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SHORT RUNNING TITLE: OVP IN DYSLEXIA, DCD AND COMORBID 1 

DISORDERS 2 

 3 

 “Same, same but different”: 4 

The OVP effect in developmental dyslexia, developmental coordination disorder 5 

and comorbid disorders 6 

 7 

Abstract  8 

The Optimal Viewing Position (OVP) effect indicates that words are identified most 9 

quickly when the eyes fixate near the word centre in alphabetic languages. In two studies, we 10 

tested OVP in typically developing readers and children with developmental dyslexia (DD), 11 

developmental coordination disorder (DCD) and with both disorders (DD+DCD), using a 12 

variable-viewing-position technique. Study 1 showed that typically developing readers had 13 

developed highly automatized procedures of left-to-right attentional scanning resulting in an 14 

inverted J-shape VP curve comparable to what is observed in adult readers and that dyslexics 15 

showed non-prototypical one. In Study 2 we observed more typical procedures of left-to-right 16 

attentional scanning in children with DCD, isolated or comorbid, compared to DD. Moreover, 17 

given the absence of significant group differences between children with DD+DCD and 18 

children with isolated DD or DCD, our results reinforce the idea that the comorbid condition 19 

does not add to the severity of OVP anomalies. We then concluded that OVP atypicalities are 20 

specific to children with DD. Finally, we discussed the usefulness of the OVP effect as a 21 

clinical tool to identify possible OVP atypicalities that could be specific of some 22 

neurodevelopmental disorders (i.e., DD, DCD or DCD+DD). 23 

Keywords: developmental dyslexia, developmental coordination disorder, 24 

comorbidity, optimal viewing position, reading 25 
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INTRODUCTION 26 

Learning to read naturally requires the development of a number of strictly linguistic 27 

skills (e.g., phonological awareness, phonological short-term memory, lexical knowledge, 28 

etc.) (e.g. Goswami & Bryant, 1990). However, processing written language also requires a 29 

visual analysis that enables the precise decoding of the words. That is, in addition to linguistic 30 

skills, children also need to develop good eye-movement control and visual-perceptual skills 31 

to learn to read: their visual system has to learn to correctly land the eyes on words, extract 32 

the information that is being fixated, program a saccade to the next word position, etc. These 33 

visuo-attentional processes must be automatized in order to develop good reading skills (e.g. 34 

Bellocchi, Massendari, Grainger, & Ducrot, 2019; Ducrot, Pynte, Ghio, & Lété, 2013; 35 

Franceschini, Gori, Ruffino, Pedrolli, & Facoetti, 2012; Grainger, Dufau, & Ziegler, 2016; 36 

Joseph, Liversedge, Blythe, White, & Rayner, 2009; Vernet, Bellocchi, Leibnitz, Chaix, & 37 

Ducrot, 2021). In other words, to be able to match letters and groups of letters to the 38 

phonological representations contained in memory, it is necessary that the child learns to 39 

perceive the words. It follows that the efficiency and the rapidity of written word-recognition 40 

procedures depend on the quality of perceptual processing. When it comes to reading 41 

disabilities, an increasing number of studies shows today that associated visual and 42 

oculomotor deficits are present in several neurodevelopmental disorders (e.g., Bellocchi et al., 43 

2019; Gori & Facoetti, 2015; Martelli et al., 2009; see Bellocchi, Muneaux, Bastien-Toniazzo, 44 

& Ducrot, 2013b and Goswami, 2015, for reviews). Children with developmental dyslexia 45 

may show, for example, visual selective attention deficits in automatic orienting and focusing 46 

of spatial attention, visuo-attentional span deficits which seem to be independent from a 47 

phonological deficit (e.g., Facoetti, Turatto, Lorusso, & Mascetti, 2001; Valdois, Bosse, & 48 

Tainturier, 2004). Moreover, atypical eye movement patterns during reading have been 49 

showed to characterize dyslexics as a manifestation of an impaired cognitive processing (e.g., 50 
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Bellocchi et al., 2019; Gagl, Hawelka, & Hutzler, 2014; Hawelka, Gagl, & Wimmer, 2010). 51 

Yet the visual aspects of reading acquisition, however fundamental, remain a neglected field 52 

of research.  53 

In the current paper, we will focus on the very earliest stages of visual word 54 

recognition in both beginning and disabled readers, from the uptake of visual information to 55 

sublexical orthographic processing. Visual and attentional factors are thought to have their 56 

main impact on reading at this first level of orthographic processing. We examine the 57 

importance of these processes for learning to read, and how they can improve our 58 

understanding of the difficulties encountered by children showing a specific reading disorder, 59 

i.e. those with developmental dyslexia (DD)1. In addition, we investigated children with 60 

developmental coordination disorder2 (DCD), and those with both neurodevelopmental 61 

disorders (DD+DCD or comorbid children) in order to explore the impact of comorbidity on 62 

these visuo-attentional processes linked to word recognition. Indeed, despite the fact that the 63 

association between DD and DCD is a very common condition in neurodevelopmental 64 

disorders (Iversen, Berg, Ellertsen, & Tønnessen, 2005; Kaplan, Dewey, Crawford, Wilson, 65 

2001), very few researches have been developed considering it. 66 

 67 

                                                           
1 Developmental dyslexia is a neurodevelopmental disorder that is diagnosed when no sensory 

and intellectual deficits can explain reading and/or writing disorders and when adequate 

instruction and socio-cultural opportunities are available but fail to result in an adequate level 

of performance [DSM-5, American Psychiatric Association (APA), 2013; W.H.O., 1992]. 

2 Developmental Coordination Disorder is a neurodevelopmental disorder characterized by 

significant difficulties with the acquisition and execution of motor skill [DSM-5, American 

Psychiatric Association (APA), 2013]. Individuals with DCD demonstrate a level of motor 

skill out of keeping with their age and intellectual ability. 
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Viewing position effects and word recognition in children. 68 

Word recognition involves a reading-specific visual processing mode that relies on the 69 

ability to process - simultaneously and in parallel - all the letters of a word in their correct 70 

positions. Therefore, the beginning reader's first task consists of developing this ability by 71 

mobilizing increasingly rapid, automatic, and irrepressible cognitive processes (Laberge & 72 

Samuels, 1974). One factor known to have a major impact on word reading efficiency in 73 

adults is the position of eye fixation in the word (when there is only one fixation). When 74 

participants are forced by an experimental manipulation to fixate a word at a specific position, 75 

the probability of recognizing it is the highest when the fixation point is to the left of the 76 

word's midpoint (for languages read from left-to-right), and it decreases as the eye moves 77 

away from this so-called “optimal position” (e.g., O’Regan & Jacobs, 1992; O’Regan, Levy-78 

Schoen, Pynte, & Brugallière, 1984, see Brysbaert & Nazir, 2005, for a review). This typical 79 

pattern of results is the Optimal Viewing Position (OVP) effect, which is characterized not 80 

only by the fact that performance is better when the centre of a word is fixated rather than its 81 

edges, but also by an asymmetry to the left in the resulting inverted J-shape VP function (with 82 

a better performance for left-sided than for right sided fixations, i.e., word-beginning 83 

superiority effect, Lavidor &Walsh, 2004).  84 

The OVP effect arises from the rapid drop-off of visual acuity with retinal eccentricity 85 

and the fact that more letters from a word can be extracted when the eyes are near the word’s 86 

center (Brysbaert & Nazir, 2005; McConkie, Kerr, Reddix, Zola, & Jacobs, 1989; Nazir, 87 

O’Regan, & Jacobs, 1991; Nazir, Jacobs, & O’Regan, 1998; but see also Lavidor & Walsh, 88 

2004 for a theoretical account). It may derive, in addition, from orthographic and 89 

lexical/morphological constraints associated with word identification (Clark & O’Regan, 90 

1999; O’Regan et al., 1984; Stevens & Grainger, 2003). Given that the most informative letter 91 

of words in languages such as English and French is the first letter (see, Grainger, 2017), it 92 
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follows that the OVP emerges at the landing site that maximizes letter perceptibility and 93 

minimizes lexical ambiguity. For Brysbaert and colleagues (1996), fixations to the left of the 94 

word's centre are less damaging than fixations to the right, because attention can be allocated 95 

more rapidly and effectively to the right than to the left in people trained to read in that 96 

direction (see also Nazir, Ben-Boutayab, Decoppet, Deutsch, & Frost, 2004 and Ducrot & 97 

Grainger, 2007). In the same vein, Nazir (2000; 2003) proposed that perceptual biases may 98 

arise from perceptual learning, with frequently fixated positions becoming optimal for word 99 

recognition. According to this report, optimal word recognition is obtained with eye fixation 100 

on the location in the word where the eyes prefer to land (i.e. between the beginning and the 101 

middle of the word) (Ducrot & Pynte, 2002; Rayner, 1979). In this line of reasoning, it is 102 

important to note that the OVP is dependent on reading habits (right of centre for languages 103 

read from right to left; Deutsch & Rayner, 1999; Farid & Grainger, 1996). Note also that 104 

lexical constraints exerted by the perceived letters on word recognition can affect the shape of 105 

the VP curve. For example, low-frequency words are less effectively processed at fixation 106 

points away from the OVP (O’Regan & Jacobs, 1992). Here we argue that the OVP effect can 107 

be used to assess the visual processing mode of words being read. 108 

In learning to read, the OVP appears early, even at the end of the first year of reading 109 

exposure (Aghababian & Nazir, 2000; Ducrot et al., 2013), thus suggesting that children 110 

extract visual information from print in much the same way as proficient readers do. Given 111 

that extraction of visual information is a key component of the OVP effect, then variations in 112 

the way visual information is extracted from the input may lead to different VP curves. 113 

Following this point of view, Aghababian and Nazir (2000) pointed out that a closer analysis 114 

of the VP function might help identify deviant reading behaviours. Accordingly, various 115 

“non-prototypical” VP curves are reported in pathological cases: a flat curve in a deaf 116 

beginning reader (Aghababian, Nazir, Lançon, & Tardy, 2001) and a reverted asymmetry in a 117 
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pure alexic patient (Montant, Nazir, & Poncet, 1998). Ducrot and colleagues (2003) also 118 

found differences in dyslexics’ VP curve: even though dyslexic children exhibited, as normal 119 

readers do, a systematic variation in reading performance when their eyes were fixating 120 

different locations in the word (with best recognition performance when the initial fixation 121 

was imposed to the left of the word centre), they also showed a symmetrical VP curve. The 122 

absence of left-right asymmetry in the VP curve suggests abnormal processing of information 123 

outside of foveal vision for dyslexics, as Geiger and colleagues (1992) found, and could thus 124 

reflect a deficit in visuo-attentional processing. We found two other reports of such inverted 125 

J-shaped VP curves in the literature. Dubois et al. (2007) described the case of a young 126 

surface dyslexic boy with an atypical VP curve lacking asymmetry and Aghababian and Nazir 127 

(2000) reported similar VP patterns in “poor” beginning readers. The variety of VP shapes 128 

reported in reading disabilities highlights the need for a better understanding of their visual 129 

processing of printed words. However, to our knowledge, there is no well-described in-depth 130 

investigation of VP abnormalities in neurodevelopmental disorders. The present paper is a 131 

first step in this direction, with a comparison of VP curves in DD, DCD and DD+DCD. 132 

 133 

Dyslexia and co-occurring DCD: What is the impact on visuo-attentional processes 134 

linked to reading? 135 

Although it’s not systematic, co-occurrence between dyslexia and other 136 

neurodevelopmental disorders is very common. In particular, epidemiological studies 137 

demonstrate a rate of comorbid diagnosis of DCD in 16% (Kaplan et al., 2001) to 70% 138 

(Iversen et al., 2005) of children with dyslexia. Similarly, Chaix and colleagues (2007) found 139 

an high percentage of DCD diagnosis in a group of 58 dyslexics, i.e. 40% scored below −2 140 

standard deviations (SDs) on the Lincoln-Oseretsky Motor Development Scale (Rogé, 1984), 141 

and 17.2% scored between −1 and −2 SDs. Furthermore, dyslexics proved less successful than 142 
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their peers at carrying on motor tasks (for a review, see Jover, Ducrot, Huau, Bellocchi, Brun-143 

Hénin, & Mancini, 2013). For instance, participants with dyslexia demonstrated poor 144 

performance on the Movement Assessment Battery for Children (M-ABC; Iversen et al., 145 

2005), pegboard tasks (Nicolson & Fawcett, 1994), bead threading (Fawcett & Nicolson, 146 

1995), pointing (Velay, Daffaure, Giraud, & Habib, 2002), and motor-learning tasks (Bennett, 147 

Romano, Howard, & Howard, 2008). In addition, more relevant for our study is that reading 148 

difficulties have been observed in 29% to 70% of children diagnosed with DCD (O'Hare & 149 

Khalid, 2002).  150 

Unfortunately, despite the evidence of a frequent association between DD and motor 151 

disorders, this co-occurrence is often neglected in the scientific studies exploring reading 152 

disabilities and the related cognitive disorders. Furthermore, despite the presence of reading 153 

deficits in DCD, to the best of our knowledge, no studies have been published on the role of 154 

visuo-attentional processes in reading in children with DCD. In particular, this is even true for 155 

studies exploring the landing position patterns, such as the OVP effect. Nevertheless, note that 156 

a few studies have explored visuo-attentional processes in DCD. Tsai (2009) observed that 157 

DCD children performed worse than typical developing children in an endogenous Posner 158 

task measuring visuo-spatial attention. This result is consistent with the huge literature 159 

highlighting deficits in the visuospatial information processing in DCD (e.g., Tsai & Wu, 160 

2008; Wilson & McKenzie, 1998). However, the majority of these studies used visuo-spatial 161 

tasks that didn’t directly and precisely measure visuo-spatial attention. In other words, the 162 

tasks used belonged to clinical neuropsychology batteries of tests and not to experimental 163 

paradigms. The analysis of the literature clearly shows the need to better understand the 164 

impact of the co-occurring DCD on the visuo-attentional processes involved in reading by 165 

using experimental paradigms (Bellocchi, Muneaux, Huau, Lévêque, Jover, & Ducrot, 2017).  166 

 167 
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The present study 168 

The present study focused on the ability of children to recognize briefly displayed 169 

single words, while the eyes are fixating a predetermined position within the word. 170 

Abnormalities in the developing reading system—although not necessarily “visual” in 171 

nature—may nevertheless be apparent in the visual behaviour of the child. Impairments of 172 

word recognition performance can differently affect the early stages of visual word 173 

processing. The OVP paradigm provides an interesting way to describe the visuo-attentional 174 

strategies involved in word recognition by children who have a learning disability and to 175 

detect qualitative and quantitative differences in the VP curve of these children. The shape of 176 

the VP curve allows to determine the position(s) at which relatively good word processing 177 

performance is obtained (maximum of the curve) and at which word processing performance 178 

declines (minimum of the curve). The height of the curve allows to evaluate the quality of the 179 

lexical competence and the size of the stored lexical knowledge. 180 

The originality of this study resides also on the exploration of the OVP atypicalities in 181 

DD and DCD taking into account the co-occurring condition. To the best of our knowledge, 182 

this is the first study focusing on that purpose.  183 

First of all, to better understand the specificity of any OVP anomalies within DD, two 184 

typically developing comparison groups were recruited, the first matched to children with DD 185 

by chronological age (hereafter ‘CA’ group), and the second matched to the DD group by 186 

reading level (hereafter ‘RL’ group). We hypothesized that if DD children show deficits in 187 

OVP effect, we should expect that they revealed more marked atypical VP curve (in terms of 188 

height and shape) than the CA and RL group; however, if DD children show a delay in OVP 189 

effect, we should expect that they underperform only the CA group. These questions will be 190 

specifically explored in Study 1. 191 
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Secondly, in order to explore the impact of co-occurence, we compared children with 192 

DD and DCD (DD+DCD) to children with isolated disorders (DD or DCD). Consistent with a 193 

cumulative hypothesis (e.g. Pitcher, Piek, & Barrett, 2002), if co-morbid condition add to the 194 

severity of the cognitive deficit, children with DD and DCD should revealed more marked 195 

atypical VP curve (in terms of height and shape) than children with isolated disorders. 196 

Moreover, the comparison between co-morbid children (DD+DCD) and children with isolated 197 

disorders (DD or DCD) can provide evidences about the specificity of the OVP atypicalities 198 

to reading or motor impairments. In other words, if OVP anomalies are specifically linked to 199 

reading deficits, we should find them in children with specific reading disorder (isolated DD 200 

and DD+DCD). However, if OVP anomalies are specifically linked to a motor disorder, we 201 

should find them only in DCD children (isolated DCD and DD+DCD). Last but not least, the 202 

present study will provide new data on visuo-attentional processing linked to reading in DCD. 203 

These questions will be addressed in Study 2. 204 

Finally, even if this was not an objective per se, we aimed at discuss the usefulness of 205 

the OVP effect as a clinical tool to identify possible OVP atypicalities that could be specific 206 

of some neurodevelopmental disorders (i.e., DD, DCD or DCD+DD). This could constitute an 207 

important source of information for practitioners to differentiate cognitive profiles of children 208 

with neurodevelopmental disabilities, based upon performance on the OVP. 209 

This research received the agreement of the National Board of Education (project 210 

ADIVA). This work was conducted in accordance with the Declaration of Helsinki (WHO, 211 

2008), approved by the local Ethics Committee Review Board (Comité de Protection des 212 

Personnes pour la recherche biomédicale, CNRS, France). The children’s parents gave their 213 

written consent for participation.  214 

 215 

 216 
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STUDY 1 217 

Comparisons between dyslexics and typical developing readers 218 

In the first study we aimed at exploring the OVP effect in children with DD, as 219 

compared to typically developing children matched on chronological age or reading level. 220 

 221 

Method 222 

Participants. A total of 72 children participated in the experiment. They were divided 223 

into three groups: one of 24 dyslexics (DD) (mean age in months = 126.95; SD= 15.17) and 224 

two control groups each composed of 24 typical developing readers, the first of which was 225 

matched on chronological age (CA) (mean age in months = 129.66; SD= 6.74) and the second 226 

of which was matched on reading level (RL) (mean age in months = 95; SD= 4.47).  227 

Children with DD were recruited and diagnosed in different hospitals or clinical 228 

centres based in France: La Timone University Hospital in Marseille, Kremlin-Bicêtre 229 

Hospital in Paris and the clinical centre “Les Lavandes” in Orpierre. They all underwent a 230 

complete medical, psychological and cognitive assessment. All participants were native 231 

speakers of French with normal or corrected-to-normal vision. Children whose oral language 232 

skills were in the pathological range or who were diagnosed with ADHD were excluded from 233 

the study. Criteria for inclusion were manifest reading deficits (at least 1.5 SDs below the 234 

normal level) on the “Alouette Test-R” (Lefavrais, 2005), on IQ measured on the WISC-IV 235 

(French version by ECPA, 2005) within the normal limits set by the diagnosis unit (IQ > 85) 236 

and no deficits in vision or hearing. More importantly, we selected children without a DCD. 237 

As we noted by post-hoc analyses, the mean reading level of the dyslexic children 238 

(mean=87.37 months; SD=4.94 months) was significantly below the mean reading level of the 239 

chronological age matched group (mean=118.58 months; SD=15.12 months; p < .001). As 240 

expected, the mean reading level of the dyslexic children was comparable from that of the 241 
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reading-level matched children (mean=89.54 months; SD=8.25; p =ns) (ANOVA; group 242 

effect: F(2,71) = 68.07; p < .001). 243 

 The participants in the two control groups (CA and RL) were recruited from an 244 

elementary school (Grade 1 through 5) in a city in southern France, according to their reading 245 

level (Grade 1 or  2) and chronological age (Grade 4 or 5) of the dyslexic children. None 246 

suffered from any neurological, psychiatric, or emotional disorders or was educationally 247 

disadvantaged. The inclusion criteria were a normal reading level and no visual or hearing 248 

deficits. We did not include children who were considered by their teachers as having either a 249 

specific learning deficit or cognitive and behavioural problems.  250 

 251 

Material, task, and stimuli.  A pool of 60 words was selected from Manulex (Lété, 252 

Sprenger-Charolles, &Colé, 2004). The stimuli were selected from the first-grade lemma 253 

lexicon. Half of the words had a low frequency (LF) – that is, a mean printed frequency of 16 254 

occurrences per million − and the other half were high frequency (HF), with a mean printed 255 

frequency of 419 occurrences per million. In each frequency set, 93% of the words were 256 

nouns, 4% were verbs, and 3% were adjectives.  All words were 5 or 6 letters long. The words 257 

used in this work were a subset of the stimuli used in the Ducrot et al.’s previous study 258 

(2013). Stimulus presentation was on a Dell Latitude D600 laptop running the DMDX 259 

software package (Forster & Forster, 2001, version 2.9.01). The target words were displayed 260 

in white lowercase letters against a black background in 24-point Courier New font, using a 261 

14-inch color monitor, at a resolution of 1024×768. Participants were seated 60 cm from the 262 

screen. At this distance, one letter subtended a visual angle of 0.5°. Each word was divided 263 

into five equally-wide zones (i.e., 1 letter wide for five-letter words and 1.2 letters wide for 264 

six-letter words). Words were presented in such a way that subjects initially fixated the centre 265 

of each zone (hereafter called positions P1, P2, P3, P4, and P5). Across all participants, each 266 
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word was seen from all five-fixation positions, using different experimental lists. The stimuli 267 

were presented in one block with 60 trials. A chin-and-forehead rest was used to minimize 268 

head movements. Exposure time for the target was determined individually for each 269 

participant, depending on his/her correct identification score on a training session (in which 270 

we looked for the presentation duration that produced scores ranging between 50-75% correct 271 

four-letter word identification3, i.e., about 100 ms for CA children, 175 ms for RL children 272 

and 250 ms for DD). Each trial consisted of the following sequence of events. Participants 273 

were first instructed to look at a fixation point at the beginning of each trial, and not to move 274 

their eyes. After 500 ms, the fixation point was replaced by a target word that was displayed 275 

on the screen for the duration previously determined for that particular child. The word was 276 

displaced laterally with respect to the fixation point according to its position condition. Then 277 

the word was replaced by a backward mask that consisted of a string of hashes. The task was 278 

to identify (name) the target word. If not possible, participants were asked to report as many 279 

letters as they could in the correct position. The experimenter manually recorded each 280 

participant’s response. The mask remained on the screen until the experimenter pressed the 281 

spaced bar to trigger the next trial. 282 

 283 

Procedure. All children were tested individually: children with neurodevelopmental 284 

disorders were tested at the hospital and normal readers in their schools. The session lasted 285 

about 15 minutes.  286 

 287 

Data analysis 288 

                                                           
3 In the training session, we used 20 words which were not the same words used in the 

following test session in order to avoid learning effect.   
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Analysis of variance was run on the proportion of correct word identifications 289 

transformed in arcsine using a 2 Frequency x 5 Positions x 3 groups (dyslexics, chronological-290 

age matched group –CA, and reading-age matched group –RA)4. All factors, except Group, 291 

were within-participant factors. Effect sizes are reported as eta-square (η2,  Bakeman, 2005). 292 

In order to test the left-right asymmetry of the VP curves we compared performance of 293 

word identifications in P1 (left-sided fixation position) vs. P4 and P5 (right-sided positions)5, 294 

as suggested by other studies (e.g., Ducrot et al., 2013; Stenneken, van Eimeren, Keller, 295 

Jacobs, & Kerkhoff, 2008; Wong & Hsiao, 2012). Then, pairwise comparisons were run in 296 

order to test the specific hypotheses we defined a priori. 297 

Statistical analyses were conducted using the SPSS ® program, version 20.0. 298 

 299 

Results 300 

The mean percentage of correct word identifications was calculated for all 301 

participants. Table 1 shows descriptive statistics of accuracy as a function of group, frequency 302 

of words and letter position.  303 

 304 

 305 

Table 1. Means and standard deviations of accuracy (percentage of correct responses) as a 306 

function of group (DD= dyslexics; CA= chronological age control; RL = reading level 307 

control), frequency of words (HF= High-frequency words; LF= Low-frequency words), and 308 

five fixation positions (P1, P2, P3, P, and P5). 309 

 310 

 311 

                                                           
4 The assumption of homogeneity of variance was not violated, all p >. 05 (Levene’s test). 

5 Note that P4 and P5 were averaged. 
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    DD CA RL 

    mean (SD) mean (SD) mean (SD) 

HF 

P1 77.78 (16.04) 90.97 (12.02) 86.10 (14.47) 

P2 89.58 (15.40) 94.44 (10.62) 93.05 (9.73) 

P3 84.71 (13.82) 95.14 (10.40) 88.88 (10.62) 

P4 75.00 (23.04) 92.36 (12.98) 83.55 (14.51) 

P5 79.87 (20.83) 77.77 (19.45) 79.16 (18.55) 

LF 

P1 38.90 (22.35) 75.69 (17.00) 57.62 (20.73) 

P2 50.69 (25.29) 82.64 (17.35) 60.10 (25.41) 

P3 50.70 (28.85) 75.70 (17.00) 54.19 (24.35) 

P4 42.36 (26.91) 67.35 (22.78) 47.89 (20.03) 

P5 29.86 (22.50) 60.40 (25.45) 37.00 (18.79) 

  
------------------------------- 312 

Insert Table 1 about here 313 

-------------------------------- 314 

The analyses of variance showed that the effect of initial-fixation position on word 315 

recognition was consistently significant for all groups [F (4,276) = 23.84; p < .001; η2 = .25].  316 

As can be seen in Figure 1a, the location in the words where the recognition curves grew to 317 

their maximums was to the left of the target’s centre. There was also a significant main effect 318 

of frequency [F (1,69) = 439.70; p < .0001; η2 =.84], with an higher recognition probability 319 

for HF-words (86%) than for LF-words (55%). Note that the size of the frequency effect was 320 

different for the three groups, as suggested by the interaction between frequency and group [F 321 

(2, 69) = 7.92; p = .001; η2 = .03]: the frequency effect was attenuated with the increase of 322 

reading skills [38.9% for dyslexics, 32.1% for RL children, and 17.7% for CA children]. 323 
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The interaction between stimulus location and groups was not significant [F (8, 276) = 324 

1.65; p =n.s.]. However, interestingly, the ANOVA revealed a significant fixation position x 325 

frequency x group interaction [F (8, 276) = 2.14; p = .033; η2 =.06]. This three-way 326 

interaction is illustrated in Figure 1a. In order to examine the effects of frequency and fixation 327 

position in more detail, separate analyses were conducted for each group. 328 

RL-group. The ANOVA revealed a large (32.1%) frequency effect [F(1, 23) = 329 

176.90; p < .001; η2 =.88], reflecting the fact that letter identification was better for the HF 330 

(M = 86.2%) than for the LF (M = 54.1%) words. A significant effect of fixation position was 331 

also found [F (4, 92) = 7.86; p < .001; η2 =.25]. There were more correct identifications when 332 

the VP corresponded to the middle of the word (74.3% in P2 and P3) than to the beginning 333 

(71.9% in P1) or the end (65.7% and 58.1% in P4 and P5, respectively). There was no 334 

significant interaction between frequency and fixation position, F < 1. 335 

CA-group. In the CA-group, the ANOVA revealed a significant effect of lexical 336 

frequency, [F(1, 23) = 61.54; p < .001; η2 =.73], with 90.1 % identification for HF-words and 337 

72.4% for LF-words. As for the RL children, there was a main effect of fixation position 338 

[F(4,92) = 11.353; p < .001; η2 =.33], with better performance for positions P2-P3 (87%) than 339 

for the word-initial (83.3%) and word-final positions (79.9% and 69.1%, for P4 and P5, 340 

respectively). No interaction was found between the two factors, [F (4, 92) = 1.56; p= ns.]. 341 

Dyslexics. As beginning readers (RL children), the dyslexic children also exhibited a 342 

large main effect of lexical frequency [F (1, 23) = 290.48; p < .001; η2 =.93], with 81.4% 343 

identification for HF words and 42.5% for LF words. Dyslexic children identified 70.1% and 344 

67.7% of the words at P2 and P3, respectively, vs. 58.3% at P1 and 56.8% at P4-P5, [F (4, 345 

92) = 7.17; p < .0001; η2 =.24]. Interestingly, there was a significant frequency by fixation 346 

position interaction [F (4, 92) = 2.98; p = .02; η2 =.11], indicating that the frequency effect 347 

was larger at unfavourable positions. 348 
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As can be seen in Figure 1a, the results revealed systematic differences in the height 349 

and shape of the normal readers’ and dyslexic children’s VP curves [F (2, 69) = 14.94; p 350 

<.001; η2 =.30]. With respect to height, the mean percentage of correct word identifications 351 

was much lower for the dyslexics (61.9%) and for the beginning readers (RL) (68.8%) than 352 

for the skilled readers (CA) (81.2%). Pairwise comparisons revealed that the group effect 353 

could be entirely explained by the fact that there was a difference between children with 354 

impaired or emerging reading skills (dyslexics and RL children, respectively) and skilled 355 

readers (CA children) [F (1, 69) = 9.15; p < .001; η2 = .21], and no difference between 356 

dyslexics and RL group [F (1, 69) =1.3; p =n.s.]. With respect to shape, dyslexics showed a 357 

weaker difference between fixating the beginning (P1) and the end of the word (P4-P5) 358 

compared with the other groups (1.6%, 10.0%, and 8.9%, for dyslexics, RL and CA children, 359 

respectively)6. Moreover, this effect was more pronounced for LF words in all groups (2.7%, 360 

15.1%, and 14.9%, for dyslexics, RL and CA children, respectively). Pairwise comparisons 361 

revealed that the difference between RL and CA groups was non-significant [F < 1] and that 362 

the interaction between the left-right asymmetry and the groups could be entirely explained by 363 

the overt opposition between normal readers (CA and RL) and dyslexic children [F (1, 364 

69) = 3.39; p < .05; η2 = .07, and F (1, 69) = 4.76; p < .01; η2 = .03, for low-frequency words 365 

only]. 366 

 367 

Figure 1(a,b). Accuracy (mean percentage of correct word identifications) as a function of 368 

group (DD= dyslexics; CA= chronological age control; RL = reading level control; 369 

DD+DCD= children with dyslexia and DCD; DCD = children with DCD only) and five 370 

fixation positions (P1, P2, P3, P4, and P5). Errors bars represent standard errors.  371 

                                                           
6 The values are reported by averaging word frequency. 
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378 

Comparisons between 379 

380 

In this second study, we 381 

with DCD, and a group with both developmental disorders. Our goal was to explore the 382 

impact of co-occurring condition (DD+DCD) on OVP atypicalities. 383 

384 

Method 385 

Participants. Three groups with neurodevelopmental disorders participated in this 386 

study, one composed of 24 children with developmental dyslexia (DD) 387 

-------------------------------- 

Insert Figure 1(a,b) about here 

-------------------------------- 

STUDY 2 

Comparisons between dyslexics, children with developmental coordination

disorder and comorbid children 

In this second study, we tested the OVP effect of a group of children with DD, a group 

with DCD, and a group with both developmental disorders. Our goal was to explore the 

occurring condition (DD+DCD) on OVP atypicalities.  

 

groups with neurodevelopmental disorders participated in this 

24 children with developmental dyslexia (DD)  (mean age in 

17 

children with developmental coordination 

the OVP effect of a group of children with DD, a group 

with DCD, and a group with both developmental disorders. Our goal was to explore the 

groups with neurodevelopmental disorders participated in this 

(mean age in months 
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= 126.95; SD= 15.17)7, the other composed of 15 children with developmental coordination 388 

disorder (DCD) (mean age in months = 128.91; SD= 14.37) and the last one composed of 12 389 

children with developmental dyslexia and developmental coordination disorder (DD+DCD) 390 

(mean age in months = 126.77; SD= 11.55). They were all recruited and diagnosed in 391 

different hospitals or clinical centres based in France: La Timone University Hospital in 392 

Marseille, Kremlin-Bicêtre Hospital in Paris and the clinical centre “Les Lavandes” in 393 

Orpierre. They all underwent a complete medical, psychological and cognitive assessment. 394 

All participants were native speakers of French with normal or corrected-to-normal vision. 395 

Children whose oral language skills were in the pathological range or who were diagnosed 396 

with ADHD were excluded from the study. 397 

Concerning children with DD and DCD, criteria for inclusion were manifest reading 398 

deficits [at least 1.5 SDs below the normal level on the “Alouette Test-R” (Lefavrais, 2005)] 399 

and IQ within the normal limits set by the diagnosis unit (IQ > 85), and no vision or hearing 400 

deficits. ANOVA analyses showed that the mean reading level of the dyslexic children 401 

(mean= 88; SD= 5.9; months) were significantly lower than the DCD’s mean reading level 402 

(mean= 118.4; SD= 23.5; months) (p < .001) but were not significantly lower than that of the 403 

DD + DCD children (mean= 89.6; SD= 4.4; months) (p = n.s.). DD + DCD’s mean reading 404 

level was significantly lower than that of the DCD children (p < .001) (ANOVA; Group 405 

effect—F(2,22) = 53.28; p < .001). Similarly, the dyslexic children’s mean percentile on 406 

motor performance was significantly higher than those of the DCD and the DD+DCD 407 

children (mean=35.15; SD=23.15; p<.001). The difference between DCD (mean=1,71; 408 

SD=1.31) and DD+DCD children (mean=3.57; SD=2.50) was not significant (p=n.s.) 409 

(ANOVA; Group effect: F(2,18) = 29.735; p < .001 ). 410 

                                                           
7 This was the same group of dyslexics who participated in Study 1. 
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Moreover, children were identified as displaying DCD if they had a score below the 411 

15th percentile on the French version of the M-ABC (Soppelsa & Albaret, 2004). Finally, 412 

with regard to the DCD only group, we selected children who were diagnosed as DCD on the 413 

basis of the criteria listed above, i.e., score on the M-ABC below the 15th percentile, an IQ 414 

within the normal limits set by the diagnosis unit (IQ > 85), and no vision or hearing deficits. 415 

For this last group, we excluded children with DD or reading difficulties. 416 

 417 

Material, task, stimuli and procedure.  The same used in the Study 1. Exposure time 418 

for the target was about 150 ms for DCD children and 250 ms for DD and DD+DCD children. 419 

 420 

Data analysis 421 

In order to compare comorbid group to children with isolated disorders, we integrated 422 

in the analysis the group of dyslexic children of the Study 1. That is, the comparison has been 423 

made between three groups. Analysis of variance was thus run on the proportion of correct 424 

word identifications transformed in arcsine using a 2 Frequency x 5 Positions x 3 groups 425 

(dyslexics, children with developmental coordination disorder, and a group with both 426 

neurodevelopmental disorders)8. All factors, except Group, were within-participant factors. 427 

Effect sizes are reported as eta-square (η2, Bakeman, 2005).  428 

The left-right asymmetry of the VP curves was measured and tested as in Study 1. 429 

Statistical analyses were conducted using the SPSS ® program, version 20.0. 430 

 431 

Results 432 

                                                           
8 The assumption of homogeneity of variance was not violated, all p >. 05 (Levene’s test). 
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The mean percentage of correct word identifications was calculated for all 433 

participants. Table 2 shows descriptive statistics of accuracy as a function of group, frequency 434 

of words and letter position. 435 

 436 

Table 2. Means and standard deviations of accuracy (percentage of correct responses) as a 437 

function of group (DD+DCD= children with dyslexia; DCD; DCD = children with DCD only; 438 

DD= dyslexics), frequency of words (HF= High-frequency words; LF= Low-frequency 439 

words), and five fixation positions (P1, P2, P3, P, and P5). 440 

  

 

  
  

    DD+DCD DCD DD 

    mean (SD) mean (SD) mean (SD) 

HF 

P1 83.33 (22.47) 82.23 (17.20) 77.78 (16.04) 

P2 88.88 (19.26) 90.01 (15.16) 89.58 (15.40) 

P3 80.55 (22.29) 87.78 (13.31) 84.71 (13.82) 

P4 80.55 (19.89) 87.78 (17.21) 75.00 (23.04) 

P5 72.22 (24.95) 68.89 (26.62) 79.87 (20.83) 

LF 

P1 59.73 (25.09) 57.77 (20.76) 38.90 (22.35) 

P2 62.48 (23.70) 70.00 (23.74) 50.69 (25.29) 

P3 48.63 (19.42) 62.21 (20.38) 50.70 (28.85) 

P4 40.29 (19.40) 44.43 (27.21) 42.36 (26.91) 

P5 33.33 (22.48) 38.89 (34.88) 29.86 (22.50) 

  
------------------------------- 441 

Insert Table 2 about here 442 

-------------------------------- 443 
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 444 

Results showed a frequency effect [F (1, 48) = 422.01; p<.001 ; η2 = .89], meaning 445 

that accuracy was significant higher for high-frequency words (81.9 %) than for low-446 

frequency words (47.6 %), but this factor was not modulated by group [F (2, 48) = 1.675; 447 

p =n.s.], nor position [F < 1]. In addition, there was a main effect of fixation position [F (4, 448 

192) = 18.63; p < .001; η2 =.26], thus reflecting the fact that word identification was better in 449 

the middle of the word (71.3% in P2 and P3) than in the beginning (64.9% in P1) or the end 450 

(61.3% and 54.9% in P4 and P5, respectively). It also emerged a significant group by fixation-451 

position interaction [F (8, 192) = 2.14, p = .03; η2 =.06]. As can be seen in Figure 1b, the 452 

results revealed systematic differences in the shape of the dyslexic children and other 453 

neurodevelopmental disorders’ VP curves. As in Study 1, the asymmetry between the 454 

beginning (P1 and the end of the word, P4-P5) was less pronounced for dyslexics (1.5%) 455 

compared with the other groups, (10.0%, 14.5%, for DCD and DD+DCD, respectively)9. 456 

Pairwise comparisons revealed that the difference between DCD and DD+DCD groups was 457 

non-significant [F < 1] and that the interaction between the left-right asymmetry and the 458 

groups could be entirely explained by the difference between children with a motor deficit 459 

(DCD and DD+DCD) and dyslexic children [F (1, 48) = 3.976, p =0.03,  η2 = 0.07]. 460 

 461 

DISCUSSION 462 

The present study explored early stages of visual word recognition in disabled and 463 

typically developing readers, using a fixation-contingent display. The first aim was to better 464 

understand the specificity of any OVP anomalies within DD by comparing dyslexics with two 465 

groups of typical developing readers, the first of which matched on chronological age (CA) 466 

and the second matched on reading level (RL).  467 

                                                           
9 We reported here percentage by averaging word frequency. 



22 
 

Results of Study 1 showed that the initial eye position on a word strongly affects the 468 

within-word behaviour for all groups. Firstly, as previously reported for adult readers 469 

(McConkie et al., 1989; O’Regan & Jacobs, 1992; O’Regan et al., 1984), the likelihood of 470 

identifying a word was greater when the eyes initially fixate near the middle of words. This 471 

left-half advantage reflects right visual field (RVF) superiority, a finding previously obtained 472 

in languages written from left to right (see also, Aghababian & Nazir, 2000; Ducrot et al., 473 

2003; 2013; Dubois et al., 2007, for similar results). Like beginning readers, DD children 474 

exhibited a systematic variation in reading performance according to where their eyes were 475 

fixating in the word, suggesting that the system that supports normal reading was at least 476 

partly functioning. However, if we look separately at the height and shape of the dyslexics’ 477 

and typical developing readers’ VP curves we can observe some differences.  478 

With respect to height, analyses showed that word recognition performance was 479 

significant lower for the DD group (61.9 %) than CA group (81.2 %); the same trend was 480 

observable between RL (68.8 %) and CA groups. Here, the absence of significant differences 481 

between dyslexics and RL suggested that activation of lexical knowledge is not impaired in 482 

dyslexics, but at least weak, with poor lexicon for these two groups (Ducrot et al., 2003). 483 

Moreover, a word frequency effect emerged, modulated by the group. Particularly, results 484 

showed that the frequency effect was attenuated with the increase of reading skills. That is, 485 

the differences between high- and low-frequency words was larger for DD and beginning 486 

readers (here represented by the RL-control group) than for skilled readers (CA group) 487 

(38.9% for dyslexics, 32.1% for RL children, and 17.7% for CA children). Accordingly, a 488 

more pronounced frequency effect has been already found in dyslexics compared to normal 489 

readers (e.g., Dubois et al., 2007; Durrwachter et al., 2010).  490 

 With respect to shape, the VP curve was affected by reading level, with a weaker P1 491 

vs. P4-P5 asymmetry for DD compared to the other groups (see Dubois et al., 2007; Ducrot et 492 
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al., 2003, for similar results). Moreover, the VP curve was also modulated by word frequency, 493 

this effect being more pronounced for LF words, thus suggesting a perceptual recognition 494 

probability curve explanation (McConkie et al., 1989). Accordingly, O’Regan and Jacobs 495 

(1992) previously showed that the cost of not fixating the OVP of words can be greater for LF 496 

words than for HF words. Note that unlike dyslexics, no interaction was found between 497 

fixation position and frequency for normal readers, were visuo-attentional and lexical factors 498 

were additive, in that frequency increased height equally for all viewing positions (e.g., 499 

McConkie et al., 1989; O’Regan & Jacobs, 1992; Vitu, 1991).  It can thus be argued that the 500 

frequency effect and its interactions with other variables increase as the quality of the 501 

presentation conditions, stimulus attributes, and/or participants’ skills become poorer (see 502 

Ducrot et al., 2013 for similar results with beginning readers and Slattery & Rayner, 2010, for 503 

a similar effect with text degradation). This interpretation is strengthened by the interaction 504 

between frequency and group described above, suggesting an attenuated frequency effect 505 

linked to an increase of reading skills.  506 

Concerning the lack of left-right asymmetry in DD group, since the difference 507 

between RL and CA groups was non-significant, the interaction between the left-right 508 

asymmetry and the groups could be entirely explained by the overt opposition between 509 

normal readers (CA and RL) and dyslexic children. As stated in the Introduction section, the 510 

asymmetric inverted J-shape curve is linked to visuo-attentional processing in word 511 

recognition. In particular, it has been proposed that when the stimulus is discrete (like a 512 

word), the participant takes the direction of attentional scanning (left-to-right) into account, 513 

which results in asymmetrical landing-position pattern (Ducrot & Pynte, 2002). Indeed, this 514 

suggest that reading habits have an influence on the shape and the asymmetry of VP curves 515 

(Nazir, Ben-Boutayab, Decoppet, Deutsch, & Frost, 2004). Note that this left-half advantage 516 

also suggests that word beginning may play an important role in the word-identification OVP 517 
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effect. Previous studies have demonstrated that the initial letter of a word provides a great 518 

deal of information, and knowledge of the initial letter is more effective than knowledge of 519 

the final letter for word identification (Brysbaert & Nazir, 2005; Grainger, 2017; Stevens & 520 

Grainger, 2003; White, 2008; Yan, Tian, Bai, & Rayner, 2006). In our study, both the CA-521 

control group and the RL-control group showed asymmetrical curve suggesting that an adult-522 

like pattern is acquired very rapidly while learning to read, even after 1 year of exposure to 523 

reading (e.g., Aghababian & Nazir, 2000; Bellocchi, Mancini, Jover, Huau, Ghio, André & 524 

Ducrot, 2013a; Bellocchi et al., 2019; Ducrot, Pynte, Ghio, & Lété, 2013). Particularly, 525 

beginning readers (here represented by the RL-control group) can extract visual information 526 

from words as proficient readers do. On the contrary, we found that DD children showed less 527 

asymmetry between P1 and P4-P5 compared to typically developing readers. In other words, 528 

in line with other data, DD showed a symmetrical curve (i.e., Aghababian et al., 2001; Ducrot 529 

et al., 2003; Montant et al., 1998). Dubois and colleagues (2007), as well as Aghababian and 530 

Nazir (2000) have already observed the same pattern of VP inverted V-shape curves for a 531 

single case surface dyslexic and poor beginning readers. According to the attentional scanning 532 

(left-to-right) hypothesis, the absence of left-right asymmetry in the VP curve suggests 533 

atypical processing of information outside of foveal vision for dyslexics, as Geiger and 534 

colleagues (1992) found, and could thus reflect a deficit in visuo-attentional processing. In 535 

that sense, Brannan and Williams (1987) showed that good readers and adults were 536 

significantly more accurate when the target appeared on the right side of a fixation point 537 

(RVF enhancement), but poor readers were equally accurate on the two sides. The absence of 538 

a left-right asymmetry in DD group comes very likely from the fact that dyslexics are not 539 

penalized when they see all the letters of a word (-1 letter) in their LVF, unlike normal 540 

readers, with their attentional window directed to the RVF, which are thus more penalized in 541 

this case. It seems however that DD do as well as other readers when all the letters of the 542 
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word (-1 letter) are in their RVF, as ever noticed by Bellocchi and colleagues (2019). 543 

Therefore, our data reinforced the idea that dyslexics’ initial fixation position in word 544 

recognition is not “optimal” which can produce more frequent positioning errors, leading to 545 

more refixations than normal readers (Hawelka et al., 2010). Differences with RL group 546 

suggested non-optimal visuo-attentional strategies, given the left-to-right directionally and the 547 

asymmetric word structure of French. 548 

 549 

In the second study, our goals were (1) to examine the visuo-attentional processing in 550 

children with DCD and (2) to explore the impact of co-occurring condition (DD+DCD) on 551 

OVP atypicalities. As observed in Study 1, results showed that for all groups, the probability 552 

of identifying the target word increased when the initial fixation was imposed on the left of 553 

the word centre (71.3% in P2 and P3) rather than to the word beginning/ending (64.9% , 554 

61.3% and 54.9% in P1, P4 and P5, respectively). However, it is important to analyse the 555 

pattern of results taking into account the height and the shape of OVP curves, separately. 556 

Concerning the height, analyses showed no significant differences between groups in 557 

word recognition performance. The mean percentage of correct word identification was 558 

61.9%, 65.0%, and 69.0%, for DD, DD+DCD and DCD, respectively. The mental lexicon 559 

seemed to be used in the same way by the three groups of children in word recognition10. As 560 

                                                           
10 Alexis, Ducrot and Lété (2006) have ever noticed the fact that the height of the VP-

curves was not greatly affected by the presence/absence of reading difficulties in DCD (60% 

and 57% of correct identifications for DCD and DD+DCD, respectively), thus suggesting that 

activation of lexical knowledge is not impaired in DD or in DD+DCD. It must be noted, 

however, that the exposure time used for the target display was significantly shorter for DCD 

children (150 ms vs. 250 ms for DD and DD+DCD children).  
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in Study 1, robust effects of word frequency were obtained for all groups, confirming greater 561 

sensitivity to word frequency and poor lexical orthographic knowledge in children with 562 

learning disorders (see Dubois et al., 2007; Durrwachter et al., 2010; Hawelka et al., 2010). 563 

Note that this factor was not modulated by group, nor by VP. The frequency of occurrence of 564 

words changed the total height of the VP curves without affecting its shape, with the curves 565 

for HF words being above that for LF words (e.g., McConkie et al., 1989; O’Regan & Jacobs, 566 

1992; Vitu, 1991). 567 

With respect to shape of VP curves, the manipulation of initial VP revealed 568 

differences between our three groups of children with neurodevelopmental disorders. In 569 

particular, the asymmetry between the beginning (P1) and the end of the word (P4-P5) was 570 

less pronounced for DD (1.5%) compared with the other groups, (10%, 14.5%, for DCD and 571 

DD+DCD, respectively).  In other words, contrary to what it is observed in DD group, DCD 572 

and DD+DCD groups showed typical left-right asymmetry in the VP curve. We observed 573 

better recognition performance when these children fixated regions in the word where the 574 

greatest number of letters could be recognized and where most words could be guessed, that 575 

is, left of centre. Visual-field asymmetries comparable to those observed in normal readers 576 

were evident for these two groups of children (DCD and DD+DCD), suggesting typical 577 

processing of information outside of foveal vision. Contrary to the expectation that the visuo-578 

spatial deficits observed in DCD could lead to OVP atypicalities, our results suggest that 579 

visuo-attentional processing in word recognition seems to be not impaired in children with 580 

DCD, isolated or comorbid. Note that this is the first evidence of typical OVP effect (in terms 581 

of shape of the curve) in children with DCD or DD+DCD. 582 

Looking at the impact of comorbidity, we did not find any additional effect on visuo-583 

attentional abilities associated with a dual diagnosis. Therefore, these data do not support the 584 

cumulative hypothesis according to which if co-morbid condition add to the severity of the 585 
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cognitive deficit, children with DD and DCD should revealed more marked atypical VP curve 586 

than children with isolated DD (e.g., Pitcher et al., 2002). These results are in line with a 587 

bunch of recent studies suggesting that the comorbid condition does not systematically add to 588 

the severity of associated cognitive disorders (e.g., Bellocchi, Ducrot, Tallet, Jucla, & Jover, 589 

2021; Bellocchi et al., 2017; Biotteau, Albaret, Lelong, & Chaix, 2017; Kaplan et al., 2006; 590 

Maziero, Tallet, Bellocchi, Jover, Chaix, & Jucla, 2020). Conversely, our results showed that 591 

the comorbid DCD disorder seemed to balance the OVP atypicalities linked to reading 592 

deficits.  Indeed, only children with isolated DD showed an inverted V-shape VP curve 593 

qualitatively different from the one showed by typically developing readers suggesting a 594 

specific profile in visuo-attentional processing linked to reading deficit in this 595 

neurodevelopmental disorder.  One possible explanation is that this deficit results from 596 

particular scanning strategies linked to a lack of reading exposure, leading to difficulty to 597 

control the distribution of attention (Bellocchi et al., 2019; Brannan & Williams, 1987; Ducrot 598 

et al., 2003; Facoetti, Turatto, Lorusso, & Mascetti, 2001 ; Geiger et al. 1992; see Bellocchi et 599 

al., 2013b and Goswami, 2015 for reviews). 600 

Finally, if we look at the VP curves (Figure 1b), we can notice that comorbid children 601 

seem to perform partially at an intermediate level between DD and DCD children. Indeed, the 602 

comorbid group‘s VP curve begun at the level of DCD’s one (which had typical reading 603 

abilities) and then joined the DD’s curve. This result supports that co-morbid condition does 604 

not add to the severity of the cognitive deficit. Additionally, it corroborates the hypothesis on 605 

the impact of the amount of visual attention resources available for processing and the 606 

quantity of print exposure on the very earliest stages of visual word recognition. 607 

 608 

Last but not least, our work allows us to bring out some interesting elements on 609 

clinical practice regarding both diagnosis and remediation of DD. Agreement is rising that 610 
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reading difficulties can be due to impairments in different stages of the reading process, either 611 

in the visual or in the linguistic system. However, as Bellocchi et al. (2017) previously 612 

highlighted, at present, most of the tools available to professionals are designed for the 613 

assessment and remediation of child language problems. Furthermore, very few standardized 614 

tools today focus on the assessment of fine-grained visuo-attentional processes following 615 

experimental paradigms used in the scientific literature (but see, Ducrot et al., 2008; Leibnitz, 616 

Ducrot, Grainger, & Muneaux, 2014; Valdois, Guinet, & Embs, 2014). Accordingly, our 617 

paper demonstrated that the OVP paradigm provides an interesting way to better understand 618 

the nature of the visuo-attentional strategies involved in word recognition by children who 619 

have a learning disability. This paradigm allows detecting quantitative and qualitative 620 

differences in the VP curve of these children by a fine-grained analysis of the height and the 621 

shape of their VP curves.  622 

Regarding the height and the quality of lexical processing, these results obtained on 623 

disabled readers indicate that activation of lexical knowledge was poorer in children with 624 

neurodevelopmental disorders compared to typically developing children. They also 625 

confirmed that reading difficulties are more likely to either increase frequency effects 626 

themselves or to increase frequency effects under particularly non-optimal conditions of 627 

presentation. When it comes to the shape, there was a drop in performance when the fixation 628 

point was shifted horizontally from the centre of the word for all groups. However, if typically 629 

developing readers have already developed highly automatized procedures of left-to-right 630 

attentional scanning which results in asymmetrical landing-position pattern (and a left-half 631 

advantage), the drop was not asymmetric for our DD. We argue that the inverted V-shape 632 

curve obtained in this group is a clinical marker of visuo-attentional difficulties in DD, likely 633 

linked to a limited experience with written language (see Bellocchi et al., 2019 for additional 634 

data supporting this hypothesis). Contrary to the expectation that the visuo-spatial deficits 635 
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observed in DCD could lead to OVP atypicalities, our results suggest that visuo-attentional 636 

processing in word recognition is not impaired in children with DCD, isolated or comorbid, at 637 

least with respect to the left-to-right attentional scanning procedure (i.e., they showed typical 638 

J-shape curve). This last result suggests that the OVP paradigm could be used as a clinical 639 

tool to identify possible OVP atypicalities that could be specific of some neurodevelopmental 640 

disorders (i.e., DD vs. DCD and DD+DCD). Again, this could constitute an important source 641 

of information for practitioners to differentiate cognitive profiles of children with DD, 642 

compared to children with DCD and DD+DCD disorders. The possibility of describing 643 

specific cognitive profiles in these populations is fundamental in view of establishing 644 

thorough and accurate assessment procedures and proposing an ad hoc remediation and 645 

intervention program that take into account the particular processes affected. 646 

 647 

Summing up, our study showed that firstly, typically developing readers had already 648 

developed highly automatized procedures of left-to-right attentional scanning which results in 649 

asymmetrical landing-position pattern. Here, dyslexics showed a non-prototypical inverted V-650 

shape VP curve, which might reflect visuo-attentional difficulties linked to reading difficulties 651 

and/or a lack of experience with written language. Secondly, contrary to the expectation that 652 

the visuo-spatial deficits observed in DCD could lead to OVP atypicalities, our results suggest 653 

that visuo-attentional processing in word recognition is not impaired in children with DCD, 654 

isolated or comorbid. Finally, given the absence of significant group differences between 655 

children with DD and DCD and children with isolated disorders (DD or DCD), our results 656 

reinforce the idea that the comorbid condition does not add to the severity of OVP anomalies.   657 

658 
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