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complex characters contributes to phonological 
activation of whole characters (X. Zhou et al. 1999, 
X. Zhou and Marslen-Wilson 1999a, 1999b, 2000); 
and, fĳinally, (4) how words are segmented when 
reading, given that there are no spaces between 
words in Chinese (e.g., X. Li et al. 2009). In the 
following sections, we review recent studies that 
address these topics.

1. O r t h o g r a p h y  o f  C h i n e s e 
C h a r a c t e r s

The Chinese script is a logographic script. Chi-
nese character s are primarily divided into two 
categories: simple and complex characters. Sim-
ple characters make up about 5% of the total 
characters in use today and are visual patterns 
that cannot be divided meaningfully into sub-
lexical units, such as 犬 quǎn ‘dog’ and 青 qīng 
‘blue’. Complex characters constitute about 95% 
of all characters and have two or more func-
tional components, or radicals (X. Zhou and 
Marslen-Wilson 1999c). About 80% of complex 
characters are phonetic compounds that consist 
of two functional components. A phonetic radi-
cal  provides cues to the pronunciation of its host 
character, and a semantic radical usually pro-
vides cues to the meaning of its host character. 
For example, 媽 mā ‘mother’ is constructed with 
phonetic radical 馬 mǎ ‘horse’ and semantic 
radical 女 nǚ ‘female’. About 13% of complex 
characters are ideogrammic compounds, which 
symbolically combine two or more radicals to 
create a third character, and these radicals are 
not related to the host character in pronuncia-
tion (D. Li 1993). For instance, combining 日 rì 
‘sun’ and 月 yuè ‘moon’, the two natural sources 
of light, makes 明 míng ‘bright’.

2. M o d e l s  o f  C h i n e s e  W o r d  R e a d i n g

Three models have been proposed to explain 
the sub-lexical processing in reading complex 
characters. Derived from a connectionist struc-
ture of lexical representation (e.g., Plaut et al. 
1996, Seidenberg et al. 1989), the generic model 
proposed by X. Zhou and his colleagues (X. Zhou 
et al. 1999) emphasizes the predominant role 
of orthography  in initial lexical access . They 
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Lexical and Sublexical Access

A central question in psycholinguistic research 
concerns the type of information stored and 
the way in which information is represented in 
the mental lexicon. Researchers are concerned 
with (1) whether Chinese characters have rep-
resentations at a lexical level and how they are 
represented (Perfetti et al. 2005, Taft 2006, Tsang 
and H.-C. Chen 2009); (2) whether sub-character 
information (radicals or strokes) is represented 
in the mental lexicon and how it is represented 
(e.g., Ding et al. 2004, Luo et al. 2014, in press, 
L. Zhou et al. 2013); (3) to what extent pho-
nological mediation plays a role in constrain-
ing semantic activation in reading Chinese and 
how processing of radicals embedded in Chinese 
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reading complex Chinese characters. One line 
of research has examined the role of statistical 
characteristics of phonetic and semantic radicals 
in character processing (M.-J. Chen and Weekes 
2004, Feldman and Siok 1999, Hsiao et al. 2007, 
Lee et al. 2005, Q.-L. Li et al. 2011). For example, 
Lee et al. (2005) found efffects of character fre-
quency (how often a character is encountered), 
consistency (whether the sound of a character is 
identical with that of its phonetic radical, ignor-
ing tonal diffference), and regularity (whether 
the sound of a character is identical with that of 
its phonetic radical, ignoring tonal diffference) in 
Chinese character naming, suggesting that the 
phonological information of phonetic radicals 
influences the naming process of Chinese char-
acters. Similarly, regarding semantic radicals, 
M.-J. Chen and Weekes (2004) found that trans-
parency (whether the meaning of a character 
shares the same or similar meaning as its seman-
tic radical), combinability (the total number of 
character tokens that share the same seman-
tic radical) and consistency (the ratio of the 
number of semantically transparent characters 
relative to the combinability of their semantic 
radicals) afffected character recognition, suggest-
ing that semantic radicals are also processed 
during the course of character recognition.

A second line of research is focused primar-
ily on whether or not semantic and phonologi-
cal information of the radicals are processed 
when reading complex Chinese characters. 
Some studies suggest that phonological infor-
mation is activated during character recogni-
tion. For example, in a naming task, primes 
of low-frequency irregular complex characters 
facilitated naming of targets which were homo-
phonic with the phonetic radicals embedded 
in the primes, while high-frequency irregular 
compound primes did not cause this facilitation 
(X. Zhou and Marslen-Wilson 1999a). These 
results again suggest that the phonological infor-
mation of phonetic radicals afffects the naming 
process of Chinese characters. Other studies have 
suggested that the meanings of radicals are acti-
vated when reading phonetic compounds (e.g., 
Feldman and Siok 1999, X. Zhou and Marslen-
Wilson 1999c, L. Zhou et al. 2013) and ideogram-
mic compounds (Luo et al. 2014). For example, 
using a primed lexical-decision task, Feldman 

assumed that all orthographic elements associ-
ated with Chinese morphemes are represented 
at the same level in the mental lexicon , regard-
less of whether these elements are characters, 
phonetic radicals, or semantic radicals (X. Zhou 
et al. 1999, X. Zhou and Marslen-Wilson 1999c). 
These orthographic representations have direct 
links with representations in phonological and 
semantic systems. When reading compound 
characters, the visual input is automatically 
decomposed into diffferent orthographic units 
that map in parallel to orthographic representa-
tions in the mental lexicon (X. Zhou et al. 1999a, 
X. Zhou and Marslen-Wilson 1999d).

The lexical constituency model (Perfetti et al. 
2005) stresses the role of phonology . It assumes 
that a written word representation includes 
three interlocking constituents: orthography, 
phonology, and semantics, and that word recog-
nition entails the retrieval of all three constitu-
ents (Tan and Perfetti 1998). In the orthographic 
system in Chinese, radicals, which themselves 
can be free-standing characters, are represented 
at both radical and lexical levels (Perfetti et al. 
2005). However, this model does not specify how 
the representations of radicals connect to their 
corresponding phonology and semantics.

Taft and his colleagues proposed a further 
detailed hierarchical model that adopts the 
interactive activation framework and assumes 
the same three subsystems (orthography, pho-
nology, and semantics) (Taft 2006), but makes 
the following additional claims (for justifĳica-
tion see Ding et al. 2004, Taft and Zhu 1997): 
(a) simple characters and complex characters 
have their own lexical representations at dif-
ferent levels, the latter on a higher level than 
the former; (b) radicals that are constituents 
of characters are represented at the sub-lexical 
level; (c) there are diffferent representations for 
radicals when they appear in diffferent positions; 
(d) radicals that can be free-standing simple 
characters are represented at both the lexical 
and radical level.

3. P r o c e s s i n g  o f  R a d i c a l s

In the study of Chinese character recognition, 
there is accumulating evidence suggesting 
that the processing of radicals is involved in 
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semantic activation in reading Chinese and 
how does sub-lexical processing of radicals in 
Chinese characters contribute to phonologi-
cal activation of whole characters? The widely 
accepted, intuitive thinking up until the 1980s 
was that Chinese characters are recognized pre-
dominantly through mapping directly between 
orthographic information and lexical semantic 
representation (for a review see X. Zhou et al. 
2009). Perfetti and colleagues instead argued 
that phonology plays a ‘universal role’ in reading 
(Perfetti and Zhang 1995). They suggested that 
phonological information in reading Chinese, 
as with alphabetic scripts, is activated earlier 
than semantic information and access to lexical 
semantics depends almost exclusively on pho-
nological activation (Perfetti and Zhang 1995; 
Perfetti and Tan 1998; Tan et al. 1996). These 
arguments, however, hinged upon data that 
were mostly not replicable (e.g., H.-C. Chen and 
Shu 2001; X. Zhou and Marslen-Wilson 2000). 
More recent evidence suggests that access to 
semantics in the skilled reading of Chinese is 
constrained by the interaction between pho-
nology and orthography and, in addition, that 
phonology has no inherently privileged role 
over orthography in driving semantic activation 
(X. Zhou and Marslen-Wilson 1999a, 2000, 2009).

It should be noted that characters are not 
recognized in isolation during natural Chinese 
reading; they are usually part of a word. Hence, 
phonology information may be processed difffer-
ently when a character is a word part. Zhan et al. 
(2013) recently used fMRI (functional magnetic 
resonance imaging) to investigate how phono-
logical information is processed in the context 
of a compound word. They asked participants 
to perform a lexical decision with pseudohomo-
phones, which were constructed by replacing 
one or both characters of two-character com-
pound words with orthographically dissimilar 
homophonic characters. Mixed pseudohomo-
phones that shared the fĳirst character with the 
base words were more difffĳicult to reject than 
non-pseudohomophone non-words. This efffect 
was accompanied by the increased activation 
of bilateral inferior frontal gyrus (IFG), left infe-
rior parietal lobule (IPL), and left angular gyrus. 
The pure pseudohomophones, without common 
characters with the base words, were rejected as 

and Siok (1999) found that target identifĳication 
is facilitated when a prime character and a tar-
get character share a semantic radical related to 
the prime character’s meaning, yet target iden-
tifĳication is delayed when their shared seman-
tic radical is unrelated to the prime character’s 
meaning. Similar priming results were obtained 
by L. Zhou et al. (2013). X. Zhou and Marslen-
Wilson (1999c) observed facilitatory priming 
efffects for targets (e.g., 紫 zǐ ‘purple’) that were 
semantically related to the phonetic radicals 
(e.g., 青 qīng ‘blue’) embedded in complex char-
acters (e.g., 猜 cāi ‘guess’) but not to the complex 
characters themselves. These results implied that 
reading complex characters involves decompos-
ing phonetic radicals and mapping them onto 
their own semantic representations, thus speed-
ing up the responses to targets. X. Zhou and 
Marslen-Wilson also found an inhibitory prim-
ing efffect when the semantic primes (e.g., 紫 
zǐ) were related to the phonetic radicals (e.g., 
青 qīng) embedded in the complex character 
targets (e.g., 猜 cāi), but not to the targets them-
selves, implying that pre-activation of phonetic 
radicals by the primes strengthens the decom-
position process and semantic access of radicals, 
slowing down the responses to targets.

A third line of research is focused on a purely 
structural approach to radical processing. The 
primary concern of this structural approach is 
not so much with the functional roles of the radi-
cals, but with the structural roles of radicals in 
processing characters (e.g., Yeh and J.-L. Li 2002, 
2004, Taft and Zhu 1997, Tsang and H.-C. Chen 
2009). For example, Yeh and J.-L. Li (2002) found 
that subjective judgments of the visual similar-
ity among complex characters were based both 
on the characters’ overall confĳigurations (e.g., 
left-right or up-down structures) and on the exis-
tence of common radicals between them, yet 
judgments were based more on the former (con-
fĳiguration similarity).

4. T h e  R o l e  o f  P h o n o l o g y  i n 
C h a r a c t e r  R e a d i n g

The starting point of written word recognition 
research was to test the dual-route model of read-
ing (Coltheart 1978): to what extent does phono-
logical mediation play a role in constraining 
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focused at least to some extent on the fĳirst word. 
In another study, X. Li et al. (2013) found that 
reading was slowed down when Chinese readers 
could not simultaneously see characters belong-
ing to the same word, compared to when they 
could. Moreover, when Chinese readers were 
able to choose between viewing two characters 
constituting a word or two characters that did 
not, they evidenced a clear tendency towards 
looking at the two characters constituting a 
word. These results provide strong evidence that 
character processing is afffected by word knowl-
edge and by the processing of other characters 
belonging to the same word, and add to a grow-
ing body of evidence demonstrating that words 
have psychological reality for Chinese readers. 
Hence, Chinese readers do, in fact, need a word 
segmentation process during reading.

To explore the mechanism of word segmenta-
tion in Chinese reading, Inhofff and Wu (2005) 
embedded four characters constituting two two-
character words in sentences. In the ambigu-
ous condition, the central two characters also 
constituted a two-character word, while in the 
control condition the central two characters did 
not constitute a word. Using eye-tracking tech-
niques, they found that gaze duration (the sum 
of all eye fĳixations on a word prior to moving to 
another word) and total viewing time (the sum 
of all fĳixations on a word, including regressions 
of the eyes back to the word after fĳixating on it 
earlier) were longer in the ambiguous condition 
than in the control condition. They argued that 
this result was inconsistent with what they called 
the unidirectional parsing hypothesis, which 
assumes that characters are assigned to words 
in a strictly serial left-to-right process. Rather, 
they argued that their results were consistent 
with what they called the multiple activation 
hypotheses, which assumes the activation of all 
of the possible words that can be combined by 
the characters falling into the perceptual span.

How are words segmented in Chinese read-
ing? A model proposed by X. Li et al. (2009) sug-
gested a possible way to deal with this difffĳicult 
question. According to their model, there are 
multiple levels of processing when recognizing 
a Chinese word. The fĳirst level is a visual percep-
tion module that abstracts visual features from 

quickly as non-word controls and did not elicit 
any signifĳicant neural activation. Based on these 
fĳindings, they concluded that phonological acti-
vation alone was not sufffĳicient to drive access 
to lexical representations of compound words. 
Instead, the interaction between phonological 
and orthographic information plays a gating role 
in the recognition of Chinese compound words. 

5. W o r d  S e g m e n t a t i o n

Unlike English, there are no spaces between 
words in Chinese text. However, Chinese read-
ers have no difffĳiculty understanding Chinese 
text, suggesting that they use a strategy to seg-
ment words while reading. Studies in which 
spaces were added between Chinese words have 
generally found no benefĳit for Chinese reading 
(Hsu and Huang 2000a, 2000b). However, this 
does not mean that words (relative to characters 
or morphemes) are not important in Chinese 
reading. Instead, many studies have showed 
that Chinese words have psychological reality. 
First, Bai et al. (2008) demonstrated that adding 
spaces between characters within words inter-
fered with reading, while adding spaces between 
words did not interfere or facilitated Chinese 
reading. These result suggested that hindering 
Chinese readers from processing words as units 
interferes with reading. Second, J.-Y. Chen (1999) 
found that characters were processed more 
accurately when embedded in a word than a 
nonword string. He asked subjects to search for a 
Chinese character among distractors, and found 
that the search was faster when the character 
was embedded in a string of asterisks or a two-
character word than in a two-character non-
word or a string of scrambled characters. Third, 
in a study reported by X. Li et al. (2009), four Chi-
nese characters, which either constituted one 
four-character word or two two-character words, 
were presented briefly to subjects. Subjects were 
very accurate in reporting the four-character 
word, yet were only able to report the fĳirst two-
character word, demonstrating that word seg-
mentation  influences character recognition. The 
results suggest that even with these simple four-
character strings, there is an element of seriality 
in reading Chinese words: processing is initially 
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models developed on the basis of European lan-
guages. Clearly, the present article is incomplete, 
both in terms of the topics covered and in terms 
of the publications cited. We have restricted 
ourselves to sublexical and lexical processing 
given that they are the driving force behind 
the neurocognitive study of the Chinese writ-
ing system. The present article is also heavily 
biased because the majority of studies cited are 
behavioral and are related to the lexical process-
ing of written Chinese. There is an abundance 
of innovative studies using a variety of research 
techniques to investigate the the sub-lexical 
processing of the Chinese language (e.g., Cheung 
et al. 2004; Siok et al. 2004; Tan et al. 2013; Ye and 
X. Zhou 2009a, 2009b; Zhan et al. 2013). 

B i b l i o g r a p h y

Bai, Xuejun, Guoli Yan, Chuanli Zang, Simon P. Liv-
ersedge and Keith Rayner, “Reading Spaced and 
Unspaced Chinese Text: Evidence from Eye Move-
ments”, Journal of Experimental Psychology: Human 
Perception and Performance 34, 2008, 1277–1288.

Chen, Hsuan-Chih and Hua Shu, “Lexical Activation 
during the Recognition of Chinese Characters: Evi-
dence Against Early Phonological Activation”, Psy-
chonomic Bulletin and Review 8, 2001, 511–518.

Chen, Jenn-Yeu, “Word Recognition during the Read-
ing of Chinese Sentences: Evidence from Study-
ing the Word Superiority Efffect”, in: Jian Wang, 
Albrecht Inhofff and Hsuan-Chih Chen, eds., Read-
ing Chinese Script: A Cognitive Analysis, Mahwah: 
Lawrence Erlbaum Associates, 1999, 239–256.

Chen, May-Jane and Brendan S. Weekes, “Efffects of 
Semantic Radicals on Chinese Character Categori-
zation and Character Decision”, Chinese Journal of 
Psychology 46, 2004, 181–196.

Cheung, Him, Hsuan-Chih Chen, Nikki Creed, Lisa Ng, 
Sui Ping Wang and Lei Mo, “Relative Roles of Gen-
eral and Complementation Language in Theory-
of-Mind Development: Evidence from Cantonese 
and English”, Child Development 75, 2004, 1155–1170.

Coltheart, Max, “Lexical Access in Simple Reading 
Tasks”, in: Geofffrey Underwood, ed., Strategies of 
Information Processing, London: Academic Press, 
1978, 151–216.

Ding, Guosheng, Dan-ling Peng and Marcus Taft, “The 
Nature of the Mental Representation of Radicals in 
Chinese: A Priming Study”, Journal of Experimental 
Psychology: Learning, Memory, and Cognition 30, 
2004, 530–539.

Feldman, Laurie Beth and Witina W.T. Siok, “Seman-
tic Radicals Contribute to the Visual Identifĳication 
of Chinese Characters”, Journal of Memory and Lan-
guage 40, 1999, 559–576.

the stimulus. The second level is a character rec-
ognition module, which recognizes characters 
using perceptual information from the fĳirst level 
and feedback information from the word rec-
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6. C o n c l u s i o n

The Chinese script has properties that are distinct 
from the orthographic systems used for many 
Indo-European languages. Given these unique 
properties, research on the processing of the 
Chinese reading contributes to our knowledge of 
language-specifĳic cognitive processes and sheds 
light on the universality of psycholinguistic 
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entity. It is actually a change in the pronun-
ciation of the words which contain the sound 
in question. According to the Neogrammarian 
hypothesis of the regularity of sound change, 
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less and is the only mechanism of sound change 
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nological and lexical dimensions: 
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2. Phonetically abrupt and lexically gradual;
3. Phonetically gradual and lexically abrupt; and
4. Phonetically gradual and lexically gradual.
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marian view: a sound changes the same way in 
all words of the lexicon simultaneously, but that 
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Lexical Difffusion

1. L e x i c a l  D i f f u s i o n

Lexical Difffusion is a theory of sound change 
proposed by William S.-Y. Wang. The term fĳirst 
appeared in Wang’s article “Competing Change 
as a Cause of Residue” in 1969. The theory of 
lexical difffusion challenges the traditional view 
of sound change as understood by a group of 
historical linguists of the 19th century called 
Neogrammarians. Sound change is not merely 
a change of sound as an abstract phonological 
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