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Abstract
Background: In Western countries, phonological processing de�cit was regard as a core de�cit in developmental dyslexia (DD). As Chinese is a logographic
language, it’s still controversial whether and how the articulatory suppression in�uences reading ability and processing of Chinese children with DD. The study
aimed to examine how the phonological loop in�uences reading ability and processing in Chinese children with DD.

Methods: This study included 30 children with DD and 37 children without DD. Two types of articles (i.e., scenery prose and narrative story) and two
conditions (under the conditions of articulatory-suppression and silent reading) were applied. An eye-link II High-Speed Eye Tracker was used to track a series
of eye-movement parameters. The data was analyzed by the linear Mixed-Effects model.

Results: Compared with children without DD, Children with DD had lower reading achievement (RA), frequency of saccades (FS) and frequency of �xations
(FF), longer reading time (RT) and average �xation duration (AFD), slower reading speed (RS), shorter average saccade amplitude (ASA) and �xation distance
(FD), more number of �xations (NF) and number of saccades (NS). There were signi�cant interactions between participant group and articulatory suppression
on RT and FD. We also observed interaction effects between article types and articulatory suppression on RA, AFD, ASA, and FS.

Conclusion: Children DD exhibit abnormal phonological loop and eye movements while reading. The role of the articulatory suppression on reading varies with
the presentation of DD and the article type.

Background
Developmental dyslexia (DD) is a neurodevelopmental disorder characterized by di�culties in accurate or �uent word recognition and spelling despite
preserved intelligence, intact sensory abilities, and adequate instruction. (Lyon, Shaywitz, & Shaywitz, 2003) Children with DD experience more psychiatric and
health problems and are more likely to have a lower educational attainment. (Poon & Ho, 2016; Schulte-Korne, 2010) Globally, 3.6% ~ 17.5% of students suffer
from dyslexia; (Habib & Giraud, 2013) the prevalence of dyslexia among school-aged children was 4% − 10% in China. (Cai et al., 2019; Chan, Ho, Tsang, Lee, &
Chung, 2007; Sun et al., 2013)

As a slave system of working memory, the phonological loop is important to maintain and manipulate speech-based information. Some studies found that the
phonological loop played an important role in reading, (Moura, Simoes, & Pereira, 2015; Nevo & Breznitz, 2011) but the others did not. (Goff, Pratt, & Ong, 2005;
Parrila, Kirby, & McQuarrie, 2004) Multiple Western studies have indicated that Children with DD exhibit impairments in the phonological loop, (X. Y. Hu et al.,
2018; Kibby, Marks, Morgan, & Long, 2004; Menghini, Finzi, Carlesimo, & Vicari, 2011; Schuchardt, Maehler, & Hasselhorn, 2008) which was even posited that
as a core de�cit in DD. (Kibby et al., 2004)As a logographic language, Chinese uses square-shaped characters that each written form in Chinese is associated
with a morpheme. A few studies showed that orthography rather than the phonological loop plays a dominant role in reading Chinese. (Swanson, Xinhua, &
Jerman, 2009) However, more and more research has indicated that Chinese children with DD exhibit abnormal phonological loop (Chung, Ho, Chan, Tsang, &
Lee, 2011; X. Hu et al., 2018; X. Y. Hu et al., 2018; J. Zhao, Yang, Song, & Bi, 2015), suggesting that phonological loop impairment is universal across
languages and orthographic systems.

The phonological loop recruits phonological stores and an articulatory rehearsal process. (Baddeley, Levis, & Vallar, 1984) Phonological stores can hold
memory traces for a few seconds, while articulatory rehearsal process can prevent the decay of material stored in the phonological store by successively
refreshing memory traces. (Baddeley, 1993, 2010) The phonological loop were typically measured by the tasks to recall a sequence of verbal items (e.g., digits,
letters and words) in the order in which they were presented. However, these tasks (e.g., the Digit Span task) only re�ect the phonological stores in children
with DD rather than examining an articulatory rehearsal process, which could be assessed under articulatory suppression. Articulatory suppression refers to
the disruptive effect of the articulation of irrelevant information during a verbal task on the normal functioning of the phonological loop. (Baddeley, 1993,
2010) speci�cally, the articulation nongermane information prevents the articulatory control process from being used for rehearsal and visually presented
items from being translated into a form that can enter the phonological store. (Neath, 2000; Norris, Butter�eld, Hall, & Page, 2018; Saeki & Saito, 2012)

The literature has shown that articulatory suppression exerts differential effects on reading.(Besner, 1987; Millar, 1990) While its in�uence on simple-sentence
comprehension is minimal, it can signi�cantly affect the understanding of complex sentences. (Baddeley, 1992; Jeffries & Everatt, 2004; Lauro, Reis, Cohen,
Cecchetto, & Papagno, 2010) In addition, previous research has demonstrated that the effect of articulatory suppression on the speed and degree of reading
comprehension varied predictably not only by the di�culty of the text but also by the reading pro�ciency of readers. For instance, Millar found that articulatory
suppression had no effect on either the accuracy or �uency of reading of easy texts among the most pro�cient readers, while among novice readers, the
accuracy and �uency of reading decreased signi�cantly. (Millar, 1990) It has been demonstrated that children with DD exhibit de�cits in reading pro�ciency.
Therefore, we speculate that articulatory suppression may affect the reading ability and processing of children with DD and the in�uence might vary when
reading different types of articles.

Up to now, the eye-movement technology is the most useful method to study the reading processing. compared to traditional behavioral parameters, such as
reaction time or accuracy, eye-movement parameters can provide more precise information related to deeper cognitive activities during reading on the basis of
ensuring the ecological validity of the research. The parameters of eye movements, such as �xation duration and saccadic amplitude, can provide important
information on moment-to-moment processing (Rayner, 1998). Fixation plays a central role in vision during both the acquisition and processing of visual
information (Rucci & Poletti, 2015), and saccades – i.e., eye movements with velocities as high as 500°per second – allow for a new region of text to be
brought into foveal vision for detailed analysis but do not mediate information acquisition and may even suppress some cognitive activities (Rayner, 1998).
Numerous studies showed that children with DD exhibit longer duration of �xations, shorter saccades and thus more �xations in reading than non-DD
children.(Bucci, Nassibi, Gerard, Bui-Quoc, & Seassau, 2012; Hatzidaki, Gianneli, Petrakis, Makaronas, & Aslanides, 2011; Jainta & Kapoula, 2011; Kim,
Lombardino, Cowles, & Altmann, 2014; Seassau, Gerard, Bui-Quoc, & Bucci, 2014) Although there were few researches about Chinese dyslexia, existing



Page 3/10

research have proved that Chinese dyslexic children also have abnormal eye movement in reading.(Pan, Yan, Laubrock, Shu, & Kliegl, 2014) Our previous
research showed that Chinese DD children had shorter saccade amplitude and mean saccade distance during non-reading tasks such as picture perception,
visual search,Stroop and rapid-automatized-naming (RAN) tests. (Huang et al., 2008; Li et al., 2013; Li et al., 2009; Wu et al., 2018) However, the eye-movement
characteristics of reading under articulatory suppression among Chinese children with DD remain unknown. We believed that using an eye-movement
experiment could help us to determine whether and how articulatory suppression in�uences reading ability and processing in Chinese children with DD.

Based on the above speculation, we applied an eye-movement experiment to determine whether and how articulatory suppression in�uences reading ability
and processing in Chinese children with DD. Addressing this is important to expand knowledge concerning the role of the phonological loop in the
pathogenesis of DD in Chinese children, and provide evidence to establish e�cient interventions for Chinese children with DD.

Methods

Subjects
This study included 67 Chinese children: 30 children with DD (experimental group; 22 boys; mean age, 9.5 ± 1.2 years), and 37 without (control group; 24 boys;
mean age, 9.1 ± 1.0 years). There were no signi�cant differences between the case and control groups on age, gender, and grade.

We, at the beginning, recruited 673 students from the second to the �fth grade (mean age, 9.75 ± 1.17 years) in a primary school in Guangzhou, China. Written
informed consent and assent has been obtained from all the subjects’ parents. A series of procedure were applied to screen children with DD and their
matched controls. We used the Pupil Rating Scale Revised-Screening for Learning Disabilities (PRS) to screen Children with DD.(Jing et al., 1998) Non-verbal
IQ was assessed by Raven’s Standard Progressive Matrices.(Zhang & Wang, 1985) Reading achievement was assessed with the Character Recognition Test
Battery and Assessment Scale for Primary School Children (CRTB), which is a widely-used, standardized written vocabulary test in mainland China that
features both high reliability (0.98) and validity (0.98).(Wang & Tao, 1993) According to the reports provided by the parents and head-teachers of the study
participants, none of the children had educational deprivation, suspected brain damage, uncorrected sensory impairment, or serious emotional or behavioral
problems. All subjects had normal visual acuity and no subjects wore glasses.

Children with DD met the following inclusion criteria: (1) PRS score of < 65; (2) non-verbal IQ of ≥ 80; and (3) CRTB scores at a maximum of two standard
deviations (SD) below the means of their respective grades (≤ [mean − 2SD]).

Non-DD children met the following inclusion criteria: (1) PRS scores of ≥ 65; (2) non-verbal IQ of ≥ 80; and (3) CRTB scores above two standard deviations
below the means for their respective grades (> [mean − 2SD]).

Eye-movement recording
Eye movements were recorded with an Eyelink II High Speed Eye Tracker (SR Research Ltd., Canada), which features a high-resolution tracker (noise-limited at
< 0.01° root mean square; spatial resolution, < 0.005°; 500 Hz binocular eye tracking) and few gaze-range errors of < 0.5°. The participants were seated on a
modi�ed o�ce chair that prevented rotational movement and were approximately 70 cm from a computer screen. Stimuli were displayed on a 53 mm (21-
inch) liquid crystal display monitor with an average photo illumination of 200.00 lx. A brief nine-point calibration was performed prior to the experiment and
repeated, if necessary, between blocks. Each trial was preceded by a short drift-correction procedure.

Reading task
Five short articles were used in the present study. All articles were selected from a second-grade reading book: “80 Chinese reading exercises in primary
schools”(Fan, 2009). Article 0 (A0) was a narrative story used for habituation. The other four articles (A1 ~ 4) were used as test sets. Articles 1 and 3 were
samples of scenery prose, while articles 2 and 4 were narrative stories. Article 1 had 127 words, 3 paragraphs, and 10 lines; article 2, 127 words, 2 paragraphs,
and 8 lines; article 3, 138 words, 3 paragraphs, and 8 lines; and article 4, 159 words, 3 paragraphs, and 9 lines. All articles featured titles. Each article was
followed by four sentences sourced from the article that the participants were asked to judge as "right or wrong": an original sentence from the text, one with a
different meaning from that of the original sentence, one in which a word was replaced by a homophone (  [scenery] vs.  [well house]), and one in which a
word was replaced by characters with similar forms (  [broken] vs.  [drunk]). These four types of sentences were presented in a random order after each
article. All materials were presented in black on a white background. The font size of all Chinese characters was the same (1 cm x 1 cm), and the visual angle
of each Chinese character was presented at 0.8°. According to the oral report, all participants had not previously been exposed to these reading exercises.

Design and procedures
In our study, the factors studied included group (children with DD vs. children without DD), articulatory suppression (yes vs. no), and article type (scenery prose
vs. narrative story). During formal experiments, each subject needed to read four articles. Articles 1 and 2 were read silently without articulatory suppression,
while articles 3 and 4 were read with articulatory suppression. Under the condition of articulatory suppression, the participants were required to continuously
say "1 + 1 = 2" aloud. In order to preclude the in�uence of multiple readings on outcomes, all articles could only be read one time from beginning to end as
quickly as possible. The children were then required to answer the four judgment sentences. Before experiments, both in the silent and articulatory suppression
conditions, all subjects needed to practice using article 0 to ensure that they understood the test requirements.

Data analysis

Reading comprehension parameters
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(1) Reading Achievement (RA): Each of the four articles were followed by four true-or-false questions (1 point per question). The total RA score per article was
4.

(2) Reading Time (RT): Because the word count of each article was different, we used reading time/100 words as the metric of RT: reading time/100 words =
(total reading time in an article/the word count in the article) × 100.

(3) Reading Speed (RS): the number of words the participant read per second: RS = the number of words in the article/total time spent reading the article.

Eye movement parameters (Wu et al., 2018)

(1) Average Fixation Duration (AFD): average duration (in milliseconds) of all �xations.

(2) Average Saccade Amplitude (ASA): average size (in degrees of visual angle) of the saccades.

(3) Number of Fixations (NF): total number of �xations.

(4) Number of Saccades (NS): total number of saccades.

(5) Frequency of Fixations (FF): number of �xations per millisecond.

(6) Frequency of Saccades (FS): number of saccades per millisecond during the trial.

(7) Fixation Distance (FD): average distance between contiguous �xations in a trial (in degrees of visual angle).

Statistical analysis
The eye tracker recorded all the eye parameters and the response time when participants were reading. The results of the eye-movement experiments were
extracted using the Eye-movement Analysis Software of the Eye Tracker. SAS (version) were used to analyze data. Chi-square test was used for categorical
variables and t-test was used for continuous variables to compare characteristics between children with DD and those without. The linear Mixed-Effects model
was used to test the main effects of group (children with DD vs. children without DD), articulatory suppression (yes vs. no), and article types (scenery prose vs.
narrative story), as well as the interactions among groups, articulatory suppression, and article types. p-values of < .05 were considered statistically signi�cant.

Results

Sample characteristics
Participant characteristics were shown in Table 1. Children with DD had lower scores of PRS and CRTB than children without DD (P values < .001), while they
were comparable in age, gender, and grade (P values > .05).

Table 1
Characteristics of children with and without DD (N = 67)

Characteristics DD (N = 30)   Non-DD (N = 37) t/X2 p

n (%) Mean (SD)   n (%) Mean (SD)

Age   9.5 (1.2)     9.1 (1.0) 1.66 .100

Gender (male) 22(73.3)     24(64.9)   -0.74 .461

Grade              

2nd 6 (20.0)     11(29.7)   -0.65 .514

3rd 16(53.4)     17(46.0)      

4th 4(13.3)     4(10.8)      

5th 4(13.3)     5(13.5)      

PRS   56.5 (17.6)     98.6 (18.6) -7.90 < .001

CRTB   1418.7 (517.1)     2093.0 (638.0) -4.45 < .001

Note

DD: developmental dyslexia; PRS: The pupil rating scale revised screening for learning disabilities; CRTB: The Character Recognition Test Battery and
Assessment Scale for Primary School Children. Chi-square test for categorical variables and t-test for continuous variables. Signi�cant results are marked in
bold.

Reading comprehension parameters
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DD had signi�cant main effects on RA (F = 24.71, P < .001), RT (F = 23.88, P < .001), and RS (F = 10.67, P = .001). Compared to children without DD, those with
DD had a lower RA, longer RT, and slower RS.

Articulatory suppression exerted main effects of only marginal signi�cance on RA (F = 3.18, P = .076), RT (F = 2.97, P = .086), and RS (F = 3.28, P = .071).
Compared to silent reading, the articulatory suppression condition was associated with higher RA, shorter RT, and faster RS.

Article type also had signi�cant main effects on RA (F = 11.93, P < .001), RT (F = 7.65, P = .006), and RS (F = 8.16, P = .005). Compared to narrative story
reading, all children had lower RA, longer RT, and slower RS in scenery prose reading.

Interactions among groups, articulatory suppression, and article type on reading comprehension parameters are shown in Table 2. A signi�cant interaction
was found between DD and articulatory suppression on RT (P for interaction, 0.025; Fig. 1A). Relative to silent reading, articulatory suppression was
associated with signi�cant decreases in the RT of Children with DD and no signi�cant change among non-DD children. We also found a signi�cant interaction
effect between article type and articulatory suppression on RA (Fig. 1B). RA decreased during scenery prose reading with articulatory suppression and RA
increased during narrative story reading.

Table 2
Interactions among group, articulatory suppression, and article type on parameters of reading comprehension

Reading
comprehension
parameters

Mean (SD)   Interactions

Groups (1)   Articulatory suppression
(2)

  Article types (3)   1*2   1* 3

DD Non-DD   No Yes   Scenery
prose

Narrative
story

  F P   F P

RA 2.26(0.08) 2.80(0.07)   2.43(0.08) 2.62(0.08)   2.34(0.08) 2.72(0.08)   0.50 .479   0.28 .594

RT 29.22(1.21) 21.24(1.09)   26.63(1.15) 23.82(1.15)   27.48(1.15) 22.97
(1.15)

  5.10 .025   0.38 .538

RS 4.74(0.27) 5.91(0.24)   5.00(0.25) 5.64(0.25)   4.81(0.25) 5.83
(0.25)

  0.42 .518   0.11 .737

Note: DD: development dyslexia; RA: Reading Achievement; RT: Reading Time; RS: Reading Speed. Signi�cant results are marked in bold.

 

Eye-movement parameters
Interactions among groups, articulatory suppression, and article type on eye-movement parameters are shown in Table 3. DD had signi�cant main effects on
AFD (F = 11.84, P < .001), ASA (F = 60.71, P < .001), NF (F = 6.14, P = .014), NS (F = 19.62, P < .001), FS (F = 10.42, P = .001), FF (F = 35.43, P < .001), and FD (F = 
57.38, P < .001). Compared to the control group, Chinese children with DD had a signi�cantly longer AFD, shorter ASA and FD, higher NF and NS, and lower FS
and FF.

Articulatory suppression had only marginally signi�cant main effects on AFD (F = 3.31, P = .070), ASA (F = 3.35, P = .068), and FF (F = 3.19, P = .075), but not on
NF (F = 0.10, P = .747), NS (F = 0.19, P = .659), FS (F = 0.64, P = .423) or FD (F = 0.26, P = .609). Articulatory suppression lengthened AFD, shortened ASA, and
diminished FF.

Article type had a marginally signi�cant main effect on NS (F = 3.62, P = .058) and FS (F = 3.01, P = .084), but not on AFD (F = 1.19, P = .276), ASA (F = 0.03, P 
= .853), NF (F = 1.86, P = .174), FF (F = 2.26, P = .134), or FD (F = 0.01, P = .907). Compared to narrative story reading, scenery prose reading tended to be
associated with higher NS and lower FS.

There was a signi�cant interaction between groups and articulatory suppression on FD (Fig. 1C). Compared to silent reading, articulatory suppression was
associated with an increase in FD in the Children with DD and a decrease in FD in the non-DD group. Signi�cant interactions were also found between
articulatory suppression and article types on AFD (Fig. 1D), ASA (Fig. 1E), and FS (Fig. 1F), FD (Fig. 1G). Across all participants, AFD signi�cantly increased,
and ASA, FS and FD signi�cantly decreased during scenery prose reading with articulatory suppression relative to silent scenery prose reading. The reading of
narrative stories, however, was associated with a reduced AFD, and increased ASA, FS and FD with articulatory suppression relative to silent narrative story
reading; these differences were non-signi�cant.
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Table 3
Interactions among group, articulatory suppression, and article type on eye-movement parameters

Eye-
movement
parameters

Mean (SD)   Interactions

Groups (1)   Articulatory
suppression (2)

  Article types (3)   1*2   1* 3   2* 3

DD Non-
DD

  No Yes   Scenery
prose

Narrative
story

  F P   F P   F P

AFD 256.34(4.82) 234.01
(4.34)

  239.27
(4.59)

251.08
(4.59)

  248.72
(4.59)

241.63
(4.59)

  1.96 .163   1.94 .165   9.63 .002

ASA 4.64 (0.13) 6.03
(0.12)

  5.50
(0.13)

5.17
(0.13)

  5.35
(0.13)

5.32
(0.13)

  2.58 .109   0.22 .639   6.83 .010

NF 111.66
(4.52)

96.59
(4.07)

  105.11
(4.30)

103.14
(4.30)

  108.28
(4.30)

99.98
(4.30)

  1.75 .187   0.36 .549   < .01 .987

NS 132.68
(4.61)

105.23
(4.15)

  117.59
(4.38)

120.32
(4.38)

  124.85
(4.38)

113.06
(4.38)

  1.65 .200   0.11 .741   1.15 .284

FS 3.53 (0.07) 3.82
(0.06)

  3.64
(0.06)

3.71(0.06)   3.59
(0.06)

3.75
(0.06)

  1.22 .270   0.65 .421   4.28 .040

FF 2.95 (0.06) 0.063
(0.06)

  3.28
(0.06)

3.12
(0.06)

  3.14
(0.06)

3.26
(0.06)

  0.74 .390   1.63 .203   0.38 .536

FD 5.04(0.13) 6.40
(0.12)

  5.77
(0.13)

5.67
(0.13)

  5.71
(0.13)

5.73
(0.13)

  3.97 .047   0.26 .611   5.14 .024

Note: DD, developmental dyslexia; AFD: Average �xation duration; ASA: Average saccade amplitude; NF: Number of �xations; NS: Number of saccades; FS: Fr
saccades; FF: Frequency of �xations; FD: Fixation distance. Signi�cant results are marked in bold.

Discussion

Effects of the phonological loop on reading among Chinese children with DD
In the current case-control study applying an eye-movement tracking method, we found that compared to children without DD, children with DD exhibit lower
RA, longer RT, slower RS, abnormal phonological loop and the eye movements during reading, and the effects of the articulatory suppression on reading ability
vary with the presentation of DD and the article type. The articulatory suppression had little in�uence on simple narrative story comprehension but interfered
signi�cantly with simple scenery prose comprehension. Our �ndings expand the knowledge about the distinctive performance on phonological loop in children
with DD, which might be a target for establishing effective interventions in the future.

First, compared to silent reading, imposing articulatory suppression during reading signi�cantly decreased the RT and increased the FD of children with DD,
and tended to increase the RT and decrease the FD of children without DD. FD refers to the distance between contiguous �xations, an important parameter of
visual attention span de�ned by the number of characters that a reader processes during a �xation. Reduced FD means that it is more di�cult to process the
reading material.(Phillips MH, 2008; Prado C, 2007; Rayner, 1998) The role of articulatory suppression on reading is relatively complex. It may effectively
inhibit the effect of speech coding, decrease reading scores, lengthen reading time, and lower accuracy.(Fatzer & Roebers, 2012) However, not all individuals
may naturally adopt a strategy of phonological recoding or rehearsal while reading.(Logie, Della Sala, Laiacona, Chalmers, & Wynn, 1996) Baddeley posited
that neuropsychological patients with an impaired phonological store make little-to-no use of their defective phonological short-term store,(Baddeley, 1992)
and he thought that participants may abandon the loop when recall becomes di�cult, e.g., when a list lengthens.(Baddeley & Larsen, 2003) In the current
study, children with DD exhibit lower RA. Accordingly, we speculate that as children with DD exhibit impairments of the phonological loop, they may adopt a
strategy divergent from that of phonological recoding or rehearsal under articulatory suppression, abandonment of the phonological loop during articulatory
suppression reduces RT and increases FD. By contrast, children without DD ensure precise comprehension of articles by increasing RT and decreasing FD
under articulatory suppression.

Second, our results indicated that the effect of articulatory suppression varies according to article type: it had little in�uence on simple narrative story
comprehension but interfered signi�cantly with simple scenery prose comprehension. The literature has shown that articulatory suppression can signi�cantly
disrupt the normal functioning of the phonological loop. However, this effect varies predictably with the di�culty of text, because participants, like children
with DD, may abandon the phonological loop when phonological code and recall becomes di�cult.(Bayliss, Jarrold, Gunn, & Baddeley, 2003; Lauro et al., 2010;
Norris et al., 2018) We found that all children exhibited higher RA, shorter RT, and faster RS, less NS, and higher FS during narrative story reading than scenery
prose reading, suggesting that the narrative stories were easier to understand than the scenery prose. We concluded that articulatory suppression has little
in�uence on the reading of simple narrative stories. However, this may be attributable to the simple narrative story selected in our research having featured
clear logic, accessible clues, and applicability to everyday common sense that rendered the involvement of the phonological loop unnecessary. On the
contrary, the scenery prose features rich content and an uneven distribution of information, rendering the application of common sense to better understand
and recall the text’s meaning di�cult. Moreover, scenery prose requires rehearsal and recruitment of the phonological store to retain, understand, and extract a
large amount of information contained therein. Combined with previous studies, the effect of articulatory suppression on simple-sentence comprehension is
minimal, while its effect on the understanding of complex sentences is signi�cantly (Baddeley, 1992; Jeffries & Everatt, 2004; Lauro et al., 2010), we believe
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that the effect of articulatory suppression varies according to the complexity of reading materials but not article type. The more complex the reading materials
are, the more memory store is needed, and the greater the effect of articulatory suppression on reading processing is.

Eye-movement characteristics of Chinese children with DD during reading
The current study showed that the Children with DD featured signi�cantly longer AFD, shorter ASA and FD, a higher NF and NS, and lower FF and FS.
Consistent with the literature, a large number of Western and our previous studies have found that children with DD exhibit longer �xation, shorter saccades,
and thus more �xations while reading than their non-DD counterparts.(Bucci et al., 2012; Hatzidaki et al., 2011; Huang X, 2008; Jainta S, 2010; Kim S, 2014; Li
et al., 2013; Li XH, 2009; Seassau M, 2014; Wu et al., 2018) The �xation is the period of time when the eyes remain fairly still, and saccades are rapid
movements of the eyes from one �xation point to another with velocities as high as 500° per second.(Rayner, 1998) During reading, we change �xation
situation through fast saccade and collect information through �xation pause. Eye movements are in�uenced by textual di�culties. For example, as text
becomes conceptually more di�cult, �xation duration increases, saccade length decreases. (Rayner, 1998) Up to now, it’s still unclear why children with DD
had abnormal eye movements. Several studies (Bosse, Tainturier, & Valdois, 2007; Bucci et al., 2012; Hawelka S, 2005; Prado C, 2007) have suggested that a
reduced visual attention span as well as an immature interaction between the ocular motor saccade and vergence systems could underlie the abnormal eye
movements observed in children with DD.

Strength and Limitations
It was the �rst time to use eye-movement technological to study the effect of articulatory suppression on the reading processing of children with DD. We
acknowledge that the current study has several limitations. Firstly, as a case-control study, this investigation could not provide proof of causal relationships
among abnormal eye movements, impairments of the phonological loop, and dyslexia. Secondly, in diagnosis, we assess reading level by vocabulary test.
However, vocabulary test is the determinant of reading level for primary school students, and is most commonly used to assess the reading level of Chinese
children. (Liu, Zhong, Yu, & Liu, 2014; Jing Zhao, Bi, & Yang, 2012) Thirdly, the reading tasks used in the current study were chose from a second-grade reading
book, which might be a little easy for some children at higher grades. However, most participants in this study were at grade 2 and grade 3. Therefore, it should
be appropriate to have a second-grade reading materials to make sure they all can read, especially for children with DD. Future studies applying varied reading
di�culties are needed. Finally, the article types just included scenery prose and narrative story, so the results couldn’t re�ect the processing characteristics of
the other article types in children with DD.

Conclusions
In the current study, we found that Chinese children with DD exhibit impairments in abnormal eye movements when reading whether or not under articulatory
suppression. Under articulatory suppression, Chinese children with DD showed increased FD and reading speed, while children without DD had decreased FD
and reading speed. Articulatory suppression has little in�uence on the reading of simple narratives but signi�cantly interferes with that of scenery prose. More
studies are needed to con�rm our �ndings and further explore the effects of varied di�culties and types of reading materials on reading.
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Signi�cant interactions among group, articulatory suppression, and article type on eye-movement and reading parameters


