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Chapter 6 
Orienting of Attention, Reading, and Rapid Naming in 

Dutch School Children 

This study investigates the relationships between visuo-spatial orienting of 
attention, word reading skills and Rapid Automatized Naming (RAN) in 
Dutch school children with or without reading disabilities (RD), ADHD and 
SLI. A visuo-spatial cueing task (VCT) with three conditions (valid cue, 
invalid cue, and uncued) was employed in conjunction with word reading 
fluency (WR), and RAN tasks in 6 groups (RD-only, n = 30; ADHD-only, n = 
12; SLI-only, n = 8; RD+ADHD, n = 8; RD+SLI, n = 14; Control, n = 218). VCT 
measurements comprise overt performance measures (response times and 
task accuracy) and, for a subsample (n = 76), posterior event related 
potentials (N2). Data were analyzed using (M)ANOVA and multiple linear 
regression. A RD-specific main effect of higher VCT response times was 
found, together with smaller parietal N2 amplitudes in children with RD-
only relative to controls, whereas the comorbid children showed relatively 
early N2 latencies instead. Furthermore, a substantial co-varying effect of 
RAN with VCT performances was established. VCT performance (RT and 
N2s) accounted for a substantial proportion of unique WR variance, and 
shares a large proportion of WR variance with RAN tasks. The present study 
indicates that children with RD are significantly impaired on orienting of 
attention abilities, as measured with overt VCT performance, as well as with 
covert neurophysiological data. However, RD-only and comorbid groups 
appear qualitatively different with regard to attention shifting abilities. The 
present study adds to current theoretical insights into the nature of the 
RAN-reading link for RD subgroups, as orienting of attention was found to 
be linked directly to WR, as well as indirectly through RAN ability. 

 

 
 
This chapter is based on: 
De Groot, B.J.A., & Van den Bos, K.P. (2014). Orienting of Attention, Reading, and Rapid Naming in 
Dutch School Children. Manuscript submitted for publication.
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6.1 Introduction 

Although implicit and explicit conversions of graphemic units into phonological 
representations are fundamental to reading (Vellutino et al., 2004), many 
studies have suggested that research into reading (dis)abilities from a non-
phonological point of view is warranted (Ans et al., 1998; Lobier et al., 2012; 
McLean et al., 2009; Pennington et al., 2012). The present study focuses on 
visual attention (Vidyasagar & Pammer, 2010). Similar to a study by Dhar et al. 
(2008), the Orienting of Attention paradigm (Posner, 1980) will be employed in 
order to study the process of visuospatial attention shifting. Overt performance 
measurements (response times and error rates), as well as covert 
neurophysiological measurements (EEG/ERP) are employed. A difference with 
the study by Dhar et al. (2008), who investigated adults with RD and Attention 
Deficit Hyperactivity Disorder (ADHD), is that the present research focuses on 
children. Furthermore, the groups studied by Dhar et al. (2008) will be 
extended with additional control and comorbid groups, in particular children 
with Specific Language Impairments (SLI). The main research question is 
whether orienting of attention, as operationalized by a visuo-spatial cueing task 
(VCT), can discern reader groups. A second goal is to explore the rarely 
investigated association between visual attention shifting and the well-
established reading-related cognitive process of Rapid Automatized Naming 
(RAN). In the remainder of this introduction these goals will be clarified.  

6.1.1 Orienting of attention and reading (dis)abilities 

Orienting of attention refers to the process of shifting focus from one place to 
another (e.g., Corbetta, Patel, & Shulman, 2008). It is obvious that during word 
reading and reading-related tasks such as RAN, this process is continuously 
being tapped (Casco et al., 1998; Rayner, 2009). Therefore, if disturbed, 
orienting of attention is a likely candidate to explain RD (Buchholz & Aimola 
Davies, 2008; Facoetti, Corradi, Ruffino, Gori, & Zorzi, 2010; Franceschini, Gori, 
Ruffino, Pedrolli, & Facoetti, 2012). Indeed, many studies focusing on 
visuospatial attention shifting in RD did report poorer task performances in 
terms of overt measures such as response time and accuracy. For instance, 
Brannan and Williams (1987) found prolonged reaction times and lower 
accuracy for an attention shifting task in children with RD. These early findings 
were extended by more recent studies (Buchholz & Aimola Davies, 2008; 
Buchholz & Davies, 2005; Dhar et al., 2008; Facoetti, Corradi, et al., 2010; 
Facoetti, Trussardi, et al., 2010; Facoetti et al., 2006; Heiervang & Hugdahl, 
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2003; Judge, Knox, & Caravolas, 2013; Roach & Hogben, 2004), indicating 
impaired response times in children and adults with RD.  

Extending overt performance data with electrophysiological measurements, 
Dhar et al. (2008) conclude that poor readers, as compared to controls, profit 
less from peripherally presented visual cues to draw attention to a specific 
location. As described by these authors, the process of attention shifting can be 
considered as being composed of an early automatic, involuntary orienting 
response, and a subsequent, controlled identification stage of information 
processing. As these components cannot be operationalized with overt 
behavioral responses, Dhar et al. (2008) set forth electrophysiological 
measurements, i.e., Event Related Potentials (ERPs), of the superior parietal 
lobe and the temporal-parietal junction as an adequate means of studying these 
early and later stages of information processing independently. As indicated 
below, RD has been linked to aberrations for the automatic orienting response 
in particular. Accordingly, the present research focuses on the N2, an ERP 
component which has been associated, e.g., by Dhar et al. (2008), with the 
allocation of attentional resources (see also Nieuwenhuis, Yeung, & Cohen, 
2004). The N2 refers to the second negative deflection of the 
electroencephalogram (EEG) signal, evoked by a (visual) stimulus, which peaks 
at approximately 200 milliseconds post-stimulus onset. Employing a spatial 
cueing task, Dhar et al. (2008) reported smaller cue-related N2 amplitudes in 
dyslexic adults, relative to controls, which the authors interpret as a 
dysfunctional orienting response. Also N2 latency irregularities have been 
found in relation to RD. For example, see Casarotto, Cerutti, Bianchi, and 
Chiarenza (2003), who reported delayed N2s in dyslexic children. The authors 
interpret these findings as delayed low-level processing of visual stimuli, which 
“can disrupt all the high level processes subtended by reading, learning, and 
comprehension” (Casarotto et al., 2003, p.2314).  

6.1.2 Comorbidity 

Thus far, this introduction has focused on links between orienting of attention 
and reading (dis)abilities. To investigate the degree of specificity of a possible 
orienting deficit in RD, a number of children with either one of two commonly 
reported clinical comorbid conditions were included, i.e., Specific Language 
Impairment (SLI) and Attention Deficit Hyperactivity Disorder (ADHD). SLI has 
been defined as a failure of normal oral language development despite normal 
intelligence, an adequate learning environment and no apparent hearing, 
physical, or emotional problems (Bishop, 1992). Although prevalence rates are 
inconsistent due to differing criteria, Tomblin et al. (1997) estimate that 
approximately 7% of the population is affected by this disorder. ADHD is a 
developmental disorder that is characterized by attentional dysfunction, 
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impulsiveness and hyperactivity which affects approximately 5% of the general 
population (American Psychiatric Association, 2000). Reported prevalence 
rates of the overlap of reading disabilities (RD) with either condition, although 
highly inconsistent due to differing definitions, are substantial and at least 
suggestive of some common etiology (De Bree et al., 2007; McArthur et al., 
2000; Vandewalle et al., 2012; Willcutt et al., 2005). However, a number of 
studies have indicated that orienting of attention is intact for children and 
adults with ADHD (Huang-Pollock & Nigg, 2003; Mullane, Corkum, Klein, 
McLaughlin, & Lawrence, 2011; Novak, Solanto, & Abikoff, 1995; Oberlin, 
Alford, & Marrocco, 2005). Therefore, the overlap of RD and ADHD is unlikely to 
be explained by an attention shifting deficit. Similarly, regarding SLI Schul, 
Stiles, Wulfeck, and Townsend (2004) conclude that, in spite of a general 
processing delay, orienting of attention is intact in these groups as well. 
Orienting of attention aberrations should, therefore, be limited to the RD-only 
and comorbid groups. 

6.1.3 The shared link with RAN 

As implied by the seminal Double Deficit Hypothesis (DDH) (Wolf & Bowers, 
1999), a large number of studies have made clear that  in addition to – or 
sometimes even instead of – difficulties in sub-lexical or phonemic processing, 
many individuals with RD typically demonstrate impaired Rapid Automatized 
Naming (RAN) skills (Bowers, 1995; Denckla & Rudel, 1974; 1976; Kirby et al., 
2008; Logan et al., 2011; Torgesen et al., 1999; Torppa et al., 2012; Van den Bos, 
2008; Wimmer, 1993). It should be noted that these reading-related RAN 
impairments particularly apply to the alphanumeric subset of RAN tasks (i.e., 
RANdigits and RANletters), whereas for the non-alphanumeric subset (i.e., RANcolors 
and RANpictures) significantly lower relations with reading have been found (Van 
den Bos & Lutje Spelberg, 2010; Van den Bos et al., 2002; Wagner et al., 2013). 
Therefore, in the present study, only alphanumeric RAN stimuli have been 
investigated. Besides considering effects of RAN stimulus type, there is 
accumulating evidence for a specific link of RAN with reading from other angles 
as well. As indicated earlier (see Chapters 3 and 4), RAN appears to be a 
stronger predictor of RD than of SLI and ADHD. This indeed supports the 
hypothesis of a specific link to RD, either in a relatively pure form (RD-only), or 
as part of comorbid problems. However, despite the general evidence, much 
still remains unclear about the more precise nature of the linking mechanisms 
(e.g., Georgiou, Parrila, Kirby, & Stephenson, 2008; Stainthorp, Stuart, Powell, 
Quinlan, & Garwood, 2010). As mentioned above, orienting of attention can be 
considered as a likely contributing process of reading (dis)abilities. The RAN 
status of being “a microcosm of reading” (Wolf & Bowers, 1999, p. 418) can be 
refined by drawing attention to the hypothetical processing steps that these 



 

 
Orienting of attention, reading, and RAN in Dutch school children 119 

tasks have in common. Both word reading and RAN are characterized by an 
initial visual orientation phase that is followed by lexical access, name retrieval 
and articulatory processes, which must be repeated for every new stimulus. 
However, as yet, no study has focused on the RAN-reading link in terms of 
attention shifting. Therefore, our research question is whether the orienting of 
attention paradigm, as operationalized by the VCT, can help clarifying the RAN-
reading association.  

6.1.4 Hypotheses 

Finally, this section summarizes our hypotheses, as derived from the 
introduction: 

 Longer VCT response times in children with RD relative to controls. 

 Impaired automatic orienting abilities in RD groups, as measured by 
smaller cue and target-related VCT-N2 amplitudes, relative to controls. 

 Orienting of attention is an important shared component of RANan and 
reading tasks.  

6.2 Method 

6.2.1 Participants 
This study involves a total of 294 children (141 ♂ and 149 ♀), aged 7 to 13 
years old, from the northern region of the Netherlands. The great majority were 
recruited from intact classes of thirteen regular elementary schools. 
Additionally, a relatively small number of children with clinical diagnoses of 
dyslexia, ADHD and/or SLI  were included. Group assignment for these 
participants was based upon additional independent clinical assessments by 
educationalists (in case of dyslexia), speech-language pathologists (in case of 
SLI), or child psychiatrists (in case of ADHD), respectively. Most clinically 
diagnosed participants were referred by institutions specializing in care for 
these groups of children. Only children with a (nonverbal) IQ score above 80 
were included in the study. Additionally, based on available school records and 
interviews with the children, their parents and teachers, it was assured that all 
participating children had no additional neurological disorders, and that they 
had (corrected to) normal vision. 

6.2.2 Group assignments 

Participants were first dichotomously classified according to their word 
reading (WR) performances as either reading disabled (RD) (1.5 sd below 
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average), or normal reading controls. Further group assignment is based on the 
presence of an additional clinical diagnosis of ADHD or SLI. Normal reading 
children with SLI and comorbid ADHD (SLI+ADHD) were excluded, as were 
children with threefold disabilities (SLI+ADHD+RD). Application of these 
exclusion criteria led to the exclusion of a total of 5 children. The remaining 294 
children were assigned to the four experimental groups according to Table 6.1. 

Table 6.1  Group frequencies and descriptive statistics of age, WR, and RANan  

Group 
 Frequencies  Age (months) WR 

(z score) 
RANan 

(z score) 
 N ♀ ♂  Mean (sd)  Mean (sd) Mean (sd) 

RD-only  30 10 20  128.5 (16.2)  -2.1 (0.5) -1.7 (0.8) 
RD+ADHD  8 3 5  132.4 (20.9)  -2.1 (0.4) -1.6 (1.0) 
RD+SLI  14 8 6  122.2 (15.4)  -2.2 (0.6) -1.8 (0.8) 
SLI-only  8 5 3  129.3 (16.9)  -0.8 (0.6) -1.3 (0.7) 
ADHD-only  12 6 6  120.6 (18.0)  -0.5 (0.8) -0.9 (1.1) 
Control  218 117 101  123.2 (14.0)  0.3 (0.8) 0.0 (1.0) 

Total  294 149 141  124.0 (14.7)   -0.2 (1.2) -0.4 (1.2) 

 

6.2.3 Visuo-spatial cueing task 

Orienting of attention was assessed with a visuo-spatial cueing task (VCT) (Dhar 
et al., 2008; Posner & Petersen, 1990). The VCT comprises 300 trials which are 
divided equally over three conditions: validly cued, invalidly cued and uncued. 
At the start of the experiment participants are seated at approximately 60 
centimeters in front of a standard 19’’ computer screen. Each trial (see Figure 
6.1) starts with a centrally presented dark fixation cross (‘+’) that remains 
visible for the duration of the trial. After 1000 milliseconds, in the cued 
conditions, the fixation is paired by a peripheral Cue (‘#’) presented at 1° to the 
left or right of the fixation, which is followed by an also peripherally presented 
Target stimulus (a dark capital letter ‘O’ or ‘X’) (see also figure 6.1 below). Cues 
and Targets remain visible for 50 milliseconds, and are separated by a stimulus 
onset asynchrony (SOA) of 200 milliseconds. Valid and invalid cues correspond 
to the same, or opposite peripheral location of the targets, respectively. In the 
uncued condition, cues have been replaced by a blanc interval with the same 
duration. Participants are required to respond to Targets as quickly as possible 
by pressing the corresponding key on a standard computer keyboard. Prior to 
the start of the experiment, the participants were allowed to practice with six 
trials. Although present in the room, the experimenter was invisible to the 
participant for the duration of the experiment as he or she was seated at a 
control desk behind a separating wall. 
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Figure 6.1   Valid (dark gray) and invalid (light gray) VCT trials 

Overt performance measures 
Mean reaction times and task accuracy were calculated from the raw data, as 
recorded with the stimulus presentation software package E-Prime® 
(Psychology Software Tools, Inc.). 

Electrophysiological measurements 
For a subsample of participants (n = 76), a continuous recording (500 Hz 
sampling rate) of the electroencephalogram (EEG) was captured from 24 
Ag/AgCl unipolar ring electrodes embedded in a EEG-recording cap (EASYCAP 
GmbH), using a common referenced TMSi® model REFA amplifier (input 
impedance 10 MΩ) and Portilab-software installed on a computer system that 
was used exclusively for EEG-recordings. The ground electrode was attached to 
the sternum. Electrode placement was done according to the internationally 
standard 10/20 system (Jasper, 1958). Two separate unipolar electrodes were 
attached to the mastoids as references. Horizontal and vertical electro-
oculograms were recorded from two bipolar electrodes placed in line with the 
pupil of the dominant eye at the outer canthi, infra- and supraorbital positions, 
respectively. All electrodes were filled with a conductive gel with a blunt tip 
syringe. Scrub gel was applied with cotton swabs to keep impedances below 15 
kΩ, which is sufficiently low given the high impedance level of the employed 
amplifier. The raw data were imported and analyzed in BrainVision Analyzer® 
(Brain Products GmbH). First, a band-pass filter (0.5–30 Hz, 48 dB/oct) and a 
notch filter (50 Hz) were applied to the raw EEG data. Next, an offline algorithm 
(Gratton, Coles, & Donchin, 1983) was applied to correct the signal for artefacts 
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due to vertical and horizontal eye movements. The data were subsequently 
segmented two times. First, from minus 200 to 800 milliseconds post-Cue onset 
to capture and analyze Cue-related activity. Second, from 0 to 1400 
milliseconds post-Target onset, to capture and analyze Target-related activity. 
Segments showing either activity above 100 μV, or below minus 100 μV, were 
considered to be artefactual, and were excluded from further analysis. Cue-
related N2 averages of the remaining segments were computed for a baseline of 
200 milliseconds pre-cue-onset. Target-locked N2 averages were computed for 
a baseline of 1200 to 1400 milliseconds post-Target onset. Visual inspection of 
the (grand) averages formed the basis for setting the N2 peak detection 
window to 160–240 milliseconds post-stimulus onset. While presently focusing 
on posteriorly mediated visual attentional processing, all subsequent cue-
related N2 analyses have been restricted to left-parietal (P3), central-parietal 
(Pz), and right-parietal (P4) electrode sites. Finally, the peak amplitudes and 
latencies for all cued task conditions were imported in the statistical software 
package SPSS for further analysis.  

6.2.4 Additional materials 

Word Reading (WR) 
This standardized index of word reading (WR) fluency is based on assessments 
of real word and pseudoword reading ability (Van den Bos & Lutje Spelberg, 
2010; Van den Bos et al., 1994). For the present sample the WR index is 
approximately normally distributed, with a mean of 10, and a standard 
deviation of 3. The reader is referred to subsection 1.6.1 for a detailed 
description.  

Rapid Automatized Naming (RAN) 
RAN was assessed with RANletters and RANdigits (Van den Bos & Lutje Spelberg, 
2010). Separate standardized scores were computed for the subtests, as well as 
a standardized index of alphanumeric RAN (RANan). For the present sample, all 
three measurements are approximately normally distributed, with a mean of 
10, and a standard deviation of 3. The reader is referred to subsection 1.6.2 for 
a detailed description. 

6.2.5 General sampling procedure 

Testing sessions took place at the school of the participant, or, for a subsample 
of participants, in an EEG laboratory with normal lighting conditions, at the 
Department of Special Education and Youth Care of the University of 
Groningen. All tasks were preceded by a practice session and it was made sure 
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that the participant understood the task before proceeding with the 
measurements. Data collection was carried out by the first author and thirty-
one undergraduate students, either at a university research facility or at the 
school of the participant. For participants younger than twelve years of age, 
informed consent was required from the parents. Participants older than 
twelve were also required to give consent on their own behalf. Participants 
diagnosed with ADHD were requested to refrain from using methylphenidate 
24 hours before test sessions. 

6.2.6 Statistical analysis 

The overt performance data were analyzed with repeated measures ANOVAs. 
The electrophysiological data were analyzed with univariate and multivariate 
analysis of variance and multiple linear regression analysis. 

6.3 Results 

6.3.1 Overt VCT performance 

First, the overt performance data were split up according to the subgroups. 
Figure 6.2 (left) shows the mean response times (RTs) per condition and 
clustered by subgroup. From this figure it becomes clear that the RTs of all 
three RD groups are significantly higher as compared to the other groups. 
Within the RD groups, the RTs of both comorbid groups are the highest.   
 

 
Figure 6.2   Mean response times (RT) (a) and error rates (b) by condition and clustered for group 

Regarding task accuracy (see right panel Figure 6.2) it can be noted that the 
ADHD-only group showed the highest error rates, especially in the ‘Invalid cue’ 
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condition. Combined with the finding of the fastest RTs in this particular 
condition, and in line with the phenotype that characterizes this group, this 
may be interpreted as impulsive response behavior. In this context, it is 
remarkable that the RD+ADHD group shows the inverse pattern, i.e., a normal 
task accuracy paired with some of the highest RTs. Furthermore, it can be noted 
that the SLI groups on average showed elevated error rates as well. However, 
as the ADHD and SLI subgroups are small, interpretations of these findings 
must remain tentative. 

Next, a general repeated measures ANOVA was performed on response times 
(RT) with Group (RD vs. Non-RD whilst collapsing over subgroups) as the 
between subjects factor, and Condition as a three-level within subjects factor. 
Age was included as a covariate. It should be noted that for this analysis trials 
were collapsed for left and right oriented trials, as there were no notable 
differences in this respect. Regarding task accuracy, the results show that RD 
group makes somewhat more errors across conditions relative to controls 
(14% and 11%, respectively). However, task accuracy did not yield any clear 
differentiations, F(1, 282) = 2.18, p = .141, η² = .03.  

For VCT response times (RT), a similar repeated measures analysis than 
before was conducted (see Figure 6.3). To start with, the results indicate a 
significant co-varying effect of Age, F(1, 282) = 13.56, p < .001, η² = .05, which 
means that the younger children require more time to respond. This shows that 
there is reason to control for age in further analyses. Furthermore, a substantial 
main effect of (reader) Group was found, F(1, 282) = 17.01, p < .001, η² = .06. This 
main effect is clearly illustrated by Figure 6.3, which shows that the children 
with RD require significantly more time to respond to targets. Moreover, there 
is a visual trend of the RD group benefitting less from valid cues as compared to 
controls. However, the Group x Condition interaction effect was not significant, 
F(2, 564) = 2.73, p < .073, η² = .01.  

Thus, although there is no substantial cueing effect, the children with RD 
generally performed significantly poorer on the VCT. Therefore, it is possible 
that this effect is due to a deficient orienting response, however, RT does not 
provide the answer. Interestingly, albeit to a lesser extent relative to the validly 
cued condition, the control group seems to benefit from invalid cues as well, as 
there is a substantial difference with the former condition in this group. In 
contrast, notwithstanding small differences between the ‘valid cue’ condition 
and the other conditions, there were no significant differences between 
conditions in the RD group. 
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Figure 6.3 Mean RT by condition and clustered for group 

 

6.3.2 Electrophysiological VCT measurements 

As indicated in the method section, due to restricted availability of 
electrophysiological measurements, the subsequent analyses have been 
conducted with the following subsets of the total sample: RD-only (n = 15), 
RD+ADHD (n = 8) and RD+SLI (n = 12), SLI-only (n = 10), ADHD-only (n = 12), 
and Control (N = 19).  

Figure 6.4 – reading from top to bottom depicting left-parietal (P3), right-
parietal (P4), and central-parietal (PZ) areas according to cue location – shows 
a pattern of smaller cue-locked N2s (see shaded areas) in the RD (i.e., RD-only) 
and extended RD+ group (i.e., RD-only + RD+ADHD + RD+SLI) for parietal brain 
regions, as compared to the Control group and the extended Non-RD (i.e., 
Controls + SLI-only + ADHD-only) group. This pattern may be taken as 
indicating an attenuated orienting response to peripheral cues. 
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Figure 6.4   Cue-locked parietal N2 potentials for left cue (left column) and right cue (right column) 
trials 

With regard to the Target-locked N2s, a similar, however, enhanced 
differential pattern emerged. Figure 6.5 shows the group averages of the 
Target-locked N2s (see shaded areas) for the same electrode sites as before. 
First, it should be noted that these results are restricted to right-peripheral 
target conditions, as group differences were found to be most pronounced in 
these conditions with the Target-locked N2s. Second, these results are 
separated for validly cued (left column) and invalidly cued (right column) 
target-N2 responses. The results for the PZ and P4 electrode sites in particular 
show a clear visual difference between the RD groups and controls. Differences 
are most pronounced at the central-parietal site (PZ) for the ‘invalid cue’ 
condition. However, also in the ‘valid cue’ condition there are clearly noticeable 
differences at this location. Also, there were found right-parietal (P4) group 
differences, where there seems to be a further differential response for the RD-
only and comorbid group for the ‘invalid cue’ condition. Finally, the data 
showed no apparent left-parietal group differences. 
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Figure 6.5 Target-locked parietal N2 potentials for validly cued right-target (left column) and 

invalidly cued right-target (right column) trials. 

6.3.3 Analysis of variance 

Turning to analysis of variance, two separate MANOVAs were performed for the 
RD-only and a comorbid group, as compared to controls. For the following 
analyses the groups of RD+ADHD and RD+SLI were combined. The procedural 
step of integrating the comorbid groups was taken in order to increase power 
for the small sample sizes of the separate comorbid groups. It can be noted that, 
although seemingly heterogeneous, these subgroups were found to be quite 
homogeneous for the VCT measurements. Thus, the following three groups are 
discerned: RD-only (n = 15), comorbid (n = 20), and controls (n = 19). 
Furthermore, as the previously reported performance measure results did not 
indicate RT differences between controls and the ADHD-only and SLI-only 
groups, which is also indicated by comparable group averages for controls and 
the extended Non-RD group in Figures 4 and 5, it was decided to exclude the 
latter two groups from the present analyses. 

A first step was to identify the most relevant ERP parameters, which was 
done by selecting the variables with significant zero-order correlations with 
word reading (WR) and/or RANan. As a result, four cue-locked N2 variables – 
one latency, and three amplitude variables – at left parietal (P3), right-parietal 
(P4), and central-parietal (Pz) sites, were selected for further analysis. The two 
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MANOVAs were performed according to a 4 x 2 design with Group as the 
between subjects factor, and RANan as a covariate, whilst applying a Bonferroni 
correction for multiple hypothesis testing. The results of both MANOVAs show 
significant multivariate effects (Pillai’s Trace) of Group (See Table 2), indicating 
that the RD-only and the comorbid groups both show different N2 performance 
patterns as compared to controls.  

However, the univariate results for the separate neurophysiological 
measurements indicate a quite different profile for the RD-only and comorbid 
groups. Remarkably, the RD-only group is characterized by generally smaller 
N2 amplitudes and comparable N2 latency, whereas the comorbid group shows 
a specific latency effect indicating that, relative to controls, the N2 occurs 
somewhat earlier in this group. Thus, although both groups show orienting of 
attention aberrations, the groups seem qualitatively different. That is, whereas 
the RD-only group seems to experience a general difficulty in fully perceiving 
new peripherally presented information, the comorbid group seems to register 
incoming information somewhat earlier.  

Regarding RANan, the results of the MANOVAs show that RANan is a highly 
relevant covariate when considering the reading-orienting link. Although its 
effects are significantly stronger for the RD-only group, it seems that the 
influence of RANan is particularly active with the requirement of a left-shift 
orienting response. 
 

Table 6.2  Multivariate and univariate main effects of Group and RANan according to two group 
comparisons 

  RD-only vs. Controls Comorbid vs. Controls 

 F(1, 26) p η2 F(1, 29) p η2 

Group left cue P4 amplitude  5.89 .023 .12 1.14 .294 .04 
left cue P4 latency  1.54 .255 .06 12.47 .001 .28 
left cue Pz amplitude  3.45 .075 .10 .11 .742 .00 
right cue P3 amplitude  8.79 .006 .25 1.46 .237 .05 

Pillai’s Trace 
 

3.77a .017 .40c 2.98b .038 .31c 

RANan left cue P4 amplitude  17.24 .000 .35 5.76 .023 .16 
left cue P4 latency  .02 .879 .00 3.53 .070 .08 
left cue Pz amplitude  4.17 .051 .12 .24 .631 .01 
right cue P3 amplitude  .59 .450 .02 .10 .753 .00 

Pillai’s Trace 
 

4.25a .010 .43c 1.94b .134 .23 

a degrees of freedom (4, 23) 

b degrees of freedom (4, 26) 
c  multivariate partial eta squared (ηp2) 
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6.3.4 Multiple linear regression 

Finally, multiple linear regression was performed with Word Reading (WR) as 
the dependent variable and the N2-ERPs measures and RANan as predictors in 
order to determine if word reading performance could be predicted as a 
function of attention shifting ability and RANan. Similar to the procedure with 
the MANOVAs presented above, separate analyses were conducted on the RD-
only and comorbid groups in conjunction with controls. For each of the two 
samples, two block-wise regression analyses were carried out, with alternating 
order of predictor insertion (see Table 6.3 on the next page).  

Model 1a solely employs the VCT orienting ERPs to predict WR, whereas in 
Model 1b RANan was added to the model. Model 2 implements the reversed 
order of insertion, starting with RANan (Model 2a), to which the ERPs were 
subsequently added (Model 2b). Dashes indicate that a predictor was left out 
due to redundancy. Furthermore, it should be noted that overt VCT 
performance (RT and error rates), if considered by themselves, could also 
viably predict WR performance. However, as these measures were rendered 
insignificant by the inclusion of the VCT-N2 variables, these were omitted. 

The results of these analyses indicated that attention shifting and RANan are 
both strong predictors of word reading ability. The first multiple regression 
(Model 1a) indicates that the N2s alone account for 42% of the variability, as 
indexed by R2. When RANan was added to the model, R2 was raised to .79, 
indicating that an extra 37% of WR variance is uniquely accounted for by RANan 
on top of attention shifting. Reversing the order of insertion in Model 1b, shows 
that RANan by itself accounts for 70% of WR variance in the RD-only focus 
sample, and that the N2s uniquely add to explain a significant 9% of WR 
variance. This also means that VCT performance accounts for almost half of the 
WR variance explained by RANan. Interestingly, the inclusion of RANan renders 
the contribution of the first N2 variable (left cue P4 amplitude) inert, indicating 
that RANan tasks tap this component most strongly. 

Regarding the ‘Comorbid + Control’ sample, quite similar R2’s were found. 
Importantly, P4 latency now is an important predictor, whereas this component 
was found redundant for the ‘RD-only + Control’ regressions. Furthermore, 
RANan, although still a very strong predictor, accounts for somewhat less WR 
variance. Also, the amount of shared variance between RANan and the VCT 
orienting N2s is smaller, indicating that this sample is less dependent on RANan. 
Nevertheless, a somewhat bigger proportion of variance is uniquely explained 
by VCT performance (13%), which may be attributed to a larger impact of 
orienting N2 latency. 
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6.4 Discussion 

In their seminal study with adults, Dhar et al. (2008) concluded that dyslexic 
adults were impaired on the ability to automatically direct visual attention to 
peripherally presented visual stimuli, as expressed by longer response times 
and less posterior brain activity (N2). The present study extends these findings 
to Dutch school children with RD-only. Regarding overt behavioral task 
performances substantial main effects of RD on VCT response times were 
found. Also with regard to the subgroups, the suggestion of a RD-specific 
pattern of relatively longer RTs compared to Non-RD groups emerged. 
However, due to the small sample sizes of the groups with SLI and ADHD, this 
statement must remain tentative. Although the children with RD made 
somewhat more errors compared to their Non-RD peers, VCT accuracy was 
found not a substantial correlate of reading fluency. Also both SLI groups 
showed elevated error rates. The ADHD-only group, not unexpectedly 
considering their diagnosis, showed the highest error rates, which can be 
attributed to impulsive response behavior. It was, however, surprising that the 
RD+ADHD group showed a normal accuracy rate. This result may well be due to 
sampling error. However, it is also possible that it is due to a speed-accuracy 
trade off, as this group also showed the highest RTs of all. In general, as 
compared to adults (Dhar et al., 2008), children require more time to respond 
and make more errors. Evidently, the neurocognitive processes involved 
become more efficient during progressive life phases. However, in a qualitative 
sense, neurophysiological processes, as measured by posterior N2 amplitude 
patterns, remain similar. This is demonstrated by the finding that the pattern of 
smaller cue-locked parietal N2s reported by Dhar et al. (2008) also applies to 
the presently studied group of children with RD-only, relative to controls. 
Moreover, in terms of group averages, this pattern did not seem to change if 
children with SLI or ADHD with or without RD were added. However, a 
separate, more formal comparison of the integrated comorbid group versus 
controls indicated that these groups were comparable on N2 amplitude 
measures. In contrast, whereas the RD-only group only differed from controls 
on N2 amplitudes, the ‘comorbid vs. controls’ contrast was significant for right 
parietal N2 latency, meaning that the comorbid group shows an earlier N2 
relative to controls. This may indicate that these children pay less attention to 
certain stimuli (Folstein & Van Petten, 2008). Apparently, although the latency 
difference was not significant for the RD-only versus controls contrast, this 
group tended towards an earlier N2 as well. This is opposite to the results of 
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Casarotto et al. (2003), who reported delayed N2s in dyslexic children. Perhaps, 
these findings may be explained by the presence of additional problems with 
impulse control, which is characteristic of ADHD, but which may also occur – 
albeit to a lesser extent – in groups with SLI and RD given the substantial 
overlap of these disorders with ADHD. There are studies reporting posterior N2 
latency to co-vary with RT, as well as with task condition (e.g., valid or invalid 
trials in mismatch or oddball detection designs), and task accuracy (Folstein & 
Van Petten, 2008). Considering the presently found patterns of RTs and error 
rates, the finding of relatively short posterior N2 latencies in these groups may 
either reflect less conscious attentional processing of visual stimuli, or a 
generally decreased awareness of the updated stimulus context. These 
characteristics have been associated with smaller posterior N2 amplitudes as 
well (e.g., Bocquillon et al., 2014; Folstein & Van Petten, 2008). This way the 
differential results for the ‘RD-only vs. Controls’ contrast are interpreted as 
reflecting an inferior orienting response as well. Thus, the presently found 
aberrations of posterior N2 latencies and amplitudes might represent two sides 
of the same coin. 

In contrast with comparable patterns of posterior cue-locked N2s in Dhar et 
al. (2008) and the present study, there were enhanced reader group differences 
with regard to the target-locked N2s. The presently studied groups of children 
with RD experienced significantly more difficulties with the attentional 
processing of the target stimuli, as compared to adults. This finding can be 
explained with Facoetti et al. (2000), who concluded that the automatic 
orienting response of dyslexic individuals is essentially intact, but fails to aid 
the adequate identification of a visual stimulus that follows a cue with a short 
stimulus onset asynchrony (SOA). These results are in line with the seminal 
comparative study by Hari et al. (1999) on the relationship between visual 
attention and RD, who found that, compared to normal readers, dyslexic adults 
consistently showed poorer performances on a visual attention task in 
conditions with short inter-stimulus intervals. Considering that group 
differences were only resolved for longer SOAs, Hari et al. (1999) attributed 
their results to sluggish attention shifting in dyslexic participants (Hari & 
Renvall, 2001; Hari et al., 1999). Accordingly, Chapter 5 of this thesis also 
emphasizes the relevance of serial processing for the study of reading 
(dis)abilities. These results illustrate that there is an important temporal aspect 
to this primarily visuo-spatial orienting task as well. Although a direct 
comparison of the presently employed VCT and the dual-target attentional 
blink task of Chapter 5 seems problematic (because of the other task 
characteristics), it is likely that  RD groups, particularly children, are impaired 
on serial information processing in addition to problems with orienting of 
attention. This could explain why the presently studied groups of children with 
RD seem most severely impaired on the ability to shift attention to invalidly 
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cued (right peripheral) targets in the VCT, which are only 150 milliseconds 
apart. Therefore, children with RD run into double trouble if they are pushed 
beyond their processing speed capabilities. As compared to phonological 
processing, the orienting of attention and attentional blink paradigms have 
received relatively little attention by researchers. However, the results of the 
present study add to the conclusion that non-phonological processes are 
relevant to reading (Pennington et al., 2012), and certainly warrant further 
investigations of different aspects of visual attention. It would be interesting to 
compare the aforementioned paradigms directly, and in conjunction with the 
recently much adhered visual attention span task (Bosse et al., 2007; Lobier et 
al., 2012). This would enable a further disentanglement of visuo-spatial and 
temporal aspects of these tasks. 

Returning to the finding of posterior N2 amplitude differences between the 
RD-only and the comorbid groups, as compared to controls, we think that this 
difference can be resolved in the context of the RAN-reading relationship. The 
results of the MANOVAs and regression analyses have indicated RANan as a 
highly relevant covariate if considering the reading-orienting link. Although 
there were still quite substantial co-varying effects of RANan in the comorbid 
groups, the effect of RANan was found to be significantly stronger in the RD-only 
group. The difference in the effect sizes combined with a smaller amount of 
shared variance in the comorbid group, can be taken as suggestive evidence 
that – although equally severe – the comorbid groups’ reading difficulties are 
less dependent on RANan and orienting of attention. Thus, it seems that in this 
group there are other, additional problems at play, that are detrimental to 
reading performance. Obviously, the small sample sizes of the presently studied 
comorbid groups posed a limitation for a separate investigation of the RD+SLI 
and RD+ADHD groups. It seems likely, however, that the mentioned additional 
problems are not the same for such phenotypically different subgroups. The 
reader is referred to Chapters 3 and 4 for elaborations of RAN and phonemic 
awareness in RD and ADHD, and for RD and SLI, respectively. Therefore, it is 
recommended to investigate these groups separately, and with enlarged 
sample sizes in future studies.  

In conclusion, it has been demonstrated in this chapter that orienting of 
attention is a relevant process for reading (dis)ability, and that it can – at least 
partly – explain the well-established RAN-reading association. If replicated with 
larger sample sizes, these findings would advance differential-diagnostic 
procedures in terms of cognitive profiling and RD subtyping. 



 

 
 

 

 

  




