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Phonological and orthographic constraints on semantic activation in reading Chinese were inves-
tigated using a phonologically mediated semantic priming technique. In Experiment 1, we observed
no significant mediated priming and homophone density effects for homophone mediated primes
having no orthographic similarity with semantic primes. Such primes, when they contained regular
phonetic radicals, did produce significant effects in Experiment 2. In Experiment 3, targets were
facilitated to the same extent by mediated primes that were either orthographically similar and
homophonic to or only orthographically similar to semantic primes. In Experiment 4, facilitatory
effects equivalent to semantic priming were observed for orthographically similar homophone
mediated primes containing regular and consistent phonetic radicals. We argue that access to
semantics in reading Chinese is constrained by both phonology and orthography operating in
interaction with each other, and that phonology has no inherently privileged role over orthography in
constraining semantic activation® 1999 Academic Press
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Access to lexical semantics is the fundamerwhere orthographic activation leads to the acti
tal process in reading. It is traditionally assumedation of corresponding phonological represen
that word meaning can be accessed in two waysations which, in turn, activates semantic repre
One is by direct visual access, where visuaentations corresponding to the phonologice
features in the input are projected onto undeferm. Different theories of visual word recog-
lying orthographic representations in the lexinition have placed different emphases on thes
con, whose activation is transformed directlywo pathways to semantics, and history has wit
into the activation of semantic properties. Th@iessed a pendulum-like swing between th
other is by a phonologically mediated processtrong phonological view and the strong visua

view of access to lexical semantics (see Fros
1998; McCusker, Hillinger, & Bias, 1981, and
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and phonological routes are used in accessisgk, 1993; Lukatela & Turvey, 1991, 1994), tha
lexical semantics and that each route determindemonstrated robust phonological effects witt
semantic activation at least some of the tim&nglish. The contrast between the functions o
(Jared & Seidenberg, 1991). Dual-route theorigshonology in reading alphabetic and logo-
contrast with other theories, such as “resagraphic scripts sharpens our understanding ¢
nance” theory (van Orden & Goldinger, 1994the language-specific and universal mechanisn
van Orden, Pennington, & Stone, 1990; vawof lexical processing.
Orden, Jansen op de Haar, & Bosman, 1997), The purpose of the present research was
which propose a predominant role for phonolinvestigate further to what extent access tt
ogy in access to meaning. For these theories, theeaning in reading Chinese characters is col
visual-phonological correlation is strengthenedtrained by phonological and orthographic in-
during learning and reaches coherence befofermation. We begin with a brief review of
visual-semantic correlation. The self-consisrecent research on the role of phonology ir
tency between visual and phonological propeisemantic activation in reading Chinese.
ties rapidly organizes the lexical processing sys-
tem and dominates over less consistent, less PHONOLOGY AND SEMANTIC
efficient visual-semantics relations. Direct vi- ACTIVATION: EXPERIMENTAL
sual access to semantics either does not exist or EVIDENCE
plays only a minor role in semantic activation. A number of studies have demonstrated the
The role of phonology in access to lexicaphonology is automatically activated in reading
semantics, in association with other related idegographic Chinese even when the experimer
sues concerning phonology in visual word rectal tasks make no obvious use of this phonolog
ognition (see Frost, 1998; Seidenberg & Mcical activation (e.g., Perfetti & Zhang, 1995;
Clelland, 1989; Taft & van Graan, 1998), haZzhou & Marslen-Wilson, 1999a; but see Cher
attracted much attention in recent research intt al., 1995). What is more contentious is the
nonalphabetic scripts, such as logographic Chéxtent to which this phonological activation, for
nese. Although it has been demonstrated thskilled readers, constrains access to semantic
phonological information is automatically acti-Although the question of whether phonology is
vated in reading Chinese (e.g., Perfetti &automatically activated in initial lexical pro-
Zhang, 1995; Zhou & Marslen-Wilson, 1999a)cessing is closely related to the question o
this phonological activation, by itself, seems tavhether phonology mediates access to meanin
have no strong influence on semantic activatiorthe two questions need to be carefully distin:
With one or two exceptions, studies on theuished (Frost, 1998; Seidenberg & McClel-
reading of Chinese or Japandsaji, for skilled land, 1989; Taft & van Graan, 1998; Zhou et al..
readers, have observed either no or weak ind&999). Claims about mandatory phonologica
pendent effects of phonology on semantic actactivation, for example, do not necessarily en
vation (e.g., Chen, Cheung, & Flores d'Arcaistail the further claim that access to meaning i
1995; Leck, Weekes, & Chen, 1995; Sakumagredominantly phonologically mediated.
Sasanuma, Tatsumi, & Masaki, 1998; Wydell, There have been a number of approaches to tl
Patterson, & Humphreys, 1993; Zhou &investigation of the role of phonology in access tc
Marslen-Wilson,1998a; Zhou, Shu, Bi, & Shi,semantics. One indirect approach is to compat
1999; Zhou, Marslen-Wilson, Taft, & Shu,the relative time course of phonological and se
1999; but see Tan & Perfetti, 1997), evemmantic activation in reading Chinese. If phonol-
though most of these studies used the sanogy plays a central role in constraining access t
experimental techniques, such as semantic caemantics, phonological information should be
egorization (e.g., Jared & Seidenberg, 199Xome available earlier than semantic informatior
van Orden, 1987; van Orden, Johnston, & Hal& he activation of phonological information in
1988) and phonologically mediated semanticeading Chinese should be very early and shoul
priming (e.g., Fleming, 1993; Lesch & Pollat-precede the activation of semantic information. Ir
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several studies using either backward maskingnly for characters containing homophonic pho
synonym and homophone judgment, or primedetic radicals.

naming techniques, Perfetti and his colleagues Another problem with comparing the relative
(Perfetti & Zhang, 1991, 1995; Perfetti & Tan,time course of phonological and semantic ef
1998; Tan, Hoosain, & Peng, 1995; Tan, Hoosairgcts is that these comparisons do not allow u
& Siok, 1996) made precisely this claim. Typi-to pinpoint the role of phonological activation
cally, two sets of target words were used in thed@ access to semantic activation. The issue ¢
studies, one set preceded (or followed) by semafglative time course of phonological and seman
tically related words and one set by phonologitiC activation does not logically bear upon the
cally related words. By varying stimulus onseissue of phonological constraints on semanti
asynchrony (SOA) between the first and secoriftivation, even though these issues are relate
characters, these authors found that homopholeVe assume “triangular” relations among or-
priming (or interference) effects appeared earliéhography, phonology, and semantics (e.g., Pe
than semantic priming (or interference) effectd€tti & Tan, 1998; Seidenberg & McClelland,
The results suggested that phonological activatioh?89; Zhou et al., 1999), it is difficult, in such
in reading Chinese is not only automatic but alsBaradigms, to decide whether semantic active

earlier than semantic activation. This earlier phot-ion is mainly produced by direct computation
from orthography or because of phonologica

nological activation could play a strong role in . , 9
g ey g mediation, and whether phonological activatior

constraining semantic activation. . i ! :
One problem with the above argument is thdP mainly produced by direct computation from
thography or because of semantic mediatio

some of the supporting evidence has prove i
difficult to replicate, even with the same stimuli . Marslen_Wllson, 1999a). .
- . More direct evidence comes from two lines
and similar experimental procedures. For exam-, : . o
. of research using the semantic categorizatio
ple, Perfetti and Tan (1998) reported very larg . . .
. . ask and the phonologically mediated semanti
effects for semantic pairs and even larger effects. . . . .
for homophone pairs (often over 80 ms) in th riming paradigm. In the semantic categoriza
. phone p . . ion task, participants are asked to decid
primed naming task. In a direct replication o

. hether a target item belongs to a prescribe
this study, however, Chen and Shu (1997 emantic category (e.gflowen. The stimuli

found significant but much smaller Semami‘fncluded words (e.grows) or nonwords (e.g.,
priming effects and only weak phonologicalroze homophonic to category exemplars (e.g.
priming effects in primed naming, yvhic_h is bi'rose. The presence of a homophone or @
ased toward the use of phonological informasge,dohomophone activates the phonologic
tion. In a systematic study of the relative tim&enresentation of the category exemplar. If pho
course of phonological and semantic actlvatloHo|ogy mediates access to meaning, the sema
in reading Chinese, Zhou and Marslen-Wilsog. representation of the category exempla
(1999a) used various tasks with two-charactely,guld be activated and hence delay the “no
compound words and single-character wordgesponse (but see Taft & van Graan, 1998 for a
inClUding lexical deCiSion, character deCiSiona|ternative account). This rationale has moti
primed naming, and phonological and semantigated several studies on English and robust ir
judgment, and found no evidence that phongerference effects have been observed for hom:
logical effects appeared earlier than semantishones and pseudohomophones (e.g., v
effects. Indeed, semantic effects appeared earden, 1987; van Orden et al., 1988; but se
lier and/or had larger magnitudes than phonaoltheart, Patterson, & Leahy, 1994; Jared &
logical effects in most tasks except primed nanmSeidenberg, 1991; Taft & van Graan, 1998, fol
ing. In a further study, Zhou and Marslen-qualifications of the findings). Studies on Chi-
Wilson (1998b) did observe larger phonologicahese characters and Japan&aaji using this
effects than semantic effects, but only for théechnique have produced mixed but reconcil
primed naming task at a short SOA (57 ms) andble data.
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Leck et al. (1995) found that characters (e.gal. (1993), and this may have encouraged tor
I hu[2], curve; or WK gua[l], making noisg down effects in the Japanese study (cf. Jared .
sharing orthographic components with the exSeidenberg, 1991). In addition, Wydell et al.
emplar characters (e.giX hu[2], fox) were (1993) used compound words in which the ho
more difficult to reject as exemplars of a semarmmophones shared one morpheme with the cat
tic category (e.g.anima) than controls. The gory exemplars, while Leck et al. (1995) usec
magnitudes of the interference effects were esingle-character words. It is possible that the
sentially the same whether or not the criticaphonological and semantic activation of the
characters were homophonic to the categogompound exemplars in the presence of homc
exemplars. However, the latencies for rejectinghones was partially due to morphological pro
homophonic characters (e.gifl hu[2], lake) cessing of the shared morphemes in the hom
that had no orthographic similarity with thephones and category exemplars (see Sakuma
exemplar characters were not significantly difal.,, 1998; Zhou & Marslen-Wilson, 1998a;
ferent from the baseline unrelated conditionZhou et al., 1999, for evidence).

This absence of a significant independent pho- Overall, these semantic categorization studie
nological effect is consistent with Chen et alshow a strong role for orthography in the se:
(1995) who did not observe interference frommantic activation of Chinese or Japanese kan
homophone foils that were orthographically disand relatively weak effects of phonology. How-
similar to category exemplars. Wydell et alever, phonological information does interac
(1993) investigated whether there was phonawvith orthographic (and morphological) infor-
logically mediated access to meaning in Japanation in processes of semantic activation.
nese kaniji two-character compound words. The Another line of research uses phonologically
homophone foils were either orthographicallymediated semantic priming techniques, ir
similar to the category exemplars—sharing onehich semantic targets (e.drog) are preceded
character (i.e., one morpheme) with them—omnot only by their semantic associates (e.g
orthographically dissimilar. While orthographi-toad), but also by words (e.gtowed or non-
cally similar words, whether they were homowords (e.g.,todg that are homophonic to the
phonic to category exemplars or not, were morassociates. If semantic representations are ac
difficult to reject than matched control wordsyated through phonological representations, fe
the visually dissimilar homophones were nailitation should be observed not only betweer
more difficult to reject than control words (seesemantic primes and targets, but also betwee
also Sakuma et al., 1998). However, the intehomophone and pseudohomophone primes al
ference effect was larger for orthographicallytargets. When a prime is presented, whether it |
similar homophones than for orthographicallla semantic prime or a homophonic or
similar nonhomophones, suggesting that phg@seudohomophonic prime, the shared phonc
nology can influence semantic activation whefogical representation is activated and used t
it co-occurs with appropriate orthographic in-access to lexical semantic representations co
formation. responding to the phonological representatio

The stronger effects of phonological factorgbut see Taft & van Graan, 1998). This activa-
in Wydell et al.’s (1993) study may reflect dif- tion of semantic representations spreads to oth
ferences between Chinese and Japanese scripterds, including the target word, which share
or it may reflect other differences between theemantic properties with one of the activatec
studies. Leck et al. (1995) used semantic cateemantic representations. The target word |
gories with many more members than Wydell ethus preactivated and responses to the subs

quently presented target are facilitated.

§ o _ This technique has been successfully used |

Throughout the paper, the pronunciations of Chinese . . . . .
characters are given iRinyin, the Chinese alphabetic sys- studies investigating the role of phonology In

tem. Numbers in brackets represent the lexical tones égading alphabetic scripts (e.g., Fleming, 1992
syllables. Lesch & Pollatsek, 1993; Lukatela & Turvey,
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1991, 1994). Lukatela and Turvey (1994), fonificant effects for the mediated homophone
example, found that at brief SOA’s, the namingrimes in either task. Moreover, pseudohomo
of target words was facilitated to a similar exfphones (e.g.z # an[1] quan[2]) derived from
tent by semantic primes and by homophone armbmpound words (e.g.Z 4 an[1] quan[2],
pseudohomophone primes, which shared masafe had no significant effects on targets (e.g.
orthographic properties with the semanticll 4 wei[1] xian[3], dangerouywhich were se-
primes. The facilitatory effects for the lattermantically related to these base words. The al
primes disappeared when the SOA was longsence of phonologically mediated semanti
than 250 ms. In contrast, words that were ompriming in compound words is consistent with
thographically similar to but not homophonicthe finding that, in lexical decision with short
with semantic primes did not show significanSOAs, there are in general no significant direc
priming effects. The latter finding was taken aphonological priming effects between ortho-
evidence that the priming effects for homographically different homophonic compounds
phone and pseudohomophone mediated primésg., ## 4% jie[2] jing[4], shortcut, and
were mainly due to their homophony rather thagg ## jie[2] jing[4], clean) or compounds hav-
orthographic similarity to semantic primes andng homophonic morphemes (e.&, ¥ hua[2]
that orthography by itself has no direct effectsiang[2], glide, and#£ £ hua[2] gui[4], luxuri-
on semantic activation in reading alphabetioug (Zhou et al., 1999; Zhou & Marslen-Wil-
words? son, 1999a). It is also consistent with the
A study using the same technique on Chineggsseudohomophone effects in lexical decision, il
(Zhou et al., 1999), however, found no signifiwhich pseudohomophones created by replacir
cant effects of mediated homophone oonly one constituent of compounds, but no
pseudohomophone priming. Zhou et al. (1999)seudohomophones created by replacing bo
used the phonologically mediated semanticonstituents of compound words with homo-
priming technique on both Chinese two-charaghonic characters, are significantly more diffi-
ter compound words and single-character wordsult to reject than control nonwords (Zhou &
or morphemes. For compound words, a targéarslen-Wilson, 1998a). Without the support
(e.g., B 4 wei[4] sheng[1],hygieng was pre- of appropriate orthographic and morphologica
ceded either by its semantic associate (e.gnformation, phonological activation by itself
& 1% jie[2] jing[4], clean, or by a word homo- has little influence on the semantic activation o
phonic to this associate (e.g#f 4% jie[2] compounds.
jing[4], shortcu}, or by an unrelated control When the phonologically mediated semantic
word. Facilitatory priming effects were foundpriming technique was applied to single-char:
for semantic primes in lexical decision and, to acter words or morphemes, Zhou et al. (1999
lesser extent, in naming, but there were no siglid not find significant priming effects for me-
diated homophone primes that were orthograpt

2 However, although orthography on its own may have n&ca”y _d'ﬁerem from Semant_'c primes. Ih one
direct influence on access to semantics in reading alphabe@XPeriment, the authors varied the relative fre
words, it may still play a significant role when it interactsquency of semantic primes and mediate
with appropriate phonological information. Homophonegyrimes. In another experiment, they varied th
used in mediated priming (e.g., Lesch & Pollatsek, 1993) omophone density (i.e., the number of charac

semantic categorization (e.g., van Orden, 1987) were mos E h honic t ti d diat
orthographically similar. The difficulty in finding ortho- rs homophonic to sémanuc and medate

graphically different homophones in alphabetic scripts preprimes). of m?diated primes. If Semar‘tic infor.'
vents us from examining effectively whether the homoimation is activated through phonological medi-
phone mediated priming effects are solely or predominantlgtion, then competition between semantic ref
due to phonological mediation. It is nevertheless possible 'Rasentations Corresponding to the sam

argue that, in normal reading, phonological mediation tQ .
semantics depends to a large extent on its interaction wiRhonOIOglcal form should be affected by the

appropriate orthographic information (see Coltheart et affomophone density: the higher the homophon
1994). density, the stronger the competition betwee
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homophone competitors and the weaker the se- TABLE 1

mantic activation of semantic and homophonegyperiment 1: Experimental Design and Sample Stimuli
primes used in experiments. Both manipulations

revealed no significant mediated priming effects Semantic Mediated Control

at either the short (57 ms) or the long (200 ms) prime prime — prime  Target
SOAs, although robust semantic priming was
observed in the same experiments.

Low homophone density

Th_e absepc_e of a S|grj|f|cant phonologically I{DEJ % —F—‘ ﬁ
mediated priming effect in Zhou et al. (1999)Pinyin kuo(4) kuo(4) ka(3)  kuan(l)
however, is contradicted by Tan and Perfetgoss broad include block wide
(1997), who reported strong and long-lastingrequency 401 218 179 406
priming effects for mediated homophoneStroke 9.1 10 8.3 8.9

primes with no orthographic similarity to the

semantic primes. As in Zhou et al. (1999), Tan Medium homophone density

and Perfetti (1997) manipulated the homophone 5 W i[:)’i ﬂg
density of semantic and homophone primes, i ) X

. L . . Pinyin sui(4) sui(4) kang(2) nian(2)
although their definition of density was slightly 5, < year smash bridge year
different. While Zhou et al. (1999) counted ho+requency 470 257 587 809
mophone neighbors over characters with exstroke 8.1 7.9 7.7 8.3
actly the same pronunciations, Tan and Perfetti
(1997) counted homophone neighbors across High homophone density
characters with the same segmental templates \ g
that have either the same or different lexical %Y g j:léj U)’(

tones. Characters from the low-density neigrﬁixg )élrjijt) s);l\i(:&p g:((jt)re ta:‘;li)
borhood in Zho_u et al. (1999) may still have,:requency 268 205 154 650
many neighboring and competing charactersyoke 8.1 9 9.7 8.4

differing only in lexical tones. Tan and Perfetti
(1997) found that at SOA’s of 129 and 243 ms,

target characters were named faster when thﬁ}‘nonological and orthographic constraints ol

were preceded by either semantic or hom%’emantic activation
phone mediated primes than by unrelated con-

trol primes. The priming effects for the medi- EXPERIMENT 1

ated primes (and for semantic primes) varied __ . . .
P ( b ) This experiment replicated Tan and Perfett

according to homophone density, with prime 1997) directly, with the same stimuli and ex-

from the smallest density neighborhood produc: ™"
ing the biggest effect. These findings, if rep”_perlmental procedures. The SOA betweel

cated, may suggest that phonology, after aIP”meS and targets was set at the shortest inte

laces the same strong constraints on seman ial (129 ms) used by Tan and Perfetti (1997). I
places the ; 9 ) ) Smophone density plays a strong role in mod
activation in reading Chinese as in reading a

ulating phonological constraints on semantic

phabetic scripts. activation, we should observe not only signifi-

In this paper, we began_ by trying _t‘? repliqat%ant mediated priming effects, but also an in
Tan and Perfetti (1997) with their original Stim-taraction between mediated priming and homc
uli. We then carried out three experiments thaﬁhone density.

manipulated the orthographic similarity be-
tween mediated primes and semantic primq\ﬁ
) : . ethod
and the sublexical phonological regularity be-
tween mediated primes and their phonetic rad- Materials and designThe design and sample
icals. We also examined the time course ddtimuli are presented in Table 1. Target charac
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ters (e.g.,%E nian[2], yean were preceded by ferent tones) were used more than once i
three types of primes: semantic primes (e.gprimes or targets. For example, the characte
% sui[4], year), which were mostly synonyms i: (mang[2], busy was used twice, once as a
of the targets; homophones of the semantgemantic prime and once as a target. Son
primes (e.g.#% sui[4], smash, which acted as targets or primes were pronounced in the samr
the phonologically mediated primes; and unreway (e.g.,#% chi[4], red; ¥ chi[4], scold or
lated controls (e.gdt kang[4],resis). The se- differed only in tones (e.g.}t you[l], worry;
mantic and mediated primes, which were ndff you[2], mail). This problem occurred for 12
orthographically similar, were differentiated intosyllables and 16 targets. To reduce the potenti
three categories according to their homophonafluence of the repetition on naming latencies
density. Low homophone density was definede split the characters with similar pronuncia-
as semantic and homophone primes that hdins into different versions or else ensured the
five or fewer other characters pronounced in thinere were several intervening items betwee
same way (but not necessarily with the saminem in a testing sequence.
lexical tones). In other words, the homophone Procedure.All stimuli for this and the fol-
neighborhood had a density of five or fewefowing experiments were generated using
characters (i.e.N = 5). Medium homophone computer word processing program and caf
density was defined as € N = 15, and high tured as pictures on the screen by a snapsh
homophone density had members of 20 or mog@ogram. Each character was excised and stor
(N = 20). as an individual image file on a computer harc
There were 15 quartets of primes and targetlisk. Both primes and targets were created il
in each category. Control primes were not pe#8-point songti font®. A character was about
fectly matched with mediated primes on fre2.4 X 1.6 cm in size and participants were
quency and visual complexity (in terms of theseated about 60 cm from the screen.
number of strokes per character), but we did not Presentation of stimuli to participants and
expect these discrepancies to have a systematizording of reaction times was controlled by
influence on the pattern of priming effects. Agshe experimental software DMASTR, which
in Tan and Perfetti (1997), no filler items werewas made available to us by Ken and Jonathz
used. Forster. As in Tan and Perfetti (1997), on eacl
Targets and their primes were split, using &ial an eye fixation signal (") was first pre-
Latin square design, into three counterbalancestnted at the center of the screen for 1000 m
test versions. In each version, five targets dbllowed by a prime which was presented for
each density category were preceded by semat29 ms. The target was presented immediate
tic primes, five by mediated primes, and five byafter the prime at the same location. It remainel
control primes. The same targets appeared onbyn the screen fo2 s or until participants re-
once in a particular test version. A pseudorarsponded to it, whichever was shorter. Namin
dom ordering was used to arrange the stimuli itatency was recorded from the onset of the
each version, so that, across the test versioriarget to the participant’s vocalization, which
the same target appeared in the same positiontilgged a voice key interfaced with a micro-
the testing sequence. The only difference bghone and the computer. There was a 2-s inte
tween versions was that the primes for a particral between the disappearance of the target ar
ular target were different. In each version on¢he eye fixation signal for the next trial.
third (15/45) of pairs of primes and targets were Before the formal test, each participant re-
semantically related and one third were not rezeived 15 practice trials. As in Tan and Perfett
lated. Another third of the prime-target pairs
were related via the homophony between se-, _ _ _
We did not use the 24-point font used by Tan & Perfetti

mantic primes and the mediated Primes. (1997) because in our preliminary test our participants com

A potential problem with t.he original Stimu“_ plained about the smallness of 24-point characters on th
was that some syllables (with the same or difscreen.
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TABLE 2 computed for participants and items and are re
Experiment 1: Mean Naming Latencies (ms) ported in Table 2. _
and Their Standard Deviations Analyses of variance (ANOVAS) were con-

_ _ ducted for participants and items, respectively
Semantic ~ Mediated  Control  jth prime type and homophone density as be

prime prime Pime  ween-participants factors. The main effect o
Low density 559 (49) 580 (50) 570 (45) ho_mophone density was significant both by par
Medium density ~ 537 (45)  548(47) 547 (53) ficipants,F1(2, 70)= 34.473,p < .001, and by
High density 567 (43) 572 (52) 582 (58) items, F2(2, 42) = 4.354,p < .05. Post hoc

Newman-Keuls tests showed that the mea
naming latency of targets in the medium densit)
group (543 ms) was significantly shorter thar
the mean naming latencies of targets in the loy

(1997), primes here had no orthographic, ph%?O ms) and high (573 ms) density group

nological, or semantic similarities with the'rMoreimportantly the main effect of prime type
targets and the frequency of these charact%s significantFi(Z 70)= 10.182,p < .001

were above 17 per million. Unlike Tan ansz(z’ 84) = 4.351,p < .05. Newman—Keuls

Eerfettl (1997), _however, ther_e were anoth&hqiq showed that the mean naming latency fc
five unrelated prime—target pairs that acted 8§, ,ntic primes (554 ms) was significantly
dummy _items befo_re th_e criticql .teStS' faster f < .01 by participants ang < .05 by
Participants. Thlrty-s!x participants were items) than the latencies for mediated prime
tested, 13 for t_est Version 1 .11 for_verglon 2(567 ms) and control primes (566 ms), while the
and 12 for version 3. All participants in this and1atter two did not differ from each other. The
the following experiments were undergraduatg .. .- «tion between prime type and homophon
students at Beijing Normal University and Weredensity did not approach significancE1(4,
paid for their partici_pation. They were native14o) = 1.157,p > .1, F2(4, 84)= 1.168,p >
speakers of Mandarin Chinese. .1. Separate analyses involving only mediate
Results and control primes confirmed that there was n

0 verall priming effects for mediated priméd=sl,
A total of 41 (2.5%) responses were exclude 1, F2 < 1, and no significant interaction

from analysis because of naming errors, the failure .\ o homophone density and prime type
of the computer to register response times, 12 70)= 1.738,p > .1; F2(2, 42)= 2.349

extraneous noise. Incorrect responses, stutters,g 1. Therefore, responses to target characte
cases in which participants did not respond withifyq o significantly facilitated by their semantic
2s qf the presentation of targets were counted @3sociates but not by characters homophonic
naming errors. There were seven (1‘3%) eMOtRese associates. Moreover, homophone dens
when targets were preceded by semantic PrMEad no significant influence either on semanti

ten (1.9%) errors when they were preceded riming effects or mediated priming effects.
mediated primes, and seven (1.3%) errors when

they were preceded by control primes. Statistic®iscussion
analyses for error rates were not carried out in this 1 pattern of priming effects in this exper-

and the following experiments becau_se of th? 0¥ ent differed from that reported by Tan and
error rat_es_ and many empty data p0|_nts for eMSe rfetti (1997), even though the same stimul
and participants. Mean haming Iate_nmes, based gg experimental procedures were used. TF
correct responses and without trimmingvere differences between the two experiments were
first, the size of priming effects, and second, th

* Trimming data in different ways, such as replalcingimIuence of homOphone denSity on the medi

extreme responses, did not change the pattern of primirﬁf}ed. priming. Th.e overall semantic priming ef-
effects. fect in this experiment (about 13 ms) was mucl
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smaller than that (51 ms) in Tan and Perfettivork against each other, reducing potential phc
(1997) in the comparable SOA condition nological effects of semantic activation. Al-
More importantly, the present experimentthough homophone density could influence
consistent with Zhou et al. (1999), did not findphonological mediation on semantic activation
significant mediated priming effects for homo-because of variations in the number of semanti
phones that had no orthographic similarity withrepresentations corresponding to the same ph
semantic primes. Tan and Perfetti (1997) renological form, other factors covarying with
ported that the size of mediated priming effecthomophone density may cancel this potentic
was affected by the homophone density oflensity effect.
primes, with primes from larger homophone One factor that covaries with homophone
neighborhoods producing smaller priming efdensity is cumulative syllable frequency, de-
fects. However, the data from the present regined as the cumulative frequency of all homo-
lication indicated that, at least for the stimuliphonic characters or morphemes correspondir
used, there are no significant facilitatory primio a particular syllable. A higher cumulative
ing effects for the mediated homophone primesyllable frequency usually means that there ar
and no significant interaction between mediatehore characters corresponding to this syllabl
priming and homophone density. The variatiomnd hence more competition between semant
of the priming effects for the mediated primes irrepresentations corresponding to the syllable
different homophone density groups, if anyOn the other hand, a higher cumulative syllable
thing, is in the opposite direction to what wadrequency also means that the phonological ac
reported by Tan and Perfetti (1997). tivation, or the computation from orthography
Why is there no mediated priming effectto phonology, should be faster. This in turn
here? Does this mean that phonology plays nwould increase the semantic activation of an
role in constraining semantic activation in readeharacters corresponding to the phonologice
ing Chinese? We suggest that access to semdorm. Thus, any homophone density effect is
tics in reading Chinese is an interactive procedikely to be in conflict with cumulative syllable
in which both phonology and orthography carfrequency effects. This may explain why we did
play significant roles. However, phonologicahot observe a homophone density effect in Zho
effects on semantic activation are determine@t al. (1999) and in Experiment 1, although it
to a large extent, by the computational effidoes not explain why Tan and Perfetti (1987
ciency of the links between orthography andlid find such an effect. Indeed, when we
phonology and between phonology and semachecked the cumulative frequencies for the me
tics. If phonological information is activateddiated primes in this experiment, we found tha
quickly, it may have more opportunity to influ- their median frequencies were 309, 689, an
ence semantic activation. This computationdl473 per million, respectively, for the low, me-
efficiency could be affected by a number offium, and high homophone density groups
factors, such as reading skill, frequency, sulNew experiments are needed which orthogo
lexical phonological regularity, and homophoneaally vary homophone density and cumulative
density. Some of these factors may normallgyllable frequency and examine their potentia
. _ _ ~ effects on semantic activation.
Tan and Perfetti (1997) did not pretest their stimuli for In the next experiment, however, we turnec

semantic relatedness. A few characters (ei§.Jiao[2]) .
represent more than one morpheme in Chinese, but Tantg another type of character for which phonol-

Perfetti (1097) used their less frequent or obscure meaning2dy iS computed very efficiently. These are
In our pretest for these stimuli, the semantic relatedness f@omplex (or compound) characters having ho
some pairs (e.gH liao[2] andlf/" shao[3]; i bu[4] and mophonic sublexical phonetic radicals. If pho-
Bt duan[4]; B jiao[1] and Z!lie[d]; L you[2] and L6y plays a role in constraining semantic
{¥ shang[3]) fell below 4.0 on a 9-point scale € unre- L . . . .
lated and 9= highly related). The average semantic reIat-aCtlvatlon In re_admg Chinese, then phonologl-
edness for all pairs was 6.6, which was relatively lowc@l representations shared between such charz

compared with the stimuli used in Experiments 2, 3, and 4ers and semantic primes should be activate
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efficiently by these characters, leading to signifSeidenberg, 1985; Zhou & Marslen-Wilson,
icant mediated priming effects. 1999b). At least for low-frequency characters
regular characters (e.g.4& qing[l], clear),
EXPERIMENT 2 which contain phonetic radicals having the
Modern Chinese characters can be broadsame pronunciation (e.g& qing[1], blue), are
differentiated into two categories (Li, 1993),named faster than matched simple character
simple and complex, both of which are comwhich in turn, are named faster than irregula
posed of strokes and arranged in squares ofiaracters (e.g¥g cai[1], gues$, which contain
similar size. Simple characters (e.g{, vi[4], phonetic radicals having different pronuncia-
righteousnegsare about 5% of the total char-tions. In a primed naming task, Zhou and
acters in Modern Chinese. They are holistidarslen-Wilson (1998b) also found that, at
visual patterns that cannot be divided meanindeast at short SOA’s (57 ms), the homophont
fully into sublexical units. Complex characterspriming between complex characters (e.g.
(e.g.,i¥, yi[4], discus} constitute about 95% of % qing[1], clear) and their targets (e.g.,
all modern Chinese characters and most (ové& ging[1], light) was influenced by whether the
80%) are composed of semantic and phonethonetic radicals embedded in complex prime
radicals (Li, 1993; Yin & Rohsenhow, 1994).had the same pronunciation as the whole cha
Semantic radicals may indicate the semantiacters. More priming occurred for regular com-
category of morphemes corresponding to thplex primes than for irregular complex primes,
complex characters. Phonetic radicals magven though participants were not required t
point to the pronunciations of whole charactersespond to the primes. Other studies (Fanc
i.e., encoding phonological information at theHorng, & Tzeng, 1986; Hue, 1992; Peng, et al.
subcharacter level, even though the majority df994) have found effects of the “consistency” of
phonetic radicals are meaningful characters grhonetic radicals, where consistency was de
their own. However, due to the evolution of thefined according to whetherll complex charac-
writing system, both functions are not completeters having a particular phonetic radical are
with exceptions and irregularities littered acrospronounced in the same way as the radica
the writing system. Regular-consistent characters were name
As far as the phonological relations betweefaster than regular-inconsistent characters. Suc
complex characters and their phonetic radicalegularity and consistency effects suggest tha
are concerned, less than one third of the conin reading complex characters, phonetic radical
plex characters are “regular,” in the sense thaire decomposed from whole characters an
they have exactly the same pronunciations ased to access phonological (and semantic ar
their phonetic radicals (e.g., Fan, Gao, & Aoprthographic) representations of their own a:
1984; Li & Kang, 1993). Another third are well as other characters containing these rad
“irregular,” with their pronunciations com- cals. These cooperative and competitive intel
pletely different from those of their phoneticactions between different characters influenc
radicals. About another one third of complexhe naming latency of the complex character.
characters have either the same segmental temdn Experiment 2, regular complex character:
plates (but different lexical tones, which arde.qg., i l[4], filter) which were homophonic
used to differentiate lexical items in Chinese) owith but not orthographically similar to seman-
the same segmental rhyming parts or the santie primes (e.g.#¢ li[4], green) were used as
initial consonants as their phonetic radicals. homophonic mediated primes. The phonologi
Previous research on complex characters haal representations of these characters should
demonstrated that the mapping between orthogetivated more efficiently than those of simple
raphy and phonology is influenced by the phoer irregular characters, due to support from the
nological regularity of the relationship betweersublexical phonological processing of their
complex characters and their phonetic radicafshonetic radicals (e.gf& It[4], conside}. If
(e.g., Hue, 1992; Peng, Yang, & Chen, 1994phonology plays a significant role in semantic
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TABLE 3

Experiment 2: Experimental Design and Sample Stimuli

Semantic Semantic Mediated Mediated
prime control prime control Target

Low frequency group

S e & % =

Pinyin 1u(4) mo(1) 1(4) lou(3) qing(1)
Gloss green touch filter hug blue
Frequency 477 482 17 17 464
Stroke 9.4 9.2 11 11 8.7

High frequency group

s ] B 155 &

Pinyin giao(2) man(4) giao(2) shao(1) kan(4)
Gloss look overflow bridge burn see
Frequency 222 238 437 430 637
Stroke 9.6 9.7 8.7 9 8.6

activation, the phonological activation of reguphonologically mediated primes were used, on
lar characters should be able to activate thef low frequency and another of high frequency
semantic representations of any morpheme, iBoth groups were regular characters, with th
cluding the semantic prime, with the same phaembedded phonetic radicals having the sam
nological representation. This semantic activggronunciations as the whole characters. Med
tion should facilitate the processing of targetated primes and their phonetic radicals wer
(e.g., # qing[1], blue) which share semantic homophonic to the semantic primes and wer
properties with the semantic primes. not semantically related to the target character
The converging phonological activation fromThere were 40 low frequency (below 36 per
whole characters and from their phonetic radimillion) and 28 high frequency (above 200 per
cals (and other characters containing these rauhillion) mediated primes, each homophonic tc
icals) may have different time courses for higha semantic prime. Because semantic and mec
and low-frequency regular complex characterated primes had relatively large differences ir
Activation of phonological representations mayrequency, separate control primes were use
take longer for low-frequency characters thafor them, matching on a number of properties
for high-frequency characters. Consequently, ihcluding orthographic structure, frequency,
may take longer for the low-frequency mediatednd visual complexity (in terms of strokes per
primes to activate the semantic representatioataracter). Control primes had no semantic
of semantic primes than for the high-frequencphonological, or orthographic relation with the
mediated primes. To track the potentially diftarget characters.
ferent time courses of semantic activation and Table 3 summarizes the main properties o
mediated priming, this experiment manipulategrimes and targets. All the mediated primes ha
the frequency of the complex mediated primea left—right structure, mostly (65 out of 68) with
and the SOA between primes and targets. the semantic radical on the left and the phoneti
radical on right. The frequencies of their pho-
Method netic radicals as independent characters we
Materials and desigriThe design and samplealso checked. They were 530 and 810 per mil
stimuli are presented in Table 3. Two groups dfon, respectively, for the low and high fre-
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quency mediated primes. Most of the semantidifferent. In each version, about 20% (34/168
and control primes had a left—right structuref prime—target pairs were related either directl
although simple and complex characters witbr through homophony between mediated an
other structures were also used. The sublexicagémantic primes.

phonological regularity of these primes was not Procedure.All stimuli were generated in a
controlled, since there was no reason why thisimilar way as for the stimuli of Experiment 1,
should influence semantic priming. The semarexcept that different fontskaiti and songt)

tic relatedness between semantic primes aneere used for the primes and targets. Targe!
their targets was checked by asking 15 particivere 2.4X 1.6 cm, and primes were slightly
pants to judge, using a 9-point scale €lun- smaller. The presentation of the stimuli to par-
related and 3= highly related), how clearly the ticipants and the recording of reaction times
semantic primes and targets were related wwere again controlled by DMASTR. On each
meaning. The average scores were 8.0 (rangimggal, a fixation signal (*+") was first presented
from 6.1 to 8.9) for both low and high frequencyat the center of the screen for 300 ms, followe
conditions. Semantic primes and targets couloy a 300 ms blank interval. A prime was then
be synonyms, antonyms, category coordinategtesented for either 57 or 200 ms, depending o
and so on. Some of the semantic pairs, as the SOA, followed immediately by the target,
related studies on English (e.g., Lesch & Polwhich was presented for 400 ms. The prime an
latsek, 1993; Lukatela & Turvey, 1994), weretarget were presented in the center of the scree
also associatively related. Such variations, howvith the target overwriting the prime. There was
ever, should not have significant influence om 3-s interval between the disappearance of tt
priming effects in the primed naming task (sedast target and the appearance of the next e\
Neely, 1991; Zhou & Marslen-Wilson, 1999a).fixation point.

Besides the critical stimuli, there were 100 Participants were tested individually in a
pairs of unrelated characters with a variety ofjuiet room. They were seated about 60 cm awa
orthographic structures acting as fillers. None dfom a computer screen and were asked to re:
these characters had the same pronunciationsag the second word of a trial into the micro-
the critical characters. There were also 25 paipghone in front of them. The naming errors were
of practice items, of which 10 pairs were relatedecorded by hand by an experimenter on scorin
as critical stimuli. Primes were presented fosheets. Each participant saw first a list of 2°
either 57 ms or 200 ms. Because of the way werime—target practice items. There was a brea
presented primes and targets (see below), thder practice and a break in the middle of the
prime duration was equivalent to the SOA bemain test session. The first three item pairs afte
tween primes and targets. Two sets of particeach break were always filler pairs. The com
pants were tested, respectively, for the two complete test session for each participant was abo
ditions of prime duration (or SOA). 15 min.

A Latin square design was used to assign the Participants.A total of 84 participants were
critical primes and their targets to four countertested, 40 for the SOA of 57 ms and 44 for the
balanced test versions. In each version, the®OA of 200 ms.
were 17 primes for each of the four prime types
10 for the high-frequency condition and 7 fo
the low-frequency condition. The same filler One participant in the 200 ms SOA group hac
prime—target pairs were used in the four tesb be excluded from the analyses because tt
versions. A pseudorandom ordering was used tmice key failed to register over 10% of her
arrange the stimuli in each version, so thatesponses. There were 1.1 and 3.8% missir
across test versions, the same target appearediata points, respectively, in the 57 and 200 m
the same position in the testing sequence. TI®OA groups, either because of the failure of the
only difference between versions was that theoice key to register naming latencies, the trig
primes for a particular critical word target weregering of the voice key by extraneous noise, o

esults
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TABLE 4

Experiment 2: Mean Naming Latencies (ms) and Their Standard Deviations

Semantic Semantic Mediated Mediated
prime control prime control

SOA 57 ms

Low frequency 570 (43) 580 (40) 582 (49) 584 (50)

High frequency 562 (47) 583 (65) 567 (49) 584 (52)
SOA 200 ms

Low frequency 547 (39) 564 (54) 561 (41) 571 (51)

High frequency 549 (49) 572 (47) 558 (41) 562 (42)

because of participants’ mispronunciationsand mediated priming effects were then war
Naming errors were not entered into statisticalanted. No other main effects or interactions
analyses but were categorized. There wereraached significance, although the main effec
total of 54 (0.96%) naming errors in both SOAof prime duration was significant by items,
conditions. Mean naming latencies, based drR2(1, 66)= 52.75,p < .001, but not by partic-
correct responses and without trimming, wergants,F1(1, 81)= 2.292,p > .1.
computed for each participant and each item, In the separate analyses of semantic and m
and the overall mean latencies for each conddiated priming, priming effects were collapsec
tion are presented in Table 4. across SOA and frequency group since ther
Overall ANOVAs were first conducted for were no significant interactions of prime type or
participants and items, with prime type (primedelation type with these two factors. The 17-mx
vs control), type of relation between primes andverall semantic priming effect was significant,
targets (semantic vs mediated), and frequendd (1, 83) = 37.26,p < .001, F2(1, 68) =
group (low vs high) as three within-participantl0.991,p < .005. More importantly, the 8-ms
factors and prime duration (SOA) as a betweersverall mediated priming effects also reachet
participant factor. The main effect of prime typesignificance F1(1, 83)= 9.08,p < .005,F2(1,
was highly significant both by participants,68) = 5.23,p < .05, indicating that responses to
F1(1, 81) = 48.85,p < .001, and by items, targets were facilitated by regular character
F2(1, 66) = 12.76,p < .001, indicating that homophonic to semantic primes.
responses to targets were faster when they were .
preceded by related critical primes than by unPiScussion
related control primes. The main effect of rela- The pattern of priming effects for mediated
tion type was also significanfE1(1, 81)= 4.49, primes here was different from Experiment 1
p < .05,F2(1, 66)= 6.04,p < .05, indicating and from our earlier results (Zhou et al., 1999)
that responses to targets were faster when theghich did not show significant priming effects
were preceded by semantic primes and theior mediated primes. A crucial difference be-
control primes than by mediated primes antiveen this experiment and the previous exper
their control primes. More importantly, the in-ments is that regular complex characters wer
teraction between prime type and relation typased to increase the efficiency of phonologica
was significant by participantsz1(1, 81) = activation and to maximize its potential influ-
4.67,p < .05, and marginally significant by ence on semantic activation. The sublexica
items,F2(1, 66)= 2.79, .05< p < .1, suggest- phonological processing of phonetic radicals
ing that the priming effects for semantic primeembedded in the regular mediated primes suj
were larger than the priming effects for mediported the phonological activation of the whole
ated primes, as assessed against their respecitbaracter, and this phonological activation wa
control primes. Detailed analyses of semantiable to influence the semantic activation o
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other characters, including semantic primedyut not for homophones having no orthographi
corresponding to the phonological forms. Irsimilarity with exemplars (e.g., Chen et al.,
previous experiments, however, phonological995; Leck et al., 1995; Sakuma et al., 1998)
activation for mediated primes was less efficienttiowever, the weakness with this evidence i
because these primes, in general, were not reifpat the orthographic contribution is inferred
ular characters. For example, only three medfrom the reduction of phonological effects in the
ated primes in Experiment 1 and in Tan an@dbsence of appropriate orthographic informa
Perfetti (1997) had phonetic radicals protion. More direct evidence is needed, where
nounced in the same way as the whole charaofrthographic information by itself supports se-
ters. There was not much support and possibipantic activation.
even competition from sublexical phonological
processing. Phonological constraints on seman- EXPERIMENT 3
tic activation may have been overshadowed by We asked three questions in this experimen
the more efficient constraints from orthography(a) whether orthographic similarity between ho-
The results indicate that there is a complermophone mediated primes and semantic prime
relationship between phonological activatiomplays a role in determining the phonologically
and semantic activation in reading Chinese. Mnediated semantic priming effect; (b) whethe
simple overlap in the overall phonological formorthographic similarity by itself can produce
associated with a given character is clearly natignificant mediated priming effects; and (c)
sufficient to significantly activate the semantiavhether there are significant differences be
properties associated with this form. This seentsveen priming effects for orthographically sim-
to rule out a straightforward phonological meilar homophone mediated primes and for ortho
diation story for Chinese. Nonetheless, at leagfraphically similar nonhomophone mediatec
for a minority of complex characters (the estiprimes. Orthographic similarity was defined as
mated 30% classified as regular), a small (8 m&ft—right structured complex characters sharin
but reliable mediated priming effect is obtainedtheir right parts (i.e., phonetic radicals). These
We interpret this effect in terms of an interacradicals were mostly not homophonic to the
tive model, where priming may spread fromwhole characters containing them.
orthography to phonology to semantics under Characters (e.gtt du[4], a family name) that
processing circumstances in which the orthogwvere both homophonic with and orthographi-
raphy—phonology relationship is strong and rapeally similar to semantic primes (e.git, du[4],
idly computed, but where the primary route tdoelly) were used as homophone mediate
semantics may be via a direct link from orthogprimes (see Table 5). Characters (e.g
raphy and where phonology does not play aft she[4], society that were orthographically
obligatory mediating role. similar but not homophonic to semantic primes
To develop this view further, we need to lookwere used as orthographically mediated prime:
more closely at the relationship between phan addition to unrelated control primes (e.g.,
nological and orthographic effects in mediatedf you[1], anxiety. Given our assumption that
priming tasks, and the extent to which they arerthography directly projects to semantics, we
interdependent. This is the subject of the nexdxpect to find significant priming effects in
two experiments. Experiment 3 examined theaming semantic targets (e.@,wei[4], stom-
effects of orthographic similarity between aach) not only for the homophone mediated
prime and a target both on its own and when thgrimes, but also for the orthographically medi-
prime and target are also homophones. Previoated primes. Moreover, the contrast betwee
research suggests strong effects of orthographiomophone mediated primes and orthograph
overlap, with homophone interference effects igally mediated primes will shed light on the
semantic categorization being observed faelative contributions of phonology and orthog-
characters or compound words sharing orthaaphy in access to semantics. The sublexic:
graphic similarities with category exemplarsphonological regularity for the mediated homo-
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TABLE 5

Experiment 3: Experimental Design and Sample Stimuli

Semantic Homophone Orthographically Control
prime mediated prime mediated prime prime Target
it Ft Zan {03 A
Pinyin du(4) du(4) she(4) yi(1) wei(4)
Gloss belly name society follow stomach
Frequency 174 126 331 132 376
Stroke 9.5 9.9 9.4 9.5 8.9

phonic and orthographic primes was not syswvere homophonic to their phonetic radicals (bu
tematically varied since this would cause tomot to the semantic primes containing the sam
much difficulty in selecting stimuli. radicals). Another 13 had partial phonological
overlap with their phonetic radicals. Although

Method all the orthographic primes had different pro-

Materials and designThe experimental de- nunciations from the semantic primes, 15 o
sign and the sample stimuli are presented ithem did share the initial consonants or rhyme
Table 5. Forty triplets of semantic, homophoneavith the semantic primes. The potential contri-
mediated, and orthographically mediatedbution to the priming effects of orthographic
primes (e.g.jt du[4], stomach#t du[4], afam- primes from the partial phonological overlap
ily name, andit: she[4],society were selected. between orthographic and semantic primes ar
All of these characters were of left—right struchetween orthographic primes and their phoneti
ture, with a semantic radical on the left and aadicals will be discussed later.
phonetic radical on the right. A triplet of primes The mean frequencies of the primes are pre
shared the same phonetic radicals (elgtu[3], sented in Table 5. The higher mean frequenc
soil), most (35 out of 40) of which were pro-for orthographic mediated primes was mainly
nounceable characters by themselves and hdde to two orthographic primes having muct
their own meanings. The other five triplets ohigher frequencies than the rest. The visue
primes shared the right parts which, due teomplexity of primes was measured by the
historical reasons, were not characters by themumber of strokes per character, matched acro
selves (e.g., the right parts ¢% ze[2], select; prime types. Control primes were chosen t
¥ ze[2], pond; and #¥ yi[4], translate and match the critical primes in terms of ortho-
were hence unpronounceable. Among the 3§raphic structure, frequency, and visual com
triplets of primes containing pronounceablglexity. Target characters were of various dif-
phonetic radicals, 11 homophonic mediateterent orthographic structures, with an averag
primes (and the corresponding semantic primefequency of 376 per million and an average
were regular characters, i.e., having exactly theumber of strokes of 8.9 per character. Target
same pronunciations as their phonetic radicalshared no phonological or orthographic similar
Another 19 homophonic mediated primes (andies with their primes or the sublexical parts of
semantic primes) had partial phonological overthese primes. In a semantic relatedness jud
lap with their phonetic radicals, e.g., sharing thenent test in which 15 participants were asked t
initial consonants or rhymes. The potentiajudge how clearly the semantic primes and tar
priming effects for these primes could be supgets were related in meaning, the average sco
ported further by this sublexical phonologicawas 7.7 in a 9-point scale (£ unrelated and
overlap with the whole characters. 9 = highly related).

For the mediated orthographic primes, five Ninety pairs of unrelated characters were
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TABLE 6

Experiment 3: Mean Naming Latencies (ms) and Their Standard Deviations

Semantic Homophone Orthographically Control

prime mediated prime mediated prime prime
SOA 57 ms 595 (46) 569 (40) 577 (45) 582 (52)
SOA 100 ms 571 (45) 589 (53) 592 (63) 599 (58)
SOA 200 ms 547 (43) 560 (40) 561 (41) 564 (39)

used as fillers. None of these characters had tB00 ms, there were 21 (1.3%) missing dat:
same pronunciation as the critical stimuli. Ther@oints, of which 13 were naming errors. Mear
were also 25 pairs of practice items, of which 1@aming latencies, based on correct responsi
pairs were related in similar ways to criticaland without trimming, were computed for each
stimuli. Primes were presented for 57, 100, o8OA and are reported in Table 6.
200 ms, creating three SOA conditions. The Overall ANOVAs with prime type as a
prime duration (SOA) was treated as a betweenvithin-participant factor and prime duration as
participant factor. a between-participant factor were conducted fc
A Latin square design was used to assign thgarticipant and item means. The main effect o
critical primes and their targets to four counterprime duration was significan§1(2, 121) =
balanced test versions. In each version, there280,p < .05, F2(2, 78) = 7.248,p < .01,
were 10 primes from each of the four primingwith faster naming latencies at SOA 200 ms
conditions. The same filler prime—target pairdlore importantly, the main effect of prime type
were used in the four test versions. A pseudavas highly significantF1(3, 363) = 21.914,
random ordering was used to arrange the stimydi< .001,F2(3, 117)= 12.987,p < .001. Post
in each version, so that, across the test versiotgc Newman—Keuls tests showed that the mee
the same target appeared in the same positionnaming latency for semantic primes (562 ms
the testing sequence. In each version, abowlas significantly shorterp( < .01) than the
23% (30/130) of the prime—target pairs werdatencies for homophone mediated primes (57
related either directly or through the phonologms), orthographic primes (578 ms), and unre
ical and/or orthographic similarity between metated control primes (586 ms). Homophonic me:

diated primes and semantic primes. diated primes were significantly faster than con
Procedure The procedure was the same as itrol primes ¢ < .01 by participants ang < .05
Experiment 2. by items) but did not differ from the ortho-

Participants.A total of 124 participants were graphic mediated primeg ¢ .1). Targets were
tested, 40 each at SOA’s of 57 and 100 ms, aralso named significantly faster when they were
44 at the SOA of 200 ms. They had not beepreceded by orthographic primes than by con

tested in the previous experiment. trol primes p < .05 by participant and .05
p < .1 by item). The interaction between prime
Results type and prime duration did not reach signifi-

At the SOA of 57 ms, 57 (3.5%) data pointscance,F1(6, 363)= 1.089,p > .1, F2 < 1,
were excluded from analysis due to particialthough it appeared that mediated and orthc
pants’ naming errors, extraneous noise, or thgraphic priming effects dropped off over
failure of the voice key to register participants’'SOA'’s.
responses. Among these, 23 (1.4%) were nam- i
ing errors, distributed equally among the fouP'Scussion
priming conditions. At the SOA of 100 ms, The results showed that the semantic prope
there were 40 (2.5%) missing data points, dies of semantic primes were activated by me
which 16 were naming errors. At the SOA ofdiated primes that were homophonic with
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and/or orthographically similar to them. Thedecomposition and sublexical processing o
finding of a significant priming effect for the phonetic radicals embedded in orthographif
mediated orthographic primes, in contrast witlprimes. Phonetic radicals (e.gi; tu(3), soil)
the null effect in English (e.g., Lukatela & Tur-would be decomposed from the orthographit
vey, 1994), is consistent with the view that inprimes (e.g.,#t she[4], society and used to
reading Chinese, orthography can directly influactivate phonological representations of an
ence semantic activation. The presence of aaracters containing these radicals, includin
orthographic prime activates partially the sethe semantic primes (e.glt du[4], stomach.
mantic representations of any characters, ifFhis phonological activation could lead to the
cluding the semantic prime, sharing orthosemantic activation of the semantic primes, fa
graphic properties with the orthographic primecilitating the processing of the subsequenti
This mediated activation of the semantic prim@resented targets (e.&&, wei[4], stomach.
facilitates naming of a target sharing semantic The problem with this alternative account is
properties with the prime. that the sublexical processing of phonetic radi
The comparison between priming effects focals embedded in orthographic primes in thit
orthographic mediated primes and for orthoexperiment could not strongly activate the pho
graphically similar homophonic mediatednological representations of the semanti
primes also argues for a strong role of orthogerimes. When orthographic primes (e.g..
raphy in constraining semantic activation. The¢t she[4], society were presented, the most
homophonic mediated primes did not show &ighly activated phonological representation:
significantly larger priming effect than the or-should be the ones corresponding to the prime
thographic primes (11 vs 8 ms), while orthothemselves. These representations were, in ge
graphic primes did show significant primingeral, not related to the representations of th
effect compared with unrelated controls. Thighonetic radicals (e.g4- tu[3], soil) or to the
finding is consistent with earlier semantic caterepresentations of the semantic primes (e.g
gorization studies of Chinese, where orthofit du[4], stomach. The phonological represen-
graphically similar homophones did not differtations of phonetic radicals were, in general, nc
significantly from orthographically similar non- strongly related to the representations of semal
homophone foils, but where orthographicallytic primes either. In fact, if there was strong
similar nonhomophone foils differed from con-phonologically mediated semantic activation ir
trols (Leck et al., 1995; Sukuma et al., 1998)this experiment, it should be the semantic rep
Although the priming effects for homophoneresentations corresponding to the phonologic:
mediated primes in this experiment may refledorms of the orthographic primes that were ac
both their homophony and their orthographic¢ivated, not the semantic representations corre
similarity to semantic primes, it is likely that sponding to the phonological forms of the se
orthographic similarity played the more impor-mantic primes.
tant role, given that homophone mediated
primes sharing no orthographic similarity with EXPERIMENT 4
semantic primes and having no sublexical pho-
nological support did not show strong priming Experiment 2 demonstrated that a significan
effects (Experiment 1 and Zhou et al., 1999) anghonologically mediated priming effect could
given that nonhomophonic orthographic primebe observed when phonological representatior
did have a significant effect on naming targetsare highly activated due to the support of sub
Before moving on to Experiment 4, howeverlexical phonological processing. Experiment &
we need to consider an alternative account afemonstrated further that orthographic similar
the orthographic priming effects. This accountity between mediated and semantic primes cor
consistent with a strong phonological view oftributes to the priming effect. In Experiment 4,
semantic activation, could argue that the signifwe combine the manipulations of both sublexi-
icant effect for orthographic primes was due t@al phonological processing and orthographi
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similarity to maximize the chance of obtaining TABLE 7
me_dlat_ed sem‘?m'c pnmmg effects. If Semam'CExperiment 4: Experimental Design and Sample Stimuli
activation is jointly constrained by the compu-

tation from orthography to meaning, the com- Semantic Mediated Control
putation from orthography to phonology to prime prime  prime  Target
meaning, and the interaction between these two .
processes, we should be able to observe a strong /ZEI I{”Q % %
mediated priming effect in this combined mapinyin gou(l) gou(1) hui4)  qu()
nipulation. Gloss trench hook paint ditch
A mediated prime in this experiment was &requency 77 76 78 244

phonologically regular complex character (e.gStoke 1 1 - 93

£ gou[1], hook whose phonetic radical (e.g.,

£} gou[1], tick) was pronounced in the same

way as the whole character. Moreover, most d¥'éthod

all other characters having this phonetic radical Materials and designTable 7 presents the
(e.g., ¥ gou[4], construct; W gou[4], pur- design and sample stimuli of the experiment
chasg, including the semantic prime (e.g.,Twenty-four regular-consistent characters (e.g
¥ gou[1], trench, were also pronounced in this#4 gou[1], hook were selected as mediated
way (ignoring tonal differences). In otherprimes and 24 other characters (ejg.gou[1],
words, the mediated primes were phonologitrench having the same phonetic radicals were
cally both regular and consistent in relation t@hosen as semantic primes. Targets (e.c
their phonetic radicals. Previous research hdg qu[2], ditch) were semantically related to the
found that, at least for low-frequency characsemantic primes but not to the mediated primes
ters, regular-consistent characters were naméanong the 24 semantic prime-target pairs
faster than matched regular-inconsistent charaeight shared semantic radicals, which may sug
ters and irregular-inconsistent or simple charagort semantic priming of targets (see Feldmal
ters (e.g., Hue, 1992; Peng et al., 1994), su@ Siok, 1999 and Zhou & Marslen-Wilson,
gesting that phonological activation of thel999b). Unrelated control primes were selecte
present mediated primes could be very efficiento match the semantic and mediated primes ©
This efficient phonological activation by itselforthographic structure, frequency, and visua
should be able to activate strongly all semanticomplexity. Phonologically different ortho-
representations corresponding to the phonolographic primes were impossible to set up be
ical form, as illustrated in Experiment 2. More-cause, by definition, all characters having the
over, the mediated primes (e.g# gou[l], same phonetic radicals as those in the mediate
hooK were also orthographically similar to theand semantic primes were pronounced in th
semantic primes (e.g#4 gou[1],trench. Given same way as these primes. There is no oth
the findings of Experiment 3, this orthographimbvious and explicit way to define orthographic
similarity should also allow the mediatedsimilarity between two (complex) characters.
primes to strongly influence the semantic acti- All primes had a left-right structure, and the
vation of semantic primes (and target charagnhean semantic relatedness between seman
ters). Furthermore, mostly low-frequency mediprimes and targets was 7.3 on a 9-poin
ated primes were used to slow down thescale. Further details of the stimuli are given ir
computation from orthography to semantics fofrable 7.

the whole characters and hence the semanticSixty pairs of unrelated characters were use
activation of these primes themselves. If semams fillers. None of them had the same pronur
tic activation in reading Chinese is a multipleciations as the critical items. The critical stimuli
constraint—satisfaction process, we should obvere split into three test versions in a counter
serve stronger mediated priming than in any dfalanced way. Fillers were then added into eac
the three earlier experiments. version and testing sequences were created
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TABLE 8 and mediated primes was not significapt>
Experiment 4: Mean Naming Latencies (ms) .1), nor was there an interaction between prim
and Their Standard Deviations type and SOAF1 < 1,F2 < 1).

Semantic  Mediated control  Discussion

prime prime prime The pattern of priming effects in this exper-
SOA 57 ms 579 (46) 584 (49) 600 (53) ime_nt is different from the previous three ex-
SOA 200 ms 558 (41) 558 (38) 570 (44) periments here and from Zhou et al. (1999). Ir
particular, equally strong facilitatory effects
were found, at short and long SOA’s, for both
the same way as the previous experimentsemantic and mediated primes. This strong e
Primes were presented for 57 or 200 ms, ddect for mediated primes is the evident conse
pending on the SOA between primes and taguence of combining orthographic similarity
gets. with the presence of phonologically regular anc
Procedure. The equipment and procedureconsistent phonetic radicals. In Experiments
were the same as in Experiments 2 and 3. and 3, where either orthographic similarity or
Participants. A total of 63 participants took regular phonetic radicals were present, but nc
part in the experiment, 33 at the 57 ms SOA andoth simultaneously, the homophonic mediate
30 at the 200 ms SOA. They had not been testgatimes produced significantly smaller effects
in the previous experiments. than the semantic primes. This outcome, as w
ResultsOne participant at the SOA of 57 mswill discuss below, is consistent with a com-
had to be dropped because the voice key failgaex, interactive model of the relations betweer
to register many (over 10%) of her responsesrthography, phonology, and semantics, and ir
There were 4.8 and 4.4% missing data pointgpnsistent with a model where the primary route
respectively, in the 57 and 200 ms SOA groupgrom orthography to semantics is phonologi-
because of the failure of the voice key to regeally mediated.
ister naming latencies, the false trigger of the
voice key by extraneous noise, or participants’ GENERAL DISCUSSION
mispronunciations. There were 19 (2.5%) nam- The main purpose of the present research we
ing errors in total. Mean naming latencies weréo investigate the extent to which access t
computed for each participant and each itengsemantics in reading Chinese is constrained k
and the mean latencies for each condition agghonological and orthographic activation. We
presented in Table 8. used a phonologically mediated semantic prim
Overall ANOVAs were conducted for partic-ing technique in which targets were precedet
ipants and items, with prime type as a withinnot only by semantically related characters, bu
participant factor and prime duration as a bealso by characters that were homophonic and/
tween-participant factor. There was a significararthographically similar to the semantic primes
main effect of prime durationF1(2, 60) = The findings from the four sets of experiments
4.738,p < .05,F2(1, 23)= 36.649,p < .001, can be summarized as follows. Experiment :
indicating that the mean naming latencies werfiled to replicate Tan and Perfetti (1997), in
shorter at the SOA of 200 ms. More imporawhich the mediated primes were homophonic t
tantly, there was a significant main effect obut orthographically different from semantic
prime typeF1(2, 120)= 8.045,p < .001;F2(2, primes. No significant phonologically mediated
46) = 5.651.p < .01. Post hoc Newman-Keulspriming effects on the processing of targets
tests showed that the mean naming latencies farere found and homophone density by itself dic
semantic primes (569 ms) and for mediatedot have a strong influence on mediated primin
primes (571 ms) were significantly shorter< and semantic activation. Experiment 2 use
.01) than the latency for control primes (58=<omplex characters containing regular phoneti
ms). However, the difference between semantiadicals as mediated primes, which were als
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orthographically different from the semanticthe mediated prime and the semantic prime ar
primes. Both high- and low-frequency regulaorthographically similar.

mediated primes facilitated the processing of The results suggest that phonologically me
targets at short (57 ms) and long (200 msjiated access for Chinese, where orthograph
SOA’s, although this phonologically mediatedactivation affects semantic representations vi
priming effect was significantly less than thethe intermediate activation of phonological rep-
direct semantic priming effect. Experiment 3esentations, cannot be the predominant or d
used homophonic characters that shared phi@ult mechanism for linking orthographic form
netic radicals with semantic primes as homdo lexical semantic representation. There is little
phonic mediated primes and characters th&pubt that phonology is activated early anc
shared phonetic radicals with semantic prime@bligatorily in reading Chinese characters (e.g
but were not homophonic to them as orthoPerfetti & Zhang, 1995; Zhou & Marslen-Wil-

graphic primes. Equal and significant facilitaSOn, 1999a). It is also clear that under specifi
tory priming effects were observed for the twdFircumstances phonological factors can drive
types of primes, although the effects were Siqs%emantlc activation for skl!led reagiers. It is,
nificantly smaller than the direct semantic prim'0Wever, much more plausible to view phono-
ing effect. In Experiment 4, the mediated prime,gog'cal_"’lnd orthographic factors as functioning
and semantic primes shared the same phonelit an interactive framework to determ!ne the
radicals, which were pronounced in the Sam%:appmg from character to lexical meaning. Or-

way in all characters containing these radicals ographic factors play at least as strong a role

At both the short and long SOA's, these pho!—f not stronger, than purely phonological factors

nologically and orthographically mediatedIn access FO semantics. Our secon.d C(_)nclu5|_o
. . . therefore, is that access to semantics in readir
primes facilitated the processing of targets t

o %hinese is a multiple constraint—satisfactior
the same extent as the semantic primes.

These results allow us to draw two importanFrocess in which both orthographic and phono

. ) ogical activation and the interaction betweer
and related conclusions. First, they help us SPeGom play important roles
ify the conditions under which phonological '

fact | le in th - h One source of evidence for interactive acces
actors play a role in the mapping rom W&, <o antics is that it was the interaction be

orthogrgphic form _of a Chinese _charac_:ter to it'?Ween orthography and phonology that place:
underlying semantic representation. Simple Nqpq g4rongest constraints on semantic activatic
mophony between two characters or betweeq (oading Chinese. Although the priming ef-
two bisyllabic compounds (Zhou et al., 1999) isacts for homophonic mediated primes in Ex-
not sufficient on its own to generate Signiﬁcanberiment 3 could be accounted for just by the
phonologically mediated priming. Instead, ingthographic similarity between mediated anc
this research, we only saw significant effects fogemantic primes, the priming effects for the
a minority of Chinese word-forms—the approXhomophone mediated primes in Experiment 4
imately 30% of the complex characters wherghich were statistically equivalent to the direct
the pronunciation of the whole form is the samgemantic priming effects, cannot be reduced t
as the pronunciation of the phonetic radicabrthographically mediated semantic priming.
contained within the character. Effects as strongijven that the priming effects for orthographic
as those found for English—where mediatednd homophone mediated primes in Experimer
priming is statistically indistinguishable from3 were significantly smaller than the direct se-
direct semantic priming (e.g., Lukatela & Tur-mantic priming effects, the extra effects in Ex-
vey, 1994)—were only found for a still smallerperiment 4 can be attributed to phonologica
subset of the complex characters, where theediation: the strong phonological activation of
relationship between the pronunciation of théhe homophone mediated primes, due to th
whole character and of the phonetic radical isupport from the sublexical processing of regu
not only regular but also consistent and wherkar and consistent phonetic radicals, interacte
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with orthographic activation and led to strongo orthographic and phonological activation.
and long-lasting mediated priming effects. InUsing a semantically mediated phonologica
deed, sublexical processing of regular phonetjgriming technique, Zhou and Marslen-Wilson
radicals was sufficient to make the orthograph.997) found that, in both English and Chinese
ically different homophone mediated primesthe presence of a semantic prime (eveay) not
which would normally exhibit no significant only facilitated the naming of its target (e.g.,
mediated priming (Experiment 1 and Zhou epeacg, but also the word homophonic to this
al., in press), produce a significant phonologitarget (e.g.piece (see O’Seaghdha and Marin,
cally mediated priming effect (Experiment 2). 1997 for related findings). Moreover, the

Further evidence for the interaction betweeamount of priming varied according to whether
orthography and phonology in constraining seaomophone targets were also orthographicall
mantic activation comes from other experisimilar to semantic targets, with orthographi-
ments on Chinese. Zhou and Marslen-Wilsonally similar homophone targets producing
(1998a) found that pseudohomophones thédrger effects. An inhibitory priming effect can
were created by replacing both constituents @flso be found for Chinese characters that wer
compound words with homophonic charactersrthographically similar to but phonologically
were no more difficult to reject than controldifferent from the semantic targets. This patterr
nonwords in lexical decision. However,of priming effects suggested that the semanti
pseudohomophones that were created by replaztivation of targets, due to the presence c
ing only one constituent of compounds withsemantic primes, spreads to the orthographi
homophonic characters were more difficult t@nd phonological representations of these ta
reject than matched control nonwords. Theets, which were shared in part by other word
pseudohomophone effect was also modulatddbmophonic and/or orthographically similar to
by the character frequency of the constituenthe targets.

shared between pseudohomophones and base
words. This result suggests that the phonologluNNERSALS OF LEXICAL PROCESSING

cal (and semantic activation) of base words byA‘CROSS DIFFERENT ORTHOGRAPHIES

pseudohomophones depends crucially on theHaving argued that orthographic and phono
interaction between the phonological form ofogical information interact in access to seman
the whole word and the morphological procesdics in reading Chinese and that orthograph
ing (i.e., the orthographic, phonological, anglays at least as strong a role as phonology i
semantic activation) of the common morphemethis process, we now turn to the comparisol
shared between pseudohomophones and bdmgween orthographic and phonological activa
words. Similar patterns were also found in théion in reading Chinese and in reading alpha
semantic categorization task (e.g., Leck et albetic scripts. We believe that, although the dat
1997; Sakuma et al., 1998; Wydell et al., 1993from this study are somewhat different from
and in morphological priming between com-+those in English, where phonology is argued t
pound words (Zhou et al., 1995). Sakuma et aplay a predominant role in constraining seman
(1998), for example, found a homophone intertic activation (e.g., Fleming, 1993; Lesch &
ference effect for homophones sharing onPBollatsek, 1993; Lukatela & Turvey, 1994),
character with category exemplars but not fothey all point to the same underlying fundamen
homophones sharing no characters with exenal architecture (e.g., Seidenberg & McClelland
plars. These data suggest that the semantic d889; Plaut et al., 1996). The applications of the
tivation of base words was not simply mediatedame underlying mechanisms to different or
by phonological activation. It was the interacthographies may produce different patterns o
tion between phonology and orthography (andata due to the influence of language-specifi
morphology) that determined semantic activatiomproperties that determine the efficiency of the

Interactive processes in semantic activationoomputational link between orthography, pho-
also involve feedback from semantic activatiomology, and semantics.
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In Chinese, the relations between orthograwhole characters (e.g., Feldman & Siok, 1999
phy and phonology are more arbitrary than iZhou & Marslen-Wilson, 1999b).
alphabetic scripts. Orthographically similar In connectionist frameworks (e.g., Plaut et al.
simple characters are mostly pronounced in dift996), these mapping consistencies between c
ferent ways while orthographically differentthography, phonology, and semantics lead to dif
simple characters may have similar pronunciderences in how orthography and phonology pat
tions. For complex characters, although aboticipate in the interactive access to semantics i
one third of them have the same pronunciationShinese as opposed to other scripts. These diffe
as their phonetic radicals, this is far from conences should be viewed as complementary, rath
sistent. Moreover, orthographically differentthan contradictory, to the argument for a predom
characters may have the same pronunciationgnt role of phonological mediation in reading
while orthographically different characters mayEnglish (e.g., Frost, 1998; Lesch & Pollatsek
have similar pronunciations. There is little1993; Lukatela & Turvey, 1994; van Orden, 1987
“feedback consistency” between phonology andan Orden et al., 1990; van Orden et al., 1997; va
orthography (Stone, Vanhoy, & van OrdenQrden & Goldinger, 1994). Indeed, one may ar
1997; Ziegler, Motant, & Jacobs, 1997). Suclyue that the contribution of orthographic informa-
arbitrariness makes the computation from orion to phonological effects in various experi-
thography to phonology much less efficient irments (e.g., Lesch & Pollatsek, 1993; Lukatela &
Chinese than in alphabetic scripts. The wideFurvey, 1994; van Orden, 1987) has not bee
spread homophony between characters also iproperly appreciated (see Footnote 2) and that tt
duces competition between semantic pattermrect route from orthography to semantics ma
corresponding to the same phonological fornplay a significant role in reading alphabetic word:
These features make it less likely that visualas well (e.g., Coltheart et al., 1994; Jared & Sei
phonology correlations in Chinese take the pridenberg, 1991; Taft & van Graan, 1998). Acces
mary role in organizing the lexical processingo semantics in reading both alphabetic and logc
system (c.f., van Orden & Goldinger, 1994; vargraphic scripts is an interactive process in whicl
Orden et al., 1997). different types of knowledge, including ortho-

The relations between orthography and sejraphic information, come into play. The rela-
mantics in Chinese are less arbitrary than itively regular relations and hence computationz
alphabetic scripts. This is because semantic raéfficiency of the mapping between orthography
icals in complex characters may indicate theand phonology lead to the strong role of phonol
semantic category of the morphemes, evengy in constraining semantic activation in reading
though this function has been obscured faalphabetic scripts. In Chinese, in contrast, we be
many characters. Experimental studies sudjeve that phonology has no inherently privilegec
gested that the information provided by semarrole over orthography in constraining semantic
tic radicals is used in the lexical processing oéctivation.
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APPENDIX

In Experiment 2, the first 40 rows of characters form the low frequency group while the rest form the h
frequency group.

Experiment 2

Semantic Semantic Mediated Mediated
prime control prime control Target

1 £ bei(4) # mo(1) M bei(4) K% ou(1) ¥ ban(4)
2 Bt bing(3) 1 min(3) i bing(3) # xiang(2) % tang(1)
3 +: chang(2) hui(2) % chang(2) ¥R mi(2) %4 duan(3)
4 # chao(2) ¥ kui(2) I chao(2) % nen(4) & wo(l)
5 17 deng(1) R quan(2) 25 deng(1) 1. pei(4) ¥t guang(l)
6 # di(4) 2% bian(4) %5 di(4) 3 jing(3) 4 jie(3)
7 /5 dian(3) Z lao(3) Bt dian(3) 3% hu(3) £ xian(4)
8 B dian(4) J po(1) % dian(4) 4% qu(1) E gong(l)
9 At du(4) ¥4 gou(1) 4% du(4) B% ling(2) B wei(4)
10 Wr duan(4) B sheng(4) %% duan(4) 5 ti(2) % lie(4)
11 # feng(1) 4H yan(1) M feng(1) 4] xuan(4) A bi(4)
12 & gao(1) P liang(3) ¥ gao(1) # gian(1) & di(1)
13 4\ gong(l) % tiao(2) 45 gong(1) # lou(3) FA si(1)
14 7 hu(2) & ang(2) ] hu(2) ¥ tao(1) ¥ ping(2)
15 C hui(4) & su(2) % hui(4) 4R lin(2) 4 he(2)
16 # jian(4) B zheng(4) A jian(4) # la(d) 3% zhu(4)
17 f#i lan(3) 1 liu(3) 4% lan(3) % peng(2) &) qin(2)
18 # lu(4) iR yan(3) 1 lu4) W& pei(2) ¥ dao(4)
19 £ 1u(4) & jian(3) # lud) ¥ liao(2) # qing(1)
20 B3 ming(2) 9 ting(1) # ming(2) BE lang(2) F5 an(4)
21 # qiQ2) % chuang(1) H qi(2) 1% rao(2) 1% guai(4)
22 % shen(1) ¥ wan(3) 2 shen(1) it xie(4) E hou(4)
23 % shi(1) 2 chong(2) i shi(1) 1 song(4) Z diu(1)
24 # tong(2) BE kang(1) i tong(2) £ jun(4) # hai(2)
25 74 xi(1) H bai(3) #8 xi(1) 3 sai(1) % dong(1)
26 It xiong(1) R chi(3) M xiong(1) # kao(3) T ge(l)
27 # xiu(4) & ba(2) 2 xiu(4)  tan(2) i ling(3)
28 B yiQ2) W bai(4) % yi(2) # miao(2) 3} dong(4)
29 4 zhi(3) Bk tiao(4) fit zhi(3) F& mo(4) % bi(3)
30 ¥ zhu(1) {2 man(4) P zhu(1) 1 ai(4) ¥ yang(2)
31 & zhu(3) # re(3) # zhu(3) 19 pa(4) 5 chao(3)
32 3 nan(2) ¥ te(4) W nan(2) % luo(2) 5 yi(4)
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APPENDIX—Continued

Semantic Semantic Mediated Mediated

prime control prime control Target
33 % fei(1) %% jiu(l) 4 fei(1) £ lun(2) #1 pao(3)
34 £ mei(2) IR chui(1) 1 mei(2) 4 gao(3)  tan(4)
35 X qiu(t) fit nai(4) T qiu(1) 1 dou(3) # chun(1)
36 35 bu(4) &, huo(4) i bu(4) 1% pu(3) 7 zou(3)
37 % qin(2) 7 rou(2) 1 qin(2) % kua(4) F yin(1)
38 & ju@) F lei2) 18 ju4) ## qun(2) #{ san(4)
39 % tang(2) 18 jie(1) It tang(2) 48 chan(2) # tian(2)
40 B zhen(1) ¥ ge(2) {1 zhen(1) ¥ pang(4)  jia(3)
41 # cai(2) fh rong(2) # cai(2) b sha(1) % feng(2)
2 # cheng(2) # tan(3) ¥ cheng(2) Bt shui(4) A 1i(2)
43 % dan(4) 58 kuan(1) {8 dan(4) 1 ru(2) 5 luan(3)
44 # gang(1) #1 1ai(4) A gang(1) 5% yan(4) % pen(2)
45 %) ge(1) £ cao(1) A ge(1) 5t she(4) Y1 qie(1)
46 7 he(2) & qiang(2) F1 he(2) F dao(4) Ly shan(1)
47 7 ji(l) 43 bao(1) BLji()  1i(3) 75 giao(1)
48 2@ & xi(2) % ji(2) il zhi(4) - kuai(4)
49 & jing(1) ¥ jiang(3) Pt jing(1) & wen(1) 7% liang(4)
50 #8 ping(2) #K kuan(3) ¥ ping(2) 2 giang(1) §# guan(4)
51 7 qi(®) X qing(4) K qi(4) 4 xi(4) ¥ reng(1)
52 B qiao(2) % lian(4) ¥ qiao(2) # shi(3) & kan(d)
53 # qing(1) i que(d) ¥ qing(1) 1 bao(3) % zhong(4)
54 A qiu(2) A xian(2) IR qiu(2) fixi nao(3) % lao(2)
55 & shi(d) % nian(4) iR shi(4) 12 yao(2) 2 wu(l)
56 ¥ su(4) #E ti(1) iE su(4) UK pai(4) 18 shuo(1)
57 R wei(3) 2 chen(2) 1§ wei(3) B chu(2) 3L tou(2)
58 FH yang(2) % ban(1) # yang(2) %2 shao(1) B8 yin(1)
59 5 yi(d) J& dun(4) ¥ yi(4) F% zhen(4) [&] tong(2)
60 % you(2) #% mian(2) i you(2) #4 shen(2) 7 zou(3)
61 & yuan(2) F mao(2) ¥ yuan(2) {5 shang(1) 77 fang(1)
62 41 zhi(1) # gei(3) 21 zhi(1) i la(l) 1# dong(3)
63 #£ zhong(1) 4 wei(2) " zhong(1) % xuan(3) 1k zhi(3)
64 EE yi(1) B shou(3) # yi(1) £ hui(1) 24 yao(4)
65 % 7hi(4) Z wai(1) # zhi(4) 12 qin(1) B yu(2)
66 & zhi(2) # nuo(4) {H zhi(2) & ni(2) B shu(1)
67 BE ting(2) 3 kuang(2) 1% ting(2) % leng(3) B yuan(4)
68 % lie(4) TL wa(3) 71 lie(4) ¥ shu(2) 1 you(1)
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Experiment 3

Semantic Mediated Orthographic Control
prime prime prime prime Target

1 44 chou(2) # chou(2) ¥ diao(1) ¥ qi(4) # si(1)
2 fit du(4) $t du(4) it she(4) K tuo(2) & wei(d)
3 18 fu() & fu(2) 18 bi(1) ¥8 hua(2) %K zai(1)
4 #1 hang(2) i hang(2) Hi kang(4) 2 zhen(3) 3 hai(3)
5 £ jian(3) £ jian(3) & lian(3) # yi(1) ) qin(2)
6 & jie(2) £ jie(2)  ju@) 2% xian(4) JE zang(1)
7 i jing(1) % jing(1) U liang(2) 8 zao(1) WF xia(4)
8 5 kuai(4) e kuai(4) * jue2) %; tong(3) 12 man(4)

% la(4) JiE 1a(4) # xi(1) ¥ wa(l) it zhu(2)
10 ¥ qiao(2) £ giao(2) I jiao(1) B suo(3) 7 he(2)
1 i yu(2) i yu(2) i tou(1) Bi shuo(4) F le(d)
12 £ ban(4) # ban(4) ¥ pang(4) #i 1ai(4) A peng(2)
13 161 bo(2) 8 bo(2) 1 pa(4) #% mian(2) X shu(1)
14 i ce(4) # ce(4) 4l zha(2) K jiu(4) 35 pang(2)
15 ®> chao(3) 15 chao(3) ¥ sha(1) 45 gong(1) %] nao(4)
16 #E chui(2) 3% chui(2) HE tuo(4) # mu(3) 7 fu(3)
17 BT ding(1) T ding(1) 4T deng(1) P you(1) E kan(4)
18 i du2) # du(2) 45 xu(4) # se(d) = nian(4)
19 12 gen(1) 51 gen(1) 18 yin(2) #£ xing(4)  ye(d)
20 41 hong(2) T hong(2) {T. jiang(1) 1 shen(1) ¥ 1an(2)
21 # jiao(3) % jiao(3) 1 xiao(4) Hii shi(4) T ning(3)
2 & jun(4) 1% jun(4) % suan(1) 2 1u(3) % mei(3)
23 £ ling(2) 4 ling(2) 7 leng(3) £ nie(1) I shao(4)
24 %k mei(4) Bk mei(4) Bk wei(4) 3R mi(2) % di(4)
25 ¥ qing(2) 1% qing(2) 55 cai(1) N zhi(1) M yu(3)
26 IK qu(1) 4R qu(1) M ou(3) B lou(4) #E gan(3)
27 1% sou(1) 1% sou(1) 1 sao(3) i wan(4) F xun(2)
28 Bk tao(2) %k tao(2) Bk tiao(1) 1 Iu(2) 21 1i(2)
29 B ti(2) W i(2) %% di(4) 1 gie(d) JK zhao(3)
30 4 tong(2) 1 tong(2) ¥ dong(4) B xi(4) % jin(1)
31 # tu(2) % tu(2) % xu(2) JE fei(2) % lu(4)
32 1% xia(2) ¥ xia(2) Bk shan(3) # bi(3) 2 gu(3)
33 # xiang(2) #£ xiang(2) ¥ yang(4) FH mo(4) BS lue(4)
34 & yan(1) JA yan(1) 1 yin(1) 1% seng(1) % wu(4)
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Semantic Mediated Orthographic Control
prime prime prime prime Target
35 B yang(1) A yang(1) B ying(4) i song(4) i miao(2)
36 5 yi(3) 5 yi(3) 5 qi(2) 1. pei(4) % deng(4)
37 i you(2) 4 you(2) #h xiu(4) % dian(4) ## yan(2)
38 # ze(2) # ze(2) ¥ yi(4) B su(l) % xuan(3)
39 1k zhu(4) H: zhu(4) ¥ wang(3) 18 zhao(1) & ju(l)
40 FH zu(3) #H zu(3) # jie(d) 4t zhen(1) # lan(2)
Experiment 4
Semantic Mediated Control
prime prime prime Target
1 1% 1ei(2) 55 lei(2) 1 mei(2) & giao(1)
2 i pu3) £ pu(3) f#t dian(3) #h qu(3)
3 # ren(4) 4] ren(4) 4 bin(1) 1% jian(1)
4 % ting(2) % ting(2) A feng(1) 1k zhi(3)
5 1% qin(2) "% qin(2) ¥ 16(4) # zhuo(1)
6 #K nong(2) i nong(2) 4% ming(2) i xi(1)
7 i lan(3) 2% 1an(3) i giu(l) 1 bao(4)
8 5 wei(4) 12 wei(4) ik fei(1) 7 si(1)
9 B xing(1) fi& xing(1) ¥ gao(1) # hou(2)
10 & xiang(4) ¥ xiang(4) 4 nan(2) i hua(4)
1 #7 gou(1) & gou(1) 8 xi(1) & qu(2)
12 g chang(4) 18 chang(4) 17 zhen(1) £ wu(3)
13 £ lan(2) £ lan(2) # hui(4) B zu(3)
14 #5 duan(4) 4 duan(4) i a0(4) i bu(4)
15 $¥ tang(2) ¥E tang(2) Bk mi(1) it tian(2)
16 i gang(1) %% gang(1) # dou(3) & tie(3)
17 1 jia(4) & jia(4) 5 1i(3) 2 qu(3)
18 Bt zhang(4) i zhang(4) Mg xiong(1) 1% gun(4)
19 1 hu(2) # hu(2) F duo(3) {L jiang(1)
20 1 gou(4) ¥ gou(4) iF zheng(4) 3 mai(3)
21 Mt huan(4) #: huan(4) ¥ yuan(2) Y jiao(4)
22 % shou(4) %7 shou(4) # bang(1) # jiao(1)
23 #, shi(4) ik shi(4) i qi(4) # ca(l)
24 i ju(4) #& ju@) 4 zhong(1) X kan(3)
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