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Abstract: Using eye movement recording technology, the eye movement behavior of children with developmental dyslexia and normal 

children in reading process was studied, and it was found that the eye movement of children with developmental dyslexia in reading 

process had obvious defects. The specific manifestations are: prolonged fixation time, increased fixation times, increased number of 

diplopia, shortened saccade distance, increased saccade times, prolonged latency period, and increased error rate of reverse saccade. 

Future research should further explore the causes of eye movement defects in children with developmental dyslexia in order to reveal 

the physiological and psychological mechanisms of developmental dyslexia. 
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1. Introduction 

Reading is an important way to obtain written information. Only by reading smoothly can one obtain information 

efficiently. However, the study found that some children could not read effectively and had dyslexia in the reading process. 

Dyslexia can be divided into acquired dyslexia and developmental dyslexia. Developmental dyslexia refers to the fact 

that some children have normal intelligence level and the opportunity to receive education, without obvious neurological 

or organic injuries, but their scores on standard reading tests are significantly lower than those of ordinary children. 

Reading disorder belongs to “special learning disorder”, especially in the aspects of reading accuracy, fluency and un-

derstand ability, and the essence of this “special learning disorder” is neurological [1]. Researchers believe that dyslexia 

originates from the absence of phonetic components in language [2]. The absence of phonetic components will aggravate 

children's difficulties in reading comprehension and reduce their acquisition of reading experience, while the reduction 

of reading experience may hinder children’s learning of vocabulary and background knowledge. 

The early research on developmental dyslexia originated from Pinyin, which is a research on children whose mother 

tongue is Pinyin. However, the study of Chinese dyslexia is relatively late. Previous researchers believed that there is no 

developmental dyslexia in children whose mother tongue is Chinese. However, Stevenson et al. [3] found that develop-

mental dyslexia exists not only in alphabetic writing but also in ideographic writing, and its incidence rate is not lower 

than that of alphabetic writing such as English. Children whose mother tongue is Chinese also have developmental dys-

lexia to the same extent as children whose mother tongue is alphabetic writing. Later studies also confirmed this [4]. As 

a result, researches on developmental dyslexia in Chinese have increased, and it has been found that developmental 

dyslexia not only contains many symptoms, but also children with Chinese dyslexia may have more than one cognitive 

defect [5-8].  

The eye is a physiological organ for reading activities. By analyzing the eye movement data, we can know what the eye 

is looking at, and then infer the cognitive processing activities of the human brain. The study found that during reading, 

normal readers will have a short saccade from left to right, and during reading, they will alternately see and saccade, and 

occasionally there will be a right-to-left reflex [9-10]. The eye movement characteristics of children with developmental 

dyslexia in reading process are different from those of normal children, showing abnormal eye movement patterns. [11]  
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In the Chinese reading experiment, the eye movement pattern of children with developmental dyslexia was also found 

to be abnormal. By comparison, the eye movement research on developmental dyslexia at home and abroad showed 

relatively consistent results. By analyzing the specific eye movement indicators of developmental dyslexia, we can 

further explore its potential cognitive defects. Therefore, it is necessary to sort out these eye movement behavior defects 

of children with developmental dyslexia. 

Based on the results of eye movement research related to developmental dyslexia, this paper evaluates the eye 

movement patterns of children with developmental dyslexia, finds out the differences and specific manifestations of eye 

movement patterns between children with developmental dyslexia and ordinary children in the reading process, in order 

to find out the rules and causes of eye movement patterns of developmental dyslexia and provide reference for future 

eye movement research and intervention implementation of developmental dyslexia. 

2. Index Selection for Reading Eye Movement Research 

In eye movement research, researchers usually choose a variety of eye movement indicators for analysis, and there 

are many kinds of eye movement indicators and classification criteria have their own emphasis. This paper analyzes 

them according to two different classification criteria of eye movement indicators. 

First of all, according to how and when eyes move during reading, eye movement indicators can be divided into 

two categories, one is spatial eye movement indicators, the other is temporal eye movement indicators [12]; Secondly, 

according to whether saccades need conscious control, whether they are processed from bottom to top or from top 

to bottom, saccades can be divided into autonomous saccades and reflective saccades.” 

2.1 Eye Movement Index in Time Dimension 

In the process of eye movement, the time continuity of eyes in various activities and states is very important infor-

mation. In the eye movement research, the eye movement indexes extracted from the time dimension mainly include 

fixation duration and saccade duration. 

The fixation duration can be subdivided into firstfixationduration, meanfixationdura-tion, totalfixationduration, etc. 

The duration of saccade can also be divided into saccade latency (saccadiclatency), saccade completion time (saccade 

latency), etc. The meaning of eye movement index in time dimension is as follows: 

The duration of the first fixation refers to the duration of the first fixation of the eye in the region of interest. gaze 

time refers to the sum of gaze time of the eyes for many times staring at the region of interest before the first gaze passes. 

Total fixation time refers to the sum of all fixation times of the eye to a region of interest, including the time of 

return [13]; In the region of interest, the average value of the sum of all fixation times is the average fixation time. Some 

studies have found that although the average fixation time cannot well reflect the real-time process of time processing, 

it can well reflect the overall situation of reading processing in the overall analysis, [14]. The latency period of saccade 

refers to the time between the appearance of the stimulation target and the saccade of the eye to the target. The saccade 

completion time is the time between the eye leaving the fixation point and selecting a new fixation point. 

2.2 Eye Movement Index in Spatial Dimension 

In addition to the time dimension, there is also an eye movement index with the spatial dimension as the classifi-

cation standard, that is, where the eye chooses to gaze. The eye movement indexes of the spatial dimension extracted in 

the study include: gaze position, number of times to gaze at this position (number of times to gaze), distance to jump to 

this position (eye jump distance), number of times to go back to gaze at this position (number of times to look back). 

Spatial dimension indicators have the following meanings: 

gaze position refers to the position where eyes choose to gaze during reading.The position that has not been watched 

is jumped.The number of skip reads means the number of times not being watched. 

Number of fixations refers to the number of fixations on a location (region of interest), or the total number of 

fixations on a region of interest. Some studies have found that reading difficult materials or unfamiliar materials and 

reading simple materials or familiar materials respectively will produce more fixation times, which indicates that when 
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subjects read materials with high cognitive load, fixation times will increase [15]. The number of times of gaze (regres-

sioncount ) refers to the phenomenon of moving eyes from right to left to gaze at the content that has been watched 

during reading. 

saccade (saccade ) refers to the jump of the eyeball between fixation points. The saccadic distance (saccadiclength) 

refers to the spatial distance between two fixation points before and after saccade in a single saccade.The small saccade 

distance indicates that the subjects get less information in a single fixation, have certain difficulties in reading and 

understanding the materials, have lower reading efficiency and slower reading speed[16]. 

2. 3 Reflective Eye Jump Index 

Ocular hops can be divided into reflexivesaccades and voluntarycontrolofsaccades according to whether conscious 

control is needed. Reflexive saccade refers to saccade caused by external new and different stimuli, and is a bottom-up 

process without conscious control [17]. 

Reflective saccades include saccades, and the commonly used eye movement indicator is saccadiclatency, i.e. target 

stimulus from 

The time interval between the presentation and the first time the subject makes an eye jump pointing to this stimulus. 

2. 4 Autonomous Eye Jumping Index 

Autonomous saccade refers to saccade that is not affected by external stimuli, originated from brain instructions 

and is a top-down processing process that requires conscious participation [18]. Common autonomous saccade has re-

verse saccade (antisac-cades ), and common indicators include reverse saccade latency (anti saccade latency ), reverse 

saccade error rate (anti saccade eserrorate ). Reverse saccade means that when the target appears, the subject's eyes will 

jump in the opposite direction to the target's appearance position. The completion of reverse saccade requires a series of 

complicated cognitive processing processes, including inhibition of reflex saccade and planning and execution of reverse 

saccade. The most important thing to complete a correct reverse saccade is to inhibit reflex saccade. Therefore, reverse 

saccade is one of the effective paradigms to study inhibition ability [19]. 

Reverse saccade error rate refers to the percentage of saccades in the total number of saccades in which the subject 

cannot inhibit reflex saccades and makes wrong direction when visual stimuli suddenly appear in the reverse saccade 

task, which reflects whether the subject can control reflex saccades better and mainly reflects whether the subject has 

superior saccade control capability [20]. 

3. Manifestations of Abnormal Eye Movement Patterns in Children with De-

velopmental Dyslexia 

Summing up previous eye movement studies of children with developmental dyslexia, it is found that compared 

with ordinary children, children with developmental dyslexia have many problems in eye movement. 

3. 1 Pattern Anomaly Based on Eye Movement Indicators in Time and Space Dimensions 

Maria and et al. [21] found that in short passage reading, children with developmental dyslexia have significantly 

prolonged fixation time, and the fixation times of each word are times of ordinary children’s 2 Hutzler and Wimmer 

[22]. In the study of text reading and pseudoword reading experiments, it was found that the total fixation time and 

fixation times of children with developmental dyslexia were significantly higher than those of ordinary children, and the 

average fixation time was about twice as long as that of ordinary children. Li xiuhong et al. [23] found that children with 

developmental dyslexia have longer average fixation time and more fixation times. Then, Li xiuhong et al. [24] tested 

children with developmental dyslexia on picture recognition tasks, and the results were consistent with those before. the 

first fixation time and average fixation time of children with developmental dyslexia were longer, and the difference 

was statistically significant compared with ordinary children. Huang Xu et al. [25] conducted three rapid naming tests 

on children with developmental dyslexia and ordinary children. The results showed that the average fixation time of 

children with developmental dyslexia was prolonged and the fixation times were increased. Suixue et al. [26] research 
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found that children with developmental dyslexia have significantly longer total fixation time than normal children, and 

the fixation times are significantly more than normal children. Deans and others [27] By analyzing the eye movement 

tasks of children with developmental dyslexia and ordinary children, reaction time tasks, cognitive ability tasks and eye 

movement data in reading process, it is found that children with developmental dyslexia have long fixation time and 

more fixation times. 

Generally speaking, compared with ordinary children, the study found that children with developmental dyslexia 

showed abnormal eye movement pattern. with long fixation time, more fixation times, long fixation time, high video 

rate in terms of eye movement indexes in time and space dimensions. This article speculates that the word processing 

activities of children with developmental dyslexia occupy a dominant position in the reading process, thus the fixation 

time is longer. While ordinary children are dominated by the overall processing mode, so the fixation time is shorter. It 

can be seen that the prolonged fixation time of children with developmental dyslexia may be related to paying more 

attention to word processing and failing to better integrate contexts. In addition, in the reading process, the main meaning 

of a word is activated first, and the secondary meaning is activated later. Long-term gaze will cause the secondary 

meaning to be activated again, which will interfere with the reading comprehension of the subjects and reduce their 

reading efficiency[28]. In a word, the longer fixation time is caused by the defects of word decoding and context inte-

gration of children with developmental dyslexia, and the longer fixation time interferes with the reading of children with 

developmental dyslexia again. The increased number of fixations, has a higher rate of video recall, which reflects that 

children with developmental dyslexia have a greater cognitive processing load on reading materials, indicating that they 

cannot effectively understand reading materials, and of course it may also be caused by their low reading level. 

3. 2 Pattern Anomaly Based on Reflective Eye Hop Index 

Biscaldi and et al. [29] divide developmental dyslexia into short-term memory defect and reading / writing defect. 

It is found that the saccade pattern of both groups of developmental dyslexia patients is abnormal, which is manifested by 

significantly prolonged reaction time and saccade latency. Maria and others [30] analyzed the saccade patterns of chil-

dren in developmental dyslexia group and children in general group in non-verbal test and verbal test tasks. The results 

showed that children in developmental dyslexia group showed the phenomenon of smaller saccade distance and more 

frequent saccade times in verbal test. Later, Maria and others [31] also found that children in developmental dyslexia 

group had the same abnormal saccade pattern on real words and fake words, showing a small saccade distance, frequent 

saccade phenomenon. Bucci and et al. [32] When studying compound saccade and divergent saccade, it was found that 

the saccade latency of children in developmental dyslexia group was longer than that of children in normal group. 

To sum up, children in the developmental dyslexia group all experienced, frequent saccade times, abnormal saccade 

pattern with long saccade latency. In the experimental process. According to the characteristic of short saccade distance, 

frequent saccade times of children with developmental dyslexia, children with developmental dyslexia can obtain less 

information and have smaller perceptual span at one saccade, and their reading is localized / word processing, not holistic 

/ sentence processing. Therefore, children with developmental dyslexia using small saccades will not only affect the 

context integration ability of materials, but also affect the speed and efficiency of reading comprehension. 

3.3 Pattern Anomaly Based on Autonomous Eye Hop Index 

Luna and Sweeney [33] found that ordinary subjects had a high error rate in completing the reverse saccade task, 

which was almost 50% to 60% of the total number of trials. Unsworth and et al. [34] Studies have found that when 

ordinary subjects are fully trained, there is no significant difference between the correct rate and latency of reverse 

saccade and the correct rate and latency of forward saccade. However, Biscaldi and others [35] found that children in 

developmental dyslexia group made more mistakes in the task of reverse saccade, and their scores were one standard 

deviation lower than those in normal group, and their control ability of reverse saccade was impaired. Lukasova and 

others [36] experiments show that the error rate of reverse saccade for children in the general group is in the range of 

50% to 60%, and children in the developmental dyslexia group not only exceed this range, but also show the phenome-

non of longer saccade latency, lower accuracy rate of reverse saccade. Fischer and others [37] found that in the three 
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visual detection experiments, children in the developmental dyslexia group and children in the general group had sig-

nificant differences, which was lower than one standard deviation of children in the general group, especially in the 

reverse saccade task. Wang Jingxin et al. [38] studied the saccade performance of children with developmental dyslexia 

and children in the general group under the condition of internal and external cues. The results showed that the correct 

saccade latency of children with developmental dyslexia was longer than that of children in the general group, which 

indicated that it needed longer time for saccade preparation. Not only that, the children in developmental dyslexia group 

have a higher error rate of reverse saccade, and reach significant margin with the children in normal group. 

According to the above documents, children with developmental dyslexia have long latency of reverse saccade, 

saccade behavior defect with low accuracy of reverse saccade. Reverse saccade task is a powerful tool to study cognitive 

process, which is helpful to explain the cognitive operation differences between some special mental patients and com-

mon subjects. First of all, the high error rate of backward saccade in children with developmental dyslexia indicates that 

children with developmental dyslexia are more likely to have saccade towards the eye than backward saccade, and their 

eye movement control system may have defects and cannot effectively control their eye movement behavior. Secondly, 

the longer latency of reverse saccade indicates that children with developmental dyslexia need longer time to inhibit 

saccade towards eyes and have weaker ability to inhibit processing. The defects of saccade control and inhibition may 

hinder the reading processing of children with developmental dyslexia. 

4. Future Research Prospect 

Eye movement is ubiquitous. Influenced by the gradual maturation of cerebral cortex and the nerve reorganization 

process in the eye movement nerve control area, the eye movement behavior of children and adults is quite different. 

Therefore, whether some experimental conclusions based on adult subjects are applicable to children remains to be 

discussed. Therefore, it is necessary to systematically study the eye movement of children with developmental dyslexia, 

"by analyzing different eye movement indexes. 

First of all, the quantitative screening criteria for developmental dyslexia are very important. Based on the complex-

ity of the reading process and the high heterogeneity of children with developmental dyslexia, researchers differ greatly 

in the criteria for screening children with developmental dyslexia. Due to the heterogeneity of cognitive ability and the 

uncertainty of the probability relationship between cognitive impairment and dyslexia, it is inappropriate to screen dys-

lexia using any one of the known cognitive data. Although no research results show that developmental dyslexia is 

caused by abnormal saccade pattern, it is obvious that the saccade pattern of children in developmental dyslexia group is 

inconsistent with that of children in normal group. Therefore, whether quantitative criteria can be made for screening 

children with developmental dyslexia from the perspective of eye movement, that is, whether screening criteria for de-

velopmental dyslexia can be formulated based on saccade index, is a question worthy of study. Different from the previous 

qualitative screening criteria, the advantage of taking eye movement index as the standard is that it can avoid the judgment 

standard deviation caused by cultural background differences caused by regional, language, education and other differ-

ences. Researchers can judge whether the subject suffers from developmental dyslexia by observing whether the abnormal 

eye jump pattern meets the judgment standard, thus making the research on developmental dyslexia more accurate, com-

parability and popularization. 

Secondly, the possibility of developing dyslexia can be tested through eye movement experiments at all ages and 

even at the early infant stage, and intervention can be implemented. For example, we can observe infants' saccade behavior 

to sound stimulation or picture stimulation, check whether their eye movement indexes such as, number of retraces, la-

tency period of eye movement are normal, screen and diagnose, implement early intervention to infants with potential 

risks, and achieve early detection and early correction. Early diagnosis and intervention of developmental dyslexia are 

very important, especially in early childhood. However, it is difficult to screen dyslexia from the perspective of cognitive 

processing, but eye movement method has unique advantages. 

Finally, future research needs to further solve the problem of differences in cross-language research. Many psycho-

logical studies have found cross-cultural differences, and it is likely that developmental dyslexia also has differences. 
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However, summarizing the previous literature, we can find that, in children with developmental dyslexia undoubtedly has 

abnormal saccade patterns, and shows the same trend in most saccade indicators. The possible reasons are as follows: 

first, children with developmental dyslexia are affected by processing defects at linguistic level, and there are cognitive 

processing defects in the processing and representation of speech information, while cognitive processing defects are 

common in and children with external developmental dyslexia. Most researchers believe that “ developmental dyslexia is 

caused by speech core defects ” [39]. In addition to English, German studies also show that some children with develop-

mental dyslexia are also significantly behind their peers in fast naming tasks[40]. In the Chinese language constructed by 

pure symbolic characters, children with developmental dyslexia in Chinese also have phonetic consciousness defects and 

rapid naming defects [41] ,which all show similar characteristics to children with developmental dyslexia in the phonetic 

character system. It can be inferred that similar cognitive skill defects in reading process may be the cause of abnormal 

similarity of eye movement index in children with developmental dyslexia at home and abroad. Second, children with 

developmental dyslexia are affected by non-linguistic processing defects[42-43], such as the relatively consistent expression 

in Chinese and English studies that developmental dyslexia is affected by visual macrocell pathway defects, which reflects 

the cross-linguistic consistency of macrocell pathway defects[44-45]. In the previous research on visual perception of 

developmental dyslexia, the results are consistent, which is reflected in relatively consistent results on eye movement 

indicators. Third, although children with developmental dyslexia have subtypes [46], and the subtypes of developmental 

dyslexia in Chinese and English may also be different, in the process of experiments at home and abroad, the rest of the 

research experiments did not strictly distinguish children with developmental dyslexia except for the literature aimed at 

exploring subtypes differences, which may also be one of the reasons for the convergence of eye movement research 

results at home and abroad. 

References 

1.  World Health Organization. International Statistical Classification of Diseases and Related Health Problems10th Re-

vision (ICD-10), 2015. 

2.  LyonG R, Shaywitz S E, Shaywitz B A. Defining dyslexia, comorbidity, teachers’ knowledge of language and reading: 

adefinition of dyslexia. Annals of Dyslexia, 2003, 53:1-14. 

3.  Stevenson H W, Stigler J W, Lucker G W, et al. Reading disabilities: the case of Chinese, Japanese and English. Child 

Development, 1982, 53(5):1164-1181. 

4.  Shu Hua, Meng Xiangzhi. Preliminary Study on Chinese Children’s Dyslexia —— Statistical Data from Children 

with Dyslexia. Language Application, 2000, (3):63-69. 

5.  Liu Wenli, Liu Xiangping, Zhang Jingqiao. A Preliminary Study on Subtypes of Chinese Developmental Dyslexia. 

Journal of Psychology, 2006, 38(5):681-693. 

6.  Meng Zerong, Zhang Yiwei, Bi Hongyan. Research Progress on Subtypes of Developmental Dyslexia. Psychological 

Development and Education, 2017, 33(1):113-121. 

7.  Xiong Jianping, Yan Guoli. Analysis of Main Subtypes of Chinese Developmental Dyslexia Children. Psychological 

and Behavioral Research, 2014, 12(4):496-500. 

8.  Wang Xiaochen, Li Qing, Deng Ziping. An Experimental Study on Phonetic Processing and Orthographic Processing 

Defects of Chinese Dyslexia. Psychological Science, 2014, 37(4):803-808. 

9.  Eden G F, Stein J F, Wood H M, et al. Difference sin eye movements and reading problem sindyslexicand normal 

children． Vision Research, 1994, 34(10):1345-1358. 

10.  Bellocchi S, Muneaux M, Bastien - Toniazzo M, et al. Icanreaditinyour eyes: what eye movements tell us aboutvisuo 

- attentional processes in developmental dyslexia. Research in Developmental Disabilities, 2013, 34(1):452-460. 

11.  Biscaldi M, Gezeck S, Stuhr V. Poor saccadiccon-trolcor relates with dyslexia. Neuropsychologia, 1999, 

36(11):1189-1202. 

12.  Yan Guoli, Xiong Jianping, Zang Chuanli, et al. Review of Main Eye Movement Indexes in Reading Research. 

Advances in psychological science, 2013, 21(4):589-605. 

13.  Yan Guoli, Xiong Jianping, Zang Chuanli, et al. Review of Main Eye Movement Indexes in Reading Research. 

Advances in psychological science, 2013, 21(4):589-605. 

14.  Rayner K. Eye movements and attention in reading, scene perception, and visual search. Quarterly Journal of Ex-

perimental Psychology, 2009, 62(8):1457-1506. 

15.  Yan Guoli, Xiong Jianping, Zang Chuanli, et al. Review of Main Eye Movement Indexes in Reading Research. 

Advances in psychological science, 2013, 21(4):589-605. 

16.  Yan Guoli, Xiong Jianping, Zang Chuanli, et al. Review of Main Eye Movement Indexes in Reading Research. 

Advances in psychological science, 2013, 21(4):589-605. 

17.  Wang Jingxin, Li Juan, Tian Jing, et al. Reverse Eye Jump Brain Mechanisms and Their Psychological Significance. 



 

Contemporary Special Education Research  Volume 1 Issue 1 | 2012 | 7 

Chinese Special Education, 2010, (8): 62-66. 

18.  Wang Jingxin, Li Juan, Tian Jing, et al. Reverse Eye Jump Brain Mechanisms and Their Psychological Significance. 

Chinese Special Education, 2010, (8): 62-66. 

19.  Wang Jingxin, Li Juan, Tian Jing, et al. Reverse Eye Jump Brain Mechanisms and Their Psychological Significance. 

Chinese Special Education, 2010, (8): 62-66. 

20.  Wang Jingxin, Li Juan, Tian Jing, et al. Reverse Eye Jump Brain Mechanisms and Their Psychological Significance. 

Chinese Special Education, 2010, (8): 62-66. 

21.  Reingold E M, Yang J, Rayner K. The time course of word frequency and caseal ternation effects on fix-ation times 

in reading: evidence forlexical control of eye movements. Journal of Experimental Psychology: Human Perception 

and Performance, 2010, 36(6):1677-1683. 

22.  Hutzler F, Wimmer H. Eye movements of dyslexic children when reading in aregularorthography. Brain & Language, 

2004, 89(1):235-242. 

23.  Li Xiuhong, Jing Jin, Zou Xiaobing et al. An Experimental Study on Eye Movement of Chinese Dyslexic Children 

Reading Articles. Chinese mental health journal, 2007, 21(6):362-365. 

24.   Li Xiuhong, Jing Jin, Zou Xiaobing et al. Research on Visual Space Immediate Processing Ability of Children with 

Chinese Dyslexia. Chinese School Hygiene, 2008, 29(6):488-489. 

25.   Huang Xu, Wu Hanrong, Jing Jin et al. Eye Movement Characteristics of Chinese Dyslexic Children in Rapid 

Naming. Chinese mental health journal, 2007, 21(6):358-361. 

26.   Sui Xue, Jiang Na, Qian Li. Eye Movement Research on Vocabulary Reading of Children with Chinese Develop-

mental Dyslexia. China’s Special Education, 2010, (3): 63-67. 

27.   Deans P, O’ Laughlin L, Brubaker B, et al. Use of eye movement tracking in the differential diagnosis of attention 

deficit hyperactivity disorder(ADHD) and reading disability. Psychology, 2010, 1(4):238-246. 

28.   Yan Guoli, Xiong Jianping, Zang Chuanli, et al. Review of Main Eye Movement Indexes in Reading Research. 

Advances in psychological science, 2013, 21(4):589-605. 

29.   Biscaldi M, Gezeck S, Stuhr V. Poor saccadiccon-trolcor relates with dyslexia. Neuropsychologia, 1998, 

36(11):1189-1202. 

30.  DeLuca M, DiPace E, Judica A, et al. Eye movement patterns in linguistic and non-linguistic tasks indevelopmental 

surface dyslexia. Neuropsycholo-gia, 1999, 37(12):1407-1420. 

31.  DeLuca M, Borrelli M, Judica A, et al. Reading words and pseudo words: an eye movement study of developmental 

dyslexia. Brain & Language, 2002, 80(3):617-626. 

32.  BucciMP, Brémond - Gignac D, Kapoula Z. La-tency of saccadesandvergence eye movement sindyslexic children. 

Experimental Brain Research, 2008, 188(1):1-12. 

33.  LunaB, Sweeney J A.  Studies of brain and cognitive maturationthrough childhood and adolescence: astrategy for 

testing neurodevelopmental hypotheses. Schizophrenia Bulletin, 2001, 27(3):443-455. 

34.  Unsworth N, Spillers G J, Brewer G A, et al. Attention control and the antisaccade task: are sponsetimedistribution 

analysis. A ctaPsychologica, 2011, 137(1):90-100. 

35.  Biscald iM, Fischer B, HartneggK. Voluntary sac-cadiccontrolin dyslexia. Perception, 2000, 29(5):509-521. 

36.  Lukasova K, SilvaI P, Macedo E C. Impairedocu-lomotor behavior of children with developmental dys-lexiainanti-

saccades and predictive saccades tasks. Frontiersin Psychology, 2016, 7(26):1-9. 

37.  Fischer B, Hartnegg K, Mokler A. Dynamic visual perception of dyslexi children. Perception, 2000, 29(5):523-530. 

38.  Wang Jingxin, Jia Liping, He Liyuan, et al. Eye Jumps in Chinese Developmental Dyslexia Children under Internal 

and External Cues. China’s Special Education, 2013, (7):51-55. 

39.  Saksida A, Iannuzzi S, Bogliotti C, et al. Phonolog-icalskills, visual attention span, and visual stress indevelopmen-

tal dyslexia. Developmental Psychology, 2016, 52(10):1503-1516. 

40.  Norton E S, Wolf M. Rapid automatizednaming(ran) and reading fluency: implications for under-standing and treat-

ment of reading disabilities. Annual Review of Psychology, 2012, 63(1):427-452. 

41.  Dong Qiong, Lee Hung, Wu Xinchun et al. Reading-related Cognitive Skills Deficiencies of Children with Chinese 

Developmental Dyslexia. Chinese Journal of Clinical Psychology, 2012, 20(6):798-801. 

42.  Olulade O A, Napoliello E M, Eden G F. Abnormal visual motion processing is nota cause of dyslexia. Neuron, 

2013, 79(1):180-190. 

43.  Xiaoxi,  Zhang Yiwei, Jing Zhao et al. Chinese Developmental Dyslexia Children’s Visual Rapid Processing Abil-

ity. Chinese mental health journal, 2014, 28(9):679-684. 

44.  Qian Yi, Bi Hongyan. Visual Macrocell Pathway Defect of Developmental Dyslexia. Chinese Journal of Behavioral 

Medicine and Brain Science, 2016, 25(8):763-768. 

45.  Yi Q, Yuan D, Jing Z, et al. Magnocellular-dorsalpathway functionisassociated with orthographicbutnotphonologi-

cal skill: fMRI evidence from skilled Chinese readers. Neuropsychologia, 2015, 71:84-90. 


