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bstract

We report a Chinese-speaking patient WJX with left temporal lobe ischemic damage resulting in dementia. Similar to English speaking patients
ith this pathology, WJX showed impaired semantic system functioning together with a well preserved ability to read aloud Chinese characters

ncluding characters with unpredictable mappings between orthography and phonology—so called irregular characters. The summation hypothesis
Hillis, A. E., & Caramazza, A. (1991). Mechanisms for accessing lexical representations for output—evidence from a category-specific semantic
eficit. Brain and Language, 40, 106–144; Hillis, A. E., & Caramazza, A. (1995). Converging evidence for the interaction of semantic and
ublexical phonological information in accessing lexical representations for spoken output. Cognitive Neuropsychology, 12, 187–227] proposes
hat the good reading performance can be explained by the integration of a semantic route of reading and a nonsemantic route. Most Chinese
haracters contain components that can give a clue to the pronunciation (phonetic radical) and the meaning (semantic radical) of the character.

e compared his comprehension and oral reading performance by varying the consistency of phonetic radicals and the transparency of semantic

adicals. We observed an interaction between WJX’s character comprehension and the consistency of the phonetic radical on reading performance;
owever, the transparency of semantic radicals had no effect on performance. We argue that this case report provides converging evidence for the
rinciples of the summation hypothesis for reading.

2007 Published by Elsevier Ltd.
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. Introduction

Reading aloud, the process of generating sounds upon
eeing a visual word, has been studied intensively by cog-
itive psychologists and neuropsychologists over the past 30
ears. It is generally agreed that at least two cognitive pro-
esses are involved (Coltheart, 1978; Coltheart, Rastle, Perry,
angdon, & Ziegler, 2001; see Fig. 1). One cognitive pro-
ess involves reading via the semantic representation of the
ord, and is called the “semantic route”. The other process
ses a nonlexical (sublexical) route that operates according

o grapheme-phoneme-conversion (GPC) procedures. In the
emantic route, following analysis by the visual system, a
etter string activates its corresponding representation in the

∗ Corresponding author. Tel.: +86 10 5880 2911; fax: +86 10 5880 2911.
E-mail address: zzhhan@bnu.edu.cn (Z. Han).
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rthographic lexicon, and then its semantic representation, fol-
owed by retrieval of a phonological lexical representation
nd the production of the corresponding phonemes. In the
onlexical route, the letter string activates its corresponding
honemes through GPC procedures without contact to lexical
epresentations.

There is a variety of empirical support for these two routes
or reading. The fact that normal readers can read pronounce-
ble nonwords that have no meaning, e.g., “wug”, suggests the
xistence of a nonlexical route. This is buoyed by findings in the
europsychological literature of a double dissociation between
urface and deep dyslexic readers. Surface dyslexic patients
an read regular words and nonwords far better than irregu-
ar words, and they produce regularization errors with irregular

ords (e.g., reading “pint” as /pint/), suggesting reliance on the
onlexical reading route. By contrast, deep dyslexic patients
roduce semantic substitutions and their reading performance
s influenced by semantic factors such as word concreteness.

mailto:zzhhan@bnu.edu.cn
dx.doi.org/10.1016/j.neuropsychologia.2007.02.007
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ig. 1. A schematic model of reading. The dashed line indicates a possible but
ot necessary direct route proposed by some researchers.

his suggests the involvement of a semantic route for reading
Coltheart, 1980; Kremin, 1982).

A third reading route has also been proposed which involves
irect mapping from an orthographic lexical representation onto
phonological lexical representation without going through the

emantic system (Bub, Cancelliere, & Kertesz, 1985; Coltheart,
urtis, Atkins, & Haller, 1993; Coltheart et al., 2001; Funnell,
983; McCarthy & Warrington, 1986; Shallice, 1988; see the
ashed line in Fig. 1). This third route is often referred to as
direct lexical route. Note that this should not be confused
ith the use of the term “direct” referring to the direct acti-
ation of semantic properties by orthographic input (as opposed
o via phonology). The proposal of this third route of reading was

otivated by reports of oral reading in patients with dementia
Schwartz, Marin, & Saffran, 1979; see also Blazely, Coltheart,

Casey, 2005; Cipolotti & Warrington, 1995; Lambon-Ralph,
llis, & Franklin, 1995; Noble, Glosser, & Grossman, 2000;
aymer & Berndt, 1996). Of most interest was the observation

hat some patients, despite severe deficits in the semantic system

nd to the nonlexical reading procedure, can nevertheless read
ords correctly that they do not understand, including irregular
ords. For instance, patient WB (Funnell, 1983) could not read
onwords including pseudohomophones, e.g., brane, suggest-
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ng a deficit in reading via the nonlexical procedure. WB also
howed deficits in semantic judgments on spoken and written
ords, indicating that the semantic route for reading was also

mpaired. However, his reading ability for words from a wide
ange of frequencies was relatively preserved. It is assumed
herefore that successful oral reading was achieved through a
hird route, the direct lexical route. Another important piece of
vidence for a third route was presented in Coltheart, Masterson,
yng, Prior, and Riddoch (1983). In this case study, their patient
ould read irregular words correctly without comprehending the
eaning of those words. For instance, he could read “steak” cor-

ectly but defined it as a “fencing post”. As the semantic route
as not functioning properly in this case, and the nonlexical

oute could not generate an accurate response because the word
teak is irregular, Coltheart et al. assumed that a direct lexical
oute is necessary to account for this pattern (also see Coltheart

Funnell, 1987; Ellis & Young, 1988; Lambon-Ralph et al.,
995; Schwartz et al., 1979).

However, an alternative explanation for these patterns of read-
ng has been proposed within the dual route framework, arguing
hat a third route is not logically necessary (Hillis & Caramazza,
991, 1995). This “summation hypothesis” assumes that partial
nformation from an impoverished semantic system and partial
nformation from a nonsemantic nonlexical procedure could be
nough to “summate” to the correct response for some patients.
ccording to this hypothesis, those patients with deficits to the

emantic system causing failures on measures including pic-
ure naming or comprehension tasks which require them to
istinguish between the target and semantically related items,
ay retain access to some semantic information, including the

emantic category of the item. In word reading, the ambiguous
ctivations through the semantic system are resolved by phone-
ic information activated through the nonlexical system, even

hough this nonlexical activation may be imperfect or underspec-
fied, either because the nonlexical procedure is also impaired to
ome degree, or because the target is not fully regular. Take the
rregularly spelled word “pear” as an example. A patient with a
emantic deficit may only retain the semantic information that a
ear is a fruit and phonological lexical nodes of “pear”, “apple”
nd “lemon” are activated to similar degree. As a result, he or she
ay name the picture of a pear as “apple” or “lemon”, or in com-

rehension tasks (such as picture-word matching) erroneously
hoose the semantic foil “apple” as the target. However, when
resented with the visual word, phonemic information that is
ctivated by the letter “p” or the rime “ear” will converge onto the
honological representation of the word “pear” and not “apple”
r “lemon”. This activation would be sufficient to allow correct
ral reading of an irregular word despite imperfect knowledge
f the word meaning.

Hillis and Caramazza (1991, 1995) reported empirical evi-
ence that is compatible with the summation hypothesis. For
nstance, one of their patients, JJ, had deficits in visual word
omprehension (except for animals) suggesting impairment in

he semantic reading pathway. However, he was very good when
eading irregular words. When his comprehension and reading
erformance were compared in an item analysis, there was an
nteraction between his knowledge about the semantic dimen-
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Marslen-Wilson (1999) found that the reading of a target charac-
ter, e.g., (light, /qing1/), was facilitated by the presentation of
a character ( , guess, /cai1/) which had a phonetic radical (
662 Y. Bi et al. / Neuropsych

ions of the word and the regularity of the item. When he showed
artial comprehension of a word, he read that word correctly,
ncluding irregular words. However, when he could not under-
tand word meanings, there was a strong regularity effect. He
ould read all regular words correctly but no irregular words
orrectly.

The summation hypothesis can explain the patterns of read-
ng displayed by JJ and several other patients (e.g., GLT, Hillis

Caramazza, 1995) within the dual route framework without
he requirement of a direct lexical route. The main advantage
f the summation hypothesis over the triple route model (e.g.,
oltheart et al., 2001) is that summation is a more parsimo-
ious explanation since it requires one less cognitive procedure
or normal oral reading and it can explain data from patients
ssuming a single deficit locus, which is to the semantic system
nly. However, if a direct lexical route for reading aloud is also
ssumed, then JJ must be assumed to have an additional deficit
n that route.

In this paper, we report converging evidence for the summa-
ion hypothesis from a Chinese-speaking patient with dementia.
ur patient WJX produces semantic errors in both com-
rehension and production tasks. However, his oral reading
erformance is significantly better than his comprehension and
roduction of the same lexical items. Following the logic of
illis and Caramazza (1995), we investigated if the discrepancy
etween WJX’s word-reading and picture-naming performance
ould be explained through the summation of partial informa-
ion from a semantic and a nonsemantic route. In addition, we
sked whether reading in Chinese via the nonsemantic route uses
onlexical procedures that may be comparable to GPC rules in
nglish or is equivalent to the direct lexical route that is assumed
y Coltheart and colleagues to be available for oral reading in
lphabetic languages.

Data from Chinese speakers is particularly informative for
tudying reading because of the unique features of the script.

ritten Chinese is often viewed as the most typical example of
n opaque script because it has no grapheme-phoneme corre-
pondences. The basic written units are logographic characters
hat correspond to syllables in sound. There are about 3500
ommonly used characters. Some are freestanding morphemes
hat can stand alone as a word and others are so-called bound

orphemes in that they usually occur together with another
haracter in a compound word. There is no visual component
ithin a character that corresponds to any segmental information
f the printed form. That is to say there is no visual-sound-
orrespondence at the segmental level that resembles the GPC
ystem assumed used in alphabetic scripts. This is why some
riters posit that in Chinese “the distinction between a lexical

nd nonlexical route for reading aloud cannot even rise”, and
there are no reasons to expect universals of written language”
Coltheart et al., 2001, p. 236). Indeed, while the existence
f a third direct lexical route in alphabetic scripts is in dis-
ute, researchers have often assumed that a direct lexical route

hat maps lexical orthography onto lexical phonology without
ontacting semantic representations is available for reading in
hinese (e.g., Law & Leung, 2000; Law & Or, 2001; Law, Wong,
Chiu, 2005; Law, Yeung, Wong, & Chiu, 2005; Taft, Liu, Zhu,
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999; Taft & Zhu, 1995, 1997; Taft, Zhu, Peng, 1999; Weekes
Chen, 1999; Weekes, Chen, & Yin, 1997; Zhou & Marslen-
ilson, 1997). Theoretical discussions have mostly focused on
hether there are linguistic and empirical reasons to posit non-

exical correspondences between orthography and phonology
n Chinese. In order to understand this debate, we will briefly
ummarize the characteristics of the Chinese script.

The Chinese written script began with a small set (about 200)
f pictographic symbols depicting the meaning of objects and
ctions, e.g., , /kou31/, “mouth”. The visual-sound correspon-
ences in these symbols were completely arbitrary. However,
productive way of forming new characters emerged, most

otably for characters with abstract meanings, which used exist-
ng symbols to represent the sound of a new character and
nother component to indicate its meaning. The result is that
ver 80% of modern characters are composites of a semantic
adical and a phonetic radical, which are typically aligned in a
eft-to-right fashion. The phonetic radical corresponds to a syl-
able and is usually another lexical item (word) when it stands
lone. The whole composite character can sometimes be a homo-
hone with its phonetic radical or rhyme with it, but can also be
ompletely different in sound. For example, the character “ ”
/lan2/, fence) has a phonetic radical “ ” (/lan2/, lily), which
ives the character’s pronunciation, and a semantic radical “
(/mu4/, wood), which provides meaning. The character “ ”

/lan4/, rotten) with the same phonetic radical, however, differs
rom the radical “ ” (/lan2/) in tone.

In order to characterize phonetic regularity, i.e., how reliably
he pronunciation of a composite character can be predicted by
he sound of its phonetic radical, two variables be measured.
hese are called regularity and consistency. Regularity refers to
hether a character has the same sound as its composite radi-

al. A regular Chinese character refers to a composite character
hat has the same sound as its phonetic radical (e.g., Weekes &
hen, 1999). However, for a character to be consistent, not only
ust it be a homophone with its phonetic radical, all characters
ith the same phonetic radical must also be homophonic with

hat character. In other words, a phonetic radical for a consis-
ent character will always give an unambiguous phonetic cue to
he sound of the whole character. Estimates suggest that about
5% of the composite characters taught in elementary schools
re regular, and 11% are consistent (Xing, 2002). Chronomet-
ic studies show that the information in a phonetic radical is
utomatically activated in reading composite characters, and
he regularity and the consistency of radicals within a compos-
te character also influence reading performance. For example,
n experiments where the task is to read aloud the target char-
cter after a brief presentation of a prime character, Zhou and
1 The pinyin system is used for the phonetic transcript of the Chinese charac-
ers. The number represents the tone of the syllable preceding it. There are four
ones in Mandarin Chinese, flat (1), rise (2), fall-rise (3) and fall (4). Number 0
epresents an unstressed syllable.
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turquoise, /qing1/) that was homophonic with the target but
s unrelated semantically or phonologically/orthographically.
lso, low frequency regular characters are named faster than

rregular characters (Hue, 1992; Seidenberg, 1985; but see Shu
Zhang, 1987) and consistent characters faster than inconsis-

ent characters (Hue, 1992; Peng, Yang, & Chen, 1994). Some
tudies have shown that the phonological information in a radical
f an independent phonogram, e.g., the right side of the char-
cter (sound of escaping laughter, /pu1/), has an impact on
eading characters, suggesting that pronunciation of a compos-
te might not be retrieved holistically from the lexicon but rather
he pronunciation can be influenced by pronunciation of other
omposite characters that contain the same phonetic radical (e.g.,
ee, Tsai, Su, Tzeng, & Hung, 2005). Furthermore, patients with
urface dyslexia in Chinese read aloud regular characters bet-
er than irregular characters, and sometimes produce the sound
f the phonetic radical when reading irregular characters, e.g.,
ead (guess, /cai1/) as /qing1/, which is the pronunciation of
ts phonetic radical ( , turquoise, /qing1/). These are referred to
s “Legitimate Alternative Responses to Components” or LARC
rrors by Weekes and Chen (1999) (also see Yin & Butterworth,
992).

Taken together, the above findings suggest that the phonetic
adical contributes to both normal and impaired oral reading in
hinese. However, it is an open question whether the involve-
ent of the phonetic radical is a lexical or nonlexical event.
ne view (e.g., Wu, Zhou, & Shu, 1999) is that phonetic radi-

al processing might be based on statistical rules, such that the
rthographic form of a phonetic radical corresponds to a certain
yllable(s) according to probabilities, this being comparable to
PC rules in English. On the other hand, phonetic radical effects
ight simply be the byproduct of lexical processing of the char-

cters containing the radical. A point to note here is that in the
riple route model shown in Fig. 1, the direct lexical route for
eading operates according to a one-to-one mapping between an
rthographic lexical representation (node) and a phonological
exical node. Therefore, any phonetic radical effect on read-
ng in Chinese is not readily explained by simply assuming
eading via a direct lexical route without additional specifica-
ion of how phonetic composite characters are processed. As
e mentioned earlier, extant theories start with the assumption

hat direct lexical links between orthographic lexical represen-
ation and phonological lexical representations are sufficient to
xplain oral reading in Chinese. The most relevant empirical
otivation for this view comes from patients like YQS (Weekes

t al., 1997) and YKM (Law, Wong, et al., 2005), who can read
loud lexical items much better than they can name the same
exical items presented as pictures. However, as in the studies of
nglish speaking patients reviewed above, such evidence does
ot necessarily imply the existence of a direct lexical route. Data
rom Chinese speakers could also be explained by the summation
ypothesis if a nonlexical is assumed. Note that the summation
ypothesis by itself does not require the proposal of a nonlexical

oute, as summation could be achieved via the semantic route
nd a direct lexical route. Our point is merely that before we
ssume that Chinese reading involves a direct lexical route as
lmost all current models of Chinese reading do, it is still an open
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uestion which of the two nonsemantic routes (direct or nonlex-
cal) in Fig. 1 functions in reading Chinese given that either of
hem can account for the aphasic cases and the phonetic radical
ffects cited above. Here, we would address the influence of the
honetic radicals on the composite character reading as the “non-
exical processing” in Chinese following the convention adopted
n other studies (e.g., Zhou & Marslen-Wilson, 1997, 1999) and
efer the discussion about the precise underlying mechanism
lexical or not) to Section 5.

Another unique feature of Chinese characters is the exis-
ence of semantic radicals, which are somewhat comparable to
nflectional morphemes (e.g., -ment) except that the semantic
adicals are associated with conceptual information of character
nd not grammatical properties. Like phonetic radicals, seman-
ic radicals are not necessarily reliable. Approximately, 88%
f composite characters have transparent or semi-transparent
emantic radicals, e.g., (river), (stream), (lake), (sea),

(wet), (sweat), (wash), all have the semantic radical “
which, loosely defined, means water-related. About 12% of

omposite characters have opaque semantic radicals where the
ypical meaning of the composite character is unrelated to the
emantic radicals within the character, e.g., , disappear, /xiao1/
Shu, Chen, Anderson, Wu, & Xuan, 2003). It is still unclear to
hat degree semantic radicals contribute to the recognition of
hinese characters and so this question will be an additional

ocus in the current study. The possible effects of semantic
adicals on reading in Chinese will also be considered in the
ontext of the integration of output from the semantic system
ith nonlexical processing.
In the following sections, we describe the details of WJX’s

europsychological profile including his performance on lan-
uage tasks. In Experiment 1, we compared his performance on
ral reading tasks to other tasks involving different processing
omponents such as meaning judgment, with the aim of estab-
ishing the locus of his cognitive deficits. In Experiment 2, we
ocus on whether putative nonlexical correspondences have an
mpact on oral reading performance and its relationship with
he semantic dimension by manipulating the phonological and
emantic transparency of characters.

. Case background

WJX is a 75-year-old right-handed man who received
igh-primary school education, and formerly worked as an
manuensis in a police bureau of Beijing City. His family
eported 4 years of deteriorating memory at first testing. WJX
cored 16 on the Chinese version of the MMSE indicating proba-
le dementia. CT scan revealed a small low-density focus in the
osterior limb of the left internal capsule (Fig. 2). A SPECT
onducted in December 2001 showed that both hemispheres
ere thinned, with evidence of ischemic brain damage in the left

emporal lobe. The tests for the present study were conducted
etween October 1999 and May 2004.
In the preliminary screening test conducted in October 1999,
JX showed no problem on a bucco-facial apraxia task, where

e was required to execute or imitate 15 actions such as biting
he upper lips (15/15). He was near perfect in the word and
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Fig. 2. CT images of WJX.

onword repetition task (39/40), and was flawless at copying
ictures (2/2) and copying words (10/10). His spontaneous
peech was fluent and grammatically well formed, but contained
requent semantic paraphrases. For example, his description
f the cookie theft picture, included the following statements

This man holds a child, with fruit stuff on it. This hand holds
ring, and things inside are all broken, one basket and one

asket. There is bowl, and a bird here, stepping on the stool
eaching for stuff. Children playing with children here, put stuff
nto the mouth to eat. This is a boy, and a girl.)

WJX was impaired on tests of word comprehension. He
cored 8/15 correct in an auditory word-picture matching task
here he needed to match one spoken word to one of four pic-

ures (a target, a semantic foil, a visual foil and a unrelated
oil); 10/20 correct in an auditory sentence-picture matching
ask where he matched one spoken sentence to one of two pic-
ures (the foils are either semantic or with reversed role); 9/15
n the visual version of the word-picture matching task; 11/20
n an additional visual sentence-picture matching task. He was
lso impaired in oral picture naming (56/130) and written pic-
ure naming (2/11). Semantic errors were prevalent in responses
uch as producing (deer, /lu4/) when given the picture of a

(sheep, /yang2/). The fact that he made semantic errors in all
omprehension and naming tasks shows a deficit in the seman-
ic system. This was confirmed by his greatly reduced category
uency (animals = 4). By contrast his oral reading ability, was
ell preserved (53/57, words and nonwords2 combined) and not

haracterized by semantic errors. All oral reading errors were
xclusively form related errors e.g., /gui1/→( ) /dian4/,
zhuang2/→( ) /ru3/, /po1/→/pei1/, /heng2/→/geng3/.

The profile that emerged from screening was that WJX
howed a typical pattern of impairment to language processing
hat is similar to many English speaking patients with demen-
ia, i.e., he suffered from impairment to tasks requiring access

o the semantic system, but had a preserved reading ability,
ven for relatively opaque characters. Such a pattern resem-
les cases such as WB (Funnell, 1983) and YQS (Weekes

2 Nonwords were created by combining two character/syllables. These are
omparable to pseudo-compounds in English e.g., “tea row” each with an extant
yllable.
45 (2007) 2660–2673

t al., 1997), who were cited as evidence of a direct lexi-
al route (addressed as “nonsemantic route” in Weekes et al.,
997) in reading. In Experiment 1, we tested this impression
y giving WJX comprehension tasks that were presented in
he visual and auditory modalities using a relatively large item
et, as well as oral word reading and picture naming tasks
sing the same lexical items. In Experiment 2, we constructed a
ifferent set of materials to examine the possible effects of pho-
etic and semantic radicals on his reading, and then compared
is comprehension and reading abilities with these characters
irectly.

. Experiment 1: Comparison across lexical tasks

.1. Method

Items were 226 words taken from the Chinese adaptation of the Snodgrass
nd Vanderwart (1980) set (Shu, Cheng, & Zhang, 1989). Four tasks were
dministered: oral picture naming, oral word reading, spoken word/picture
erification and written word/picture verification. In the verification tasks, a
icture was presented along with a word, either spoken or written, and WJX
as required to say “yes” or “no” to indicate whether the word corresponded

o the picture. Each target pictures was paired with three words administered
n three separate blocks, including the correct word, a semantic foil and a
ormal foil related to the target either by visual form or by sound or both.
emantic and formal foils were taken from Shu et al. (1989). A target was
cored correct only if it was correctly identified in all three trials—i.e., the
atient correctly accepted the target picture and rejected the two foils. In our
iew, these strict criteria provide a test of comprehension that is more sensi-
ive than word-picture matching because the patient cannot “guess” the correct
esponse by knowing that the foil is not the target. Written production tasks
ere not administered because the patient complained that writing was too

ffortful.
The complete set of 226 items in Shu et al. (1989) was presented in the

ral picture naming and reading tasks, and a subset of 162 was used in the
ord/picture verification tasks. The three items for each target in the verifi-

ation tasks were assigned into three blocks using the Latin-square method.
he three blocks were administered over a period of 1 month with a 2-week
reak between the administrations of each block. The oral naming and oral
eading tasks were administered in two counterbalanced sessions administered
ne month apart. The verification tasks were scored on site by the experimenter
nd the naming and reading tasks were recorded onto an audiotape, transcribed
nd scored afterwards. The entire experiment was completed in a total of eight
essions.

.2. Results

WJX’s first complete responses were scored. We categorized the oral pic-
ure naming and reading responses into six categories: (1) correct; (2) semantic
rrors, i.e., responses that are semantically related to the target (e.g., , mouth
zui3/→ , ear, /er3 duo0/); (3) mixed errors, i.e., responses that were both
emantically and formally related to the target (e.g., , motorcycle, /mo2
uo1 che1/→ , bicycle, /zi4 xing2 che1/); (4) phonological/visual errors,
.e., responses that were only phonologically related or visually related to the tar-

et (e.g., , cake, /dan4 gao1/→ , cap, /mao4 zi0/); (5) other, including
esponses that were nonwords, unrelated words, or circumlocutions; (6) Do not
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Table 1
Percentage breakdown of WJX’s responses on the four tasks in Experiment 1 (item numbers in parentheses)

N Correct Semantic errors Mixed errors Formal errors Other Do not know

Spoken word/picture verification 162 56 (91) 22 (35) – 3 (5) – –
Written word/picture verification 162 41 (67) 20 (32) – 1 (2) – –
Oral picture naming 226 45 (101) 26 (59) 3 (7) 0 (0) 18 (40) 8 (19)
Oral reading 226 94 (213) 0 1 (3) 1 (2) 3 (8) 0

Note: In Tables 1 and 2, the data points for semantic errors in the verification tasks are the error percentage and error numbers in the block where the targets were
each paired with a semantic foil, i.e., the occurrences that the patient falsely accepted the semantic foil out of the 162 trials. The same works for the “formal error”
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ells. The items in the parentheses do not add up to the total number in the ve
he target picture names – were not presented here and (2) the trials where a ta
nother (e.g., formal) were not categorized into any of these categories in the ta

If we look at the “miss” trials in the verification tasks, semantic errors were
ore common than formal errors (auditory verification: 35/162 versus 5/162,

2
1 = 25.67, p < 0.0001; visual verification: 32/162 versus 2/162, χ2

1 = 29.57,
< 0.0001). Semantic errors were also the most frequent error type in oral pic-

ure naming. Examples are: (chair, /yi3 zi0/)→ (bed, /chuang2/),
camel, /luo4tuo0/)→ (horse, /ma3/), (frog, /qing1 wa1/)→
tion tasks because: (1) false alarms – trials where the patients falsely rejected
ictures were correctly identified in one block (e.g., semantic) but erroneous in
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Table 3
Stimuli properties in Experiment 2

Types of semantic
radicals

Types of phonetic
radicals

Example N Word frequency (/1.8 million) Number of orthographic
subcomponents

Number of strokes

Transparent Reg-con 30 175 2.77 9.90
Reg-incon 30 208 2.50 9.30

Irreg-incon 30 204 2.67 9.77

Opaque Reg-con 20 226 2.90 9.55
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Irreg-incon 20 191

btain a more objective view of semantic opacity, the selected characters were
aired with their semantic radicals and given to 14 participants (undergraduate
tudents from Beijing Normal University) to rate their semantic relatedness on
7-point scale, with 1 being unrelated and 7 being most related. The mean

ating was 5.73 for the characters with “transparent” semantic radicals and
.25 for “opaque” semantic radicals, and the difference was highly significant
(149) = 41.9, p < 0.000001. Table 3 displays the features of the six types of
haracters used and examples. The character types were matched for surface
haracter frequency, and their visual complexity (the number of strokes and the
umber of logographemes3) according to one-way ANOVAs, F’s = 0.19–0.94,
’s = 0.455–0.966.

Stimuli were presented individually, each on the center of a piece of paper,
t font SONG, size 48. To test WJX’s comprehension and oral reading of
haracters directly, he was asked to first define the character and then read
t aloud. Occasionally, he failed to follow the instructions and read the char-
cter before defining it. The characters were presented in a random order,
nd administration was completed in two sessions about one week apart.
he entire testing was recorded on an audiotape and was transcribed and
cored later. The whole list was given once in 2003, and a second time
n 2004.

.2. Results

To score WJX’s definitions of characters we classified responses into three
ategories: accurate, partially correct, and wrong. A response was scored as
ccurate if it had the most crucial features of the target, e.g., defining the character

(/han3/, shout) as “ , , , ,
” (say something loudly with the mouth, say something, loud, if

ot loud, people cannot hear). If a response tapped into at least some semantic
eatures of the target, it was scored as partially correct. For example, he defined

he character (/you2/, post) as “ , ” (“use
his character when to write a letter, write a letter or something”). If the response
as semantically unrelated to the target or no response was given then the trial
as scored as wrong. The reading responses were scored correct only if all the

egmental information and the tone were correct; otherwise it was scored as
rong. Responses were scored by two independent judges and the inter-coder

orrelation was high (Rc = 0.80). Therefore, the scores from one coder only are
eported here.

Consistent with the findings from the screening phase and Experiment 1,
JX was significantly better at reading aloud than comprehending character
eanings (1st time: χ2

1 = 19.6, p < 0.000; 2nd time: χ2
1 = 33.4, p < 0.000). Com-

aring WJX’s performance in earlier and later testing sessions revealed evidence
f dementia. His comprehension performance degraded significantly (definition

ccuracy: 44% versus 31%, χ2

1 = 5.1, p < 0.05). However, his reading perfor-
ance over the two testing points, however, was relatively stable (69% versus

4%, χ2
1 < 1).

3 Logographemes, or sub-components, are visual units that are assumed to be
he smallest components in characters other than strokes. They are composed of
ifferent strokes in certain spatial relationships. For example, the character “
contains three logographemes: , and . See Law and Leung (2000) for
etailed analyses for the criteria in defining a logographeme.
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.3. Semantic radicals and comprehension

Collapsing the data across both sessions, the percentage of accurate defini-
ions was similar for transparent and opaque characters (χ2

1 < 1, see Table 4).
owever, compared to opaque items, transparent items elicited a higher percent-

ge of “partially correct” definitions (χ2
1 = 3.75, p = 0.053) and fewer “wrong”

efinitions (χ2
1 = 3.76, p = 0.052). This suggests that WJX did use the semantic

adical to identify the meaning of some characters. However, while we con-
rolled for the frequency and the visual complexity of the two character groups
opaque semantic radical character versus transparent semantic radical char-
cter), there are potential confounding factors that we might have overlooked,
.e., the characters’ semantic variables such as imageability or concreteness. To
dentify whether WJX’s comprehension patterns can be attributed to the type
f semantic radical or the conceptual properties of the whole character, we pre-
ented the 150 characters to 16 students at Beijing Normal University and asked
hem to rate their imageability on a 7-point scale, with 1 being least imageable
nd 7 most imageable. Another 16 participants were asked to rate the charac-
ers’ concreteness (1—most concrete; 7—most abstract). The mean imageability
atings for characters with transparent semantic radicals and opaque radicals
ere 5.37 and 3.90, respectively, t(148) = 7.3, p < 0.001, and the mean concrete-
ess ratings 3.85 and 2.66 t(148) = 7.6, p < 0.001. This suggests that these two
ariables were indeed confounded with the semantic radical manipulation. To
xclude any potential contribution of character imageability and concreteness
nd to test whether semantic radical opacity had independent effects on charac-
er comprehension, we selected a subset of characters in these two groups (33 in
ach) that were matched for imageability (transparent: 4.7; opaque: 4.7) and con-
reteness (3.2; 3.4), as well as frequency (228; 218) and visual complexity (stroke
umber: 9.2; 9.8; logographeme number: 2.5; 2.8). WJX’s definition scores on
his subset (collapsing twice) showed that the effect of semantic radical opacity
n definition performance was eliminated (wrong definition: transparent 46/66,
paque 38/66, χ2

1 = 2.1, p = 0.15; partial definition: transparent 16/66, opaque
3/66, χ2

1 < 1). We then conducted a logistic regression to verify these findings.
he dependent variable was WJX’s definition scores (1 for partially correct
nd 2 for wrong). The predictors were semantic radical opacity ratings, image-
bility ratings, concreteness ratings, character frequencies, stroke numbers and
ogographeme numbers. The variables were entered into the logistic regression
sing the forward stepwise (LR) method. We found that the character frequencies
p < 0.0001) and imageability (p = 0.001) were the only two significant predictors
or the definition types and semantic radical opacity (p = 0.982) and concrete-
ess (p = 0.090) were not. In other words, in various post hoc analyses, we found
hat WJX’s comprehension ability was a function of the characters’ imageability
nd semantic radical opacity did not make an independent contribution.

.4. Phonetic radicals and reading

As can be seen in Table 5, WJX read more consistent than inconsistent char-
cters correctly (overall: χ2

1 < 10.9, p < 0.0001; time 1: χ2
1 < 7.6, p < 0.01; time

: χ2
1 < 4.2, p < 0.05), however, there was no difference between performance
n regular-inconsistent and irregular-inconsistent characters (χ2
1s < 1). That is,

significant consistency effect was observed, suggesting that WJX used pre-
erved nonlexical knowledge to generate the phonology of a given character. It
s important to stress that this nonlexical knowledge does not simply adapt the
ronunciation of the phonetic radical, but instead takes into account the reli-
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Table 4
Percentage distribution of definition performance as a function of semantic radical opacity (item number in parentheses)

Semantic radical opacity Definition Regular-consistent Regular-inconsistent Irregular-inconsistent Total

Transparent Accurate 15 (9/60) 18 (11/60) 28 (17/60) 21 (37/180)
Partially correct 22 (13/60) 18 (11/60) 27 (16/60) 22 (40/180)
Wrong 63 (38/60) 63 (38/60) 45 (27/60) 57 (103/180)

Total 100 (60/60) 100 (60/60) 100 (60/60) 100 (180/180)

Opaque Accurate 25 (10/40) 15 (6/40) 15 (6/40) 18 (22/120)
Partially correct 23 (9/40) 13 (5/40) 5 (2/40) 13 (16/120)

73 (29/40) 80 (32/40) 68 (82/120)

100 (40/40) 100 (40/40) 100 (120/120)
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Wrong 53 (21/40)

Total 100 (40/40)

bility of this phonetic cue. WJX assigned the pronunciation of the phonetic
adical to the whole character only when the phonetic radical was reliable, that
s, all characters containing the phonetic radical have the same pronunciations,
hat of the phonetic radical. And when a character has an inconsistent phonetic
adical, the patient assigned a “legal” sound – the pronunciation of a possible
haracter containing this radical – to the target. This is why he correctly read a
imilar percentage of regular/inconsistent and irregular/inconsistent characters,
nd why he could read correctly several irregular/inconsistent characters.

.5. Comprehension and reading

In our final and most critical analysis, we addressed the question of whether
JX’s impaired semantic system has any effect on his oral reading. Table 5

isplays WJX’s reading performance as a function of his comprehension of the
ame lexical items. At time 1, the 35 characters that he defined accurately, he
ccurately read, including irregular and inconsistent items, i.e., the items with
honetic radicals that give misleading cues. This was also true for the 31 char-
cters where he generated partial definitions. For the 84 characters to which he
ave the wrong definition or failed to give any definition, he read 45% of them
orrectly. Most importantly, there was a significant consistency effect on read-
ng (consistent versus inconsistent: χ2

1 = 5.916, p = 0.015), although no effect
f regularity was observed (regular versus irregular:χ2

1 < 1). The same pattern
as observed at the second administration (T = 2, see Table 5). An effect of the

emantic system on oral reading was confirmed by the observation that trans-
arent characters (with high character imageability) were read correctly more
ften than opaque characters (low imageability) (71% versus 55%, χ2

1 = 4.090,
< 0.05) at the second administration (when comprehension had degraded) (see
ig. 3).

.6. Summary
We found that although the opacity of a semantic radical had psychologi-
al reality – WJX understood the meaning of transparent characters better than
paque characters – we failed to detect any independent effect of the semantic
adicals and the differences were fully accounted for by the imageability of the
haracter. Of greatest interest were the interactions between character compre-

2
N
1
W

able 5
orrect percentage of reading as a function of comprehension (item numbers in paren

ime Definition Regular-consistent Regu

st Accurate 100 (10/10) 100 (
Partially correct 100 (14/14) 100 (
Wrong 69 (18/26) 37 (

Total 84 (42/50) 62 (

nd Accurate 100 (9/9) 100 (
Partially correct 88 (7/8) 100 (
Wrong 67 (22/33) 43 (

Total 76 (38/50) 58 (
ig. 3. Correct percentage of comprehension and reading as a function of seman-
ic radical transparency.

ension and the effect of phonetic radical transparency on oral reading. If WJX
ould give partial information about the meaning of a character including char-
cters that are irregular and contain inconsistent phonetic radicals, he was near
erfect in the oral reading task. Effects of phonetic radical transparency appeared
nly for characters that he failed to comprehend completely. This pattern echoes
erfectly the reading behavior of patient JJ (Hillis & Caramazza, 1991).

. General discussion

We have reported WJX, a patient with dementia who could
ead aloud better than he could comprehend and orally name
ictures. This pattern of spared oral reading in dementia is sim-
lar to other patients reported in the literature (Blazely et al.,

005; Cipolotti & Warrington, 1995; Lambon-Ralph et al., 1995;
oble et al., 2000; Raymer & Berndt, 1996; Schwartz et al.,
979). Like other dementia patients, the locus of the lesion for
JX was relatively diffuse with temporal lobe damage more

theses)

lar-inconsistent Irregular-inconsistent Total

10/10) 100 (15/15) 100 (35/35)
10/10) 100 (7/7) 100 (31/31)
11/30) 32 (9/28) 45 (38/84)

31/50) 62 (31/50) 69 (104/150)

7/7) 100 (8/8) 100 (24/24)
6/6) 100 (11/11) 96 (24/25)
16/37) 35 (11/31) 49 (49/101)

29/50) 60 (30/50) 65 (97/150)
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xtensive in the left than the right hemisphere. Left temporal
obe damage is also consistent with lesion sites reported for other
atients who have spared oral reading coincident with impaired
omprehension, e.g., JJ (Hillis & Caramazza, 1991). WJX’s pat-
ern of performance also replicates other Mandarin speaking
atients with left hemisphere damage (Weekes & Chen, 1999;
eekes et al., 1997) and Cantonese-speaking patients with left

emisphere damage (Law & Or, 2001; Law, Wong, et al., 2005;
aw, Yeung, et al., 2005).

Our most important empirical findings are the following: In
xperiment 1, we compared WJX’s performance on oral pic-

ure naming, spoken word comprehension and written word
omprehension tasks to oral reading. WJX was impaired in
oth production and comprehension tasks, and semantic errors
ere the dominant type. In Experiment 2, the following points

merged: (1) the status of the phonetic radical had an effect in
JX’s reading, such that consistent characters were read better

han inconsistent characters; (2) the semantic radical of charac-
ers did not seem to affect character processing. WJX’s pattern of
haracter definition performance could instead be attributed to
haracter imageability that co-varied with the semantic radical
ype; (3) if WJX had only partial semantic knowledge about

character, he could read the character, including inconsis-
ent/irregular items but if he could not access any semantic
nformation at all, he relied only on the consistency of the
honetic radicals to read aloud.

We will now discuss the implications of these results for
nderstanding the cognitive processes involved in reading aloud
hinese characters, including the following issues: (1) the

insignificant) role of semantic radicals in Chinese charac-
er recognition; (2) nonlexical processing in reading Chinese
haracters that is revealed by the consistency effect of pho-
etic radicals; (3) the interaction between semantic variables
nd the nonlexical variables accounted for by the “summation”
ypothesis; (4) the nature of nonlexical processing in Chinese
n comparison with alphabetic languages.

First, the absence of the semantic radical effects in character
omprehension after controlling for imageability is intriguing.
here are chronometric studies showing that when participants
re asked to judge whether a presented character is semantically
elated to its semantic radical, characters with a large combin-
bility – i.e., having a semantic radical that appears in many
haracters – are responded to faster (Chen & Weekes, 2004;
siao, Shillcock, & Lavidor, in press). In aphasia, Law, Wong,

t al. (2005), Law, Yeung, et al. (2005) showed that semantic
adicals also play a role in written production. In writing tasks,
45 (2007) 2660–2673
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ters in Weekes et al. (1997). However, unlike the position we
Y. Bi et al. / Neuropsych

walk, /zou3/), (run, /pao3/), (proceed, /xing2/). Nonlexical
honological activation from the phonetic radical includes /tu2/,
xu2/ and /chu2/. Again partial semantic information and nonlex-
cal activation converge onto the response /tu2/. A summation
ccount based on a dual route framework assuming semantic
nd nonlexical systems that interact at the level of phonological
utput, explains our case adequately.

The case of LJG (Weekes & Chen, 1999) who showed a
imilar pattern to WJX, can also be viewed as evidence sup-
orting this framework. LJG had impairment to the semantic
ystem and made semantic errors in all comprehension and pro-
uction tasks but he could read many items that he failed on
onfrontation naming. His reading was called surface dyslexic
ecause he produced LARC errors when reading irregular char-
cters. Furthermore, the effect of regularity was only present
or characters with abstract meanings. Characters with concrete
eanings were read well regardless of the phonetic regularity

f the item. If we assume that LJG’s semantic deficits impact on
bstract concepts more than concrete concepts, which is possi-
le (see Crutch & Warrington, 2005 for a review), then his oral
eading is consistent with the summation hypothesis. The fact
hat LARC errors instead of “analogous” errors were observed
ould either be because these two categorization criteria were
onfound in the items tested or because LJG and WJX preserved
ifferent types of nonlexical procedures.

We will now consider in greater detail the substance of non-
exical procedures. We have so far used the term “nonlexical”
or mechanisms that resulted in phonetic radical consistency
ffect in reading, assuming that it reflects how knowledge of a
haracter component contributes to reading of the whole char-
cter. However, as we have acknowledged in the Introduction,
t is unclear whether this nonlexical knowledge in Chinese
quates to a rule based system that is assumed in some mod-
ls of reading in alphabetic languages. First, although there is
o GPC on the segmental level (“ea” ->/E/) for Chinese charac-
ers, it is theoretically possible to isolate a reading mechanism
ased on the rules of (nonlexical) subcomponent orthography-
honology-correspondence. The following specific proposal
ould be entertained. In Chinese, the pre-lexical orthographic
roperties that are involved in visual character identification
nclude strokes, logographemes (see Han, Zhang, Shu, & Bi,
007; Law & Leung, 2000) and radicals just like letters shapes
nd graphemes in alphabetic languages. Among these units,
ertain subcomponents (radicals), e.g., “ ” correspond to the
ounds including /qing1/, /qing2/, /qing3/, /cai1/, /jing1/ and
jing4/, and possibly rhyming units /ing1/. Such correspondences

ight be acquired during character learning (Wu et al., 1999).
pon seeing a composite character such as (please, /qing3/),

he radical “ ” involved in the character identification process
ctivates all possible sounds corresponding to without contact-
ng any stored lexical representation of . Characters containing
“consistent” phonetic radical only generate one sound through

his procedure, and ones with “inconsistent” phonetic radicals
enerate multiple sounds and therefore take longer to read and

re more prone to reading errors. Note that these “orthographic
ubcomponents” radicals and “sounds” are peripheral proper-
ies of a character and are not the lexical representations in

h
a
a

45 (2007) 2660–2673 2669

he orthographic lexicon and the phonological lexicon. Lexi-
al representations are abstract entities that link different kinds
f information (semantic, orthographic, phonological, gram-
atical, etc.) that are not specified with any orthographic or

honological contents. Furthermore, there are cases where the
honetic radicals do not correspond to any independent lexical
tems (e.g., the radical of , translate, /yi4/) and therefore they
annot operate through the radicals’ lexical representations. It
hould be emphasized that the nonlexical rules we propose here
iffer from the GPC rules in English in several aspects. Take the
RC model (Coltheart et al., 1993, 2001) as a specific example.
he GPC rules in that model operate on phoneme units and in
one-to-one fashion using the most commonly occurred corre-

pondences. In our theory, in order to account for the consistency
ffect and the absence of a regularity effect, we have to assume
“rule” system that is rather ambiguous with mostly one-to-
any mappings. If one were to assume such a nonlexical route,
third direct lexical route linking the orthographic and phono-

ogical lexical representations may not be necessary in Chinese,
s opposed to what is assumed in all current neuropsychological
nd computational models of Chinese character reading (e.g.,
erfetti, Liu, & Tan, 2005).

Alternatively, the phonetic radical consistency effect might be
ccounted for fully by lexical processing. It is generally assumed
hat during reading, a visual word activates all words in the ortho-
raphic lexicon that look similar, and activation spreads to their
orresponding phonological lexical representations and hence
heir sound either through the semantic system and/or a direct
exical route (Coltheart et al., 2001; McClelland & Rumelhart,
981). Sharing the same radical would result in higher ortho-
raphic similarity. Only when a character has consistent phonetic
adicals, do all the activated orthographic neighbors point to the
ame phonological output. A consistency effect and a “reading
y analogy” phenomenon might therefore arise either because of
ompetition among activated phonology for inconsistent char-
cters, or stronger convergent activation from multiple items for
onsistent characters, or both. In other words, the phonetic rad-
cal effect might actually be an orthographic similarity effect
nd nonlexical connections may not be necessary at all. Such
proposal requires the premise that the system is cascading.
hat is, all lexical nodes activated in the orthographic lexi-
on contact their counterparts in the phonological lexicon, as
pposed to what would happen in a discrete network where
nly a selected lexical node undergoes subsequent processing.
his is indeed how Coltheart et al. (2001) explains the (neigh-
orhood) consistency effect observed in English within their
ual-route model (also see Taft & Zhu, 1997). With such a
roposal about the mechanism underlying the phonetic consis-
ency effect, the summation hypothesis would explain WJX’s
eading pattern by assuming the integration of activations from
he semantic route and the direct lexical route (the dashed line
n Fig. 1). This idea seems to be partly shared with a model
eveloped for explaining impaired reading of Chinese charac-
old here that the lexical representation are orthographically
nd phonologically underspecified abstract entities, Weekes et
l. assumed that there are representations of strokes, radicals
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A

1 1 2 3 4 5

/fa2/ Valve /fa2/ Gateway
/shen1/ Extend /shen1/ Human
/lun2/ Logic /lun2/ Human
/fu3/ Corrupt /fu3/ Flesh
/gun3/ Roll /gun3/ Water
/zhang4/ Battle /zhang4/ Human
/jiang3/ Award /jiang3/ Big

P
/ni2/ Mud /ni2/ Water
/zhan1/ Moisten /zhan1/ Water
/cong1/ Shallot /cong1/ Grass
/zou4/ Beat /zou4/ Hand
/fan3/ Return /fan3/ Walk
/yang2/ Foreign /yang2/ Water
/tai2/ Carry /tai2/ Hand
/bao1/ Bud /bao1/ Grass
/yu2/ Fishing /yu2/ Water
/gong1/ Bow /gong1/ Body
/zhi1/ Branch /zhi1/ Wood
/rong2/ Floss /rong2/ Thread
/liang2/ Grain /liang2/ Rice
/ding1/ Sting /ding1/ Mouth
/xi1/ Cherish /xi1/ Heart

P
/he4/ Brown /he4/ Clothes
/gong4/ Provide /gong4/ Human
/you2/ Alike /you2/ Animal
/mo4/ Lonely /mo4/ Cover
/xing2/ Mould /xing2/ Soil
/di3/ Low /di3/ Human
/xi1/ Rare /xi1/ grain
/cong2/ Clump /cong2/ One
/cang1/ Grey /cang1/ Grass
/jia2/ Chap /jia2/ Leaf

P
/xia1/ Blind /hai4/ Eye
/wu1/ Filth /kui1/ Water
/che3/ Pull
Y. Bi et al. / Neuropsych

ppendix A (Continued )

2 3 4 5

/jie2/ Nimble /jie2/ Hand
/shen1/ Caballero /shen1/ Thread
/jian4/ Key /jian4/ Metal
/ju4/ Distance /ju4/ Foot
/mi4/ Close /mi4/ Hill
/wei3/ Great /wei3/ Human
/man4/ Slow /man4/ Heart

honetic radical: regular and inconsistent; semantic radical: transparent
/wen2/ Mosquito /wen2/ Insect
/bei1/ Tombstone /bei1/ Rock
/cai2/ Material /cai2/ Wood
/ban4/ Mix /ban4/ Hand
/nai3/ Grandma /nai3/ Woman
/cang1/ Cabin /cang1/ Boat
/ding1/ Stare /ding1/ Eye
/yang1/ Seedling /yang1/ Grain
/hu4/ Protect /hu4/ Hand
/jing1/ Surprise /jing1/ Heart
/chui2/ Beat /chui2/ Hand
/ping2/ Appraise /ping2/ Speech
/yi4/ Interpret /yi4/ Speech
/miao2/ Aim /miao2/ Eye
/ba4/ Dad /ba4/ Father

honetic radical: regular and inconsistent; semantic radical: opaque
/qie4/ Steal /qie4/ Aperture
/dou4/ Amuse /dou4/ Walk
/you2/ Mail /you2/ Hill
/xian4/ Sink /xian4/ Hill
/mo4/ Desert /mo4/ Water
/jing4/ Pathway /jing4/ Human
/qiu2/ Ball /qiu2/ Jade
/yi1/ Dependent /yi1/ Human
/xiao1/ Disappear /xiao1/ Water
/jiao1/ Outskirt /jiao1/ Hill

honetic radical: irregular and inconsistent; semantic radical: transparent
/hu2/ Fox /gua1/ Animal
/niu3/ Gnarl /chou3/ Hand
/yue4/ Happy /dui4/ Heart
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