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1. Introduction 

Dyslexia usually refers to a series of difficulties with reading even though patients have 
normal intelligence, affection, availability of education and social and cultural chances. In 
western children whose mother tongue is alphabetic, the rate of dyslexia is 5%~10%[1] while 
the rate is supposed to be 4%~8% in China.[2] Chinese characters are a special semantic 
language, which are very different from alphabetic languages. First, most Chinese characters 
consist of two parts: the one usually indicates meaning, while the other one usually 
indicates pronunciation. Second, some Chinese characters originate from ancient simple 
pictures in China. Besides, China is a big country with the most children in the world, and 
there are increasing numbers of studies concerned specifically with dyslexia in Chinese 
characters.  

2. The subtypes of dyslexia in Chinese characters  

There are two major classifications of dyslexia in alphabetical languages (e.g. English). One 
was proposed by Castle,[3] including deep dyslexia and surface dyslexia, while the other was 
proposed by Wolf and Bowers,[4] and including phonological deficit, rapid naming deficit 
and double deficits. However, these classifications cannot fit Chinese characters very well 
because of their distinct features, so some scholars have proposed some new subtypes 
according to the special features of Chinese characters. Using scores of such cognitive tasks 
as classification measures in cluster analyses, Ho[5] and his colleagues proposed seven 
subtypes of dyslexia, including global deficit, orthographic deficit, phonological memory 
deficit, mild difficulty and three other subtypes involving rapid-naming-related deficits. 
Yang et al.[6] classified dyslexia in Chinese characters according to three subtypes by cluster 
analysis of 114 Chinese dyslexic children, applying the diagnostic criteria of the tenth 
edition of the International Classification of Diseases (ICD-10) and the Chinese reading skill 
diagnosis test (CRSDT), including deficit of single Chinese character recognition or 
decoding (21.6%), deficit of phrases and sentences comprehension (8.1%) and a mixed 
subtype (70.3%). Also, and on the basis of cluster analysis, Chen et al.[7] defined Chinese 
dyslexic children according to three types by connecting reading errors with the 
neuropsychological processing of reading and use of the Osgood Psycholinguistic Model. 
The first one describes the disability of speech processing and mild memory disorders while 
the visual motor capacity is relatively normal. The second one is a mixed one, describing 
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defects in speech comprehension, perceptive organisation, sensory and perceptive attention 
and memory. The third one describes the disability of visual-spatial processing, which 
mainly results from defects of the right hemisphere while the function of the left hemisphere 
is also lower than normal. Besides, Wu et al.[8] regarded morpheme awareness as an 
important element. They assigned comparable complete tests to some Chinese dyslexics 
and, using cluster analysis, she found seven subtypes which were relatively homogeneous 
and mainly resulted from cognitive defects of the linguistic layer, with each subtype 
containing morpheme deficits. As is known, studies of dyslexic classification are very 
valuable because of their heterogeneity and only when we are very familiar with them will 
we be able to develop successful remedies.   

3. The cerebral basis of dyslexia in Chinese characters  

The results of functional magnetic resonance imaging (fMRI) for English dyslexics suggest 
that there is an abnormality in the area between the two parts of the brain which provide 
speech cognition and speech production, which is by no means a certain area of the brain. 
Moreover, it is this kind of abnormality that leads to the rhyme processing deficit.[9-11] Zhang 
et al.[12] came to a similar conclusion by using the magnetosphere. However, some 
researchers have used electro-encephalic technologies – such as functional near infrared 
imaging (fNIRI), single photon emission computed Tomography (SPECT), the ERP etc. – to 
investigate the areas of the brain which are involved in local dysfunction in dyslexic 
children, and they commonly argued that dysfunction of certain areas of the brain might 
provide the biological basis of dyslexia.[13-16] Earlier studies concerning dyslexia in Chinese 
characters suggested that the right hemisphere was mainly activated when reading Chinese 
characters, while the left hemisphere was mainly activated when reading letter languages.[17-

19] However, recent fMRI studies could not find evidence for hemispheric specialisation for 
reading different styles of calligraphy.[20-22] Some studies have suggested that although the 
areas activated by alphabetic language reading and Chinese character reading are in the 
same hemisphere, the specific locations were still obviously different. Alphabetical language 
reading mainly activates the left temporoparietal and occipitotemporal regions, while 
Chinese character reading mainly activates the left middle frontal gyrus region.[23-27] And 
among these studies, Tan[20] found that areas 9 and 46 of the left middle frontal gyrus were 
most activated when a participant was reading Chinese characters silently and processing 
them. As such, he proposed the hypothesis that the left middle frontal gyrus plays a role in 
coordinating and integrating when processing Chinese characters. For people whose mother 
tongue is English and for other alphabetical languages, the language area in the brain is 
located in the anterior inferior frontal gyrus of the left hemisphere (areas 45 and 4, 
controlling semantic analysis), the posterior inferior frontal gyrus of the left hemisphere 
(area 44, controlling phonetic analysis), the anterior superior temporal gyrus of the left 
hemisphere (areas 22 and 42, controlling letter-sound transforming) and the association area 
of temporal and occipital lobes (area 37, controlling the combination of sound and 
grapheme). In addition, some scholars have reported a brain network which can be 
activated both when reading Chinese characters and Chinese phonetic letters, including the 
inferior frontal lobe, the middle inferior part of the temporal gyrus, the superior and inferior 
part of the parietal lobe and the extra striate cortex. Among these structures, Chinese 
phonetic letter reading mainly activates the cortex of the inferior parietal lobe, the 
precuneus, and the central region of the temporal gyrus, while character reading mainly 
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activates the left fusiform gyrus, the cuneate lobe and the posterior medial temporal lobe of 
both sides, and the left inferior frontal lobe and the superior part of both frontal lobes.[28] 
This suggests that different styles of calligraphy can lead to different brain-activated effects, 
so it should be taken into account when carrying out studies of dyslexia in Chinese 
characters. However, although this is understood, the neural basis of different kinds of 
dyslexia has not yet been identified clearly, and it still needs further investigation.  

4. The model of reading processing of Chinese characters  

So far, there are two major models for alphabetical language reading: the Coltheart model[29] 

and the Plaut model.[30] The basis of the Coltheart model is the “triple-route” view, including a 
lexical semantic pathway, a direct lexical pathway and a non-lexical grapheme to phoneme 
route. The Plaut model also assumes that semantic and orthography to phonology pathways 
are available for normal reading in English, but this model differs from the Coltheart model 
because it is based on connectionist principles of sub-symbolic processing. Moreover, it is 
unclear how the Coltheart model or the Plaut model would explain the oral reading of Chinese 
characters since both models were devised to explain the reading of alphabetical scripts. So, 
according to studies concerning Chinese dyslexics, Weekes et al.[31] proposed a model of the 
lexical processing of Chinese  characters. Weekes argued that normal oral reading and writing 
dictation in Chinese characters can proceed via at least two bi-directional pathways: a lexical 
semantic pathway that allows reading and writing for meaning, and a non-semantic pathway 
that directly links all orthographic representations (i.e. strokes, radicals and characters) to all 
phonological representations (i.e. syllables, rhymes and tones). His model assumes that the 
lexical semantic pathway and the non-semantic pathway are functionally independent, and 
hence can be selectively impaired or else they will develop at different rates for early readers. 
Accordingly, damage to the non-semantic pathway should result in acquired deep dyslexia in 
Chinese characters because the input from the non-semantic pathway that is normally used to 
select correct phonological output is unavailable. Equally, there is no constraint on the over-
production of semantic errors via this pathway, so semantic errors are inevitable. In contrast, 
when the semantic pathway is damaged, patients have to use a non-semantic route and will 
show such symptoms as YQS and CML[32, 33] - character reading is normal while relative 
picture naming is difficult.   

5. Studies on the cognitive abilities of Chinese dyslexics  

Some studies of dyslexia in alphabetical languages show that the memory and attention 
processing ability of dyslexic children is worse than that of normal children,[34, 35] while 
studies of dyslexia in Chinese characters mainly focus on the visual memory processing 
ability. Liu et al. [36, 37] have investigated the short-term memory and long-term memory of 
dyslexic Chinese children. He argues that dyslexic children’s visual memory processing 
ability is significantly worse than that of normal children and that with an increase of the 
material difficulty the deficit becomes more significant. When the interval is 10 minutes – 
whether the visual materials are simple or complex – there is no significant difference in 
recognition ability between dyslexic and normal children. However, when the interval is 
one day, dyslexic children’s long-term memory for simple material is normal but – in 
contrast – their long-term memory for complex material falls below expectations. Liu et 
al.[38] found that cognitive skills related to the development of Chinese and English reading 
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are in accord, including memory processing ability, normal orthography of Chinese 
characters and detailed phonological and semantic knowledge. Chen et al.[39] found that the 
intelligent structure of Chinese dyslexic children is obviously unbalanced, and that there are 
cognitive deficits in many aspects. Besides this, McBride-Chang[40] and his partners argue 
that dyslexic children perform significantly worse in tone detection, morphological 
awareness and Chinese word recognition. In a word, there are only a few studies concerning 
the cognitive abilities of Chinese dyslexics. What is more, since some studies suggest that 
the left middle frontal gyrus region plays an important role in Chinese character reading, 
future studies should focus more on executive function in dyslexia.  

6. Saccadic studies of dyslexia in Chinese characters  

One piece of evidence which can document the close relationship between developmental 
dyslexia and saccade is the study of deaf developmental dyslexics.[41] Experiments showed 
that there are defects in the megacells of these patients. As such, in visual processing, their 
contrast sensitivity is abnormal and so low contrast stimulus responses will be delayed. As 
for developmental dyslexics, their ability to control saccade is weakened – the saccadic 
model is abnormal and there is visual confusion. What is more, they see letters as fleeting 
and mixing together, and their capability of describing the visual shapes of letters is weak. 
In recent years, domestic scholars have been paying attention to this kind of study. For 
example, using a saccadic study, Li et al[42] found that when Chinese dyslexic children read, 
their saccadic style is abnormal, displaying a longer than average fixation time, smaller 
saccadic amplitude, chaotic saccadic locus, a lack of a sense of a plan, a strategy and 
organization and distractedness. They argue that a defect of picture memory and processing 
ability is not the major characteristic of Chinese dyslexic children. However, when the 
picture background is complex, dyslexic children's attention span is more limited and their 
visual fixation efficiency goes down.[43] Huang et al.[44] found that there is a deficiency in 
quick naming for Chinese dyslexic children and that there is an abnormal saccadic style 
associated with it, suggesting that it may reflect a defect in visual space and visual attention. 
In addition, Zhang et al.[45] investigated normal readers, burdensome readers and disabled 
readers and watched their saccadic characteristics when reading Chinese characters. They 
found that the second type of readers’ timeline feeding was obviously prolonged and the 
number of returning watching increased. While the third type of readers’ saccadic locus was 
confused, the returning watching efficiency was higher and the boundaries between lines 
could hardly be distinguished.   

7. Erp studies on dyslexia in Chinese characters  

Studies of dyslexia in alphabetical languages with ERP have demonstrated the special 
characteristics of basic perceptive and language processing, for example, the amplitude of 
P300 tends to decrease and its latency tends to be delayed. What is more, P300 can easily 
have no response or a false response towards the stimuli of multiple goals and non-goals. 
Indeed, Sha et al. [46] concluded this in a review. Jing et al.[47] investigated the characteristics 
of ERP in Chinese dyslexic children under the conditions of the continuous performance test 
(CPT) – i.e. using the ERP technique with CPT conditions, such as semantics, direction and 
pitch identification – to test 16 Chinese dyslexic boys and their matched normal boys. 
Moreover, a comparative study was conducted to analyse these indicators of accuracy, 
reaction time, false alarm, wave amplitude and latency between the two groups. The results 
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show that among the three kinds of identification tests, Chinese dyslexic children had lower 
accuracy in pitch identification (65.4±15.9 to 78.5±12.6) and lower reaction speed (557.0±97.8 
ms to 493.0±47.8 ms) as compared to the control group (P <0.0105). The false alarm rate was 
much higher in RD children than in the control group, with unattended-high stimulation 
(1.1±0.7% to 0.6±0.3%; P<0.05). Moreover, the P300 amplitude decreased with direction 
(20.8±7.3 µv to 27.7±8.3 µv) and pitch (9.1±4.3 µv to 14.6±8.3 µv; P<0.05). In addition, there 
was a latency delay in pitch (571±78 ms to 512±62 ms) and semantic cognition processing 
negativity (Nd of 398±76 ms to 342±67 ms; pitch Nd of 373±56 ms to 327±53 ms; P<0.05). 
These results suggest that there was a defect in the selective attention of dyslexic children, 
which suggests a relationship between dysfunction of the frontal–basal ganglia circle and 
dyslexia. The ERP combined with CPT was much better than that with single target 
stimulation in indicating children’s cognitive characteristics. Besides this, Zhou et al. have 
done an ERP study using a sentence reading task. The crucial manipulation was on the 
sentence-final two character compound words, which were either correct or incorrect. For 
the incorrect compounds, the second characters of the base words were replaced by 
homophonically or orthographically similar characters. It was found that, for the normal 
controls, the orthographic and phonological mismatches elicited more negative ERP 
responses, relative to the baseline, over a relatively long time-period (including the time 
windows for P200 and N400) at the central–posterior scalp regions. In contrast, the dyslexic 
children – in general – showed no differences between experimental conditions for P200 and 
N400. In addition, one ERP study showed that the main characteristics of dyslexic patients’ 
auditory wave shape was a marked delay of latency and an obvious decrease of 
amplitude.[49] Accordingly, the ERP is a method for understanding the auditory processing 
of dyslexic children from a more intuitional point of view. 

8. Diagnosis, assessment and intervention of dyslexia in Chinese characters 
in children  

There are several diagnosis and assessment instruments currently used in China, such as the 
Chinese edition of "the Pupil Rating Scale Revised-Screening for Learning Disabilities (PRS)" 
– translated and appraised by JING and his colleagues[50] –  the “CRSDT” developed by 
Yang et al.[51] and the "Revised Mr. Tsui Reading Test" by Liu et al.[52] since the 1980s. Wu et 
al.[53] established "The Dyslexia Checklist for Chinese Children (DCCC)", which was based 
on the definition and diagnostic criteria of dyslexia in the tenth edition of “ICD-10”, and the 
"Diagnostic and Statistical Manual: Mental Disorder" Release 4 (DSM-IV). In addition, Gai[54] 
produced "The Chinese Character Learning Test (CCLD)", which not only reflects the total 
amount of children's Chinese character recognition statically, but also reflects the capability 
of children's Chinese character recognition dynamically. Thus, it contributed a 
complementary role in the diagnosis of dyslexia in Chinese characters in children. 
Nevertheless, there are no unified criteria for diagnosing and assessing dyslexia in Chinese 
characters, which undoubtedly is a significant problem for research into dyslexia in Chinese 
characters at present. Therefore, developing and utilising a unified scale for screening 
dyslexia in Chinese characters in children is one of the topics that should be explored by 
professionals in children’s health, psychology and education systems.   

Intervention for English dyslexic children is mature, and a complete scientific intervention 
system has been created, including two major methods: namely, phonology-based practice 
and practice based on sensory perception processing. For Chinese dyslexic patients, Peng et 
al.[55] proposed combining phonological awareness and semanteme awareness in 
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intervention and carrying it out as early as possible. However, there is no widely accepted 
theory or standard for intervention in dyslexia in Chinese characters and, what is worse, 
there is no specific evidence.   

9. Perspectives  

Over the last ten years, great progress has been made in the number and level of studies into 
dyslexia in Chinese characters, accumulating a lot of information for the theoretical study of 
dyslexia, providing a theoretical basis for the prevention and treatment of dyslexia. 
However, there are still many problems and shortcomings. For example, there are few 
studies on the physiological basis, brain function and genetics – as well as other aspects – of 
dyslexia in Chinese characters. Moreover, although basic research into dyslexia has made 
some achievements and accumulated a great deal of information, current research into its 
application is still far behind the basic research. Therefore, future studies into dyslexia in 
Chinese characters should focus more on these areas.  
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