 charaders with low orthographic neighbarhood ansity (< or equal to 4) but
high hanophore density, 16 charaders with low orthographic neighbarhood ansity and
low homophore density, 64fill er charaders, and 128 jgeudo-charaders. SeeTable 10

for asummary of stimulus charaderistics and Appendix B for the adual stimuli.

Table 10

Characteristics of the Simuli Used in Experiment 4 (Mean Values)

High OND Low OND

Charaderistic High HD Low HD High HD Low HD
Strokes 12.81 12.56 12.81 12.75
Frequency 19.94 20.00 19.63 19.88
OND 11.50 11.69 2.06 2.19
HD 16.88 3.00 16.56 3.25
Mean Frequency of ON 75.83 74.88 71.82 72.36
Mean Frequency of HM 95.31 94.20 93.97 95.62

Note. OND = orthographic neighbarhood ansity; HD = homophore density; ON =

orthographic neighbas; HM = homophore mates.
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Appaatus andProcedure. The gparatus and pocedure in Exp.4 were the same &
in Exp.1.

Results and Discusson

In cdculating the mean RTs of corred resporses for ead condtionfor ead
participant, those trials with RTs lessthan 200ms or higher than 1800ms were
discarded. These aitoffsled to the rgedion d 0.70% of the observations. Table 11
shows the acaracy, cdculated from the entire set of trias, and re-computed means for
corred RTsfor ead experimental condtion.

The datawere analyzed in a 2x2 repeaed measures anaysis of variance (ANOVA)
that resulted from the fadorial combination d Orthographic NeighbarhoodDensity
(high vs. low), and Homophore Density (high vs. low). The data were analyzed by
subjeds (F1) and by items (F,). Although the discussonin the present study is mainly
based onthe by-subjed RT analyses, we provide actracy and by-item analyses for
readers interest.

The results of the ANOVA indicated asignificant main effed for Orthographic
NeighbahoodDensity in RT, F1(1,19 = 18.66,p < .001,F,(1,60 = 2.75,p=.09,andin
acaracy when analyzed by subjed, F1(1,19 = 6.45,p =.05,F,(1,60 = 1.66,p = .20,
indicaing an inhibitory orthographic neighbarhood ansity effed. In addition, a
significant main effed for Homophore Density was obtained in RT, F1(1,19 =11.49,p
<.01,F,(1,60 =2.94,p=.09,andin acaracy by subjed, F1(1,19 =4.13,p = .05,
F2(1,60 = <1, indicaing an inhibitory phondogicd neighbarhood ansity effed. No

interadion d Orthographic NeighbarhoodDensity and Homophore Neighbarhood
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Density was foundin RT, F1(1,19 < 1, F»(1,60 <1, arinacaragy, F1(1,19 <1,
F»(1,60 < 1.

With a design that mimics Grainger et a.’s (2009 study, we did na replicate their
results and thus did na suppat their crosscode acourt. As noted ealier, although
Y ates (2005 and Mulatti et a. (2006 have questioned the reli abilit y of the orthographic

neighbarhood ansity effed, the present study obtained a dea effed of orthographic

Table11

Mean Reaction Time (ms) and Accuracy (%) in Experiment 4

High OND Low OND OND Effeda
RT 694.63(29.69 659.40(30.79 35.23(9.19
High HD
Accuracy 88.44(2.32 92.19(1.63 3.75(2.60
RT 653.79(25.69 631.42(27.39 22.37(11.88
Low HD
Accuracy 91.25(1.89 94.06(1.59 2.81(1.78
RT 40.84(13.92 27.98(12.17
HD Effed
Accuracy 2.81(1.66 1.87(1.5))

Note. OND = orthographic neighbarhood ansity; HD = homophore density. The OND
effed refersto the differencein performance onthe high vs. low OND condtion. The
HD effed refersto the differencein performanceonthe high vs. low HD condtion. A
positive value indicates afaalit ative dfed and anegative value an inhibitory effed.

Standard errors are reported in parentheses.
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neighbarhood ansity using a better manipulation, bu the dfea was inhibitory. The
present results auggest, therefore, that the orthographic neighbarhood ansity effed in
Chineseisreliable and independent of the dfed of homophore density.

PDP models and the global adivation acourt of the BIA model (Grainger &
Jambs, 1996 fail to explain the alditive dfed of inhibitory orthographic neighbarhood
and hanophore density. Both traditional |A models and the suggestion o compensation
through fadlit ative bi-diredional conredions (Andrews, 1997 successully predict an
inhibitory effed of orthographic neighbarhood abnsity but fail in predicting the
inhibitory homophore density effed in the present experiment. As sich, nocurrent
visual word reaognition model can successully explain the full range of the present

findings.
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EXPERIMENT 5: ORTHOGRAPHIC NEIGHBORHOOD
DENSITY EFFECT IN CHINESE

Method

Participarts. Eighteen participants were seleded, based onsimilar criteria asin
Exp.4.

Design andMaterials. The experimental design was a one fador (Orthographic
neighbarhood ansity: high vs. low) within-subjeds design.

The same aiteriafor stimulus sledionwere used as in Exp.4 except that only
Chinese charaders with no hanophore mates were seleded. Stimuli included 14

charaders with high arthographic neighbarhood ansity (greaer or equal to 5), 14

Table 12

Characteristics of the Simuli Used in Experiment 5 (Mean Values)

Charaderistic High OND Low OND
Strokes 13.21 13.43
Frequency 23.04 24.29
OND 8.71 2.43
HD 0.00 0.00
Mean Frequency of ON 54.20 47.58
Mean Frequency of HM 0.00 0.00

Note. OND = orthographic neighbarhood ansity; HD = homophore density; ON =

orthographic neighbas; HM = homophore mates.
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charaders with low orthographic neighbarhood ansity (lower or equal to 4), 28fill er
charaders, and 56 peudo-charaders.

Each participant recaved a diff erent randamized sequencefrom alist consisting of
112trials containing 14 charaders with higher orthographic neighbarhood ansity, 14
charaders with lower orthographic neighbarhood ansity, 28fill er charaders, and 56
pseudo-charaders. SeeTable 12 for asummary of stimulus charaderistics and Appendix
B for the adual stimuli.

Appaatus andProcedure. The gparatus and the procedure in Exp.5were the
same ain Exp.1.

Results and Discusson
In cdculating the mean RTs of corred resporses for ead condtionfor ead

participant, those trials with RTs lessthan 200ms or higher than 1800ms were

Table 13

Mean Reaction Time (ms) and Accuracy (%) in Experiment 5

High OND Low OND OND Effed
RT 594.53(12.30 565.97(11.25 28.56(6.65)
Accuracy 91.27(1.69 91.67(1.85 0.40(1.96

Note. OND = orthographic neighbarhood ansity. The OND effed refersto the
differencein performanceonthe high vs. low OND condtion. A pasitive value indicates
afadlitative dfed and anegative value an inhibitory effed. Standard errors are reported

in parentheses.



61

discarded. These aitoffsled to the rgedion d 0.20% of the observations. Table 13
shows the acaracy, cdculated from the entire set of trials, and re-computed means for
corred RTsfor ead experimental condtion.

The datawere analyzed in a one-way repeaed measures analysis of variance
(ANOVA) with the fador of Orthographic NeighbarhoodDensity (high vs. low). The
datawere analyzed by subjeds (F;) and by items (F,). Although the discussonin the
present study was mainly based onthe by-subjed RT analyses, we provide acaracy
analyses and by-item RT analyses for readers’ interest.

The results of the ANOVA indicated asignificant main effed for Orthographic
NeighbahoodDensity in RT when analyzed by subjed, F1(1,17) = 18.43,p <.001,
F2(1,26 =3.11,p=.08, bu nat in acaracy, F1(1,17) <1, F»(1,26 = <1, indicding an
inhibitory orthographic neighbarhood ansity effed.

The present experiment obtained a dea inhibitory orthographic neighbarhood
density effed in Chinese & wasthe cae in Exp.2in English. The finding of an
inhibitory orthographic neighbarhood ansity effed suppatstheideaof inter-level
lateral inhibitionin IA models. Conversely, PDP models and the global adivation
acoun (Grainger & Jaoobs, 1999 fail to explain the present results.

Andrews's (1997 suggestions of compensations from fadlit ative bi-diredional
conredions can aso succesgully explain the present results. Because the stimuli
seleded puposely excluded charaders sharing any homophore mates, the influence of
activation enharcement from the phondogicd lexicon can be reduced significantly. In

additi on, the activation enharcement from fadlit ative bi-diredional conredions
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between word and sublexicd levels within arthographic lexiconis also reduced becaise
orthographic neighbars in Chinese shared orly one sublexicd unit, i.e., radicds. As
such, it appeas that forces from intra-level lateral inhibitions can ouperform forces
from activation enharcement in Exp.5and result in an inhibitory orthographic

neighbarhood ansity effed.
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EXPERIMENT 6: HOMOPHONE DENSITY EFFECT IN CHINESE
Method
Participarts. Eighteen participants were seleded, based onsimil ar criteria asin
Exp.4.
Design andMaterials. The experimental design was a one fador (Homophore
density: high vs. low) within-subjeds design.
The same aiteriafor stimulus sledionwere used as in Exp.4 except that only

Chinese charaders with no athographic neighbars were seleaed. Stimuli i ncluded 20

Table 14

Characteristics of the Simuli Used in Experiment 6 (Mean Values)

Charaderistic High HD Low HD
Strokes 13.60 13.55
Frequency 14.80 14.55
OND 0.00 0.00
HD 14.30 2.80
Mean Frequency of ON 0.00 0.00
Mean Frequency of HM 101.42 103.75

Note. OND = orthographic neighbarhood ansity; HD = homophore density; ON =

orthographic neighbas; HM = homophore mates.
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charaders with high hanophore density (greaer or equal to 7), 20charaders with low
homophore density (lower or equal to 4), 40fill er charaders, and 80 peudo-charaders.
SeeTable 14 for asummary of stimulus charaderistics and Appendix B for the adual
stimuli.

Apparatus andProcedure. The gparatus and procedure in Exp.6will be the same
asin Exp.1.
Results and Discusson

In cdculating the mean RTs of corred resporses for ead condtionfor ead
participant, those trials with RTs lessthan 200ms or higher than 1800ms were
discarded. These aitoffsled to the rgedion d 0.14% of the observations. Table 15
shows the acaracy, cdculated from the entire set of trias, and re-computed means for

corred RTsfor ead experimental condtion.

Table 15

Mean Reaction Time (ms) and Accuracy (%) in Experiment 6

High HD Low HD HD Effed
RT 613.48(19.72 583.63(16.18 29.85(9.20
Accuracy 89.72(2.4)) 87.78(1.73 -1.94(2.36)

Note. HD = homophore density. The HD effed refers to the differencein
performance onthe high vs. low HD condtion. A positive value indicates afadlit ative
effed and anegative value an inhibitory effed. Standard errors are reported in

parentheses.
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The datawere analyzed in a one-way repeaed measures analysis of variance
(ANOVA) with the facor of Homophore Density (high vs. low). The data were
analyzed by subjeds (F;) and by items (F2). Although the discussonin the present study
was mainly based onthe by-subjed RT analyses, we provide acaracy and by-item RT
analyses for readers interest.

The results of the ANOVA indicaed asignificant main effea for Homophore
Density in RT when analyzed by subjed, F1(1,17 =10.52,p<.01,F»(1,38 =3.29,p =
.07, bu nat in acaracy, F1(1,17) < 1, F»(1,38 < 1, indicaing an inhibitory homophore
density effed.

Resultsin Exp.6 replicaed the null effead of homophore density in Exp.4.PDP and
global adivation acmurt suggested by Grainger and Jacobs (1996 fail ed to explain the
inhibitory homophore density effeds. Both traditional 1A models and the suggestions of
the compensation through fadlit ative bi-diredional conredions (Andrews, 1997 also
failed in predicting the inhibitory homophore density effed in the present experiment.
As uch, nocurrent visual word recognition models can succesully explain the present

findings.
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EXPERIMENT 7: NIRS STUDY ON PHONOLOGICAL NEIGHBORHOOD
DENSITY EFFECT IN ENGLISH
Method

Participarts. Nine mllege students from alarge southwestern U.S. university were
participate in the experiment. All were fluent readers of English with namal or
correded-to-normal vision.

Design andthe Materials. The design was a2 (Phondogicd neighbarhood ansity:
high vs. low) x 2 (Hemisphere: left vs. right) within subjeds fadorial, with atotal of 4
conditions.

Sixteen words with higher phondogicd neighbarhood ansity, 16 words with
lower phondogicd neighbarhood ansity, and 32 nomwords were seleded from Exp.2.
Each participant receved a diff erent randamized sequencefrom alist consisting of these
64 stimuli. SeeTable 16 for asummary of stimulus charaderistics and Appendix A for
the adual stimuli.

Appaatus. The gparatus for the behavioral measurement was the same ain
Exp.2.The NIRS signals are wlleded by an eledronic control box serving both as the
source of the nea-infrared laser light and as the recever of the deteded nea-infrared
laser light. A cgp is designed with ore laser emitter that scatters the nea-infrared li ght
into the scdp and two laser detedors that receve the returned nea-infrared light locaed
separately over Brodmann Area3940 d ead hemisphere. Each emitter contains two
light sources with awavelength of 690rm and 830mn respedively. Anacther laptopis

programmed to control and record the signals receved by the dedronic control box.
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Procedure. The task was a Go/No Go version d the lexicd dedsion task. For eat
trial, participants, tested individually, first saw afixation signal (cros9 presented at the
center of the screen. Participants were to pressa button after seang the fixation signal.
Thiswas foll owed by one stimulus presented at the center of the screen. Participants
were to make aspeeded lexicd dedsionresporse and pressthe button only if they
thought the stimulus was an Engli sh word. This was foll owed by a blank. If participants

did na think the stimulus was an English word and dd na pressthe button, the stimulus

Table 16

Characteristics of the Simuli Used in Experiment 7 (Mean Values)

Charaderistic High OND Low OND
Letters 5.63 5.88
Phoremes 4.00 4.38
Frequency 10.06 10.75
OND 0.00 0.00
PND 13.44 3.13

BF 2498.25 2409.44
Mean Frequency of ON 0.00 0.00
Mean Frequency of PN 17.63 18.06

Note. OND = orthographic neighbarhood ansity; BF = bigram frequency; ON =
orthographic neighbars; PN = phondogica neighba's, PND = phondogicd

neighbahood ansity.
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disappeaed after 2 seaonds and was followed by ablank. RT was recorded from the
onset of stimulus presentation urtil the participant pressed a button. A blank was
randamly presented for 12, 14,16, 018 seconds before the next trial. The variation d
the presentation time of the aosswasto ke participants' attention and avoided
possble guessng. Participants receved at least 10 pradicetrials urtil they got used to
the procedure before the experiment.

The experiment was administered on personal computers using an E-Prime
software padkage (Schneider et a., 2009. A cgp with ore laser emitter and two detedors
located onthe region correspondng to Brodmann's Area3940 d ead hemisphere was
placel onthe participant’s head to record bloodflow change during the lexicd dedsion
task.

Results and Discusson

Behavioral Data. In cdculating the mean RTs of corred resporses for ead
condtionfor ead participant, those trials with RTs lessthan 200ms or higher than 1800
ms were discarded. These autoffs led to the rgjedion d 0.28% of the observations. Table
17 shows the acairacy, cdculated from the entire set of trials, and re-computed means
for corred RTsfor eat experimental condition.

The datawere analyzed in a one-way repeaed measures analysis of variance
(ANOVA) with the fador of Phondogicd NeighbahoodDensity (high vs. low). The
datawere analyzed by subjeds (F;) and by items (F,). Although the discussonin the
present study was mainly based onthe by-subjed RT analyses, analyses of acaracy data

and by-item RT data ae provided for readers’ interest.
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The results of the ANOVA did na yield asignificant main effed for Phondogicd
NeighbahoodDensity in RT, F1(1,8) =1.80,p=.21,F,(1,28 =1.21,p= .28, g in
acaracy, F1(1,8) <1,F»(1,28 < 1, dthouwgh there was atrend d an inhibitory
phondogicd neighbahood ansity effed (37ms).

NIRS Data. The NIRS datafrom 4 detedors (2 over eat hemisphere) were
digitally recorded at 200Hz. The data were then converted into optica density units that
were digiti zed and low-passfiltered at 1Hz and hgh-passfiltered at 0.02Hz to reduce
the noise of systemic physiology. Thefiltered data were then converted to refled the
concentration d baoth the oxy-hemoglobin and deoxy-hemoglohbin; these served as the
data used for advanced analysis. The conwverted datawere analyzed in 17-secondepochs
including 2 seconds before and 15secnds after the onset of the stimuli. Data mnversion

was condcted using HOmER software (Huppert & Boas, 20095.

Table17

Mean Reaction Time (ms) and Accuracy (%) in Experiment 7

High PND Low PND PND Effed
RT 801.05(47.19 764.14(53.55 36.91(27.52
Accuracy 92.36(2.50 92.86(2.92) 0.50(1.54)

Note. PND = phondogicd neighbarhood ansity. The PND effed refersto the
differencein performance onthe high vs. low PND condtion. A pasitive value indicaes
afadlitative dfed and anegative value an inhibitory effed. Standard errors are reported

in parentheses.
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NIRS data were first down sampled to 2 Hz. Data from the two detedors per
hemisphere were then averaged in further analyses. Two separate 2 (Phondogicd
neighbarhood ansity: high vs. low) x 2 (Hemisphere: left vs. right) within-subjeds
ANOVASswere mnducted, ore for the latency and the other for the pegk amplitude data
of bloodflow changes. The mncentration o oxy-hemoglobin was treaed as the
dependent variable. Table 18 shows the amplit udes and latencies of the pe&ks of the
bloodflow changes for eat experimental condtion.

Amplitude Analysis. The results of the ANOVA onthe anplitudes at the pe&k of
bloodflow change showed amargina significant main effea for Phondogicd
NeighbahoodDensity, F(1,8) = 4.81,p = .06, indicaing alarger amplitude for words

with high phondogicd neighbarhood ansity, compared to thase with low phondogicd

Table 18
Mean APSOX®YV 0 RDU DQGDMHAH \HRQWG IRUSHINVR %RRG BZ &KDQV

in Experiment 7

High PND Low PND
Amplitude 6.22(1.35 5.33(1.1H

Left Hemisphere
Latency 5.83(0.87) 6.17(1.2))
Amplitude 5.74(1.22 3.27(0.90

Right Hemisphere
Latency 6.44(0.92 4.17(0.90

Note. PND = phondogicd neighbarhood ansity. Standard errors are reported in

parentheses.
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neighbarhood ansity. In addition, asignificant main effed for Hemisphere was F(1,8) =
6.53,p < .05,indicaing alarger amplitude for the left hemisphere, compared to the right
hemisphere. No interadion d Phondogicd NeighbarhoodDensity and Hemisphere was
found,F(1,8) = 3.41,p = .10. Further simple dfed analyses showed that the
phondogicd neighbahood dnsity effed was only present in the right hemisphere,
F(1,16 = 7.91,p < .05(for the left hemisphere, F(1,16 = 1.05,p =.32), inthe diredion
of alarger amplitude for words with high phondogica neighbarhood ansity.

Latency Analysis. The results of the ANOVA onthe latencies at the pe& of blood
flow change yielded neither amain effea for Phondogicd NeighbarhoodDensity,
F(1,8 =1.22,p =.30, nao for Hemisphere, F(1,8) = 2.44,p = .15.No interadion d
Phondogicd NeighbahoodDensity and Hemisphere was found,F(1,8) =3.11,p=.11.
Further simple dfed analyses showed that phondogicd neighbahood ansity effed
was only marginaly significant in the right hemisphere, F(1,16 = 3.92,p =.06,and nd
significant in left hemisphere, F(1,16) < 1; there was a slower pe& for words with high
phondogicd neighbahood ansity in the right hemisphere.

Comparison to Baseline. Bloodflow changesin oxy-hemoglobin, deoxy-
hemoglobin, and total hemoglobin duing English lexicd dedsionwere dso analyzed
for both hemispheres. Figure 1 (a) depicts the results for words with high phondogicad
neighbarhood ansity and 1 (b) thase with low phondogicd neighbarhood ansity in the
left hemisphere. Figure 2 (@) depicts the results for words with high phondogica
neighbarhood ansity and 2(b) presents thase with low phondogicd neighbarhood

density in the right hemisphere.



72

Compared to the baseline, which was defined by the mean blood flow changes
starting from 2 seconds before the onset urtil the presentation d the stimuli, bloodflow
changesin oxy-hemoglobin were significantly elevated bah in the left hemisphere, t(29)
=6.71,p<.001,andin theright hemisphere, t(29) = 9.24,p < .001,for words with high
phondogicd neighbarhood ansity. Asto words with low phondogicd neighbarhood
density, bloodflow changesin axy-hemoglobin were raised significantly only in the | eft
hemisphere, t(29) = 7.09,p < .00, right hemisphere, t(29) =-0.70,p = .49.

Although dscussonin the present study is mainly based onthe results of oxy-
hemoglobin, | also provide the analyses for bloodflow changesin bah deoxy-
hemoglobin and total hemoglobin for readers’ interest. For words with high
phondogicd neighbahood ansity, bloodflow changesin deoxy-hemoglobin were
significantly deaeased in the left hemisphere, t(29) = -7.80,p < .001 there was no
differencein the right hemisphere, t(29) =-1.01,p = .32.Asto words with low
phondogicd neighbahood ansity, bloodflow changesin deoxy-hemoglobin deaeased
significantly in the left hemisphere, t(29) =-6.67,p < .001, bu increased in theright
hemisphere, t(29) = 3.38,p < .01.Asto boodflow changesin total hemoglobin, it was
incressed bah in the left hemisphere, t(29) = 4.87,p < .001,andin the right hemisphere,
t(29) = 8.63,p < .001,for words with high phondogicd neighbarhood ansity. Finally,
for words with low phondogicd neighbarhood ansity, bloodflow changesin total
hemoglobin were neither raised significantly in the left hemisphere, 1(29) < 1, o in the

right hemisphere, t(29) < 1.
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Figure 1. Blood flow change in BA 39/40 of (a) left hemisphere and (b) right
hemisphere during English lexical decision on Aigh phonological neighborhood
density words. HbO; = oxy-hemoglobin; HbR = deoxy-hemoglobin; HbT = total

hemoglobin.
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Phondogical NeighbahoodDensity Effed. Figure 3 compared bloodflow changes
in oxy-hemoglobin for words with high vs. low phondogicd neighbahood nsity for
(a) the left hemisphere and (b) the right hemisphere. Bloodflow changesin oxy-
hemoglobin for words with high phondogicd neighbarhood ansity were significantly
larger than thase with low phondogica neighbarhood ansity both in the left
hemisphere, t(29) = 3.12,p < .01,andin the right hemisphere, t(29) = 10.27,p <.001.
When taking into acourt thetime course in the left hemisphere, bloodflow changes for
words with high phondogicd neighbarhood abnsity started to be significantly larger
than that for words with low phondogicd neighbarhood ansity by 2.5 seconds, t(8) =
2.40,p < .05, uril 5 secndks, t(8) = 2.53,p < .05, after stimulus onset. By contrast, in
the right hemisphere, bloodflow changes for words with high phondogicd
neighbarhood ansity started to be significantly larger than that for words with low
phondogicd neighbarhood ansity from 2 seconds, t(8) = 2.69,p < .05, uil 14.5
semnds, t(8) = 2.76,p < .05, after stimulus onset.

Although the behavioral resultsin the present experiment did na reved a
significant effea of phondogicd neighbarhood ansity, this may due to the
considerably low number of participants. The dfed size for the phondogicd
neighbarhood ansity effed, & = .04, is close to amedium effed. For this reason, the
phondogicd neighbarhood ansity effed in the present study may likely read a

significant criterion after increasing the number of participants.
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The NIRS data provide neural evidencefor aphondogicd density effed. Words
with high phondogicd neighbarhood ansity generated stronger blood flow changesin
BA 3940, which is suggested to be an important areafor phondogicd processngin
alphabetic writing systems li ke Engli sh. Due to the limitation d the technique, it is hard
to tell if these stronger bloodflow changes shoud beinterpreted as being due to more
inhibition a fadlit ation. However, based onthe trend d an inhibitory effed in the
behavioral data, the stronger bloodflow changes for words with high phondogica
neighbarhood abnsity are more likely contributed by stronger inhibition from intra-level
lateral conredions.

Interestingly, the NIRS data suggest that a phondogicd neighbarhood aensity
effed was more evidenced in the right hemisphere than in the left hemisphere. Thisright
hemisphere alvantage of phondogical neighbarhood ansity isin line with ather
findings of aright hemisphere advantage for orthographc neighbarhood ansity using
repetiti ve transcranial magnetic stimulation (Lavidor & Walsh, 2003 and dvided visual
field presentation paradigms (Lavidor, Hayes, Shill cock, & Elli s, 2009. However, the
finding of aright hemisphere advantage for density effedsin the phondogicd

processng domain has nat previously been reported.



78

EXPERIMENT 8: NIRS STUDY ON HOMOPHONE
DENSITY EFFECT IN CHINESE

Method

Participarts. Eleven Taiwanese graduate students from alarge southwestern U.S.
university participated in the experiment. All were fluent readers of Chinese with namal
or correded-to-normal vision.

Design andMaterials. The design was a 2 (Homophore density: high vs. low) x 2
(Hemisphere: l€eft vs. right) within subjeds fadorial, with atotal of 4 condtions.

Twelve Chinese dharaders with higher homophore density, 12 Chinese charaders

with lower homophore density, and 24 geudo-charaders were seleded from Exp.5.

Table 19

Characteristics of the Simuli Used in Experiment 8 (Mean Values)

Charaderistic High HD Low HD
Strokes 13.25 13.92
Frequency 17.25 16.67
OND 0.00 0.00
HD 16.75 3.08
Mean Frequency of ON 0.00 0.00
Mean Frequency of HM 96.76 93.70

Note. OND = orthographic neighbarhood ansity; HD = homophore density; ON =

orthographic neighbars; HM = homophore mates.
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Eadh participant receved a diff erent randamized sequencefrom alist consisting of these
48 stimuli. SeeTable 19 for asummary of stimulus charaderistics and Appendix B for
the adual stimuli.

Appaatus andProcedure. The gparatus and procedure was the same & in Exp.7
except that the brain areamonitored was Brodmann Area9.
Results and Discusson

Behavioral Data. Datafrom 2 items were excluded in the analyses dueto low
acairagy. In cdculating the mean RTs of corred resporses for eat condtion for eat
participant, those trials with RTs lessthan 200ms or higher than 1800ms were
discarded. These aitoffsled to the rgedion d 0.91% of the observations. Table 20
shows the acaracy, cdculated from the entire set of trias, and re-computed means for

corred RTsfor ead experimental condtion.

Table 20

Mean Reaction Time (ms) and Accuracy (%) in Experiment 8

High HD Low HD HD Effed
RT 849.14(60.99 808.01(58.67) 41.13(19.18
Accuracy 90.15(2.47 95.46(2.07) 5.31(2.09

Note. HD = homophore density. The HD effed refersto the differencein performance
onthe high vs. low HD condtion. A positive value indicates afaalit ative dfed anda

negative value an inhibitory effed. Standard errors are reported in parentheses.



80

The datawere analyzed in a one-way repeaed measures analysis of variance
(ANOVA) with the facor of Homophore Density (high vs. low). The data were
analyzed by subjeds (F1) and by items (F2). Although the discusson here will focus on
the by-subjed RT analyses, findings from the acairacy and by-item RT analyses are dso
provided.

The results of the ANOVA indicaed asignificant main effed for Homophore
Density in RT when analyzed by subjed, F1(1,10 =4.60,p =.05,F,(1,20 =1.38,p=
.25,and in acaracy when analyzed by subjed, F1(1,10 =6.72,p <.05,F,(1,10 < 1,
indicaing an inhibitory homophore density effed.

NIRS Data. The same procedures for NIRS data analyses were gplied as were
used in the previous experiment. Two separate 2 (Homophore density: high vs. low) x 2
(Hemisphere: left vs. right) within-subjeds ANOVA s were conducted for both the
latency and the anplitude of the pe&ks of the bloodflow changes. The concentration o
oxy-hemoglobin was treaed as the dependent variable. Table 21 shows the amplitudes
and latencies of the peks of the bloodflow changes for ead experimental condtion.

Amplitude Analysis. The results of the ANOVA onthe anplitudes at the pe&k of
bloodflow change neighba showed noeffed for Homophore Density, F(1,10 = 1.96,p
=.19, a for Hemisphere, F(1,10 < 1. No interadion d Homophore Density and
Hemisphere was found,F(1,10 <1. Further smple dfed analyses srowed that the
homophore density effed was not present either in the right hemisphere, F(1,20 = 2.51,
p =.13, a intheleft hemisphere, F(1,20 <1, athough there was atrend for a stronger

homophore density effed in the right hemisphere.
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Latency Analysis. The results of the ANOVA onthe latencies at the pe& of blood
flow change neither obtained a significant main effed for Homophore Density, F(1,10
<1, na asignificant main effed for Hemisphere, F(1,10 = 2.07,p = .18.No interadion
of Homophore Density and Hemisphere was found,F(1,10 < 1. The homophore dfed
was neither obtained in the right hemisphere, F(1,20 < 1, na in the left hemisphere,
F(1,20 = 1.47,p=.24.

Comparison to Baseline. Bloodflow changesin oxy-hemoglobin, deoxy-
hemoglobin, and total hemoglobin duing English lexicd dedsionwere dso analyzed
for both hemispheres. Figure 4 (a) depicts the results for charaders with high
homophore density and Fig. 4 (b) presents those with low homophore density in the left

hemisphere. Figure 5 (a) depicts the results for charaders with high hamophore

Table 21

Mean APSOXGYV 0 RDU DQGDMHAH VHRQW IRUSHONVR RRG BZ & KDQ

in Experiment 8
High HD Low HD

Amplitude 4.92(2.23 3.75(1.43

Left Hemisphere
Latency 6.18(0.92 5.14(0.6)
Amplitude 5.19(1.7H 3.08(0.7H

Right Hemisphere
Latency 6.68(0.79 6.32(0.68

Note. HD = homophore density. Standard errors are reported in parentheses.
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density and Fig. 5 (b) presents those with low homophore density in theright
hemisphere.

Compared to the baseli ne, which was defined by the mean blood flow changes
starting from 2 seconds before the onset urtil the presentation d the stimuli, bloodflow
change in oxy-hemoglobin was sgnificantly raised bah in the left hemisphere, t(29) =
4.62,p <.001,andin the right hemisphere, t(29) = 7.41,p < .001,for charaders with
high homophore density. Asto charaders with low homophore density, bloodflow
change in oxy-hemoglobin was raised significantly in the left hemisphere, t(29) = 2.46,p
<.05, bu nat in the right hemisphere, t(29) < 1.

Although dscussonin the present study is mainly based onthe results of oxy-
hemoglobin, | also provide the analyses for bloodflow changesin bah deoxy-
hemoglobin and total hemoglobin for readers’ interest. For charaders with high
homophore density, bloodflow change in deoxy-hemoglobin was sgnificantly
deaeased in the left hemisphere, t(29) =-4.79,p <.001,and in the right hemisphere,
t(29) = -4.20,p < .001.Asto charaders with low homophore density, blood flow
change in deoxy-hemoglobin was deaeased significantly in the left hemisphere, t(29) = -
2.46,p < .05, bu nat in the right hemisphere, t(29) < 1. Asto bloodflow changesin
total hemoglobin, it wasraised bah in the left hemisphere, t(29) = 4.19,p <.001,andin
the right hemisphere, t(29) = 6.52,p < .001,for charaders with high homophore
density. Asto charaders with low homophore density, bloodflow change in total
hemoglobin was raised significantly only in the left hemisphere, t(29) = 2.23,p < .05,

not in the right hemisphere, t(29) < 1.
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Homophore Density Effed. Figure 6 shows the bloodflow changesin oxy-
hemoglobin for charaders with high vs. low homophore density in (a) the left
hemisphere and (b) the right hemisphere. Bloodflow change in oxy-hemoglobin for
charaders with high homophore density was sgnificantly larger than that for words
with low homophore density bath in the left hemisphere, t(29) = 7.29,p < .001,andin
the right hemisphere, t(29) = 8.83,p < .001.When taking into acourn the time oursein
the left hemisphere, bloodflow change for charaders with high homophore density was
initially significantly larger than that for words with low homophore density from 14
sends, t(10) = 2.37,p < .05, unil 15semnds, t(10) = 3.64,p < .01, after stimulus
onset. By contrast, in the right hemisphere, bloodflow change for charaders with high
homophore density started to be significantly larger than that for words with low
homophore density at 10.5semnds, t(10) = 2.24,p < .05, uril 15semnds, t(10) = 3.27,
p < .01, after stimulus onset.

The NIRS data provide neural evidencefor the homophore density effed in
Chinese. Words with high hanophore density generated stronger bloodflow changesin
BA 9, whichis suggested to be an important areafor phondogy processngin
morphasyll abic writi ng systems like Chinese. Based onmy knowledge, thisis the first
report of neura evidencefor ahomophore density effed. Unlike Exp.7,the NIRS data
did na show a hemisphere diff erencein Chinese homophore density, although there was

atrendfor aright hemisphere advantage.
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GENERAL DISCUSSON

To fully understand the processes involved in lexicd retrieval and seledion,itis
necessary to study how orthographicaly and phondogicdly simil ar words interad to
affed word recognition. After decales of reseach, however, the nature of orthographic
and phondogicad neighbahood ansity effeds and their interadionis gill being
debated. Neighbarhood ansity effedsin principle dlow atest of diff erent models of
word reaognition. However, the inconsistencies in the literature thus far as to the nature
of these dfeds aswell astheir interpretation have made it difficult to confidently draw
conclusions. In the present study, | systematicdly manipulated bah arthographic and
phondogicd neighbahoodeffedsin bah English and Chineseto clarify the diredion
of these dfeds. Exploiting the fad that phoremes are not present in Chinese charaders,
my reseach design allowed atest of the medhanism of bi-diredional fadlit ative
conredions between whae-word and sublexicd |levels and that of overall | exicd
adivation poposed by diff erent word recognition models. Besides behavioral data, the
present study also sought hemodynamic evidences for effeds of phondogicd
neighbarhood(in English) and hanophore density (in Chinese), using the NIRS
technique. Through ajoint behavioral and reurobehavioral examination d both
orthographic and phondogicd neighbahood ansity effeds, our understanding of the
nature of the medanism and operation d the orthographic and phondogicd lexicons

can be advanced.
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The Nature of NeighbahoodDensity Effeds

The nature of neighbarhood ansity effeds was nat clea from previous dudies due
to inconsistent results aadoss sudies. Whereas fadlit ative orthographic neighbarhood
density effeds were mainly foundin English lexicd dedsiontask, inhibitory
orthographic neighbarhood ansity eff eds were obtained in French and Spanish studies.
Studies by Yates et al. (2004, Y ates (2005, and Mulatti et a. (2006 questioned the
fadlit ative dfead of orthographic neighbarhood ansity becaise afadlit ative dfea of
phondogicd neighbahood ansity was foundin bah lexicd dedsion and raming after
controlli ng orthographic neighbarhood ansity, however, an arthographic neighbarhood
density effed was nat obtained in naming when controlli ng phondogicd neighbarhood
density. Nevertheless Grainger et al.’s (2005 finding of a aoss-code dfed also
chall enged the fadlit ative dfed of orthographic neighbarhood ansity and suggested
insteal that the diredion d orthographic neighbarhood ansity effed may depend on
phondogicd neighbahood dnsity.

Yateset a. (2004, Yates (2009, Grainger et a. (2005, and Mulatti et a. (2006
examined neighbarhood ansity eff eds by seeking to control one type of neighbarhood
density effed in order to test the other type of neighbarhood ansity effed. The rationale
underlying this grategy was that controlli ng one type of neighbarhood ansity can limit
the influencefrom the related language componrent. For example, controlli ng
phondogicd neighbahood dnsity can eliminate df eds attributable to the phondogicd

system. As such, any orthographic neighbarhood ansity effed foundmay be dtributed
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to the orthographic system only. However, the present research argues that this
asumptionisincorred due to a multi -system adivation enhancement effed.

The different systems related to visual word recognition are @mnneded in a highly
interadive manner. Even if one cntrols phondogicd neighbarhood ansity acosstwo
groups of words with different orthographic neighbarhood ansity, phondogicd
neighbarhood ansity can till have an influence As discussed ealier, athough scrap
and prodf initially have the same levels of adivationin the phondogicd system (due to
their having the same number of phondogicd neighbars), scrap adually receves more
activation enharcement from the phondogicd system by virtue of its having dual-role
neighbars, strap and scram. For this reason, if we want to examine the dfed of eath
type of neighbarhood ansity in isolation, we shoud reducethe other kind o
neighbarhood ansity to zero or as close to that as possble.

To achievethis god, | systematicdly tested neighbarhood ansity effeds by
aiming for succesgvely more ntrol acossead subsequent experiment. Experiment 1
manipulated bah orthographic neighbarhood ansity and phondogicd neighbarhood
density in English. In Experiment 2, athographic neighbarhood ansity was examined
using English words with very low phondogicd neighbarhood dnsity. In Experiment 3,
orthographic neighbarhood ansity was reduced to zero and | tested the dfed of
phondogicd neighbahood ansity in English. Exps. 4-6, conducted with Chinese,
enabled a deaer look at neighbarhoodeffeds than that possble using English alone,
given that thereis no phoreme level of representation in Chinese. In Experiment 4, |

tested orthographic neighbarhood ansity and hanophore density in Chinese.
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Experiment 5 examined orthographic neighbarhood ansity with Chinese charaders
having no hanophores. In Experiment 6, the homophore density effed with Chinese
charaders was tested further using charaders having no athographic neighbars.
Because Chinese homophores share only awhaole phondogy representationin the
phondogicd lexiconand orly those stimuli were seleded that had no owerlap in
orthographic structures (i.e., radicds), Experiment 6 provided the deanest environment
in which to test the neighbarhood ansity effed.

Experiments 1 to 6, which reduced ndse step by step, al ow a much cleaer
examination d the nature of neighbarhoodeffeds than previously passble. In
Experiment 1, an additive dfed of fadlit ative orthographic neighbarhood ansity and
phondogicd neighbarhood ansity was obtained, suggesting that the aosscode acourt
propased by Grainger et a. (2005 is not tenable. The present finding replicaes ealier
results of fadlit ative orthographic neighbarhood ansity (Andrews, 1989, 1992Forster
& Shen, 1996 Seaset al., 1995 and further demonstrates that this effed is independent
of phondogicd neighbahood dnsity.

Although Experiment 1 confirmed bah fadlit ative dfeds of orthographic
neighbarhood ansity and phondogicd neighbarhood ansity, noevidence of intra-level
lateral inhibitions suggested by traditional |A models was obtained. | reasoned that this
is because our mental lexiconis highly interadively conreded. To reaognize aword, at
least four sources of forces are & work: 1) conredions between word and sublexica
levelsin the orthographic lexicon; 2) conredions between word and sublexicd levelsin

the phondogicd lexicon; 3) conredions between word levels of orthographic and
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phondogicd lexicons; and 4 conredions between sublexicd levels of orthographic and
phondogicd lexicons. The cmmbination d all of these four forces can creae a
cumulative enhanced adivationin recgnizing words. After reducing forces from the
phondogicd lexicon by seleding words with oy afew phondogicd neighbas, an
inhibitory orthographic neighbarhood ansity effed was obtained in Experiment 2.

The finding of an inhibitory effed of orthographic neighbarhood ansity is
consistent with what was found ly Bowers, Davis, and Hanley (2005. Bowers et a.
(2005 creded nowl words (e.g., BANARA) which were orthographic neighbars of red
words (e.g., BANANA) that have nored orthographic neighbarhood reighbars. This
novel leaning experience was foundto interfere with participants performanceonred
words (e.g., BANANA) in asemantic caegory judgment task. Because these target
words have no athographic neighbars, few benefits can be obtained from fadlit ative bi-
diredional connedions between any lexicons. Theinhibitory effed from intra-level
lateral inhibitions was thus obtained. Both Experiment 2 and Bowers et a.’s (2005
results point to the validity of intra-level lateral inhibition as described in traditional 1A
models.

The explanation for the results in Experiment 1 and 2shoud aso apply in
Experiment 3. After reducing orthographic neighbarhood abnsity to zero, Experiment 3
obtained a dea inhibitory phondogicd neighbarhood ansity effed, suggesting that
intra-level lateral inhibition also works for the phondogicd |lexicon. The reason why
Yateset a. (2009, Y ates (2005, and Mulatti et a. (2006 may have obtained a

fadlit ative phondogicd neighbarhood ansity effed isthat their stimuli had too many
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orthographic neighbars. Fadlit ative bi-diredional conredions between dff erent sorts of
lexicons crede fadlit ationthat is grong enough to owverride the inhibition induced by
intra-level lateral inhibition.

The daim of intra-level lateral inhibition was further confirmed in the Chinese
studies. The Chinese writi ng system has two important advantages for studying
neighbarhood ansity effeds. First, Chinese orthographic neighbars share only one
sublexicd unit, i.e., the phoretic radicd. There ae fewer such untsthan isthe cae for
sublexicd units (letters) in English. Seand, nosublexicd units like phoremes exist in
the Chinese phondogicd lexicon. For these reasons, orne would exped nat only that
forces from fadlit ative bi-diredional conredions between word and sublexicd levels
within the Chinese orthographic lexicon would be much weaker than in English, bu also
that those within the Chinese phondogicd lexicon can beruled ou completely. Aswe
can see bah orthographic neighbarhood ansity and hanophore density consistently
showed inhibitory effeds in Experiments 4 through 6, indicaing inhibitory effeds
generated by intra-level lateral conredions.

A broader implicaion d the present research is that asking whether neighbarhood
density effed isfadlit ative or inhibitory isasimplificaion d the phenomenon.Becaise
at least four highly conneded lexicd systems participate in visual word recognition, the
amourt of unitsfrom al sources fioud be taken into acwurt. The more the overal
units, whether they are orthographic/phondogicd or word/sublexicd representations,
participate in recognizing aword the more fadlit ative forces from all sources of bi-

diredional connedionswould be produced. If fadlit ative forces from bi-diredional
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conredions outperform inhibitory forces from intra-level lateral conredions, a

fadlit ative neighbarhood ansity effea will be obtained. However, if inhibitory forces
from intra-level lateral conredions outperform fadlit ative forces from bi-diredional
conredions, an inhibitory neighbarhood ansity effed shoud be found.This may be the
reason why previous qudies obtained inconsistent results.

What remainsto be discussed is the inhibitory homophore density effeds foundin
Chinese. Because the isaue of sublexicd phoremic unitsis not relevant for the Chinese
homophore stimuli seleded in Experiment 6, any density effed obtained must reflea
wholeword level effeds. Also, becaise homophore mates of the stimuli did na share
any visual similarity, nointra-level lateral inhibition shoud be expeded in Experiment
6. Why then was an inhibitory homophore density effed still obtained? One passble
explanation liesin competition processes independent of conredions among
representations. In traditional 1A models, a representation must be adivated higher than
aspedfic threshald to read the status of recognition. Competition heppens when a
representation achieves a high adivation level close to the target word. In PDP models,
an adivation pattern related to a spedfic word also needs to achieve astable status to
read the status of recognition. Competition heppens when an adivation pettern is close
to the target adivation pettern. The inhibitory homophore density may refled this
competition after fadlit ative forces from bi-diredional conredions andinhibitory forces
from intra-level lateral conredions are cancdled ou. Future experiments will need to

test this explanation.



94

Visual Word Reaognition Models

The present experiments also contribute to testing diff erent models. In previous
studies, PDP models appeaed to be better fitted to acourt for both fadlit ative dfeds of
orthographic neighbarhood ansity and phondogicd neighbarhood ansity obtained in
English reseach because similar adivation petterns of neighbars can fadlit ate the
processng of target words. Conversely, traditional |A models fail ed to acourt for
fadlit ative neighbarhood abnsity effeds because intra-level |atera inhibition shoud
cause inhibitory neighbarhood ansity effeds.

To overcome the fail ure in explaining fadlit ative neighbarhood ansity effeds,
several modifications of 1A models have been suggested. Grainger and Jacobs (1996
suggested that this problem can be solved simply by adding one mechanism sensitive to
global lexicd adivationinto their BIA model. Later, Grainger et a. (2005 propcsed ore
more mechanism - cdculating crosscode mnsistency - in their BIA model to acount
for their finding of a cosscode mnsistency effed. Using a diff erent strategy, Andrews
(1997 suggested that IA models, such asthe DRC modedl, can explain afadlit ative
neighbarhood ansity effed withou adding any new medhanism. Andrews (1997)
suggested that simply raising weights for fadlit ative bi-diredional conredions and
lowering weights for intra-level lateral inhibition can simulate afadlit ative orthographic
neighbarhood ansity effed with DRC model.

Explanations of PDP models and threemodificaions were tested in the present
experiments. First, the ideaof crosscode mnsistency effed was tested in Exp.1with

English andin Exp.4 with Chinese. However, neither Exp.1 na Exp.4 oliained any
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results that could suppat a mechanism that cdculates crosscode mnsistency. In
English, bah othographic neighbarhood ansity and phondogicd neighbarhood
density showed fadlit ative dfedswhen bah fadors were caefully manipulated in a
single experiment. For Chinese, bah arthographic neighbarhood ansity and
homophore density showed inhibitory effeds when bah fadors were caefully
manipulated in asingle experiment. No interadion d orthographic and phondogicd
density eff eds was foundin either writi ng system. However, the present results do nd
falsify the dosscode mnsistency effed observed in French because there ae diff erent
orthography-phondogy mappings in French than isthe case for English or Chinese.
Whereas French is more aletter-phoreme mapping system, English is more abody-rime
system, and Chinese is awhale word-whole phondogy system. Since Grainger et al.’s
(2005 design of amedanism cdculating crosscode mnsistency is based onletter-
phoreme mapping, it is gill possblethisdesign could be part of a French word
recogniti on system.

PDP models were not suppated in the present experiments. Although they are
goodat explaining afadlit ative dfed of orthographic neighbarhood ansity and
phondogicd neighbarhood ansity, they fail to explain inhibitory eff eds of
neighbarhood ansity obtained in Exps.2 to Exp.6.PDP models have nointra-level
lateral inhibition mecdhanism nor any locd representations. A word is represented by a
spedfic adivation pettern. For this reason, reighbars or homophore mates shoud
generate adivation petterns that mimic the activation pattern of the target word. These

similar adivation patterns sioud then fadlit ate the processng of the target word
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becaise they acceerate the adivation pattern of the target word into a stable status.
However, orthographic neighbarhood ansity eff eds were foundto be inhibitory in
English (Exp.2) andin Chinese (Exp.5). English phondogicd neighbarhood ansity
(Exp.3) and Chinese homophore density (Exp.6) were dso foundto be inhibitory. As
such, bah orthographic and phondogicd density eff eds were foundto beinhibitory in
bath writi ng systems tested.

The suggestion d a medhanism sensitive to global lexicd adivationwas nat
suppated in the present experiments as well . Based onGrainger and Jacobs (1996, the
more the number of representationsin lexica systems participating in word reaognition
the stronger the global lexicd adivationthat shoud be generated; this, in turn, will
produce deaer fadlit ative dfeds. However, in spite of what was obtained in Exp.1,the
results of Exp.2through Exp.6all obtained inhibitory density effeds. Exp.6was
espedally agood setting for testing the ideaof a medanism sensitive to global lexicd
adivation. Chinese stimuli seleded in Exp.6 share only one phondogy in phondogicd
system and share no visual unitsin orthographic system. For this reason, noconredions
shoud be expeded between representations within whole word system or between
wholeword and sublexicd systems. As such, al forces from fadlit ative bi-diredional
conredions can be deaned up.If there is a mechanism sensitive to global lexicd
adivationthat can ouperform intra-level lateral inhibitions, a dea fadlit ative density
effed shoud till be obtained. However, hanophore density effed turned ou to be
inhibitory. The present experiments, thus, seriously question the propasal by Grainger

and Jacobs (1996.
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Andrews's (1997 propasal that fadlit ative bi-diredional conredions can
courterad the dfeds of intra-level lateral inhibiti ons for words with many neighbars
works very well i n the present experiments. Based on her suggestion, words with few
neighbas $houd present inhibitory density effeds refleding intra-level | ateral
inhibiti ons; however, words with many neighbars sioud show afadlit ative density
effed because forces from fadlit ative bi-diredional connedions can ouperform intra-
level lateral inhibitions. Thisiswhat | obtained in the present experiments. In Exp.1,
when stimuli seleded al had many orthographic and phondogicd neighbass, bath
orthographic and phondogicd neighbarhood ansity showed fadlit ative dfeds.
However, when stimuli were seleded so that either they had very few phondogicd
neighbars or had no athographic neighbars, inhibitory density eff eds were foundin
Exp.2and Exp.3.1n the Chinese experiments, forces from fadlit ative bi-diredional
conredions were expeded to be lower compared to that in English becaise no
sublexica phondogicd system shoud be present and athographic neighbars at most
share only one sublexicd unit, i.e., theradicd. We did oltain inhibitory effeds of
orthographic neighbarhood ansity in bah Exp.4 and Exp.5. However, in Exp.6, after
forcesfrom intra-level latera inhibitions and fadlit ative bi-diredional conredions were
al reduced, an inhibitory homophore density effed was gill obtained. One might argue
that Andrews's (1997 suggestion daes nat work here, bu as explained ealier, this
might smply refled competition processes during visual word recognition. Compared to

the other explanations, Andrews's (1997 suggestionis gill t he most successul.
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Neural Basis of NeighbahoodDensity Effeds

Recant progressin techniques of brain imaging and recording brain adiviti es has
made it passble for reseachersto begin to examine the neural correlates of how
neighbarhood abnsity moduates visual word recognition. Whereas Holcomb et a.’s
(2002 ERP study ohtained afadlit ative dfed of orthographic neighbarhood ansity and
Pylkkanen et a.’s (2002 MEG study suggested afadlit ative dfea of phondogicd
neighbarhood ansity, Binder et a.’s (2003 fMRI study foundinhibitory orthographic
neighbarhood ansity effedsin bah of their fIMRI and kehavioral data. Because nore of
these studies carefully manipulated ar controlled bah arthographic and phondogica
neighbarhood ansity effeds, the interpretation d these dataisin question.

With a better English stimulus st that controll ed orthographic neighbarhood
density (by reducing it to zero), Exp.7 oliained ony atrend d an inhibitory effed of
phondogicd neighbarhood ansity in behavioral measures (37 ms). Because the dfed
sizefor thiseffed is close to a medium effed (&2 = .04), the inhibitory effed of
phondogicd neighbarhood dnsity may likely read the significant criterionasin Exp.2
after increasing the number of participants. At the same time, the present NIRS data
provide neural evidencefor density eff eds by showing that words with high
phondogicd neighbahood ansity generate stronger blood flow changesin BA 3940,
which is an areasuggested to be important in phondogica processng in English. A
similar pattern was foundin Exp.8with Chinese stimuli. Like what was foundin Exp.6,
an inhibitory homophore density effed was obtained in the behavioral data of Exp.8.

Nevertheless NIRS dataindicated that words with high hanophore density generate
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stronger bloodflow changesin BA 9, which is an areasuggested to be important for
phondogicd processng in Chinese. Both Exp.7 and Exp.8thus provide suppat for a
neural basisfor phondogicd density effeds.

Studies by Lavidor and Walsh (2003 and Lavidor et al. (2004 suggested aright
hemisphere alvantage for density effeds of orthographic neighbarhood sing rTMS and
divided visual field presentation paradigms. Interestingly, NIRS datain Exp.7 aso
obtained aright hemisphere advantage for English phondogical neighbarhood ansity,
suggesting a spedal role of the right hemisphere in neighbarhood ansity effeds. Future
studies are nealed to answer why the right hemisphere gopeasto play a more important
role in neighbarhood ansity eff eds compared to the left hemisphere. Although Exp.8
did na obtain hemisphere diff erences for homophore density in Chinese, atrendfor a
right hemisphere alvantage still emerged.

Severa posshble explanations may be explored for the observed right hemisphere
advantage observed for density effeds. Elli s (2004 argued that feedbadk from the word
level to the sublexicd level, which is necessary for reveding density effeds, isonly
present in the right hemisphere. However, word recognition processsin the left
hemisphere occur rapidly andin parallel and thus require no read for feedbadk between
word and sublexicds. Chiarello (2002 propased that the left hemisphere rapidly
encodes words into deep level codes, whereas the right hemisphere maintains a surface
encoding (e.g., letters), even when degp codes are avail able. Because density effeds
would reed processs that involve ealy codes (e.g., sublexicd representationsin

lexicons), this could acourt for agreder right hemisphere sensitivity in density effeds.
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However, these explanations are mainly based on athographic neighbarhood ansity
effed. More studies on phondogicd effeds are needed to confirm their ability to
explain the right hemisphere alvantage observed in eff eds of phondogicd
neighbarhood ansity and hanophore density.
Caveats and Future Sudies

Due to the stringent requirements of the present reseach for stimulus matching on
avariety of dimensionsto rule out confounds, we were severely limited in the range of
stimuli we could use. As aresult, the generali zabilit y of the findings may be restricted to
the stimulus st we used. Future studies using regresson models applied to alarger
number of stimuli are thus needed to confirm and increase the generali zabilit y of the
present study. Although | discussed and tested diff erent visual word recognition models
in the present study, simulation data diredly driven from these models are still needed.

Future reseach shoud aso be direded a better testing and undrstanding the
nature of bloodflow changesin relationto fadlit ation vs. inhibition effeds. In its current
stage, the brain imaging technique used in the present study, did na provide abasis for
establishing if the stronger bloodflow changes noted refleded inhibition a fadlit ation.
Studies on effeds of phondogicd neighbarhood ansity and hanophore density using
other techniques, e.g., ERPs and MEG, are suggested to confirm the pattern of findings
obtained in the present study. Finally, given that the participants in the Chinese
experiments were dso familiar with English, some of their neural adivity may reflea
their knowledge of this other language (seeVaid, in press for an overview of

neuroimaging findings with hili nguals). In future research it will be important to
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disentangle the influence of multi ple language experienceon prenomena such as density

effeds being tested in individual |anguages.
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CONCLUSION

Intra-level lateral inhibition hes been studied and confirmed in many fields such as
perception and attention. The present research suggests that this phenomenonis also
present in visual word reaognition. After diff erent sources of fadlit ative inter-lexicon
conredions were reduced step by step, bah orthographic and phondogicd
neighbarhood ansity effeds were foundto beinhibitory in bah English and Chinese
lexicd dedsion. Inhibitory neighbarhood ansity eff eds were dso confirmed in two
NIRS experiments of bath English and Chinese. The present data better suppat
interadive-adivation models rather than paral e -distributed models by evidence of
lateral inhibition. The suggestions of medhanisms sensitive to global lexicd adivation a
crosscode mnsistency were not suppated in the present experiments as well. However,
asking whether neighbarhood ansity effed is fadlit ative or inhibitory isasimplification
of the phenomenon. The more the overal units, whether they are word/sublexica or
orthographic/phondogicd representations, participate in recognizing aword the more
fadlit ative forces from al sources of bi-diredional conredions would be produced. If
fadlit ative forces from bi-diredional connedions outperform inhibitory forces from
intra-level lateral connedions, afadlit ative neighbarhood ansity effed will be
obtained. If inhibitory forces from intra-level lateral conredions outperform fadlit ative
forces from bi-diredional conredions, an inhibitory neighbarhood ansity effed shoud
be found.As such, the present study furthers our understanding of the organization and

operation d the mental lexicon.
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APFENDIX A

ENGLISH STIMULI USED IN EXPERIMENT 1, 2, 3,& 7
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APFENDIX B

CHINESE STIMULI USED IN EXPERIMENT 4, 5, 6,& 8
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