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O.1 Objectives 

This PhD thesis generally concerns reading and cognitive reading-related 
processing in children, who are attending the upper levels of Dutch primary 
schools. In this population, at the overt behavioral level, several reading-based 
groups can be discerned. Besides distinguishing between normal reading 
children and children with specific reading disabilities (RD), this work 
considers various groups implicated by two frequently reported 
neurodevelopmental comorbidities of reading disabilities, i.e., Attention Deficit 
Hyperactivity Disorder (ADHD), and Specific Language Impairment (SLI). 

There are two main sources of concern that have been fundamental to this 
research project: a practical one and a theoretical one. A practical concern, 
which has great contemporary value for the Netherlands, is that the diagnosis 
and treatment of dyslexia has been formalized through the Protocol Dyslexia 
Diagnosis and Treatment (PDDT) (Blomert, 2006). This protocol is supported by 
the Dutch College for Health Care (CvZ, 2007). In this context, the present work 
critically focuses on the differential-diagnostic procedures propagated by the 
PDDT, which lead to the exclusion of commonly occurring comorbid disorders, 
such as SLI, and ADHD. However, such exclusions might be unwarranted, and 
this project has sought to clarify this issue by comparing in a series of 
experiments, comorbid groups of children with controls and the RD-only group 
on a number of neurocognitive ability parameters. A related practical aspect 
concerns the applied question whether it is possible to conceive differential 
strategies for intervention for the abovementioned groups. At present, theory-
driven treatment protocols that systematically take comorbidity into account 
are virtually non-existent, and even incompatible with formal protocols, e.g., 
the Dutch PDDT. 

Although anticipating on possibly differentiating intervention strategies 
certainly formed an important motivating aspect of this thesis, the primary 
objective was to focus on theoretical-empirical aspects of cognitive ability 
parameters. Currently the insights into the neurocognitive mechanisms that 
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underpin reading disabilities, especially when considering the complexities that 
come with comorbidity, are rather diffuse. Therefore, while going beyond the 
reading-descriptive level, this project has pursued the possibility of identifying 
differential neurocognitive profiles for the involved reader groups, which, at a 
later stage of research, may support the development of more concise 
intervention programs. Specifically, this project concerns the clarification and 
measurement of well-known neurocognitive correlates of reading (dis)abilities, 
i.e., Rapid Automatized Naming (RAN) and Phonemic Awareness (PA), as well as 
the investigation of relatively new ones, i.e., those tapping different aspects of 
Visual Attention. Box 1.1 provides an overview of the main objectives of the 
study.   
 
 

 

O.2 Chapter overview 

Chapter 1 starts with a general introduction to reading disabilities and its 
presently involved neurocognitive correlates, i.e., phonological processing and 
visual attention (see Sections I and II below, respectively), which is summarized 
by a provisional working model of reading. Next,  the issue of comorbidity is 
introduced, which also sets forth SLI and ADHD as two of the most frequently 
co-occurring clinical disorders with reading disabilities. Finally, Chapter 1 
provides an overview of the main measurements of the present PhD project.  

Section I, the first of two sections that can be considered as the empirical 
body of this thesis, encloses three relatively separate investigations of 

Box 1.1 - Study objectives 

 Investigate reading(-related) skills in school children with and 
without reading disabilities, SLI, and ADHD 

 Specify reading-related commonalities for these groups (i.e., the 
issue of comorbidity) 

 Investigate whether visual attention applies to a better 
understanding of reading disabilities and the comorbidity thereof 
with SLI and ADHD  

 Reading-related component modeling with RAN, phonemic 
awareness, and experimental measurements tapping visual 
attention 

 Neurophysiological validation of previous research findings for 
reading-related cognitive predictors. 

 A discussion of implications of the reading-related component 
modeling for future intervention studies. 
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phonological processing in Dutch school children that are covered by chapters 
2, 3, and 4. Specifically, these studies have evaluated the differential and 
combined effects of RAN and PA for the involved reader groups. Chapter 2 
reports on reader group comparisons within a nationwide Dutch population-
based sample. In order to investigate the dependence of presumed reader 
group´ effects on RAN and PA on the employed reading criterion, different cut-
offs along the continuum of word reading performance were applied. Chapters 
3 and 4 specifically report on such group differences for subgroups of reading-
disabled children with and without ADHD, or SLI, respectively – as compared to 
each other and to normal reading peers. Importantly, these studies raise the 
question as to what degree the presumed negative effects for RAN and PA are 
additive in the comorbid groups. 

Section II focuses on a relatively novel branch of reading-research, i.e., 
visual attention. Complementing RAN and PA as relevant correlates of reading 
(dis)abilities, this section generally discerns two research paradigms, i.e., 
selective attention and orienting of attention, which focus on temporal and 
spatial aspects of visual attention, respectively. In the studies described in 
chapters 5 and 6, firstly, each aspect is studied in a substantial number of 
typically developing children, providing a normative baseline for the 
performances on the experimental tasks that were used to operationalize these 
aspects. Secondly, these studies contrast the visual attention skills of reading-
disabled subgroups with and without comorbid ADHD, or SLI with those of the 
aforementioned typically developing children.  

Finally, Chapter 7 binds together the previous sections in a general 
discussion on how phonological processing and visual attention work together 
in relation to word reading. In Chapter 7 the working model presented in 
Chapter 1, will be revisited to which empirical estimates of its component links 
are added. The discussion of the working model is followed by some 
generalized conclusions along with their implications. Finally some limitations 
of the study are discussed along with directions for future studies. 
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Chapter 1 
Introduction 

This chapter provides a general introduction to the conceptual framework 
of the present work and an elaboration of how this model will be 
operationalized. First, subsection 1.1 outlines some of the defining aspects 
of (specific) reading disabilities and dyslexia. Turning to reading-related 
cognitive processes, subsection 1.2 introduces two well-established 
phonological correlates, i.e., Rapid Automatized Naming (RAN) and 
Phonemic Awareness (PA). Subsection 1.3 introduces two different aspects 
of visual attention, i.e., Selective Attention and Orienting of Attention. 
Having delineated the conceptual cognitive framework of this thesis with 
the aforementioned processes, subsection 1.4 provides a working model of 
word reading. Subsection 1.5 introduces the issue of comorbidity, and sets 
forth Attention Deficit Hyperactivity Disorder (ADHD) and Specific 
Language Impairment (SLI) as two of the most frequently co-occurring 
disorders with reading disabilities. Finally, subsection 1.6 provides an 
overview of the main measurements of the present PhD project. It should be 
noted that some overlap with later chapters is unavoidable, as those are 
based on full article manuscripts which are either considered, or accepted 
for publication. To enhance readability, it was, however, decided to include 
these sections unchanged. 
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1.1 Reading Disabilities 

Two frequently used Dutch definitions circumscribe dyslexia at the unmitigated 
descriptive-behavioral level:  

“Dyslexia is present when the automatization of word identification (reading) 
and/or word spelling does not develop or does so very incompletely or with great 
difficulty.” 

(Health Council of the Netherlands; Gersons-Wolfensberger & Ruijssenaars, 1997) 

“Dyslexia is a disorder characterized by a persistent problem in the acquisition 
and automatized application of reading and spelling abilities at the word level.” 

(Dutch Dyslexia Foundation, 2008) 

Of course, such a descriptive definition is by no means meant as a barrier for 
further research into the cognitive mechanisms and neurological-etiological 
base of dyslexia, as exemplified by the recent exponential growth of the number 
of neurobiological and genetic studies on dyslexia. Implicitly, it merely 
acknowledges that much still remains elusive concerning the etiology of 
reading disabilities. A similar reasoning applies to cognition. Neurocognitive 
mechanisms are not referred to in the abovementioned definitions. However, in 
the past decades great advances have been made by studies demonstrating that 
certain cognitive factors are highly explanatory for the behavioral symptoms of 
dyslexia. A well-established definition that does include such an etiological 
term, and which is endorsed by the International Dyslexia Association (IDA), 
defines dyslexia as: 

“…a specific learning disability that is neurobiological in origin. It is characterized 
by difficulties with accurate and/or fluent word recognition and by poor spelling 
and decoding abilities. These difficulties typically result from a deficit in the 
phonological component of language that is often unexpected in relation to other 
cognitive abilities and the provision of effective classroom instruction. Secondary 
consequences may include problems in reading comprehension and reduced 
reading experience that can impede growth of vocabulary and background 
knowledge.”  

(Lyon, Shaywitz, & Shaywitz, 2003) 
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Yet another recent Dutch definition also characterizes dyslexia as a 
neurologically based disorder:  

“Dyslexia is a neurologically based specific reading and spelling disorder which is 
caused by cognitive deficits in the areas of phonological and orthographic 
language processing. These specific language-processing deficits deviate 
proportionally from the general cognitive and language ability profile, resulting 
in severe reading and spelling disabilities in spite of education on a regular basis. 
These specific reading and spelling disabilities severely inhibit normal academic 
development that would be expected on the basis of other, more general cognitive 
abilities.” 

(Blomert, 2006) 

As a result of differing definitions, as exemplified above, prevalence 
estimates of dyslexia vary from 3 to 10 percent among children and adults.  
Moreover, the variation of these estimates can possibly be further explained by 
the issue of comorbidity (see section 1.5). A further complicating issue is that 
all of the abovementioned definitions include spelling as a characteristic of 
dyslexia. Although many dyslexics show serious enduring difficulties with 
orthographic processing, correlations between word reading and spelling 
performance in a transparent orthography – e.g., German or Dutch – are far 
from perfect (Moll & Landerl, 2009). Considering that there are many poor 
spellers who read at least marginally adequate (e.g., Wimmer & Mayringer, 
2002), it seems theoretically and empirically, as well as in differential-
diagnostic terms, unsound not to distinguish between these processes 
conceptually. Adhering to this principle, the present work focuses entirely on 
children with severe reading disabilities, while relinquishing poor spelling 
proficiency as a criterion for inclusion in focus groups. Concordantly, in the 
empirical chapters ahead, the more restrictive term (specific) reading 
disabilities (RD) will be preferred over the clinical-diagnostic term “dyslexia”. 

1.2 Phonological processing 

The definitions listed in the previous paragraph clearly convey a general 
consensus on the notion that reading disabilities are closely associated with 
various aspects of the phonological processing (Joanisse, Manis, Keating, & 
Seidenberg, 2000; Lyon et al., 2003; Snowling, 2001; Vellutino, Fletcher, 
Snowling, & Scanlon, 2004). The next sections contain descriptions and brief 
discussions of two such aspects, phonemic awareness and rapid automatized 
naming. 
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1.2.1 Phonemic awareness 

Phonemic awareness (PA) can be defined as the ability to recognize and 
manipulate the sound constituents of oral language, and to apply this insight to 
alphabetic knowledge and knowledge of written sub-lexical units of words 
(Ehri, 2005). It is widely recognized that PA plays an important role in the 
prediction of word reading proficiency, at least in the early grades of 
elementary school education (De Jong & Van der Leij, 1999, 2003; Van den Bos 
& De Groot, 2012), and of poor reading in particular (De Groot, Van den Bos, 
Minnaert, & Van der Meulen, 2015; Gregg et al., 2008). Moreover, poor PA is 
regarded by many researchers as a core deficit of dyslexia (De Groot et al., 
2015; Kirby, Desrochers, Roth, & Lai, 2008; Rack, 1994; Ramus, White, & Frith, 
2006; Snowling, 2001; Van den Bos, 2008; Wagner, Torgesen, Laughon, 
Simmons, & Rashotte, 1993; Wagner et al., 1997; Wimmer, Mayringer, & 
Landerl, 1998, 2000; Wimmer, Mayringer, & Raberger, 1999; Wolf & Bowers, 
1999). 

1.2.2 Rapid automatized naming 

Many studies of the past few decades have also made clear that individuals with 
RD typically have difficulties with rapid continuous name retrieval of highly 
familiar visual stimuli, commonly referred to as Rapid Automatized Naming 
(RAN) (Bowers, 1995; Denckla & Rudel, 1974; 1976; Kirby et al., 2008; Kirby et 
al., 2010; Logan, Schatschneider, & Wagner, 2011; Torgesen et al., 1999; 
Torppa, Georgiou, Salmi, Eklund, & Lyytinen, 2012; Van den Bos, 2008; Van den 
Bos, Zijlstra, & Lutje Spelberg, 2002; Wagner & Torgesen, 1987; Wimmer, 1993; 
Wolf & Bowers, 1999). The RAN-reading link is commonly explained 
theoretically in terms of the joint requirement to sequentially process, and 
phonologically encode, visual stimuli that are presented simultaneously. “Wolf 
and Bowers (1999) characterized naming speed as a microcosm of reading.” 
(Kirby et al., 2010, p. 343). What seems to be the quintessential component 
inherent to both RAN and reading, is the transitory psychophysiological 
process of shifting foveal vision from one stimulus to the next. Its relevance is 
illustrated by studies reporting less substantial correlations for the speeded 
naming of discrete stimuli relative to continuous naming (Bowers, 1995; Logan 
et al., 2011). Interestingly, the importance of this shifting component also 
implies that phonological encoding – and reading itself – is dependent on 
attentional processing proficiency. The reader is referred to subsection 1.3 of 
this chapter, and to Chapters 5 and 6 for elaborations of this matter. Moreover, 
the implications of the requirement of parallel articulatory processing remain 
rather elusive (Georgiou, Parrila, & Kirby, 2009; Georgiou, Parrila, & Liao, 
2008). Furthermore, the general link between RAN and reading (dis)abilities 
should be refined by the following note on RAN subtasks. Batteries of RAN 



 

 
Introduction  15 

tasks (Denckla & Rudel, 1974) originally consisted of RANcolors, RANpictures, 
RANdigits, and RANletters. For three reasons it seems important, however, to 
distinguish between alphanumeric (digits and letters) and non-alphanumeric 
(colors and pictures) subsets. First, alphanumeric naming-stimuli can be 
considered as more automatized than non-alphanumeric stimuli (Cattell, 1886; 
Van den Bos et al., 2002). Second, numerous factor-analytic studies offer 
evidence for the distinction (Van den Bos et al., 2002). Third, the distinction is 
relevant, because it has consistently been demonstrated that alphanumeric 
stimuli are significantly stronger related to word reading than their non-
alphanumeric counterparts (Stringer, Toplak, & Stanovich, 2004; Van den Bos & 
Lutje Spelberg, 2010; Van den Bos et al., 2002; Wagner, Torgesen, & Rashotte, 
1999), and this applies to broad age ranges of typically developing, as well as to 
children with RD. Because of their more substantial relationship to reading, in 
the present work, RAN will be restricted to alphanumeric stimuli. 

1.2.3 Double Deficit Hypothesis and reading prediction 

As was made clear in the previous sections, reading research of the past few 
decades has indicated PA and RAN as strong predictors of word reading skill 
(Kirby et al., 2008; Kirby et al., 2010; Landerl et al., 2013; Wagner, Torgesen, 
Rashotte, & Pearson, 2013). An influential theoretical framework that involves 
both types of processing is Wolf and Bowers’ (1999) Double Deficit Hypothesis 
(DDH), which predicts that RAN and PA constitute more or less independent 
correlates of word reading ability. Since the introduction of the DDH, its 
prediction has been affirmed on numerous occasions (e.g., Compton, DeFries, & 
Olson, 2001; Kirby et al., 2010; Papadopoulos, Georgiou, & Kendeou, 2009; 
Schatschneider, Carlson, Francis, Foorman, & Fletcher, 2002; Torppa et al., 
2012; Torppa et al., 2013; Vukovic & Siegel, 2006). Moreover, research suggests 
that the reading-predictive values of RAN and PA change with age, with 
alphanumeric RAN typically gaining dominance over PA, whereas the influence 
of the latter declines (De Jong & Van der Leij, 2003; Kirby, Parrila, & Pfeiffer, 
2003; Vaessen & Blomert, 2012; Van den Bos, 2008; Van den Bos & De Groot, 
2012). However, much still remains unclear regarding the dynamic links of 
RAN and PA with word reading for RD subgroups. Another remaining issue 
concerns the question as to how the choice of a criterion for RD may affect 
these relationships. The reader is referred to Chapters 2, 3, and 4 for 
elaborations of these issues. 
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1.3 Visual Attention 

Although phonological processing – i.e., implicit and explicit grapheme-to-
phoneme conversion – is fundamental to the process of reading (Vellutino et al., 
2004), this aspect cannot be considered in isolation, i.e., independent of other 
reading-related processes. Many studies have suggested that non-phonological 
cognitive alternatives should be considered as well as sources of reading 
(dis)abilities (Ans, Carbonnel, & Valdois, 1998; McLean, Stuart, Visser, & 
Castles, 2009; Pennington et al., 2012). Moreover, recent findings from the 
neurosciences suggest that a deficit in phonological processing itself may be a 
result of a low-level deficit in the ability to rapidly process auditory or visual 
information (i.e., a temporal processing and a so-called magnocellular deficit) 
(Boets, Ghesquière, & Wouters, 2006; Dunn & Dunn, 2005; Farmer & Klein, 
1995; Kort, Schittekatte, & Compaan, 2008; Snowling, Bishop, & Stothard, 2000; 
Wechsler & Naglieri, 2008). It should be noted, however, that supporters of 
these theoretical accounts do not so much dispute the importance of 
phonological processing for reading (dis)abilities, but rather consider deficient 
phonological processing to be secondary to a more fundamental impairment in 
temporal processing (Ramus, 2003). In this paragraph the concept of visual 
attention is introduced as one such alternative, which has been investigated in 
chapters 5 and 6 of the present work. The decoding stage of the normal reading 
process, first and foremost, poses a visual challenge to the brain, requiring the 
adequate perception and processing of graphemic information, for this content 
to become available for further – i.e., higher-order – cognitive-integrative 
processing. That is, for a letter, syllable, or word to become neurologically hard-
wired to a specific phonological representation, it needs to be adequately 
perceived and attended to first, and, on a recurring basis. However, also for 
higher-order word processing stages, visual attention remains essential. Think, 
for instance, of the conscious executive functions and entailing motor functions 
allowing one to maintain focus, or to direct foveal vision to the next area of 
interest.  

In this thesis, two alternative research paradigms are considered that allow 
for relatively separate investigations of the temporal-selective and spatial-
orienting aspects of visual attention: selective visual attention and orienting of 
attention, respectively. In terms of neurological components of the visual 
system, these aspects have been described as “where” and “what” functions. 
This can be extended to the aforementioned modes of visual attention (Dhar, 
Been, Minderaa, & Althaus, 2008; McLean et al., 2009; Petersen & Posner, 
2012). As acute spatial attention shifting and selective attention obviously are 
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both essential to proficient reading, it seems only reasonable to consider 
possible disruptions in these systems as contributing factors to RD. Next, each 
paradigm will be briefly discussed in  turn. 

1.3.1 Selective visual attention  

With regard to selective visual attention, the so-called Attentional Blink 
(Raymond, Shapiro, & Arnell, 1992) is a research paradigm that has been very 
frequently employed, at least in adults. The composite term Attentional Blink 
(AB) refers to a phenomenon which is observed when a person is required to 
identify two visual targets (T1 and T2, respectively) among a stream of 
distracter stimuli in a rapid serial visual presentation (RSVP; Potter & Levy, 
1969). It has been observed that once the first target (T1) has been correctly 
identified, participants tend to fail at identifying T2 if it is presented with a 
stimulus onset asynchrony (SOA) of approximately 200-500 milliseconds 
following T1, and if they are separated by one or more distracter stimuli. 
Outside this temporal window accuracy is restored (see Figure 1.1).  
 

 
  Figure 1.1  The Attentional Blink 

Note, that the stimuli of this sequence are only visible for a split second. 
Generally, many of the theoretical accounts explaining for the mechanisms of 
the AB suggest that, for conditions apply to the critical temporal window of 200 
through 500 milliseconds, the bulk of the available attentional resources is 
allocated to the first salient concurrent stimulus (T1), leaving insufficient 
resources to process, and identify the second stimulus (T2). This shortage 
induces an AB, whereas outside the critical window, where processing of T1 is 
likely to have completed, attentional resources become available again for T2 
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identification, resulting in a restored identification accuracy rate. See Dux and 
Marois (2009) for a review of the AB. Although the AB has been extensively 
studied in adults, there are relatively few studies that report on the AB in 
children. Even more scarce are studies reporting on the possible relation of the 
AB with decoding skills, linking selective visual attention skills with reading 
(dis)abilities. However, the few studies that have investigated these links, did 
report significant aberrations in reading-disabled groups, which deserves 
following up. The reader is referred to chapter 5 of this work for an empirical 
elaboration. 

1.3.2 Orienting of attention 

Orienting of attention, or visuospatial attention shifting, obviously refers to the 
action to shift the focus of attention from one place to the next. Especially when 
reading, this ability is continuously tested, which renders attention shifting 
essential for reading proficiency (Casco, Tressoldi, & Dellantonio, 1998). Many 
studies that have investigated orienting of attention and perceptual processing, 
have employed overt behavioral measurements, such as response time and 
accuracy. For example, Willcutt, Pennington, Olson, Chhabildas, and Hulslander 
(2005) report longer response times for reading disabled children, while also 
taking in consideration comorbidity with ADHD. Dhar et al. (2008) found 
similar results for adults. Brannan and Williams (1987), as well as Dhar et al. 
(2008) found that dyslexics profit less from visual cues to direct foveal vision to 
a specific area. Besides overt behavioral measurements, orienting of attention 
has been linked to neurobiological functions. Specifically, reading disabilities 
have been linked to aberrant activation patterns of posterior brain regions, i.e., 
the superior parietal lobe, and the temporal-parietal junction (Corbetta, 
Kincade, & Shulman, 2002; Dhar et al., 2008; Karnath, Ferber, & Himmelbach, 
2001; Posner & Petersen, 1990). For a further elaboration of this topic, the 
reader is referred to chapter 6. 

1.4 Working model 

Now that the pivotal neuropsychological concepts of the present work have 
been circumscribed in the previous sections, this paragraph introduces a 
cognitive working model of word reading (WR). This model effectively expands 
the well-established DDH framework (Wolf & Bowers, 1999) of phonological 
processing with visual attention (see Figure 1.2). The remaining chapters of this 
thesis will provide a step-by-step implementation of the model, while also 
considering the comorbidity of RD with ADHD and SLI. The model will be 
revisited and estimated in Chapter 7. 
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Figure 1.2 Working model of word reading 

 

1.5 Comorbidity 

Clinical disorders rarely manifest by themselves, but rather occur in unison 
with some other disarray (Meghani et al., 2013). Such joined co-occurrences of 
clinical disorders are often referred to as comorbidities. The term comorbidity 
was introduced in medicine almost half a century ago (Feinstein, 1970) to 
denote a discrete additional clinical disorder to an index disorder. It is clear 
that comorbidity is generally associated with more severe problems, and many 
complexities for treatment planning. However, “This use of the term 
‘comorbidity’ to indicate the concomitance of two or more psychiatric diagnoses 
appears incorrect because in most cases it is unclear whether the concomitant 
diagnoses actually reflect the presence of distinct clinical entities or refer to 
multiple manifestations of a single clinical entity. Because ‘the use of imprecise 
language may lead to correspondingly imprecise thinking’, this usage of the term 
‘comorbidity’ should probably be avoided” (Maj, 2005, p. 182). The literature, 
thus,  suggests that there is no real consensus on how comorbidity should be 
conceptualized, which poses a serious challenge to the investigation of 
comorbidity (Meghani et al., 2013). Whereas for cases that co-occur at a higher 
rate than to be expected by chance, the terms “contiguity”, “concomitance”, or 
“disorder cluster” may be more appropriate, other cases may be “comorbid” in 
the “true” sense, i.e., representing co-existing discrete clinical disorders. 

In this thesis, the investigation of comorbidity will be restricted to the co-
occurrence of RD with Specific Language Impairment (SLI) and Attention Deficit 
Hyperactivity Disorder (ADHD). While acknowledging the abovementioned 
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conceptual ambiguities, the term comorbidity will be used tentatively to 
indicate cases of RD and concomitant ADHD or SLI, which, according to 
epidemiological data, seem to occur more frequent than may be expected based 
on chance alone (e.g., De Bree, Wijnen, & Gerrits, 2010; Willcutt et al., 2005). 
Figure 1.3 illustrates the estimated prevalence rates for the general population, 
as well as the estimated overlaps of ADHD and SLI with RD.  

 
Figure 1.3 Prevalence and overlap rates for RD, ADHD, and SLI 

Considering the overlap rates of Figure 1.3, it seems obvious to also 
investigate children with ADHD and/or SLI when studying the cognitive 
underpinnings of RD. Taken at face value, these estimates at least suggest some 
common etiology. However, with regard to ADHD as well as SLI, as yet, it 
remains unclear whether the overlap with RD does constitute common etiology 
(see subsections 1.5.1 and 1.5.2, respectively). Hence, for one or the other, the 
term comorbidity may turn out to be premature.  

Finally, the practical motive for including children with ADHD and SLI in the 
present study resides in the fact that, in the Netherlands, the diagnosis and 
treatment of dyslexia has been assimilated by the formal health care system 
according to the current Protocol Dyslexia Diagnosis and Treatment (PDDT) 
(Blomert, 2006). Importantly, a restricting condition of the PDDT for eligibility 
for formalized treatment is the presence of comorbid disorders such as SLI and 
ADHD. Consequently, a substantial group of comorbid children with RD (19%) 
is evidently at risk of being categorically deprived of formal specialized dyslexia 
treatment (Blomert, 2006), in spite of evidence that the presence of 
comorbidity often exacerbates RD (e.g., Ackerman & Dykman, 1995; Kamhi & 
Catts, 1986; Tallal, Allard, Miller, & Curtiss, 1997; Willburger, Fussenegger, 
Moll, Wood, & Landerl, 2008; Willcutt et al., 2001). This consequence raises 
ethical and scientific questions concerning the exclusion and differential-
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diagnostic procedures propagated by the PDDT (Blomert, 2006). Further 
investigations of comorbidity in children with RD, and the specification of valid 
inclusion criteria for RD are, therefore, certainly warranted. This issue will be 
revisited on various occasions in chapters to come. In the next subsections, a 
brief discussion of current research into comorbidity of RD with ADHD and SLI 
will be provided. 

1.5.1  Attention Deficit Hyperactivity Disorder 

Regarding the co-occurrence of RD and ADHD, a developmental disorder that is 
characterized by attentional dysfunction, impulsiveness and hyperactivity 
(American Psychiatric Association, 2000), there have been suggested several 
explanations (Willcutt et al., 2005). The cognitive subtype hypothesis 
(Rucklidge & Tannock, 2002) suggests that RD with comorbid ADHD 
constitutes a third distinct disorder and that a different pattern of 
neuropsychological weaknesses is exhibited by the comorbid group than would 
be expected based on an additive combination of correlates. Willcutt et al. 
(2001), however, did find evidence for this additive combination. Additional 
research is needed to elucidate this matter. Another explanation comes from 
the so-called common etiology hypothesis (e.g., Willcutt et al., 2003). This 
hypothesis suggests that the relation between RD and ADHD is attributable to 
common (genetic) etiological influences. However, as yet, much remains 
unclear about the more precise nature of the common mechanisms. One model 
suggests that there would be no common neuropsychological deficit, due to 
impact on different dependent neural systems. An alternative model suggests, 
however, that there would be at least some common neuropsychological 
weaknesses. Shanahan et al. (2006) found evidence that slower naming speed 
in ‘RD+ADHD’ is at least partly due to a common cognitive deficit. Their results 
suggest that a general processing speed deficit exists in both RD(-only) and 
comorbid individuals, although children with RD displayed greater processing 
speed deficits than children with ADHD. As Shanahan and colleagues (2006) 
found processing speed deficits to be under-additive in the comorbid group, 
and that partialling out processing speed reduced the correlation between RD 
and ADHD, it appears that a processing speed deficit is a shared cognitive factor 
that could help to explain the comorbidity of these two disorders. A final 
important consideration related to comorbidity of RD and ADHD is the 
distinction between an attentional deficits and hyperactivity and/or 
impulsivity. Phenotypic analyses suggest that there is a stronger association 
between RD (and more general academic disabilities) and inattention than with 
hyperactivity/impulsivity (e.g., Chhabildas, Pennington, & Willcutt, 2001). 
Willcutt et al. (2003) found some conflicting evidence though. However, these 
findings are based on a rather small sample. 
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1.5.2  Specific Language Impairment 

Recently, the relationship between developmental reading and oral language 
disorders has received considerable interest. Blomert (2006) considers specific 
language impairment (SLI) to be one of the most significant comorbid 
conditions related to RD. If we consider recent research into comorbidity of RD 
and SLI, there, as already mentioned in the introduction, exists substantial 
overlap between these two disorders, ranging from 30 to 80 percent (e.g., De 
Bree et al., 2010). At first sight, this overlap may seem rather peculiar, as SLI is 
characterized by substantial difficulties in semantics, syntax and discourse (i.e., 
oral language), whereas RD, on the other hand, is defined in terms of significant 
difficulties in written word decoding and recognition (see section 1.1). Recent 
findings, however, show that children with RD do indeed demonstrate early 
deficits in oral language skills as well (Scarborough, 1991; Scuccimarra et al., 
2008; Snowling, Gallagher, & Frith, 2003).  

Catts, Adlof, Hogan, and Weismer (2005) bring forward three possible 
models to explain comorbidity of RD and SLI. The first model assumes that both 
disorders are different manifestations of the same underlying phonological 
processing deficit and differ only in the severity of this deficit (Kamhi & Catts, 
1986; Tallal et al., 1997). If this model is correct, it explains the substantial 
overlap between RD and SLI in phonological processing skills, but children with 
SLI would demonstrate more severe problems. The second model assumes that 
SLI and RD are partially similar but distinct disorders (Bishop & Snowling, 
2004). According to this model there also would exist a great deal of overlap, 
but children with SLI would experience additional phonological problems 
operating on oral language abilities. The third model assumes that RD and SLI 
are distinct developmental disorders which result from different cognitive 
deficits. According to this model overlap between the two disorders is due to 
comorbidity in the real sense, i.e. the disorders are related but distinct and 
happen to co-occur sometimes in the same individual (Caron & Rutter, 1991). 
In this case there also would exist a greater overlap then might be expected 
based on chance, but there would be numerous children with SLI without RD 
and a phonological processing deficit, and, vice versa, numerous RD children 
without oral language difficulties. Catts et al. (2005) found evidence consistent 
with model three. Although they found a significant overlap between RD and 
SLI, children with RD exhibited significant deficits in phonological processing, 
whereas children with SLI-only did not. Nevertheless, Scuccimarra et al. (2008) 
found contradictory evidence to the abovementioned, as they found children 
with RD and SLI to be comparable on word recognition and non-word reading 
and writing tests. Moreover, the authors mention the relative importance of 
language comprehension and word recognition skills in later stages or reading 
development and ultimately reading comprehension, referring to a study by 
Brizzolara et al. (2006) who found children with RD and SLI with comparable 
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decoding skills to significantly differ on reading comprehension. With respect 
to reading comprehension, the simple view of reading (Gough & Tunmer, 1986) 
is also of interest when investigating comorbidity of RD and SLI. It can be 
concluded that to date it remains unclear how RD and SLI are precisely 
interrelated. One of our interests will be to more clearly differentiate between 
two dimensions of phonological skill, i.e., phonemic-analytical versus RAN-
holistic skills. 

1.6 Measurements 

This section provides a description of the recurring main neuropsychological 
measurements of this work. The experimental visual attention tasks will only 
be summarized here and will be detailed in due course. Subsections 1.6.1 
covers the operationalization of reading itself, which include word reading tests 
of real words and pseudowords. Subsections 1.6.2 and 1.6.3 focus on the well-
established reading-related processes of Rapid Automatized Naming and 
Phonemic Awareness. Subsections 1.6.4 and 1.6.5 briefly describe the two 
experimental visual attention test paradigms. 

1.6.1 Word reading 

Word reading (WR) – i.e., fluency – has been operationalized by averaging the 
standardized performances of two commonly used, standardized Dutch tests 
for real word decoding or recognition, and a Dutch test for the decoding of 
pseudowords. Word recognition was measured with two tests, called Monosyl 
and Multisyl (Van den Bos & Lutje Spelberg, 2010). Pseudoword reading was 
measured with The Klepel (B-version) (Van den Bos, Lutje Spelberg, Scheepstra, 
& De Vries, 1994).  

Monosyl is a speeded word reading subtest of a test battery of word reading and 
RAN (Van den Bos & Lutje Spelberg, 2010), which consists of 50 unique, 
meaningful, and frequent monosyllabic words, that are ordered in five columns 
on a standard A4-size sheet, thereby matching the layout and procedure of the 
RAN tasks from the same test battery. The raw score is the total time needed – 
in seconds – to read all stimuli (including words read incorrectly), which is 
converted to a standardized score with a mean of 10, and a standard deviation 
of 3 (Wechsler score). Averaged (for the present age-range) test re-test, and 
split-half reliabilities are .92 , and .91, respectively. 

Multisyl is the multisyllabic counterpart of the Monosyl (Van den Bos & Lutje 
Spelberg, 2010). This test is an adaptation of the One-Minute Test (B-form) by 
Brus and Voeten (1979), where the participant is required to read for the 
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duration of one minute, as fast and accurately as possible, from a standard A4-
size sheet containing a total of 116 real words that are presented in four 
columns. The adaptation comprises that only the first 50 words are read and 
that the raw score – instead of the total number of words read correctly in one 
minute – is the total time needed, in seconds, to read these 50 stimuli 
(including words that were read incorrectly). The raw score is again converted 
to a standardized score with a mean of 10, and a standard deviation of 3 
(Wechsler score). Regarding the OMT, Van den Bos et al. (1994) report parallel 
test reliabilities with a median of .90. As for the derived Multisyl, the averaged 
(for the present age-range) test re-test reliability estimate is .90 as well. 

The Klepel (B version) is a speeded test of pseudoword reading, that consists of 
116 pronounceable pseudowords, that are presented to the participant in four 
columns on a standard A4-size sheet. The test stimuli are manipulations of the 
words from the One-Minute Test (B-form) (Brus & Voeten, 1979), however, 
stripped from their meanings and morphemic structures. The participant is 
required to read the items of the sheet for the duration of two minutes, as fast 
and accurately as possible. The raw score is the number of items read correctly, 
which is converted to a standardized score with a mean of 10, and a standard 
deviation of 3 (Wechsler score). The reported median parallel test reliability is 
.92. 

Next, the standardized scores of the word reading tests were averaged (non-
weighted) to one standardized WR composite score, which is approximately 
normally distributed with a mean of 10, and a standard deviation of 3 
(Wechsler score). While recognizing the widely accepted theoretical view that 
reading ability can be considered as an efficient combination of sub-lexical and 
lexical-orthographic processes, with the contribution of lexical processes 
increasing with age (e.g., Ehri, 2005), the assumption that pseudoword reading 
is primarily sub-lexically based, whereas real word reading has exclusive access 
to lexical routes (cf. Castles & Coltheart, 1993), is problematic (Van den Broeck, 
Geudens, & Van den Bos, 2010). Instead, the present study endorses the view 
that reading familiar and unfamiliar words represent different sides of the 
same coin, which together give the best measurement of decoding ability. Also, 
there is considerable evidence against differential links of pseudoword and real 
word reading with RAN and PA (De Groot, Van den Bos, & Van der Meulen, 
2014; Moll, Fussenegger, Willburger, & Landerl, 2009; Warmington & Hulme, 
2011). A final consideration is imposed by the high correlations between the 
pseudoword and real word reading tests, that were found for the present 
sample (r = .78), which are in line with the findings from the aforementioned 
studies. Therefore, we feel confident in taking the procedural step of combining 
the separate word reading measures into one composite index of word reading 
(WR). 
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1.6.2 Rapid automatized naming 

Rapid automatized naming (RAN) has been assessed by the subtests RANletters 
and RANdigits of a Dutch standard test of continuous naming (Van den Bos & 
Lutje Spelberg, 2010). The non-alphanumeric subtests, i.e., RANcolors and 
RANpictures, of the test battery have also been administered, but these results will 
be reported elsewhere. These tests are adaptations of those used by Denckla 
and Rudel (1976). Participants were required to sequentially name, as quickly 
and accurate as possible, the alphabetic names of fifty lowercase letters (d, o, a, 
s, p), or fifty digits (2, 4, 5, 8, 9), which occurred 10 times each, and which were 
presented to them in columns (5 x 10) on two standard A4-sized stimulus 
cards. The reported reliabilities for these subtests are .84, and .86 respectively. 
The times to complete each series were converted to separate standardized 
scores, which were normally distributed with a mean of 10, and a standard 
deviation of 3 (Wechsler scores). The averaged (for the present age-range) test 
re-test, and split-half reliabilities for the subtests are .84, and .86, and, .87 and 
.83, respectively. Next, the standardized scores of RANletters and RANdigits were 
combined in a normally distributed index of alphanumeric RAN (RANan) 
( ). 

1.6.3 Phonemic awareness 

Phonemic awareness (PA) has been assessed with a novel Dutch computer-
assisted standardized test, measuring phonemic analysis skills (De Groot, Van 
den Bos, & Van der Meulen, 2014). The test consists of two auditory tasks, 
phoneme elision and a phoneme substitution, spanning 2 x 12 trials (for 
example, ‘Say STREEK without the /R/’, or ‘Substitute the first letters (i.e., 
phonemes) of the first- and surnames KEES BOS and state the result’, 
respectively). The response times and accuracies were recorded, and combined 
by means of a standardized scoring rule which imposes an age-dependent time 
penalty when an erroneous answer is given by the participant. The values of 
the time penalty were estimated by an optimization procedure based on the 
item inter-correlations of the test. The PA measurements comprise separate 
scores for the subtests (PAelision, and PAsubstitution), and a composite PA index 
score, that will be referred to as PAcom. The reported reliabilities of these 
measurements are .82, .91, and .92, respectively. For the present sample, all 
three measurements are approximately distributed with a mean of 50, and a 
standard deviation of 10 (T-scores). As the measurements for PA are the result 
of a novel scoring rule that combines speed and accuracy, it should be noted 
that a very strong correlation (r = .92) was found for PAcom and the index 
variable of the predecessor test (Van den Bos, Lutje Spelberg, & De Groot, 
2010), which did consider speed and accuracy separately. The rationale of the 
new scoring rule is to accommodate for the undesired possibility of 
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compensating an inaccurate performance with a very swift performance, i.e., in 
the old system one could actually benefit from an impulsive response style. 
Also, it was established for the general population that the sensitivity of the PA 
accuracy measurements of this test, particularly with regard to the less difficult 
PAelision subtask, decreased with age due to considerable ceiling effects (Van den 
Bos et al., 2010). Given these limitations, in the old system, PA accuracy could 
not be reliably standardized from age 11 years on, although it had been 
established that the accuracy for older poor readers does not become 
asymptotic. However, with regard to response time there are no such 
limitations. As the new scoring rule age-appropriately penalizes false responses 
in terms of response time, the new standardized scores take into account any 
inaccuracies in older poor readers and impulsive responders as well.  

1.6.4 Selective visual attention 

To measure temporal selective visual attention, the present study employed a 
so-called (dual target) rapid serial visual presentation (RSVP). This kind of 
experimental task measures the ability of the participant to process rapid 
sequences of visual stimuli, not unlike the process of fluent reading. In this 
particular task the participant is required to identify two targets (letters or 
digits) among a stream of distracter stimuli. The fact that two targets have to be 
identified, i.e., a dual processing condition, leads to competition between the 
two targets for attentional resources. In conditions where targets are separated 
by approximately 200 to 500 milliseconds, this competition typically causes a 
temporal loss to the identification rate of the second target. This phenomenon 
has been called the attentional blink (AB) (Raymond et al., 1992). The task will 
be described in detail in Chapter 5. 

1.6.5 Orienting of attention 

Orienting of attention, or visuospatial attention shifting, has been measured by 
an experimental 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. Each trial starts with 
a centrally presented dark fixation cross that remains visible for the duration of 
the trial. After 1000 milliseconds, the fixation is flanked by a peripheral cue to 
the left or right of the fixation, which is followed by an also peripherally 
presented target stimulus. 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. 
Children are required to respond to targets as quickly as possible by pressing 
the corresponding key on a standard computer keyboard. The task will be 
described in detail in Chapter 6. 
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Chapter 2 
Phonological Processing and Word Reading in Typically 

Developing and Reading Disabled Children: 
 Severity Matters 

In this study word reading fluency was used to dichotomously classify 1,598 
Dutch children at different cutoffs, indicating (very) poor or (very) good 
reading performance. Analysis of variance and receiver operating 
characteristics (ROC) were used to investigate the effects of rapid 
automatized naming (RAN) and phonemic awareness (PA) in predicting 
group membership. The highest predictive values were found for the 
combination of RAN and PA, particularly for the poorest readers. 
Furthermore, results  indicate that with the severity of impairment, word 
reading is more dominated by deficient PA, which is interpreted as an 
enduring problem with sub-lexical processing. Another main result is that 
with the increase of reading skill, the contribution of PA diminishes, 
whereas the contribution of RAN remains fairly constant for the whole 
reading fluency continuum. These results warrant the conclusion that 
whereas PA hallmarks RD, RAN appears to be the default predictor for 
above-average or excellent  reading proficiency.  

 
 
 
 
 
 
 
 
 
 
 
 
 
This chapter is based on: 
De Groot, B.J.A., Van den Bos, K.P., Minnaert, A.E.M.G., & Van der Meulen, B.F. (2015). Phonological 
Processing and Word Reading in Typically Developing and Reading Disabled Children: Severity 
Matters. Scientific Studies of Reading. 19(2), 166-181. DOI: 10.1080/10888438.2014.973028.
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2.1 Introduction 

Reading research of the past few decades has indicated phonemic awareness 
(PA) and rapid automatized naming (RAN) as strong predictors of word reading 
skill (Kirby et al., 2008; Landerl et al., 2013; Wagner et al., 2013). An influential 
theoretical framework involving both processes is Wolf and Bowers’ (1999) 
Double Deficit Hypothesis (DDH), which predicts that RAN and PA constitute 
more or less independent correlates of word reading ability. Since the 
introduction of the DDH, this assumption has been affirmed on numerous 
occasions (e.g., Compton et al., 2001; Kirby et al., 2010; Papadopoulos et al., 
2009; Schatschneider et al., 2002; Torppa et al., 2012; Torppa et al., 2013; 
Vukovic & Siegel, 2006). The DDH also predicts that a combination of deficient 
RAN and PA – a “double deficit” – is associated with the poorest level of word 
reading performance (Wolf & Bowers, 1999, p.424). However, as DDH studies 
have employed differing criteria for RD, and have applied differing cutoffs to 
RAN and PA to indicate deficit levels, it remains unclear what should be 
considered as “the poorest level of word reading”, as well as what is meant with 
a double deficit. For instance, many DDH studies have focused on dichotomous 
RAN and PA deficit groups, whereas no reading ability levels are distinguished 
(e.g., Papadopoulos et al., 2009; Torppa et al., 2012; Torppa et al., 2013). 
Similarly, most cross-sectional and longitudinal investigations of the predictive 
values of RAN and PA for reading performance (Kirby et al., 2003; Vaessen & 
Blomert, 2012; Van den Bos & De Groot, 2012) have also regarded reading 
performance across-the-board.  

Furthermore, the latter studies have suggested that the dynamics of RAN 
and PA change with age, where alphanumeric RAN typically becomes the 
dominant predictor over PA, while the influence of the latter declines with age. 
However, as no (fine-grained) distinctions are made for reading ability, these 
reports of developmental reading-predictive trajectories typically apply to the 
general reading population. Importantly, there are some developmental studies 
that did include dichotomous reader group comparisons (De Jong & Van der 
Leij, 2003; Van den Bos, 2008) which seem to modify the typical pattern of RAN 
becoming the dominant predictor over PA in two ways. First, RD children 
experience persistent RAN difficulties throughout primary education. Second, 
also PA remains disturbed in the RD groups, especially for more demanding 
tasks. These results suggest that compared to typically developing children, RD 
children show different reading-predictive patterns of RAN and PA  that are 
relatively independent of age, and rather depend on reading ability level itself. 
Still, as these studies defined RD groups according to a single cutoff criterion, 
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further differential links of RAN and PA for multiple levels of reading ability 
possibly remain obscured.  

In general, comparative studies focusing on RAN and PA typically have 
employed singular and arbitrary dichotomies, such as ‘poor readers perform 
below, and typical readers above the 10th percentile’ (e.g., Pennington et al., 
2012; Van den Bos, 2008), or ‘poor readers perform 1.5 standard deviations 
below the mean’ (e.g., Brizzolara et al., 2006). Similarly, there are also plenty 
examples of enhanced contrasts, where a gap is created by the application of a 
secondary cutoff to indicate typical, or average reading performance – for 
instance, at the 25th percentile – to be habitually contrasted with the ‘below the 
10th percentile’ group of atypical readers (e.g., Landerl et al., 2013; Pennington 
et al., 2012). Thus, one study’s poor readers are not necessarily equally poor 
readers as in other studies. This makes the evaluation of the effects of RAN and 
PA across studies rather difficult. Moreover, it seems that many comparative 
studies employ relatively lenient criteria to indicate the ‘poorest’ readers. This 
may lead to underestimation of the effects of reading-related cognitive 
processes in the most severely impaired groups. Finally, besides a lacking 
differentiation for poor reading performance, it can be noted that no previous 
study ever looked at different levels of above-average reading proficiency. 
However, as will be made clear in the next section, similar to distinguishing 
more fine-grained levels of ‘severity’, there are reasons for hypothesizing 
differential involvement of RAN and PA for different reading ability levels in 
this group as well. 

Study aims and hypotheses 

The guiding question that emanates from the rather diffuse and restricted 
insight into the RAN/PA-reading links mentioned above, is whether a stratified 
definition of reading (dis)ability would add to the general evidence as to how 
PA and RAN are related to word reading. The present study addresses this 
question with a systematic evaluation of these relationships for different ability 
levels along the whole word reading fluency continuum for a large sample of 
Dutch school children. Its main objective, therefore, is to investigate the 
reading-predictive patterns of PA and RAN as a function of word reading 
fluency while controlling for age.  

Three hypotheses have been formulated to guide the investigations. The 
first hypothesis assumes that when word reading fluency is more deficient, the 
links to RAN and PA are expected to be stronger (Hypothesis 1). This hypothesis 
is based on reading theory (Share, 1995) which presumes that early or poor 
decoding skill is primarily based on “one-to-one” phonemic and phonological 
correspondences (as measured by PA and RAN). Conversely, more advanced 
decoding ability levels are more sensitive to higher-order processes such as 
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orthographic and morphemic context, which show only weak correlations with 
PA and RAN (Moll, Fussenegger, Willburger, & Landerl, 2009).  

Secondly, as PA is primarily associated with early phases of reading 
acquisition in which poor readers dwell (Ehri, 2005, 2013; Gough, 1996; 
Vellutino et al., 2004), Hypothesis 1 can be refined by the expectation of 
relatively stronger effects for PA relative to RAN for the lowest word reading 
(WR) ability levels (Hypothesis 2).  

Thirdly, research has left untested how (highly) proficient reading is 
predicted by RAN and PA. The generally held assumption is that (highly) skilled 
word reading is characterized by unitization, lexicalization, and automatization, 
which make reading a fluent process (Ehri, 2005; Landerl & Wimmer, 2000; 
Van den Bos, 2008). Assuming that fluent word reading is more strongly tapped 
by processes involved in automatized alphanumeric naming than by sub-lexical 
processing (Vaessen & Blomert, 2012; Van den Bos & De Groot, 2012) it is 
expected that highly proficient reading is predominantly associated with RAN, 
and that the contribution of PA is diminished (Hypothesis 3). 

2.2 Method 

2.2.1 Participants 
This study concerns a total of 1,598 Dutch children (813 ♀, 785 ♂) aged 7 to 14 
years, mostly from the northern region of the Netherlands. The majority of the 
participants were recruited from intact classes of thirteen schools for regular 
primary and secondary education. Additionally, the sample contains a relatively 
small number of children with a formal diagnosis of Dyslexia, and/or either one 
of two other clinical conditions: Specific Language Impairment (SLI) and 
Attention Deficit Hyperactivity Disorder (ADHD). ADHD (American Psychiatric 
Association, 2000) and SLI (Tomblin et al., 1997) are considered as two of the 
most prevalent disorders in children. Because of the relatedness to reading of 
ADHD (e.g., McGrath et al., 2011; Willcutt et al., 2005), and SLI (e.g., De Bree et 
al., 2010; Vandewalle, Boets, Ghesquiere, & Zink, 2012), it seemed reasonable to 
include individuals from these groups when making general inferences about 
cognitive reading-related processes. The proportions of the resulting special 
groups are: dyslexia-only [n = 44 (2.8%)], ADHD-only [n = 15 (0.9%)], dyslexia 
+ ADHD [n = 17 (1.1%)], SLI-only [n = 40 (2.5%)], dyslexia + SLI [n = 11 
(0.7%)]. The children with SLI were sampled from schools for special 
education, specializing in language difficulties. The remaining special cases 
attended regular schools and were added to the present sample on the basis of 
referral by school psychologists or external health professionals. The special 
case groups may be considered to consist of the most severely impaired 
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children and it seems plausible that the remainder of the sample contains some 
undiagnosed (milder) cases as well. Children with significant hearing loss, 
uncorrected vision problems, neurological disorders, or low general cognitive 
functioning (i.e., IQ below 80) were excluded from the study.  

Data collection 
Data collection was carried out by the first author and thirty-four 
undergraduate students either at a university research facility or at the schools 
of the participants. For participants younger than twelve years of age, informed 
consent was required from their parents. Participants older than twelve were 
also required to give consent on their own behalf. 

Reader-group assignments 
All participants were dichotomously classified at different cutoff points, or 
criteria, according to their word reading fluency (WR) performance (see 
Instruments below). Depending on the sign of the criterion, participants were 
classified either as reading disabled (RD) or excellent reader (ER) on the one 
hand, or as reference (REF) on the other hand. Eight word reading criteria that 
differed in terms of strictness were used, with critical values varying from 
minus two standard deviations below the mean up to two standard deviations 
above the population mean (i.e., -2.0, -1.7, -1.5, -1.3, +1.3, +1.5, +1.7, +2.0). 
These eight conditions are referred to as WR dichotomies, WR criteria, or WR-
SD.  

2.2.2 Measurements 

Word reading (WR). This standardized index of word reading 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 it is 
approximately normally distributed, with a mean of 10, and a standard 
deviation of 3 (Wechsler scores). Please refer to §1.6.1 for a detailed 
description.  

Rapid Automatized Naming (RAN). Alphanumeric 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 (Wechsler scores). Please refer to §1.6.2 for a detailed 
description. 

Phonemic Awareness (PA). PA was assessed with the subtests PAelision, and 
PAsubstitution (De Groot et al., 2014).  Separate standardized scores were 
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computed for the subtests, as well as a standardized composite index of PA 
(PAcom). For the present sample, all three measurements are approximately 
normally distributed, with a mean of 50, and a standard deviation of 10 (T 
scores). Please refer to §1.6.3 for a detailed description. 

2.2.3 Data preparation 

To facilitate the analyses, all test scores were converted to z-scores. Also, to 
avoid confounding of the results for RAN and PA, principal component analysis 
(PCA) with varimax rotation and Kaiser normalization was performed on the 
RAN subtasks and the PA subtasks (see also Table 2.1). This resulted in two 
orthogonal components that clearly bear on RAN and PA, referred to as RANFAC 
and PAFAC, respectively. Eighty-five percent of total variance was explained by 
these components. However, as these orthogonal components do not address 
the commonality of RAN and PA, in addition, an encompassing composite 
variable, referred to as RANPA, was created by averaging RANan and PAcom. 
Thus, three variables have been analyzed, PAFAC, RANFAC and RANPA.  

 

Table 2.1 Rotated factor loadings on RAN-factor (RANFAC) and PA-factor (PAFAC) 

 
Component 

RANFAC PAFAC 

RANdigits .93 .14 
RANletters .90 .24 
PAelision .26 .86 
PAsubstitution .12 .91 

 

2.2.4 Statistical analyses 

Three different statistical procedures were employed to evaluate the 
hypothesized reading-related effects for RANFAC, PAFAC, and RANPA. The 
procedures are: (1) computing standardized effect sizes (Cohen’s d), (2) 
conducting univariate and multivariate analysis of variance ((M)ANOVA), and 
(3) evaluating receiver operating characteristics (ROC).  

First, Cohen’s d reveals the magnitudes of main effects for RANFAC, PAFAC, 
and RANPA for each reading ability level. Values of .2, .5, and .8 are considered 
as small, medium, or large effect sizes, respectively (Cohen, 1988). These effect 
sizes will be used for the evaluation of the magnitudes of hypothesized group 
differences. However, these effect sizes do not provide information on variance 
components, i.e., the unique and common contributions to reading proficiency, 
and on (predicted) interaction effects. For this, analysis of variance was deemed 
appropriate.   
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Therefore, the second, and most central method of the present study is 
(M)ANOVA, which was used to evaluate main and interaction effects for each 
WR-dichotomy. Separate runs (8 x 3 = 24) of the analyses were performed with 
the two orthogonal components RANFAC and PAFAC, and the standardized 
mean of PAcom and RANan (RANPA), as dependent variables, and the WR 
dichotomies as independent variables. This method also allowed to control for 
age. As the standardized scores underlying the dependent variables are based 
on age levels corresponding to years or semesters, the models were corrected 
for residual age effects by including age in months as a covariate.  

To take into account obvious inequalities in terms of the reader group sizes, 
resulting from the application of the WR criteria, a resampling procedure 
comprising 1000 iterations with the WR-dichotomy as the stratification 
variable was performed. This procedure checks each RD or ER group against 
1000 reference groups (REF) of equal size and averages the effect sizes. To 
investigate the interaction effects between WR-dichotomy, PAFAC and RANFAC, 
a similar sampling procedure was applied to procure equal numbers of children 
from the RD and ER groups. This downsized all groups to n = 68, with the 
exception of the ‘M + 2.0SD’ ER group (n = 30, see also Appendix A) which was 
oversampled with a factor 2.27. Effect sizes for the (M)ANOVAs are presented 
as eta-squared (η2), with values of .01, .06, and .14 considered to be small, 
medium, or large effect sizes, respectively (Cohen, 1973). Note that these 
analyses were repeated without the resampling procedure, yielding slightly 
attenuated effect sizes, relative to the reported values for the resampled data.  

Third, ROC analysis (e.g., Fawcett, 2006) was performed to evaluate the 
effectiveness of RANFAC, PAFAC, and RANPA in predicting group membership. 
ROC has been most widely used as a measure of the effectiveness of medical 
screening procedures and decision-making in terms of a diagnosis (e.g., Field, 
Oudkerk, Pedersen, & Duffy, 2013). There are also many recent examples of 
educational or reading-related research that have employed ROC analysis (e.g., 
Georgiou, Parrila, Manolitsis, & Kirby, 2011; Landerl et al., 2013; Le Jan et al., 
2011; Puolakanaho et al., 2007). It is based on standard signal detection theory 
with 1 - specificity, and sensitivity interpreted as the ratio of false positives 
(FP) and true positives (TP), respectively. From these ratios a so-called ROC-
curve can be plotted for TP against FP. Together with the area under the curve 
(AUC), which is often taken as an index of effectiveness (e.g., Fawcett, 2006), 
ROC curves offer the added psychometric benefit of an insight into optimal 
cutoff scores for the test variables. The present study extends the traditional 
two-dimensional ROC analysis by adding a third dimension (i.e., eight binary 
WR classifiers). This yields a descriptive insight into the hypothesized 
dynamics of PA and RAN along the WR cutoffs, which serves the interpretation 
of the (M)ANOVA results.   
  



 

 
36  Chapter 2 

 

2.3 Results 

2.3.1 Descriptive analysis 

In Figure 2.1 the standardized means (z scores) of the two phonological 
components are plotted against the WR conditions.  
 

 
Figure 2.1 Plotted means (z-scores) with error bars (SEM) of RANFAC and PAFAC for RD/ER versus 

REF groups by WR dichotomy (-2.0sd through +2.0sd) at the horizontal axis 

It is evident that the means of RAN factor (RANFAC) and the PA factor 
(PAFAC) show distinct patterns for the target groups across the different WR 
criteria. Judging from the slopes, it appears that both measures interact with 
the WR criteria, as their means deviate from the population mean more 
strongly towards the more extreme criteria. Finally, the apparent widening 
pattern towards the more extreme WR criteria for the RD side of the continuum 
(WR-SDRD) is suggestive of a possible three-way factor by condition interaction, 
i.e., RANFAC x PAFAC x WR-SDRD. We will return to this issue in the next section. 
In the Appendix, a numeric overview of the descriptive statistics for each WR 
dichotomy is presented, with added information about the standard deviations 
and the number of participants per category. 
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2.3.2 Effect sizes 

Regarding the group differences in terms of mean differences, the effect sizes 
(Cohen’s d) of group membership on RANFAC, PAFAC, and the composite 
variable RANPA are plotted against the WR criteria on the horizontal axis in 
Figure 2.2.  

 
Figure 2.2 Standardized effect sizes of mean differences (Cohen’s d) with error bars (SEM) 

between RD/ER and REF groups for RANFAC, PAFAC, and RANPA by WR dichotomy 

From Figure 2.2 it is evident that overall effect sizes are at least substantial. 
There is a clear enduring influence of RAN and PA throughout the reading 
fluency continuum. Whether an effect is considered as positive or negative is 
indicated by the sign of the WR criterion (see also Figure 2.1). Second, RANPA 
yields substantial added value over the separate components in terms of 
predictability. Moreover, RANPA clearly is more affected in the RD groups, 
which seems mostly due to elevated effect sizes for PA, as opposed to a rather 
stable pattern for RAN across most conditions. Still, effect sizes for both 
components become markedly larger towards the more negative conditions, 
which is suggestive of an interaction with WR-SDRD. Therefore, these results 
may be taken as descriptive evidence in support of Hypothesis 1.  

Regarding the separate components, PAFAC seems more affected in the 
most severe RD group, relative to RANFAC, lending support to Hypothesis 2. 
Finally, perhaps the most intriguing observation about Figure 2.2 is the 
ostensive drop in impact for PAFAC when going from the negatively to the 
positively oriented WR criteria. Apparently, the relative dominance of PAFAC 
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over RANFAC for RD children, reverses into a dominance of RANFAC over 
PAFAC for ER children. This may be taken as descriptive evidence for the 
Hypothesis 3. 

2.3.3 Analysis of variance 

Table 2.2 summarizes the results for the MANOVAs that were performed on all 
eight WR dichotomies (WR-SDALL). Generally, these results indicate strong 
group predictability for both RAN and PA throughout the WR continuum, as is 
reflected by overall large proportions of explained variance (η2) for each 
dependent variable (see A, B, & C in Table 2.2). Additionally, there is evidence 
of under-additivity in terms of marginal variance explained by RANPA (see C in 
Table 2.2), as the cumulative effects of the orthogonal components RANFAC and 
PAFAC – particularly those of the lower bound – clearly outweigh the combined 
effects of RANan and PAcom (RANPA). Furthermore, these results indicate a quite 
stable pattern across all eight dichotomies for large proportions of explained 
variance pertaining to RANFAC, albeit somewhat more for the strictest RD 
criteria. In contrast, the stability found for RANFAC clearly does not apply to 
PAFAC. PAFAC yields large effects for RD with the largest effects found for the 
most strict RD criteria, whereas markedly smaller effects were found for the 
above-average readers. 

To evaluate the interaction effects between WR-SDALL, RANFAC and PAFAC, 
three separate ANOVAs were performed on each dependent variable, with WR 
criterion as the grouping factor, covering (i) four levels for RD (WR-SDRD), (ii) 
four levels for ER (WR-SDER), and (iii) all eight levels of the (whole) WR 
continuum (WR-SDALL). Table 2.3 summarizes the results, presenting F ratios, p 
values, and effect sizes (η2) for each predictor, according to the range of 
included WR criteria. 

 

Table 2.3 Interaction effects of RANFAC and PAFAC with WR-SD 

 WR-SDRD  WR-SDER  WR-SDALL 

 F p η2  F p η2  F p η2 

RANFAC 3.56 .015 .04  0.33 n.s. .00  18.88 <.001 .20 

PAFAC 6.35 <.001 .07  3.87 .010 .04  17.30 <001 .18 
Note: degrees of freedom for WR-SDRD and WR-SDER are: F(3, 268), and for WR-SDALL: F(7, 536). 
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Regarding the set of ANOVAs for the RD cutoffs (i), a significant three-way 
RANFAC x PAFAC x WR-SDRD interaction, F(3, 268) = 2.49, p = .040, was found, 
indicating differential patterns for RANFAC and PAFAC as a function of WR-
SDRD. Decomposing this effect into two separate two-way interactions, a 
moderately strong RANFAC x WR-SDRD interaction (η2 = .04) and an even more 
substantial PAFAC x WR-SDRD (η2 = .07) interaction effect were found (see  Table 
2.3). This difference is in line with the results presented in Table 2.2, indicating 
that group membership explains accrued proportions of PAFAC variance for the 
strictest criteria. Indeed, as compared to the less strict WR-SD(M – 1.5SD) and WR-
SD(M – 1.3SD) criteria, post hoc analysis with Tukey HSD correction indicated 
significant PAFAC differences for WR-SD(M – 1.7SD) (p = .056; p = .003, 
respectively), and WR-SD(M – 2.0SD) (p = .054; p = .003, respectively) only. 
Regarding RANFAC, a similar, but less strong pattern applies, with only the 
contrasts with WR-SD(M – 1.3SD) yielding (marginally) significant differences (WR-
SD(M – 1.7SD), p = .06; WR-SD(M – 2.0SD), p = .006). In conclusion, the finding of 
substantial PAFAC x WR-SDRD and RANFAC x WR-SDRD interaction effects can be 
interpreted as support for Hypothesis 1. The combination of a significant three-
way interaction, and, relative to RANFAC x WR-SDRD, a large PAFAC x WR-SDRD 
interaction effect can be interpreted as support for Hypothesis 2.  

With regard to the set of ANOVAs for the ER cutoffs (ii), and in contrast to 
the previous results, PAFAC clearly is less strongly (positively) affected for the 
above-average readers. It can be noted, however, that there is a moderately 
strong PAFAC x WR-SDER interaction effect (η2 = .04) (see also Table 2.3), which 
can be interpreted as a small increase of effect size for PAFAC towards the more 
extreme WR-SDER criteria. The interaction with RANFAC was not significant. In 
line with Hypothesis 3, the finding of persisting effects for RANFAC along with 
generally diminished effect sizes for PAFAC, suggests that word reading is 
relatively more closely associated with RAN than with PA in the ER groups. 
Additionally, it can be noted that, whereas the common variance components 
are relatively small, there is a clear difference between the unique variance 
components of RANFAC and PAFAC, with RANFAC values being considerably 
larger (see bottom half of Table 2.2).  

Testing the interactions of RANFAC and PAFAC for the whole continuum (i.e., 
RANFAC x WR-SDALL and PAFAC x WR-SDALL) (iii), yielded substantial effects: η2 = 
.20, and η2 = .18, respectively (see Table 2.3). Together with the pattern of 
increasing proportions of unique variance pertaining to RANFAC and 
diminished proportions for PAFAC when going from WR-SDRD to WR-SDER (see 
Table 2.2), these results can be interpreted as strong support for Hypothesis 3. 
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2.3.4 ROC analyses 

The previously mentioned magnitude differences and interaction effects are 
also made apparent by the graphical sequence depicted in Figure 2.3 (next 
page), where the ROC curves of RANFAC, PAFAC, and RANPA are plotted across 
the WR cutoffs. The reference line (diagonal) represents pure chance, and a 
measurement producing a curve near or even below the diagonal can be 
thought of as chance performance or even worse. Conversely, the higher the 
area under the curve (AUC) and the steeper the slope – implying increased 
sensitivity at little expense to the specificity – the more effective a measure is in 
predicting group membership. Demonstrated by decreasing AUCs, Figure 2.3 
clearly shows a pattern of waning PAFAC predictability as word reading skill 
increases, whereas RANFAC yields a much more stable pattern. More generally, 
going from negatively to positively oriented dichotomies, the reversal in terms 
of the components’ predictive values is obvious. These results may be taken as 
additional support for Hypothesis 3.  

This pattern is also apparent from the high AUCs (see Table 2.4), 
sensitivities, and specificities. The highest AUC value is found for RANPA (.96) 
at the strictest RD criterion (WR-SDM - 2.0SD). If one opts for a 95% accurate 
reader group prediction (accuracy = true positives + true negatives / total n) 
(cf., Fawcett, 2006), the optimal cutoff score for RANPA is M - 1.5SD. This cutoff 
yields a sensitivity of .77 and a specificity of .95. As a final remark, it can be 
noted that, for this criterion the PAFAC curve approximates the RANPA curve, 
indicating a stronger impact for PAFAC relative to RANFAC. Together, these 
results may be taken as additional support for Hypothesis 2. 

Table 2.4 Areas under the curve (AUCs) for RANFAC, PAFAC, and 
RANPA per WR dichotomy (WR-SD)  

 WR-SD 

 -2.0 -1.7 -1.5 -1.3 +1.3 +1.5 +1.7 +2.0 

RANFAC .86 .84 .82 .80 .82 .81 .81 .83 

PAFAC .92 .87 .83 .82 .68 .71 .72 .76 

RANPA .96 .94 .92 .91 .87 .89 .88 .89 
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Figure 2.3 ROC curves for RANFAC, PAFAC, and RANPA by WR-criterion 
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2.4 Discussion 

The present study investigated whether rapid automatized naming (RAN) and 
phonemic awareness (PA) are differentially linked to word reading for various 
severity levels of reading disabilities (RD), as well as for various degrees of 
excellency in above-average readers. This systematic evaluation was motivated 
by two major concerns, the first one being comparability of previous results, 
and the second one the hitherto neglected question as to what can be learned 
from excellence.  

Addressing these issues, the present approach of discerning multiple 
severity levels of RD within a single large sample of readers, has provided a 
comprehensive and augmented insight into the dependencies of the RAN/PA-
reading relationships on the choice of word reading fluency criterion used to 
define RD. A main result is that severity matters. Although all poor readers – 
across all age levels investigated – showed marked problems in PA and RAN, 
the present study indicates that the effects of reader group membership are 
much stronger for – to take our most extreme case – the ‘WR-SD(M – 2.0SD)’ 
criterion than for the commonly used RD criterion of ‘WR-SD(M – 1.3SD)’.  
Moreover, we found increasingly larger effects for the strictest RD criteria, i.e., 
WR-SD(M – 1.7SD) and WR-SD(M – 2.0SD), as compared to the more lenient 
ones. These results are in line with the prediction that a ‘double deficit’ is 
present among the poorest readers (Papadopoulos et al., 2009; Wolf & Bowers, 
1999), and, what is more, suggest that the Double Deficit Hypothesis gains 
momentum if more severely impaired readers are considered. A further 
specification of these findings is that the effects for PA seem consistently larger 
than for RAN, with – conform the prediction (Hypothesis 2) – differences 
getting larger with the severity of RD. This finding, thus, suggests that PA is 
more effective cognitive marker for the poorest readers. 

The second motive for the present study and the adopted approach of 
differentiating for reading ability levels, was to include the virtually forgotten 
group of highly proficient readers. In terms of theoretical underpinnings as well 
as treatment goals of RD, it seems important to ask what can be learned from 
those who clearly have mastered decoding. In line with general reading theory 
(De Jong & Van der Leij, 2003; Ehri, 2005; Gough, 1996; Van den Bos, 2008) it 
was hypothesized that highly proficient reading, as opposed to deficient 
reading, is characterized by a relatively strong link to highly automatized access 
to alphanumeric networks (as measured by RANan), and a decreased necessity 
of sub-lexical analytical processes (as measured by PA). We have found strong 
evidence to support this hypothesis, as our data indicate a striking reversal in 



 

 
44  Chapter 2 

terms of RAN and PA deviation means (Figure 2.1), as well as effect sizes 
(Figures 2.2 and 2.3), when switching from reading-disabled to above-average 
reader groups. It should be noted, however, that the dominance of RAN over PA 
in above-average reader groups is relative and due to diminished effect sizes of 
sub-lexical processing in the presence of a rather stable contribution of RAN 
across word reading ability levels. Thus, in above-average readers, RAN seems 
to be the dominant predictor by default. The finding of RAN being a rather 
stable correlate of reading fluency across ability levels, is a new one, at least in 
comparison to previous non-developmental, and developmental studies for the 
general population. For example, in their meta-study Swanson, Trainin, 
Necoechea, and Hammill (2003) reported that RAN-Reading correlations varied 
only minimally with age, but that these correlations were weaker in poor 
readers than in skilled readers. Other studies, however, report increasing 
correlations with age (Vaessen & Blomert, 2010; Van den Bos & De Groot, 
2012). Interestingly, our results neither indicate an increase with age, nor a 
decrease with impairment. For future studies, it would, therefore, be quite 
informative to cross validate the present findings by means of a comprehensive 
developmental design that discerns reading ability levels as well.  

In conclusion, the presently adopted ‘multiple word reading cutoff’ 
approach to studying reading-related cognitive processes offers a 
comprehensive alternative to selective dichotomous group comparisons, and 
unitary age-based developmental approaches. With the provision of large to 
very large effect sizes for all reading proficiency levels, while cutting across age 
levels, our results are in line with the general consensus on the pivotal and 
enduring importance of RAN and PA to reading (dis)abilities (Kirby et al., 2008; 
Landerl et al., 2013; Logan et al., 2011; Torppa et al., 2012; Van den Bos, 2008). 
However, it should be noted that larger effects of both predictors were 
established for the most severely impaired readers. Furthermore, our results 
do indicate that the general involvement of phonological processing decreases 
with word reading fluency approaching normal levels. This general pattern 
makes sense if assuming that advanced reading ability levels involve more 
‘higher-order’ variance, e.g., pertaining to orthographic processing and 
linguistic proficiency (Share, 1995). However, this not to deny that RAN clearly 
constitutes a stable and significant cognitive correlate across all reading 
proficiency levels, whereas sub-lexical processing, i.e., PA, seems to be far more 
specific to the RD groups. Therefore, PA generally appears to be the better 
candidate to hallmark RD. 
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Chapter 3  
Rapid Naming and Phonemic Awareness in Children 

with or without Reading Disabilities and/or ADHD 

Employing a large sample of children from Dutch regular elementary 
schools, this study assessed the contributing and discriminating values of 
reading disability (RD) and attention deficit hyperactivity disorder (ADHD) to 
two types of phonological processing skills. A second objective was to 
investigate whether comorbidity, i.e., the condition in which children show 
RD as well as ADHD, should be considered as an additive phenomenon. A 
total of 1,262 children, aged 8-13 years old, were classified as RD (n = 121), 
ADHD (n = 17), comorbid (RD+ADHD; n = 16), or control (n = 1,108). 
Phonological processing was assessed by standardized tests of phonemic 
awareness (PA) and alphanumeric rapid automatized naming (RAN). 
Clinical groups were compared to each other and contrasted to the control 
group. Although results indicate substantial effects for all three clinical 
groups on both types of processing, and the RAN/PA compound measure in 
particular, effect sizes were considerably larger for the RD groups, as 
compared to the ADHD-only group. Secondly, although not fully additive in 
terms of magnitude, there is clear and consistent evidence for uniquely 
added value by either component in the comorbid group. Further 
theoretical and practical implications are discussed. 
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3.1 Introduction 

Although the past decades have shown great advances in the understanding of 
Reading Disabilities (RD) (Vellutino et al., 2004), there still remain theoretical 
and practical issues to be clarified. This article will focus on the relationship of 
RD with Attention Deficit Hyperactivity Disorder (ADHD). ADHD is characterized 
by attention dysfunction, impulsiveness and hyperactivity (American 
Psychiatric Association, 2000; Tannock, 2013). It is a developmental disorder 
that affects approximately 5 percent of the general population. Although for the 
majority of children with ADHD no reading disabilities are reported, estimates 
of the overlap between RD and ADHD range from 25 to 40 percent (e.g., August 
& Garfinkel, 1990; Boada, Willcutt, & Pennington, 2012; Willcutt & Pennington, 
2000). These estimates are substantial and certainly warrant investigation into 
their genetic and cognitive nature. Various recent studies have provided a 
biogenetic answer to the overlap between dyslexia and ADHD (Ebejer et al., 
2010; Paloyelis, Rijsdijk, Wood, Asherson, & Kuntsi, 2010; Stevenson et al., 
2005; Willcutt et al., 2005). Although the evidence for a genetic link is 
accumulating, it remains unclear how these common genes are expressed at the 
cognitive-behavioral level. The present study addresses this issue by 
investigating two established reading-related cognitive processes, i.e., phonemic 
awareness (PA) and rapid automatized naming (RAN), in children with ADHD 
and/or RD. In the remainder of this introduction the evidence regarding the 
specific relationships of PA and RAN with RD and ADHD will be discussed, 
followed by a summary of the hypotheses of the present study. 

3.1.1 Phonemic Awareness 

RD  
Phonemic awareness (PA) can be defined as the ability to recognize and 
manipulate the sound constituents of oral language, and to apply this insight to 
alphabetic knowledge and knowledge of written sub-lexical units of words 
(Ehri, 2005). It is widely recognized that PA plays an important role in the 
prediction of word reading proficiency, at least in the early grades of 
elementary school education (De Jong & Van der Leij, 1999, 2003; Van den Bos 
& De Groot, 2012), and of poor reading in particular, from young to adult age 
levels (De Groot et al., 2015; Gregg et al., 2008). Moreover, poor PA task 
performance is regarded by many researchers as a core deficit of dyslexia (De 
Groot et al., 2015; Kirby et al., 2008; Rack, 1994; Ramus et al., 2006; Snowling, 
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2001; Van den Bos, 2008; Wagner et al., 1993; Wagner et al., 1997; Wimmer et 
al., 1998, 2000; Wimmer et al., 1999; Wolf & Bowers, 1999).  

ADHD 
Although deficient PA is typically not associated with ADHD, but rather with RD 
(Boada et al., 2012; Kroese, Hynd, Knight, Hiemenz, & Hall, 2000; McGrath et al., 
2011; Purvis & Tannock, 2000; Willcutt et al., 2005; Willcutt, Pennington, Olson, 
& Defries, 2007), there are occasional reports of poor PA performance of ADHD 
groups (e.g., Kroese et al., 2000), especially if the PA-task employed is relatively 
time consuming, or imposes a relatively high level of working-memory load. 
One example of relatively difficult PA-tasks, compared to simple elision, as 
employed by Kroese et al. (2000), are so-called reversal tasks (for example, 
“Say eeb. Now say eeb backward.”). Other examples of relatively demanding PA-
tasks are so-called pig latin tasks, and phoneme substitution tasks, in which 
initial phonemes of two names must be substituted (for example, ‘Kees Bos’ 
becomes ‘Bees Kos’). For these tasks, difficulties with attention and working 
memory, or impulsive response tendencies – which are characteristics of 
children with ADHD after all – may lead to attenuated performances (Bental & 
Tirosh, 2007; Bolden, Rapport, Raiker, Sarver, & Kofler, 2012; Tiffin-Richards, 
Hasselhorn, Woerner, Rothenberger, & Banaschewski, 2008; Van De Voorde, 
Roeyers, Verté, & Wiersema, 2011). Indeed, since this study employed such 
quite demanding PA-tasks, the latter prediction may well apply to the ADHD 
groups of the present study.  

Comorbidity 
Applying these insights to the issue of comorbidity, we come to the following 
hypotheses and predictions. As far as the reading-related component of PA is 
concerned, at least an equally strong contribution of PA as in the RD-only may 
be expected for the comorbid group. However, in this group there may exist 
additional PA-difficulties tied to ADHD, attributable to working memory or 
executive functioning (Bental & Tirosh, 2007; Bolden et al., 2012; Tiffin-
Richards et al., 2008; Van De Voorde et al., 2011). Therefore, we predict that the 
comorbid group will show a stronger negative effect for PA compared to the RD 
group, especially when the more difficult task variant, i.e., phoneme 
substitution, is concerned. 

3.1.2 Rapid Automatized Naming 

RD 
As predicted by the seminal Double Deficit Hypothesis (DDH) (Wolf & Bowers, 
1999), a large number of studies have made clear that, in addition to PA 
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difficulties, 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; Van den Bos et al., 2002; Wagner & Torgesen, 1987; 
Wimmer, 1993). However, the general link between RAN and word reading 
speed should be refined by the following note on RAN subtasks. Batteries of 
RAN-tasks (Denckla & Rudel, 1974) originally consisted of RANcolors, RANpictures, 
RANdigits, and RANletters. For three reasons it seems important, however, to 
distinguish between alphanumeric (digits and letters) and non-alphanumeric 
(colors and pictures) subsets. First, alphanumeric naming-stimuli can be 
considered as more automatized than non-alphanumeric stimuli (Cattell, 1886; 
Van den Bos et al., 2002). Second, numerous factor-analytic studies offer 
evidence for the distinction (Van den Bos et al., 2002). Third, the distinction is 
relevant, because it has consistently been demonstrated that alphanumeric 
stimuli are significantly stronger related to word reading than their non-
alphanumeric counterparts (Stringer et al., 2004; Van den Bos & Lutje Spelberg, 
2010; Van den Bos et al., 2002; Wagner et al., 1999), and this applies to broad 
age ranges of typically developing children as well as those with RD. Because of 
their more substantial relationship to reading, in the present study, RAN will be 
restricted to alphanumeric stimuli. 

ADHD 
In contrast to findings of significantly poorer non-alphanumeric RAN 
performance (i.e., color and picture naming) in ADHD groups (Cutting, David, 
Wilkins, Sparrow, & Denckla, 2002; Semrud-Clikeman, Guy, Griffin, & Hynd, 
2000; Stringer et al., 2004; Tannock, Martinussen, & Frijters, 2000), the 
evidence on suppressed alphanumeric RAN performance, i.e., letter and digit 
naming, in ADHD groups is virtually absent. On the one hand, this can be 
expected because the ADHD-only group is by definition free from RD, but more 
susceptible to inhibitory aspects involved in the processing of non-automatized 
(non-alphanumeric) naming stimuli. On the other hand, there might be a snake 
in the grass, because earlier studies have collapsed over stimulus types, or 
because alphanumeric naming has been under-investigated. 

Comorbidity 
With regard to comorbidity of RD and ADHD, RAN deficits are common in 
individuals with the combination of RD and ADHD (Bental & Tirosh, 2007). 
Shanahan et al. (2006), and more recently McGrath et al. (2011), offer the 
explanation of comorbidity being at least partly attributable to a common 
generic cognitive processing speed (PS) deficit. However, as RAN was found to 
be strongly related to PS, and as there was confounding of RAN non-
alphanumeric and alphanumeric stimuli (McGrath et al., 2011), the specific role 
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of alphanumeric RAN remains rather illusive (Boada et al., 2012). Therefore, 
the question that still seems to apply to the comorbid group is whether the 
earlier mentioned inhibitory difficulties with non-alphanumeric naming stimuli 
generalize to alphanumeric RAN stimuli. Since these children also have 
developed word reading problems, and thus typically have not fully 
automatized alphanumeric symbol-name associations, these stimuli might be 
vulnerable to interference as well (Stringer et al., 2004). If this is true, one 
might expect the comorbid group to show even more severe alphanumeric RAN 
difficulties than the RD-only group. Bental and Tirosh (2007) did report 
evidence for this expectation.  
 

Summarizing, the present study will specifically investigate how 
alphanumeric RAN and PA are related to word reading fluency in children with 
RD and/or ADHD. Regarding PA, the groups of RD-only and RD+ADHD are 
expected to show severely deficient PA performances. However, subnormal PA 
performances are expected in the ADHD-only group as well, especially for the 
more difficult phoneme substitution task. Comparatively, the PA-performance 
patterns of the groups is predicted  to be: Control > ADHD-only > RD-only > 
Comorbid. With regard to alphanumeric RAN, it is hypothesized that the RD 
groups, i.e., RD-only and RD+ADHD, will be severely impaired. However, the 
children with ADHD-only are also expected to score  significantly lower than 
controls, but not as poor as the RD groups. Therefore, a similar comparative 
pattern to the one described previously for PA is expected: Control > ADHD-
only > RD-only > Comorbid. 

3.2 Method 

3.2.1 Participants and procedure 

This study involves a total of 1,262 Dutch children aged 8-13 years of age, 
mostly from the Northern region of the Netherlands. The sample contains a 
group of RD-only children, an ADHD-only group, a comorbid group 
(RD+ADHD), and a large control group of typically developing children without 
RD and/or ADHD.  

Word reading performance was assessed by the first author and 
undergraduate graduate students who participated in one of the learning 
projects of our department. Participants were classified as reading disabled 
(RD) when word reading performance (see Table 3.1 below) was more than 1.5 
standard deviations (SD) below the population mean. Assignment to either 
category with ADHD, i.e., ADHD-only or RD+ADHD, was based upon external 
psychiatric evaluation (i.e., a clinical ADHD diagnosis), according to DSM-IV-
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criteria (American Psychiatric Association, 2000), as prescribed by the Health 
Council of the Netherlands (2000).  

Participants were excluded if they had: an IQ of more than 1.5 SD below 
average, an uncorrected hearing or visual disability, or if they had been 
diagnosed with a neurological disorder or a specific language impairment. All 
participants attended the upper levels of regular schools for primary education. 
A number of participants with ADHD and/or RD were referrals of specialized 
care centers, or were recruited by means of advertisement via newspapers, 
website, and doctors’ offices or otherwise.  

Application of the above criteria yielded the group frequencies as specified 
in Table 3.1. This table also includes the age characteristics for each group. 
 

Table 3.1 Group frequencies and descriptive statistics of age (in months)  

Group 
 Frequencies  Age (in months) 

 n ♀ ♂  Mean SD Median Minimum Maximum 

RD  121 54 67  127.4 18.3 127 95 164 

ADHD  17 7 10  122.5 15.3 127 95 146 

RD+ADHD  16 7 9  124.8 19.1 127 94 165 

Control  1,108 575 533  126.8 16.6 127 95 165 

Total  1,262 643 619  126.8 16.8 127 95 165 

 

Data collection was performed by the first author and undergraduate 
students either at a university research facility or at the school or care institute 
of the participant. Of participants younger than twelve years of age, an 
informed consent was required from their parents. Older participants were 
required to give consent on their own behalf as well. Participants with an ADHD 
diagnosis were requested to refrain from using psycho-stimulant medication, 
i.e., methylphenidate, twenty-four hours before testing sessions. 

3.2.2 Materials 

Word reading (WR). This standardized index of word reading 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 it is 
approximately normally distributed, with a mean of 10, and a standard 
deviation of 3 (Wechsler scores). Please refer to §1.6.1 for a detailed 
description.  

Rapid Automatized Naming (RAN). Alphanumeric RAN was assessed with 
RANletters and RANdigits (Van den Bos & Lutje Spelberg, 2010). Separate 
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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 (Wechsler scores). Please refer to §1.6.2 for a detailed 
description. 

Phonemic Awareness (PA). PA was assessed with the subtests PAelision, and 
PAsubstitution (De Groot et al., 2014).  Separate standardized scores were 
computed for the subtests, as well as a standardized composite index of PA 
(PAcom). For the present sample, all three measurements are approximately 
normally distributed, with a mean of 50, and a standard deviation of 10 (T 
scores). Please refer to §1.6.3 for a detailed description. 

3.2.3 Statistical analyses 

In order to avoid confounding of the results, principal component analysis 
(PCA) with varimax rotation and Kaiser normalization was performed on the 
two alphanumeric RAN tasks and the two PA tasks (also see Tables 3.2 & 3.3). 
This procedure has resulted in the extraction of two orthogonal factors that 
clearly bear on RAN and PA respectively, and will be referred to from now on as 
RANFAC and PAFAC. Eighty-five percent of total variation could be explained by 
the communalities of these two factors.  

Next, all other performance measures were transformed to z scores to 
match the scaling of RANFAC and PAFAC. 
 

Table 3.2 Principal Component Analysis (PCA) of RAN and PA subtasks 

Component 
Initial Eigenvalues Extraction SS Loadings Rotation SS Loadings 
Total VAR (%) Cum. (%) Total VAR (%) Cum. (%) Total VAR (%) Cum. (%) 

1 2.39 59.78 59.68 2.39 59.68 59.68 1.75 43.81 43.81 

2 1.02 25.56 85.24 1.02 25.56 85.24 1.66 41.43 85.24 

3 .35 8.72 93.96 - - - - - - 

4 .24 6.04 100.00 - - - - - - 

 

Table 3.3 Rotated factor loadings of RAN (RANFAC) and PA (PAFAC) components 

 
Component 

RANFAC PAFAC 
RANdigits .93 .14 

RANletters .90 .24 

PAelision .26 .86 

PAsubstitution .12 .91 
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3.2.4 Factorial design 

In order to estimate the individual and interactive effects of RD and ADHD, 
univariate analysis of variance (ANOVA) was performed according to a 2 x 2 
between subjects factorial design with RANFAC and PAFAC as dependent 
variables, and RD vs. Non-RD and ADHD vs. Non-ADHD as independent variables. 
Moreover, the model was corrected for any residual age effects by including age 
in months as a covariate.  

To accommodate for unequal sample sizes, stratified random (re)sampling 
with replacement was performed with 1000 iterations and the experimental 
group as the stratification variable. Each instance was subjected to a separate 
analysis, and all relevant parameters were averaged afterwards to obtain 
unbiased estimators. The sampling procedure was designed to match the 
sample sizes of the RD-only and control group of each iteration to that of the 
ADHD-only group (n = 17), and it was ensured that each subsample matched 
the gender ratio of the ADHD-only group. Also, the sampling pool for the 
control group was RD-counterbalanced beforehand, by trimming the opposite 
side of the word reading distribution with the equivalent size of that of the RD-
criterion, i.e., more than 1.5 SD above the population mean.  

3.2.5 Group comparisons 

A second series of ANOVA’s were performed with one four-group variable – 
consisting of the three clinical groups and the control group – as the 
independent variable. 

3.2.6 Effect Sizes 

Effect sizes of the differences of the means are presented as Cohen’s d, with 
values of .2, .5 and .8 being considered as small, medium or large effect sizes, 
respectively (Cohen, 1988). Effect sizes in terms of explained variance are 
indicated by eta squared (η2), with values of .01, .06 and .14 being considered 
as small, medium or large effects sizes, respectively (Cohen, 1973). 

3.3 Results 

3.3.1 Descriptive statistics 

Figure 3.1 shows that the standardized means of the control group are very 
close to zero, indicating that the selected reference group is quite 
representative of the general population of typically developing children for 
this age range. With regard to the clinical groups Figure 3.1 shows clear 
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differences between the control group and the clinical groups. Within the 
clinical groups there are clear differences between the ADHD-only group and 
the RD groups (RD-only and the comorbid group). Both RD groups perform 
markedly poorer than the ADHD-only group on all measurements.  

 
Figure 3.1 Plotted means (z scores) and standard error bars of WR, RAN, PA, RANFAC, 

and PAFAC measures for RD-only, ADHD-only, RD+ADHD, and controls 

Regarding word reading (WR), the RD groups’ performances are close to 
two standard deviations below the population mean. Of course, this is hardly 
unexpected since the applied criterion only included participants who scored 
more than 1.5 SD below the population mean. However, although not as 
deficient as the scores of the RD groups, the WR performance of the ADHD-only 
group (z = -0.68) can be considered as subnormal as well.  

With regard to phonological processing, Figure 3.1 shows that both RAN and 
PA are  severely impaired in the RD-only group, with a small negative tilt 
towards PA. The comorbid group shows the poorest performances. Similar to 
their subnormal WR performance, the ADHD-only group, compared to controls, 
also shows subnormal performance on the phonological measures. 
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3.3.2 Effect Sizes for mean differences 

Figure 3.2 depicts the clustered standardized effect sizes (Cohen’s d)1 on the 
RAN and PA factors and the linear combination of RANan and PAcom (RANPA) for 
the clinical groups, as compared to controls. Considering the presented 
confidence intervals, for the RD-only group, the effect for the composite 
measure of RANPA seems larger than on the separate measures. No such 
discrepancy seems to exist for the ADHD-only and the comorbid groups, for 
which the effects are in similar ranges. 
 

 
Figure 3.2 Standardized mean difference effect sizes (Cohen’s d) of  RANFAC, PAFAC and 

RANPA per clinical group, compared to controls 

 
Secondly, Figure 3.2 indicates that the effect sizes of group membership on 

phonological processing clearly are largest for the RD groups, compared to the 
ADHD-only group.  Notwithstanding this apparently close association with 
reading, it should be noted that most effect sizes, including those for ADHD-
only, can be considered as large, except for the ADHD-only group’s RANFAC 
effect, of which the value of 0.63 can be called moderate.  
  

                                                                    

1 Effect Sizes were also calculated according to Hedges’ g (Hedges, 1981) because in the 
comparisons with the RD-only group the assumption of equal variances was violated. However, the 
outcomes yielded a highly similar pattern. Hence, they are not reported. 
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3.3.3 Analysis of variance 

In order to investigate (1) the individual and interactive effects of RD and 
ADHD and (2) those of group membership on phonological processing in terms 
of explained variance (η2), two separate series of analyses were conducted.  

Factorial design (1) 
Table 3.4 contains the results of the first series of ANOVA’s, employing a 
factorial design, and listing the main effects and the interactions of RD and 
ADHD.  

Table 3.4 Individual and interactive effects of RD and ADHD for RANFAC, 
PAFAC and RANPA 

Factor Measurement       F    p η2  

RD  RANFAC 14.80 .003 .22 

versus  PAFAC 13.94 .004 .18 

Non-RD RANPA 26.51 <.001 .32 

ADHD  RANFAC 3.34 .159 .05 

versus  PAFAC 5.42 .071 .06 

Non-ADHD RANPA 7.79 .023 .11 

RD x ADHD RANFAC 1.17 .433 .01 

Interaction PAFAC 1.85 .313 .02 

 RANPA 2.32 .225 .03 

 

As shown in Table 3.4, the first analyses revealed strong main effects of RD, 
with the largest effects for RANPA and a slightly larger proportion of explained 
variance for RANFAC, as compared to PAFAC. As to ADHD, there were no 
significant main effects for the individual measurements, except for a trend for 
PAFAC (p = .07), with moderate effect sizes. The variable of RANPA, however, 
did show a significant main effect and a fairly large proportion of explained 
variance. Finally, for none of the three measures, the RD x ADHD interaction 
effect was significant. 

Group comparisons (2) 
The results of the second series of analyses are presented in Figure 3.3, 
depicting the explained variances (η2) of each measure, clustered by clinical 
group on the horizontal axis. From Figure 3.3 it becomes evident that 
phonological processing is particularly affected in the RD groups, as indicated 
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by strong effect sizes in both the RD-only and the comorbid group. In 
accordance with the results of the first series of  analyses, the effects of ADHD 
for the separate measurements seem modest. Nevertheless, RANPA seems 
significantly affected in this group as well. In line with the absence of significant 
interactions that were previously reported, the proportions of explained 
variance for the comorbid group are almost the exact additive combination of 
the effects for RD-only, and ADHD-only. Finally, post hoc testing indicated a 
significant difference for RANPA between the ADHD-only and the comorbid 
group (p = .04).  
 

 
Figure 3.3 Explained variances (η2) of RANFAC, PAFAC and RANPA per group 

3.4 Discussion 

This study sought to investigate two types of reading-related phonological 
processing – i.e., alphanumeric rapid naming (RANan) and phonological 
awareness (PA) – in children with RD and/or ADHD, who attend the upper-
level grades of Dutch primary education. As such, it provides a rare set of 
findings from the Dutch population, as far as word reading related research on 
PA and RAN for these groups is concerned.  

Results indicate large effect sizes for RANan and PA in the two RD groups. 
Previous studies (Kroese et al., 2000; McGrath et al., 2011; Purvis & Tannock, 
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2000; Shanahan et al., 2006; Willcutt et al., 2005) have concluded that PA and 
RAN are generally more closely associated with RD than to ADHD. 
Concordantly, as predicted, we found quite substantial PA and RANan deficits in 
both RD-only and comorbid participants. However, also for the ADHD-only 
group significant effect sizes – albeit medium sized – were found, which means 
that this group performs below their typically developing peers. With regard to 
the ADHD-only group’s RANan performance, the effect may be due – as 
hypothesized – to interference problems which also might account for their 
mildly but significantly lower WR performance (see Figure 3.1). Shanahan et al. 
(2006) also found slower naming speed in individuals with RD and ADHD. 
These results substantiate the idea that a processing speed deficit exists in both 
RD and ADHD, although subjects with RD clearly displayed greater RANan and 
PA deficits than subjects with ADHD-only.  

As to the ADHD-only group’s subnormal PA performance, a different 
mechanism, i.e., working memory problems, was hypothesized. This might 
account for their lower WR performance (see Figure 3.1) as well. Post hoc 
analysis revealed some interesting changes in the predictive patterns when 
controlling for word reading. As might be expected, this procedure positively 
affected the RD groups most. With regard to RANan, the RD-only and comorbid 
groups’ predicted means now approached the Control group’s values, z values 
being -0.08, -0.19, and -0.08, respectively. The ADHD-only group still showed a 
negative z-score of -0.32. PA outcomes were somewhat different from RANan, in 
the sense that, controlling for WR, there still remained a significantly lower z 
score for the RD-only group (z = -0.32, p = .016), whereas the ADHD-only and 
comorbid groups showed even larger negative predicted means (z = -0.52, and 
z = -0.50, respectively), but the latter differences lacked the statistical power to 
become significant. Therefore, we only can speak of trends. Altogether, this post 
hoc analysis suggests that non-reading-related processing may pose an 
independent negative influence to the ADHD groups’ RANan performance, and 
in particular their PA performance. As to alphanumeric RAN, inhibitory 
problems might offer a viable explanation. With regard to PA, problems with 
working memory and/or executive functioning seem plausible candidates in 
the ADHD-only and comorbid groups (Bental & Tirosh, 2007; Bolden et al., 
2012; Tiffin-Richards et al., 2008; Van De Voorde et al., 2011). Similarly, the 
significant subnormal PA performance for the RD-only group, that remained 
after controlling for word reading performance, might be explained by 
additional working memory problems (De Groot et al., 2014; Tiffin-Richards et 
al., 2008). 

As a second main point, the discussion will be extended to the issue of 
comorbidity in relation to the concept of additivity. We have presented the 
results of two analyses. The first one investigated the effect sizes of the 
differences of the means of RANFAC, PAFAC and RANPA for each clinical group, 
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as compared to the control group. In line with the previous section, the ADHD-
only group showed the smallest effect sizes. 

Focusing on the comorbid group, it appears that the effect sizes do not add 
up in terms of magnitude (see d values in Figure 3.2). This is similar to the 
results of Shanahan et al. (2006) who found that their processing speed factor, 
which can be considered as closely related to RAN (McGrath et al., 2011), as 
well as a RAN factor, were under-additive for the comorbid group. However, 
our second analysis, in which the main effects and their interactions were 
investigated, yielded consistent evidence for uniquely added value by either of 
the components of RANFAC and PAFAC (see Table 3.4 & Figure 3.3). Thus, the 
most severe impairments were found in children with the combination of RD 
and ADHD.  

Finally, these results carry relevant practical implications for the 
(differential) diagnosis and treatment of groups with RD and/or ADHD. In the 
Netherlands, a dyslexia protocol (Dutch Health Care Insurence Board; Blomert, 
2006) is used which favors cases of  relatively ‘pure’ dyslexia as eligible for 
insured further diagnostic assessment, and specialized reading treatment 
whereas comorbid cases of ADHD+RD run the risk of being excluded from these 
assignments. However, considering one of the main results of this study, that is, 
the RD-only and the comorbid groups are equally seriously impaired on word 
reading performance, and do not show qualitatively different underlying 
profiles of PA and RAN, a sharp diagnostic differentiation seems not warranted. 
One exception to the finding of qualitatively similar profiles, should, however, 
be mentioned. Children with both RD and ADHD, compared to those with RD-
only, seem more prone to difficulties with tasks involving a relatively high 
working memory load. The presently employed PAsubstitution task provides an 
example. In order to correctly interpret the comorbid group’s poor PA 
performance, and to differentiate this from the assumed mainly phonologically-
linguistically-based deficient PA performance of RD-only children, it would be 
mandatory to consider working memory capacity and executive functioning as 
well. The recent literature (Bolden et al., 2012; Holmes, Gathercole, & Dunning, 
2009) provides ample examples of how such findings can be incorporated 
when designing adaptive treatment programs for comorbid groups. 
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Chapter 4 
Rapid Naming and Phonemic Awareness in Reading and 

Language Impaired Children 

The objective of this study was to assess and compare the predictive values of 
group membership for rapid automatized naming (RAN) and phonemic 
awareness (PA) in Dutch school children with and without reading disabilities 
or specific language impairment (SLI). A composite word reading index and a 
formal SLI diagnosis were used to classify a total of 1,267 children aged 8 to 13 
years old either as reading disabled (RD-only, n = 126), specific language 
impaired (SLI-only, n = 21), comorbid (RD+SLI, n = 30), or typically developing 
(n = 1,090). Phonological processing was assessed by standardized tests of PA 
and alphanumeric RAN. The clinical subgroups were compared to each other 
and contrasted with the control group. For each subgroup, results indicate 
substantial effect sizes of both types of phonological processing. However, the 
RD-only group seems to be more affected by poor RAN than the SLI-only group, 
whereas the two groups perform equally poorly on PA. The comorbid group 
was revealed as most severely impaired on all measurements. In studying RD 
and SLI, our research indicates that it is important to distinguish between RD-
only, SLI-only, and comorbid groups. The comorbid group shows additive 
effects of both disorders.  
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publication.
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4.1 Introduction 

Although the past decades have shown great advances in the understanding of 
Reading Disabilities (RD) (Vellutino et al., 2004), there still remain theoretical 
and practical issues to be clarified. This study focuses on the issue of 
comorbidity with Specific Language Impairment (SLI). SLI has been defined as a 
failure of normal oral language development despite normal intelligence, 
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. Also due to inconsistency of 
definitions, it is difficult to estimate the prevalence of the co-occurrence of SLI 
with RD. However, RD are very frequently reported in children with SLI (De 
Bree, Rispens, & Gerrits, 2007; McArthur, Hogben, Edwards, Heath, & Mengler, 
2000; Vandewalle et al., 2012). Although the comorbidity rate in clinical 
samples is likely to be inflated (Catts et al., 2005) even conservative estimates 
warrant further study of reading-related processes in the groups involved 
(Bishop & Snowling, 2004; Catts, Fey, Tomblin, & Zhang, 2002; McArthur et al., 
2000; Scuccimarra et al., 2008). It is this context that the present study takes as 
its starting point. Specifically, the question is raised as to whether reading-
related cognitive processing is different in children with SLI and/or RD, as 
compared to typically developing peers, while explicitly distinguishing RD-only, 
SLI-only, and comorbid groups (RD+SLI). In the remainder of this introduction 
we will briefly discuss two reading-related cognitive processes deemed as 
obvious candidates for comparative research with these groups: Phonemic 
Awareness (PA) and Rapid Automatized Naming (RAN). It is widely accepted 
that RD is closely associated with deficits in these processes (Joanisse et al., 
2000; Snowling, 2001; Vellutino et al., 2004). With regard to SLI there is 
substantial evidence for a link with PA, but as for RAN things appear to be less 
clear. 

4.1.1 Phonemic Awareness (PA) 

A deficit in phonemic awareness (PA) – i.e., the ability to recognize and 
manipulate the sound constituents of oral language, and to apply this insight to 
alphabetic knowledge and knowledge of written sub-lexical units of words 
(Ehri, 2005) – is regarded by many researchers as a core deficit of dyslexia (De 
Groot et al., 2015; Kirby et al., 2008; Rack, 1994; Ramus et al., 2006; Van den 
Bos, 2008; Wagner et al., 1997; Wimmer et al., 1998, 2000; Wolf & Bowers, 
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1999). There is substantial evidence indicating that PA plays an important role 
in the prediction of word reading skill, at least in the early grades of primary 
education (Van den Bos & De Groot, 2012), and in poor readers in particular 
(De Groot et al., 2015).  

Also children with SLI have frequently been reported to demonstrate 
specific problems with PA tasks (Bishop & Adams, 1990; Catts, 1993; McArthur 
et al., 2000; Nathan, Stackhouse, Goulandris, & Snowling, 2004; Scarborough, 
1990; Scuccimarra et al., 2008). Interestingly, studies distinguishing between 
SLI-only and comorbid groups (Baird, Slonims, Simonoff, & Dworzynski, 2011; 
Catts et al., 2005; Eisenmajer, Ross, & Pratt, 2005) have typically reported 
relatively better PA performances in children with SLI-only as compared to 
comorbid groups. This suggests that PA performance is primarily related to 
reading and to a lesser extent to SLI. Another line of research which might 
clarify the link between SLI and diminished PA performance, is formed by 
studies that have investigated the connection with phonological memory (Catts 
et al., 2005; Edwards & Lahey, 1998; Gathercole & Baddeley, 1990; Snowling et 
al., 2000). These studies demonstrated considerable evidence of phonological 
memory deficits in SLI, and this might partially explain PA deficits in those 
groups. The link between SLI and phonological memory is further emphasized 
by poor performance on non-word repetition tasks, which have also been 
indicated as good phenotypic indicators for SLI (Conti-Ramsden & Durkin, 
2007; De Bree et al., 2007; Edwards & Lahey, 1998). However, most of the 
studies mentioned did not assess reading abilities. Thus, it seems likely that a 
substantial proportion of children were RD as well, which may have biased the 
results. 

Having established that PA and – by implication – phonological memory 
have been a central issue for research on RD as well as SLI, the question now 
arises as to predictions for the comorbid group which is characterized by RD as 
well as oral language difficulties. A recent longitudinal study by Vandewalle et 
al. (2012) reports kindergartners and first-graders with SLI and/or RD to 
demonstrate significant problems with PA, with the comorbid group showing 
the poorest performances. This latter finding is repeated for third graders. For 
the children with SLI-only, the PA effect seems to have diminished at this grade 
level. In concordance with earlier results (Bishop, McDonald, Bird, & Hayiou-
Thomas, 2009; Catts et al., 2005; Vandewalle, Boets, Ghesquière, & Zink, 2010), 
Vandewalle et al. (2012) conclude that, with age, PA deficits are gradually more 
closely linked to RD, as opposed to SLI. However, this conclusion seems to be 
modified by the finding of persisting problems with more demanding PA tasks 
in children with SLI-only. Moreover, employing a relatively difficult PA task, 
Brizzolara et al. (2006) report significant PA problems for older dyslexic 
children with language delays (i.e., a comorbid group).  
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In the context of comorbidity, Catts et al. (2005) consider three different 
explanatory models. According to the first model, RD and SLI are different 
manifestations of the same underlying phonological processing deficit – as 
operationalized by PA – and differ primarily in the severity of this deficit 
(Kamhi & Catts, 1986; Tallal et al., 1997). That is, SLI children will show a 
significantly more severe PA deficit, which would lead to RD and oral language 
difficulties, whereas a less severe deficit would lead to RD only. The second 
model assumes that SLI and dyslexia are partially similar but distinct disorders 
(Bishop & Snowling, 2004). Accordingly, both groups would experience similar 
problems with PA and word reading. The difference with model 1 is that 
children with SLI would experience additional cognitive problems operating on 
oral language abilities relatively independent of phonological processing, which 
may or may not manifest as – or contribute to – reading disabilities at the 
behavioral level. According to Bishop and Snowling (2004, pp. 878) “…more 
severe basic language impairments do not necessarily map to more severe 
literacy problems because of the division of labor between resources shared by 
language and literacy”. The third model (Caron & Rutter, 1991) assumes that 
dyslexia and SLI are distinct developmental disorders which result from 
different cognitive deficits, i.e., RD is primarily linked to phonological 
processing deficits, whereas SLI is better described as resulting from a 
collection of higher-order linguistic deficits which are not phonologically based. 
According to this model, overlap between the two disorders is due to 
comorbidity in the real sense, i.e., the disorders are related but distinct and just 
happen to co-occur in the same individual.  

Given the abovementioned findings, considerable effects of PA are expected 
for children with SLI as well as those with RD. Further, the largest negative PA 
effects are expected in the comorbid group. With regard to the models 
presented by Catts et al. (2005) we will provide comments in the discussion 
section. 

4.1.2 Rapid Automatized Naming (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 even 
instead of – difficulties in sub-lexical 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). The general notion of the link between RAN and word reading speed 
should, however, be refined by the following note on RAN subtasks. Batteries of 
RAN-tasks (Denckla & Rudel, 1974) typically consist of RANcolors, RANpictures, 
RANdigits, and RANletters. Factor analysis has repeatedly demonstrated that colors 
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and pictures load on a non-alphanumeric RAN factor, whereas RANdigits and 
RANletters form the alphanumeric RAN category (Van den Bos et al., 2002). This 
distinction is relevant, because it has consistently been demonstrated that 
alphanumeric stimuli are significantly stronger related to word reading than 
their non-alphanumeric counterparts (Van den Bos & Lutje Spelberg, 2010; Van 
den Bos et al., 2002; Wagner et al., 2013), and this applies to broad age-ranges 
of typically developing children as well as those with RD.  Because of their more 
substantial relationship to reading, in the present study, RAN-data will be 
restricted to alphanumeric stimuli (see the method section for further details). 
Bishop et al. (2009) propose two possible explanations for links between RAN 
and RD or SLI. First, reading and RAN have overlapping neural networks 
(Dehaene, 2005; Geschwind, 1965). It has been demonstrated that, relative to 
controls, these networks are less activated in dyslexic adults while performing 
reading and naming tasks  (McCrory, Mechelli, Frith, & Price, 2005). This may 
cause problems with accessing (more or less neurologically hardwired) lexical-
phonological representations (Boets et al., 2013; Logan et al., 2011; McCrory et 
al., 2005) which in turn affects fast and accurate word recognition. In any case, 
this reasoning predicts poor RAN performance in RD children. Second, in an 
alternative hypothesis Bishop et al. (2009) consider RAN as a correlate of oral 
language development. As oral language development is the primary problem 
in children with SLI, this line of thought predicts RAN deficits in most children 
with SLI, regardless of word reading proficiency. Moreover, this would imply 
that RAN would be impaired only in dyslexics with comorbid oral language 
impairments. However, for this implication, the research literature offers no 
support. Many studies of children with RD-only show poor RAN skills in 
absence of oral language difficulties (Bishop et al., 2009; Brizzolara et al., 2006; 
Gough & Tunmer, 1986; Wolf & Bowers, 1999). Also, with regard to the general 
prediction of a RAN-language relation there are various studies in which 
children with SLI-only demonstrate normal RAN skills (Bishop et al., 2009; 
Vandewalle et al., 2012).  

It should be noted, however, that many earlier studies (e.g., Katz, Curtiss, & 
Tallal, 1992; Lahey & Edwards, 1996) used non-alphanumeric RAN only, and 
that they did not distinguish between SLI-only and RD+SLI. The latter 
confounding may also explain why RAN was found to be markedly poorer in 
these studies. Alternatively, low RAN-performance might be suggestive of 
vocabulary deficits or organizational word-finding problems being expressed in 
the naming of nonlinguistic or non-alphanumeric stimuli (pictures) by language 
impaired children (e.g., Kail & Leonard, 1986; Leonard & Deevy, 2004; Sheng & 
McGregor, 2010). However, as noted earlier, non-alphanumeric stimuli have a 
relatively low bearing to reading and RD.  
To conclude, the few studies that did involve alphanumeric RAN, suggest a 
specific link to RD, either in a relatively pure form (RD-only) or as part of 
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comorbid problems. With regard to SLI-only groups’ oral language problems, 
no link with alphanumeric RAN has been reported.  

Summarizing, this study will investigate the effects of PA, and alphanumeric 
RAN, in children with SLI and/or RD. With regard to PA, effects are anticipated 
for children with RD, but possibly for those with SLI as well. The comorbid 
group is expected to show the most severe impairments on PA. Regarding RAN, 
we hypothesize a specific link to RD, either in a relatively pure form (RD-only), 
or as part of comorbid problems. The SLI-only group is not expected to show 
impaired RAN performance. 

4.2 Method 

4.2.1 Participants and procedure 

This study involves a total of 1,267 Dutch school children. The sample contains 
children with RD-only, children with SLI-only, children with both RD and SLI 
(RD+SLI), and a large control group of typically developing children. Below, the 
sampling procedure, classification criteria, and the resulting subgroups are 
detailed. 

General sampling procedure 
General inclusion criteria were: 8-13 years old, IQ > 80, no uncorrected hearing 
or vision problems, and no apparent clinical-neurological disorders additional 
to RD and/or SLI, as indicated by school records. Importantly, the Dutch 
educational system with schools for regular and special education conveniently 
acted as a pre-selection filter for recruitment in this study. The large majority of 
the population of regular elementary schools can be considered to consist of 
typically developing children. However, policy changes of the past 30 years 
have resulted in a much more varied admittance and educational approach to 
children with atypical development than before, so that children with RD-only 
are no longer referred to schools for special education. However, children with 
SLI are. Therefore, controls and children with RD-only were sampled from 
regular elementary schools, whereas children with SLI were sampled from 
schools specializing in speech, language, hearing, and communication 
disorders. Further procedural remarks are that for children younger than 
twelve years of age, informed consent was required from their parents. 
Participants older than twelve were also required to provide consent on their 
own behalf. Data collection was carried out by the first author and 
undergraduate students either at a university research facility, or at the school 
or care institute of the participant. 
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Group assignments 
Children were classified as RD if reading performance (for measurement details 
see the instruments section below) was more than 1.5 standard deviations (sd) 
below the population mean. Assignment to either SLI group was based upon 
concomitant clinical-diagnostic assessments (see below) according to formal 
Dutch criteria for enrollment in special educational programs. These criteria 
are: (1) significant  language impairments – indicated by test performances of 
at least 1.5sd below average on two standardized tests – for at least 2 out of 4 
areas, i.e., lexical-semantic processing, syntactic processing, speech production, 
and auditory perception. (2) These impairments are not attributable to general 
cognitive dysfunction. (3) Speech therapy in regular educational contexts, with 
a duration of at least 6 months, has not yielded significant improvements. (4) 
Evidence of impoverished social-educational participation, which is due to 
limited communication skills that are not adequately accommodated by regular 
educational and support systems. The present study further narrows its focus 
to receptive language impairments, as indicated by lexical-semantic and 
syntactic processing tasks – see criterion (1) – while excluding those children 
with impairments in speech production and/or significant hearing loss (i.e., an 
uncorrected loss > 35 dB, as diagnosed by independent audiologists).  

Application of these criteria yielded group frequencies as specified in Table 
4.1, which also includes the age and gender characteristics of each group. Next, 
more content-focused group descriptions are provided.  

 

Table 4.1 Group frequencies and descriptive statistics of age (in months)  

Group 
 Frequencies  Age (in months) 

 n ♀ ♂  mean sd median minimum maximum 

RD-only  126 57 69  127.4 18.3 127 95 164 
SLI-only  21 13 8  128.5 13.5 125 104 151 
RD+SLI  30 15 15  122.7 13.2 124 92 146 
Control  1,090 566 524  124.5 16.4 126 92 151 

Total  1,267 651 616  124.6 16.3 125 92 151 

 

RD-only and controls 
The RD-only group (n = 126) and the control group (n = 1,090) consist of 
children attending regular Dutch elementary schools. Although the 
participating schools (n = 52) were approached through personal networks, 
and thus were not selected entirely at random, they span all major regions of 
the Netherlands. As such, these groups can be considered representative of the 
Dutch population for this age range. The criterion for RD was provided above. 
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Children not meeting this criterion were considered as controls. In order to 
establish the validity of the term RD-only, the children, school boards and their 
teachers were questioned for any additional disabilities that could have led to 
exclusion. For the present study, such exclusions were minimal. The RD-only 
group also encompassed clinical referrals (n = 25) from specialized dyslexia 
care centers who were participating in more elaborate clinical trials taking 
place at our university research facility. To ensure that reading-related 
problems were not attributable to deficits in general cognitive functioning, or 
oral language abilities, these children were assessed with a shortened Dutch 
version of the Wechsler Intelligence Scale for Children (WISC-III-NL) (Wechsler, 
2005), and a Dutch version of the Peabody Picture Vocabulary Test (PPVT-III-
NL) (Dunn & Dunn, 2005), respectively. The IQ assessment consisted of the 
subtests of Vocabulary, Similarities, Object Assembly, and Block Design. The 
average of the standard scores of these subtests can be considered as a reliable 
estimate of general cognitive functioning (Legerstee, van der Reijden-Lakeman, 
Lechner-van der Noort, & Ferdinand, 2004). Results indicate that the clinically 
referred RD-only subgroup shows normal performances (mean 97.5, sd 8.1), 
and that all children meet the IQ criterion. Regarding the PPVT-III-NL, this 
subgroup showed normal performances for passive vocabulary as well (mean 
98.9, sd 10.5). These results support the assumption of specific reading 
disabilities in this group. Finally, it should be noted that group comparability on 
IQ and vocabulary was not formally tested, as these measurements were 
unavailable for the control group and the non-clinically referred children with 
RD-only. However, given their levels of academic work (as indicated by their 
teachers), these children were in all likelihood within the normal ranges of 
intelligence and oral language abilities. Moreover, the sample size of the control 
group can be considered to have attenuated the possible effects of undetected 
low IQs, and poor language abilities. Although the non-clinically referred RD-
only group is smaller, similar arguments apply.  

SLI and SLI+RD 
The large majority of the participants with SLI were recruited from three 
schools specializing in language-learning problems in the northern region of 
the Netherlands. The remaining participants were recruited by miscellaneous 
means of advertisement. However, at the time of recruitment, all children with 
SLI were enrolled in schools for special education, and they all had received 
speech-language services for at least 5 years. With regard to speech-language 
services provided at the schools, special attention is given to language 
comprehension, vocabulary, grammar, oral fluency, communicative 
assertiveness, phonological processing/memory, storytelling, and phonics 
training. The majority has Dutch as their native language (92%), with few 
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exceptions of second language home environments (English, Persian, Polish, 
and Chinese).  

As measures of external validity of the SLI group assignments, recent test 
results of a Dutch version of the Clinical Evaluation of Language Fundamentals 
(CELF-4-NL) (Kort et al., 2008), and the Dutch Language Test for Children (Van 
Bon, 1982), were retrieved from school records. These records provided two 
standardized indexes (z-scores are mandatory) of syntactic, and lexical-
semantic processing. The SLI-only group showed indexed scores of -2.4sd, and -
1.9sd, respectively. Quite similarly, the RD+SLI group showed indexed scores of 
-2.5sd, and -1.8sd, respectively. These results indicate that the language 
abilities of either SLI group, on average, are more than two standard deviations 
below the population mean. Additionally, the children with SLI were assessed 
with a Dutch version of the Peabody Picture Vocabulary Test (PPVT-III-NL) 
(Dunn & Dunn, 2005) to measure passive vocabulary. Results for the SLI-only 
(mean 82.6, sd 11.1) and the RD+SLI (mean 85.3, sd 11.5) groups, indicate that 
these children perform well below the population mean of 100. Finally, general 
cognitive functioning was assessed with a Dutch version of the Wechsler Non 
Verbal Scale of Ability (WNV-NL) (Wechsler & Naglieri, 2008), the Dutch 
Snijders-Oomen Non Verbal Test of Intelligence (SON-R) (Snijders, Tellegen, & 
Laros, 1988), or the Wechsler Intelligence Scale for Children (WISC-III-NL) 
(Wechsler, 2005). IQ scores for the SLI-only (mean 92.2, sd 12.3), and RD+SLI 
(mean 93.4, sd 10.4) groups indicate that both groups on average perform 
somewhat lower than the population mean, but well within the normal range.  

4.2.2 Instruments 

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

Rapid Automatized Naming (RAN). Alphanumeric 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 (Wechsler scores). Please refer to subsection 1.6.2 for 
a detailed description. 

Phonemic Awareness (PA). PA was assessed with the subtests PAelision, and 
PAsubstitution (De Groot et al., 2014). Separate standardized scores were 
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computed for the subtests, as well as a standardized composite index of PA 
(PAcom). For the present sample, all three measurements are approximately 
normally distributed, with a mean of 50, and a standard deviation of 10 (T 
scores). Please refer to subsection 1.6.3 for a detailed description. 

4.2.3 Statistical analysis 

To avoid confounding of the results, principal component analysis (PCA) with 
varimax rotation and Kaiser normalization was performed on the RAN and PA 
subtasks. This procedure resulted in two orthogonal components that clearly 
bear on RAN and PA, respectively, but will be referred to from now on as 
RANFAC versus PAFAC (see Table 4.2). Eighty-five percent of total variation 
could be explained by the communalities of these two factors. 

Table 4.2 Rotated factor loadings of RANFAC and PAFAC 

 
Component 

RANFAC PAFAC 
RANdigits .93 .14 

RANletters .90 .24 

PAelision .26 .86 

PAsubstitution .12 .91 

 
 

To facilitate the interpretability of the results, all measures were 
transformed into z scores. As the relatively small sample sizes for the SLI 
groups do not allow for age differentiation, all analyses are based on age-
collapsed data. Finally, multivariate analysis of variance (MANOVA) was 
performed with the two phonological processing factors as dependent variables 
and ‘RD vs. Non-RD’ and ‘SLI vs. Non-SLI’ as classification factors. Moreover, the 
model was corrected for age effects by including age in months as a covariate. 
Effect sizes are presented as d, with values of .2, .5, and .8 being considered as 
small, medium, or large effect sizes, respectively (Cohen, 1988), or as eta-
squared (η2), with values of .01, .06, and .14 being considered as small, medium, 
or large effect sizes, respectively (Cohen, 1973). 

4.3 Results 

4.3.1 Descriptive statistics 

A first observation on the standardized means (Figure 4.1), is that there are 
clear differences in terms of the severity of phonological impairment between 
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the comorbid group and the control group, as well as the RD-only and SLI-only 
groups.  

 
Figure 4.1 Plotted means (z scores) and standard errors (SE) of word reading (WR), RAN, PA, 

RANFAC, and PAFAC for reading disabled (RD-only), language impaired (SLI-only), 
comorbid (RD+SLI), and controls 

As hypothesized, the comorbid group performs markedly more poorly than 
all others on all measures. The means for the control group are very close to 
zero, indicating that this group is representative of the general population of 
typically developing children. Regarding the RD-only group, Figure 4.1 shows 
that RAN and PA are both quite severely impaired in this group, with a small 
negative tilt towards PA. 

As for the SLI-only group, WR performance is slightly below average. PA, 
however, is quite severely impaired (cp. RD-only). There appears to be an effect 
of subtask, as the SLI-only group performs markedly poorer on the PAsubstitution 
task as compared to PAelision. Regarding RAN, all groups show substantial 
differences between mean performances for RANdigits and RANletters, with 
RANdigits yielding better results. RANFAC seems to reflect this finding as it 
appears relatively unaffected by the poor RANletters performance in the SLI-only 
group. In general, compared to the RD-only group, the SLI-only group shows a 
slightly inversed pattern in terms of less severely impaired RAN(FAC) 
performances whereas PA(FAC) performances are poorer. Together, these 
results are in line with the hypothesized specific link of RAN impairments with 
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RD, and the expectation that RAN is relatively unimpaired in the SLI-only group. 
Table 4.3 gives a more extensive, numeric overview of the descriptive group 
statistics.  

A supplementary result that becomes apparent from the proportion of 
children with RD of the total group of children with SLI (see Table 4.3), is that 
the employed RD criterion evidently yields a prevalence rate of 59% for the co-
occurrence of RD with SLI in the present clinical convenience sample of 
children with SLI.  

Table 4.3 Mean test scores (z), standard deviations (sd), medians, and number of participants (n) 
per group for WR, PAelision, PAsubstitution, PAcom, RANdigits, RANletters, RANcom, RANFAC, and 
PAFAC 

Group WR PAelision PAsubstitution PAcom RANdigits RANletters RANcom RANFAC PAFAC 

RD-only mean -2.05 -1.38 -1.45 -1.60 -1.23 -1.45 -1.37 -1.03 -1.19 
n=126 sd .41 1.14 1.22 1.13 .87 .88 .78 .77 1.08 
  median -1.92 -1.35 -1.30 -1.60 -1.33 -1.33 -1.33 -1.13 -1.27 
  min -3.00 -3.00 -4.00 -3.20 -3.00 -3.00 -3.00 -2.60 -3.33 
  max -1.51 1.40 .80 1.20 1.33 .67 .67 .99 1.35 
SLI-only mean -.43 -1.22 -1.57 -1.60 -.84 -1.46 -1.16 -.81 -1.24 
n=21 sd .76 .82 1.01 .83 .90 1.13 .95 .89 .76 
  median -.67 -1.10 -1.30 -1.60 -.67 -1.67 -1.33 -.98 -1.36 
  min -1.50 -3.00 -3.00 -3.00 -2.33 -3.00 -2.67 -2.33 -2.64 
  max 1.33 -.20 -.10 -.40 1.00 .67 .67 .69 .06 
RD+SLI mean -2.33 -2.49 -2.47 -2.66 -1.67 -2.03 -1.90 -1.32 -2.23 
n=30 sd .49 .70 .77 .52 .60 .75 .64 .61 .63 
  median -2.43 -3.00 -3.00 -3.00 -1.67 -2.17 -2.00 -1.42 -2.44 
  min -3.00 -3.00 -3.00 -3.00 -3.00 -3.00 -3.00 -2.49 -2.98 
  max -1.67 -.70 -.60 -1.20 -.33 0.00 -.17 .29 -.79 
Control mean .07 .08 .04 .04 .03 -.01 .02 .05 .08 
n=1,090 sd .73 .87 .94 .92 .99 .93 .91 .93 .86 
  median .07 .10 .20 .20 0.00 0.00 0.00 .05 .17 
  min -1.49 -3.00 -3.00 -3.00 -3.00 -2.67 -2.67 -2.87 -3.36 
  max 1.49 2.20 1.80 2.10 2.67 2.33 2.67 2.71 1.99 

4.3.2 Effect sizes for mean differences 

Figure 4.2 depicts the clustered standardized effect sizes of RANFAC, PAFAC, 
and combined phonological processing (horizontal axis) per group. First, Figure 
4.2 shows that the effects of group membership are generally large to very 
large. Second, as hypothesized, the overall effects are largest in the comorbid 
group. Moreover, this group shows the additive effects of RD and SLI, for PAFAC 
in particular. Third, the earlier mentioned reversal of RANFAC and PAFAC 
between RD-only and SLI-only is also apparent from the effect sizes in Figure 
4.2. RD-only appears to be slightly more affected on RANFAC relative to the SLI-
only group. In contrast, the SLI-only group seems slightly more impaired  on 
PAFAC relative to the RD-only group. This discrepancy between RANFAC and 
PAFAC in the SLI-only group is notable, although, considering the present 
confidence intervals, these differences remain tentative. Regarding the 
remaining comparisons, RANFAC did not differ significantly for RD-only versus 
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RD+SLI, t53 = 1.81, p = .077, whereas SLI-only versus RD+SLI was significant, t33 
= 2.24, p= .032, d = .67. With regard to PAFAC we found large effects for both 
the contrasts of RD-only vs. RD+SLI, t47 = 4.67, p < .001, d = 1.19, and SLI-only 
vs. RD+SLI, t38 = 5.13, p< .001, d = 1.49. As for combined phonological 
processing, similarly large effects were found for RD-only vs. RD+SLI (t49 = 4.89, 
p < .001, d = 1.25) and SLI-only vs. RD+SLI (t36 = 5.44, p < .001, d = 1.60). 
Finally, there were large significant differences between RANdigits and 
PAsubstitution in the SLI-only group (t39 = 2.47, p = .02, d = .76), and the RD+SLI 
group  (t55 = 6.17, p < .001, d = 1.14). 
  

 
Figure 4.2 Standardized mean difference effect sizes (Cohen’s d) for RANFAC, PAFAC, and 

(combined) phonological processing per group compared to controls 
 

4.3.3 Analysis of variance 

Two separate analyses were performed to ascertain (1) the main and 
interactive effects of RD and SLI, and (2) those of group membership in terms of 
explained variance (η2). To start with, a MANOVA was performed with RANFAC, 
PAFAC, and combined phonological processing (PPcom) as independent 
variables, and ‘RD vs. Non-RD’ and ‘SLI vs. Non-SLI’ as classification factors.  

Table 4.4 summarizes the results of the first MANOVA, listing the main and 
interaction effects. The first analysis revealed considerable main effects of both 
RD and SLI (Table 4.4). Generally, the effect of RD seems somewhat stronger 
compared to that of SLI. Particularly RANFAC seems more affected by RD than 
SLI, explaining 16% and 10% of variance, respectively. PAFAC, on the other 
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hand, seems equally affected by either condition. However, the interactions are 
not significant. 

Table 4.4 Between group effects of RD and SLI on RANFAC, PAFAC, and (combined) 
phonological processing (PPcom) 

 Measurement F p η2 

SLI  
versus  
Non-SLI 

RANFAC 15.047 >.001 0.10 
PAFAC 40.521 >.001 0.20 
PPcom 62.978 >.001 0.23 

RD  
versus  
Non-RD 

RANFAC 25.648 >.001 0.16 
PAFAC 41.779 >.001 0.21 
PPcom 79.424 >.001 0.30 

Interaction 
term 

RANFAC 3.459 .066 0.02 
PAFAC 0.216 .643 0.00 
PPcom 3.154 .079 0.01 

 
 

Regarding group comparisons, a second MANOVA was performed with 
group as the independent variable. Figure 4.3 depicts the explained variances 
(η2) of each measure clustered by clinical group (as compared to controls) on 
the horizontal axis.  

 
Figure 4.3 Explained variances ( 2) of RANFAC, PAFAC, and (combined) phonological 

processing per group 
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As substantiated by large proportions of explained variance, it is shown that 
phonological processing is significantly affected in all three clinical groups. 
Similar to the results of the first MANOVA, phonological processing generally 
seems to bear more relevance to RD than SLI, as the proportion of variance 
explained by RANFAC is lowest in the SLI-only group. Figure 4.3 further adds to 
the previously mentioned notion of additivity of RD and SLI for the comorbid 
group. 

4.4 Discussion 

In this study two types of phonological processing, RAN and PA, were 
investigated in Dutch children with and without RD and/or SLI. Applying a 
rather strict word reading (WR) criterion to define RD (i.e., 1.5sd below 
average), yielded a quite substantial comorbidity rate (59%). As the present 
study used clinical samples of children with SLI, as mentioned in the 
introduction, this estimate might be inflated (Catts et al., 2005). Even so, it 
seems unlikely that a different selection procedure would fundamentally 
change the general finding that SLI and RD are frequently co-occurring 
phenomena (De Bree et al., 2007; McArthur et al., 2000; Vandewalle et al., 
2012). Moreover, although the SLI-only group – by definition – did not meet the 
RD criterion, WR performance was significantly below average. Therefore, the 
comorbidity rate could have been even higher for a more lenient RD criterion, 
e.g., the commonly used ‘1.3sd below average’. Of course, the dependency on 
the RD criterion extends to reading-related processing. Recent research 
demonstrates that effect sizes for phonological processing are dependent on 
the applied RD criterion (De Groot et al., 2015). More specifically, the latter 
study suggests that employing more lenient RD criteria might underestimate 
the negative effects for RAN and PA. Therefore, it seems imperative to replicate 
the present analyses for variable criteria for RD and larger SLI groups.  

Turning to the issue of cognitive differences, we found the combination of 
RAN and PA to be severely impaired in the RD-only group as well as in both 
groups with SLI. However, there were notable differences between the groups 
when evaluating RAN and PA separately. Regarding alphanumeric RAN, we 
found significant overall impairments for all clinical groups, with larger 
negative effects for the comorbid group. Going beyond this general finding, 
there was an intriguing discrepancy between the RAN subcomponents in the 
SLI-only group, whereas this did not apply to the RD-only group. For SLI-only, 
RANdigits performance – although still in the low-average range – was 
significantly higher than RANletters. Average RANdigits performance for 9-to-10-
year-old children with SLI-only was also reported in  Bishop et al. (2009). 
However, this study did not investigate RANletters. In another recent study  
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(Vandewalle et al. (2012) both alphanumeric subtests were employed, but 
these authors neither found significant main effects, nor a RANletter–digit 
discrepancy in third-graders with SLI-only. However, sample sizes of this study 
are small. In sum, an interpretation of our finding of a letter-digit discrepancy 
in children with SLI must remain tentative. Our reasoning is as follows. 
RANletter–digit discrepancies are a rather normal phenomenon for young typically 
developing readers (Van den Bos et al., 2002). This can be interpreted as due to 
interference or ambiguity on account of the availability of both phonetic and 
alphabetic names of letters, which does not apply to digits. This may result in 
longer naming times of letters than digits (cf., Kail & Leonard, 1986; Sheng & 
McGregor, 2010). In typically developing children this discrepancy quickly 
resolves with age and reading experience. Accordingly, the presently found 
discrepancy in children with SLI may be interpreted as reflecting a 
developmental delay, possibly in combination with poorer reading exposure 
rates.  

With regard to PA, we found severe impairments in the SLI-only group. 
Although Bishop et al. (2009) did find PA deficits in an SLI-only group of 4- and 
6-year-olds, these authors found PA to be only mildly impaired in 9-year-olds. 
To reconcile these findings we refer to Vandewalle et al. (2012), who found that 
older children with SLI still experienced difficulties with more complex PA 
tasks. Particularly the presently employed PAsubstitution task can be considered as 
quite demanding, in the sense that their memory load is substantial (Landerl & 
Wimmer, 2000). Considering that children with SLI are particularly prone to 
working memory problems (Edwards & Lahey, 1998; Gathercole & Baddeley, 
1990; Kamhi & Catts, 1986), this may have contributed to their deficient PA 
performance. Obviously, as working memory was not directly measured in the 
present study,  this explanation must be considered as tentative. Yet another 
dimension of future research on PA in these groups could incorporate the 
finding that children with SLI experience basic auditory perceptual deficits 
(Kuppen, Huss, Fosker, Fegan, & Goswami, 2011). As indicated by these 
authors, these deficits might influence a wide range of higher-order linguistic 
processes, such as PA and reading tasks. 

A remaining question is why the SLI-only group’s deficient RANletters and PA 
performances does not seem to affect their reading performance. In line with 
Bishop et al. (2009), the present study established that there evidently are 
children with SLI demonstrating adequate WR skills. Possibly, at this age-level, 
children with SLI have learned to compensate previous weaknesses in single 
letter amalgamation with orthographic strategies at a higher analytic and 
synthetic level (Bishop & Snowling, 2004; Van der Leij, 2003). Obviously, these 
suppositions of early reading problems and compensatory reading strategies 
require further study. 
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Finally, we want to consider the theoretical models provided by Catts et al. 
(2005) explaining the relationship between SLI and RD. A severity-based one-
dimensional phonological deficit model (Model 1) (Model 1; Kamhi & Catts, 
1986; Tallal et al., 1997), relates poorly to current definitions of (specific) RD 
and (specific) LI, and raises questions regarding differential-diagnostic 
procedures. Notably, this model predicts that all children with SLI are expected 
to demonstrate significant RD. Hence, the model does not allow for an SLI-only 
group, suggesting that SLI is comorbid per se, and it predicts that children with 
RD  have a less severe phonological deficit. Clearly, these assumptions do not fit 
with our results. According to Model 3 (Caron & Rutter, 1991; Catts et al., 
2005), RD and SLI are considered as independent disorders, and SLI as a non-
phonological condition. Therefore, phonological processing deficits and 
secondary RD are not considered as resulting from SLI. However, according to 
many studies, including the present one, there evidently are SLI children 
without RD. Additionally, our study shows that children with SLI-only, as well 
as those with RD+SLI, typically do exhibit impaired PA skills. Therefore, model 
3 does not apply either. In general, our results fit best with a two-dimensional 
model like the one proposed by Bishop and Snowling (2004), that is, model 2. 
This model assumes that RD and SLI are similar but distinct phonologically 
linked disorders, which are primarily differentiated by additional oral language 
deficits, which may or may not lead to manifest comorbid RD at the behavioral 
level. This model can certainly account for the quite substantial overlap we 
found. However, as acknowledged by Bishop and Snowling (2004), the model 
could be refined by including more dimensions. One reason for this would be 
that the model fails to accommodate for the additive phonological problems 
that were found for the present comorbid group. A plausible candidate for an 
additional dimension would be reading skill itself. At the positive end of the WR 
dimension the children with SLI-only will be found, i.e., children with SLI and 
only moderate or no RD, whereas the children with SLI and significant RD will 
be found at the negative side. This extension would accommodate for the near 
additive effects of RD and SLI that were found for the comorbid group, on all 
three phonological processing measurements employed.  

In conclusion, this study emphasizes the relevance of RAN, and PA in 
particular, for the prediction of oral language impairments as well as reading 
deficits. The combination of RAN and PA proved most effective in terms of 
predictive values for all three deficit groups studied, with the highest value for 
the comorbid group. With regard to the single predictors, alphanumeric RAN 
seems to be the most likely candidate to differentiate between these two 
disorders. Specifically, the contrasts of RANdigits versus PAsubstitution for the SLI-
only and comorbid groups were found to be substantial, whereas this contrast 
was not significant for RD-only. Other contrasts are, however, difficult to 
understand. For example, why are poor performances on RANletters and PA clear 
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characteristics in the RD-only group, whereas similarly poor performances in 
children with SLI-only do not lead to RD? We made suggestions as to 
compensatory reading mechanisms. Future research should focus on these 
mechanisms, and find out how they interact with age, reading curricula and 
remedial settings. 
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Chapter 5 
The Attentional Blink in Typically Developing and 

Reading Disabled Children 
 

This study’s research question is whether selective visual attention, and 
specifically the attentional blink (AB), as operationalized by a dual target 
RSVP task, can add to explain individual differences in word reading 
proficiency and performances in reading-related phonological tasks, in 
typically developing (TD) children and reading-disabled (RD) subgroups. A 
total of 407 Dutch school children (grades 3 through 6) were classified as 
either typically developing (TD, n = 302), or as belonging to one of three 
reading-disabled (RD) subgroups: RD-only (n = 69), children with both RD 
and attention problems (RD+ADHD, n = 16), and children with both RD and 
a specific language impairment (RD+SLI, n = 20). The RSVP task employed 
alphanumeric stimuli which were presented in two blocks. Standardized 
Dutch tests were used to measure word reading proficiency (WR), 
phonemic awareness (PA), and alphanumeric continuous naming speed 
(RAN). Results indicate that, controlling for PA and RAN performance, 
general RSVP task performance contributes significant unique variance to 
the prediction of WR performance of the total population of reader groups 
studied. At more specific levels of analysis, consistent group main effects for 
the parameter of ABminimum were found, whereas no group effects were 
found for AB specific aspects (i.e., ABwidth and ABamplitude), except for the 
group of RD+SLI. Finally, a group by measurement interaction was found, 
indicating that RD-only and comorbid groups are differentially sensitive for 
prolonged testing sessions. These results suggest that more general factors 
involved in RSVP processing, such as sustained attention, and not AB 
specific deficiencies, may explain the group differences found. 

 
 
 
 
 
This chapter is based on: 
De Groot, B.J.A., Van den Bos, K.P., Minnaert, A.E.M.G., & Van der Meulen, B.F. (2014). The Attentional 
Blink in Typically Developing and Reading Disabled Children. Manuscript submitted for publication.
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5.1 Introduction  

There is strong scientific consensus that reading disabilities (RD) are linked to 
a deficit in phonological processing (Landerl et al., 2013; Lyon et al., 2003; 
Vellutino et al., 2004). However, as reading is a visual-verbal process, it is 
obvious that the whole story cannot be told if non-phonological factors are not 
considered as possible sources of reading variance, or as correlates of RD, as 
well. One such a relatively new domain of research concerns the concept of 
visual attention (Bosse, Tainturier, & Valdois, 2007; Franceschini et al., 2013; 
Lobier, Zoubrinetzky, & Valdois, 2012; Pennington et al., 2012). With regard to 
visual attention, two main aspects are usually distinguished: spatial and 
temporal attention. Examples of studies focusing on spatial aspects are those 
employing orienting of attention, or visual search paradigms (e.g., Casco & 
Prunetti, 1996; Facoetti, Paganoni, Turatto, Marzola, & Mascetti, 2000; Facoetti 
et al., 2006). Obviously, due to the serial quality of the reading process temporal 
shifts of attention also form a vital cognitive component (Farmer & Klein, 1995; 
Hari, Valta, & Uutela, 1999; Visser, Boden, & Giaschi, 2004). In the past decades, 
temporal (selective) visual attention has frequently been studied in adults with 
the so-called Attention Blink (AB) paradigm (Raymond et al., 1992). “The AB is 
typically attributed to an inability to rapidly reallocate attentional resources 
from the first to the second target. Thus, it provides an ideal tool to investigate 
how visual attention is rapidly allocated to sequences of stimuli such as occurs 
when reading” (Visser et al., 2004, p.2521). Compared to phonological 
processing, there are, however, relatively few studies that have implemented 
the AB in the study of reading and phonological reading-related processing in 
(RD) children. Before specific research questions as to how the AB might be 
linked to the process of reading in children are developed, this introduction will 
continue with a brief description of the AB and some background on its 
cognitive mechanisms.  

5.1.1 The attentional blink 

The AB refers to an interstimulus interval related decrease in the accuracy of 
detecting the second of two targets (T1 and T2) among a stream of distractors 
in a rapid serial visual presentation (RSVP). If T2 is presented with a stimulus 
onset asynchrony (SOA) of approximately 200 to 500 milliseconds, provided the 
correct identification of T1, participants tend to fail at identifying T2. This 
interval-bound loss of accuracy produces the characteristic conditional T2|T1 
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curve, which is interpreted as the AB (see Figure 5.1). The SOA conditions are 
commonly referred to as Lag1, Lag2, …, Lagn, with the numerical affix 
corresponding to the number of stimuli separating T1 and T2 onset. Although 
RSVP’s have been used by many earlier studies that focused on the ability to 
consciously perceive visual stimuli distributed over time (Broadbent & 
Broadbent, 1987), the interpretation that the AB is attentional rather than 
sensory in nature, was first proposed by Raymond et al. (1992). These authors 
based this on the observation that T2 performance improved significantly when 
T1 was ignored.  

 
  Figure 5.1  The Attentional Blink 

Regarding the cognitive mechanisms to account for the AB, there have been 
several theoretical proposals. Raymond et al. (1992), conceptualized the AB as 
the result of a suppressive mechanism which inhibits post-target stimuli in 
order to reduce feature-based confusion. Shapiro, Raymond, and Arnell (1994) 
proposed an interference model, which assumes that for each stimulus that is 
presented within a RSVP, an initial representation is established which is 
checked against the selection template defined by the task instruction. The 
stimuli matching this template most closely are consolidated into working 
memory, and if there is too much interference from a competing distractor 
stimulus, this could lead to storage errors. Alternatively, Chun and Potter 
(1995) proposed a two-stage model which assumes that processing of a RSVP 
requires two stages: an initial rapid detection stage of potential targets, and a 
limited capacity storing stage in which identified targets are processed serially 
in working memory. These authors attribute the AB to a delay in the latter 
stage: as long as stage 2 is not complete for T1, processing of T2 is put on hold, 
rendering T2 vulnerable to decay. The original two-stage model has seen 
several extensions (Bowman & Wyble, 2007; Dux & Harris, 2007; Jolicoeur, 
1999; Potter, Staub, & O'Connor, 2002; Ward, Duncan, & Shapiro, 1996; Wyble, 
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Bowman, & Nieuwenstein, 2009), which all describe a bottleneck in the second 
processing stage (Dux & Marois, 2009). Slow temporal dynamics of attentional 
processes are assumed to account for the observation that T2 accuracy is 
relatively unimpaired at very short intervals, the so-called Lag1-sparing effect 
(e.g., Wyble et al., 2009). This effect might be thought of as the result of  T2 
slipping through with T1 for further processing due to a sluggish attentional 
gate. Nieuwenstein, Chun, Van der Lubbe, and Hooge (2005) considered the AB 
as the result of the inability to rapidly re-engage top-down attentional selection 
when targets are separated by irrelevant stimuli, and demonstrated that the AB 
was significantly reduced when T2 was preceded by a stimulus with target-like 
features. Generally, the research literature suggests that the AB is the 
consequence of the allocation of limited attentional resources to T1, leaving 
insufficient resources to process T2 adequately at short intervals. However, it is 
not likely that the AB can be adequately explained through a single mechanism. 
Therefore, a combination of the aforementioned frameworks seems to give the 
most complete account of the AB.  

5.1.2 The attentional blink and reading  

In their seminal comparative study on the relationship between the attentional 
blink and reading disabilities, Hari et al. (1999) found that dyslexic adults 
consistently showed poorer T2|T1 performance relative to normal readers, for 
SOA’s below one second. Considering that both groups did show a significant 
AB, and that the difference between the two groups was only resolved for 
longer SOA’s, the authors conclude that stimulus identification took dyslexic 
adults significantly longer to complete than controls. While controlling for the 
possible confounding factor of linguistic stimuli, Visser et al. (2004) report 
similar findings for dyslexic children. A notable developmental difference 
between the results of these two studies is that dyslexic children’s performance 
remains significantly poorer even for SOA’s as long as 1.4 seconds, whereas for 
adults the group difference disappeared for SOA’s of 1 second and longer. 
Visser et al. (2004) conclude that dyslexic children’s poorer AB task 
performance can be interpreted as a developmental delay in their abilities to 
reallocate their attentional resources. However, the finding of individuals with 
RD, or dyslexia showing specific AB deficits, i.e., a prolonged or more profound 
AB, is not supported by recent research McLean, Castles, Coltheart, and Stuart 
(2010). Similarly, investigating the continuous link between AB duration and 
reading performance in the general population of reading children, McLean et 
al. (2009) did not find significant AB-specific associations between and reading. 
However, consistent with most previous studies, general RSVP task 
performance, while disregarding the temporal lag between target stimuli, was 
found to be significantly poorer in children with RD in these studies. The 
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authors interpret these findings as reflecting more general factors influencing 
RSVP performance, such as nonverbal reasoning, sustained attention, and 
short-term memory (McLean et al., 2010; McLean et al., 2009). Employing a 
curve fitting method to parameterize the AB (Cousineau, Charbonneau, & 
Jolicoeur, 2006), which captures the AB with four parameters (ABwidth, 
ABminimum, ABamplitude, and Lag1-sparing), Lallier, Donnadieu, and Valdois (2010) 
report comparable results. Specifically, these authors conclude that ABminimum, 
i.e., the lowest T2|T1 performance encountered across conditions (lags), and 
which could be considered to measure general AB task performance, is poorer 
in dyslexic individuals. However, there is some contradictory evidence to these 
findings. Lacroix et al. (2005) found a shallower AB, and significantly better 
general task performance for dyslexic adolescents, compared to normal 
readers. The authors speculate that these rather unexpected results could be 
explained by the notion of normal readers having extended episodic memory 
traces (cf., Logan, 1988) relative to dyslexics, as they continue to process better 
automatized, yet task irrelevant, linguistic distractor stimuli. All available 
evidence considered, at least some poor readers are expected to be less 
proficient on different aspects of RSVP processing, compared to their typically 
developing peers.  

Returning to the relationship between AB-tasks and reading-related 
phonological processing, it seems adequate to first pay some attention to the 
theoretical arguments as to why interrelations with the AB are to be expected. 
In this context, the present study will focus on Rapid Automatized Naming 
(RAN), and Phonemic Awareness (PA).  

5.1.3 Rapid Automatized Naming 

Numerous studies have made clear that RAN is an important predictor of word 
reading fluency, and many individuals with RD typically demonstrate impaired 
RAN skills (Bowers, 1995; Denckla & Rudel, 1974; 1976; Kirby et al., 2008; 
Landerl et al., 2013; Logan et al., 2011; Moll et al., 2009; Torgesen et al., 1999; 
Torppa et al., 2012; Van den Bos, 2008; Van den Bos et al., 2002; Wagner & 
Torgesen, 1987; Wimmer, 1993; Wolf & Bowers, 1999). The general notion of a 
strong link between RAN and word reading should, however, be refined by the 
following note on RAN subtasks. Batteries of RAN tasks (Denckla & Rudel, 
1974) originally consist of RANcolors, RANpictures, RANdigits, and RANletters. Factor 
analysis has repeatedly demonstrated that RANcolors, and RANpictures, load on a 
non-alphanumeric RAN factor, whereas RANdigits, and RANletters, form the 
alphanumeric RAN category (Van den Bos et al., 2002). This distinction is 
relevant, because it has been demonstrated  that alphanumeric stimuli are 
significantly stronger related to word reading than their non-alphanumeric 
counterparts (Van den Bos & Lutje Spelberg, 2010; Van den Bos et al., 2002; 



  

 
88  Chapter 5 

Wagner et al., 1999; Wagner et al., 2013), and this applies to broad age-ranges 
of typically developing children, as well as those with RD. Because of this more 
substantial, and ecologically valid relationship to reading, for the present study, 
RAN data – and AB data as well – will be restricted to alphanumeric stimuli (see 
the method section for further details).    

Returning to the possible associations between RAN and selective visual 
attention, as operationalized by dual target RSVP processing performance (i.e., 
AB tasks), one would expect significant correlations, as both types of task 
involve serial processing of visual stimuli, and rapid temporal shifts of 
attention. Considering these common cognitive-attentional characteristics, RAN 
performance has indeed been implicated as a significant mediator for the AB–
reading association (McLean et al., 2009; Visser et al., 2004). However, McLean 
et al. (2009) also demonstrated that once RAN was accounted for, the 
relationship between mean T2|T1 performance and reading remained 
significant. One of the aims of the present study is to verify such outcome 
patterns with alphanumeric RAN. 

5.1.4 Phonemic Awareness  

Phonemic Awareness (PA), is defined as the ability to recognize and manipulate 
the sound constituents of oral language. Due to its strong link to alphabetic 
insight, it is not surprising that many research reports in the past two decades 
indicate PA as a strong predictor of word reading, particularly for the earliest 
developmental stages (De Groot et al., 2015; De Jong & Van der Leij, 2003; 
Vaessen & Blomert, 2012; Van den Bos & De Groot, 2012). Even more 
widespread is the finding of subnormal PA being a key factor of reading 
disabilities (De Groot et al., 2015; Kirby et al., 2008; Landerl et al., 2013; Rack, 
1994; Ramus et al., 2006; Snowling, 2001; Van den Bos, 2008; Wagner et al., 
1993; Wagner et al., 1997; Wimmer et al., 1998, 2000; Wimmer et al., 1999; 
Wolf & Bowers, 1999).  

At first sight, a link of selective visual attention with PA, seems less obvious 
than with RAN, since PA task stimuli and responses are entirely vocal-auditory, 
whereas RAN tasks employ visual stimuli that have to be named. However, PA 
and RD have also been linked to temporal processing difficulties (Gaab, Gabrieli, 
Deutsch, Tallal, & Temple, 2007; Tallal, 1980), and this idea was extended to 
encompass general attentional difficulties. Thus, it seems that it is selectiveness 
that should be considered as the common denominator. Based on their theory 
in which RD and dyslexia are seen as resulting from Sluggish Attentional 
Shifting (SAS), and assuming that rapid stimulus sequencing (RSS) is essentially 
amodal, Hari and Renvall (2001) predicted that difficulties with RSVP 
processing may be observed in all sensory modalities. Empirically, the evidence 
for a modality-free link between AB tasks and PA is positive. In a case-study of 
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an adult dyslexic woman (Lallier, Donnadieu, Berger, & Valdois, 2010), as well 
as in a study with a group of dyslexic adults (Laasonen et al., 2012), 
corroborative evidence was presented. Moreover, in a study with dyslexic 
children who were grouped as high or low PA performing (Lallier, Donnadieu, 
& Valdois, 2010), the former group showed normal recovery from the AB, 
whereas the latter group’s AB was significantly prolonged.  

5.1.5 Comorbidity 

Thus far, this introduction has focused on the probability of links between the 
AB, reading, and well-established reading-related phonological processing 
tasks in normal readers and reading-disabled children. However, a 
characteristic of the present study is that, in addition to typically developing 
children and children with specific reading disabilities, 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, 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). The 
question that applies is which role selective visual attention, and more 
specifically the AB, plays in this perspective. This issue seems especially 
relevant with reference to the concept of additivity. That is, does the presence 
of additional language problems (SLI), or attentional problems (ADHD), 
constitute more profound difficulties with RSVP processing? And, if this were 
the case, do these additional problems yield differential links to word reading, 
RAN, and PA, as compared to specific reading disabilities, i.e., RD-only?  

As SLI is concerned, Lum, Conti-Ramsden, and Lindell (2007) – while 
following up on the suggestion by Hari and Renvall (2001) that sluggish 
attention shifting (SAS) might account for generalized rapid stimulus 
sequencing difficulties in language impaired individuals – found that 
adolescents with SLI showed a significantly deeper and prolonged AB relative to 
controls. Note, however, that the great majority of the SLI groups studied also 
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showed subnormal reading performances. The authors speculate that atypical 
performance on dual target RSVP tasks in dyslexics might be specific to those 
with comorbid language impairments. If this were the case, this should show as 
performance differences between the presently formed groups of RD-only and 
RD+SLI. Thus, in addition to validating the previous finding of a deeper and 
prolonged AB in adolescents with SLI with a sample of children, the present 
study will allow a comparison between the RD-only, and the comorbid RD+SLI 
group. 

With regard to ADHD, Mason, Humphreys, and Kent (2005) found no 
“major” group differences as to AB duration in children with ADHD, but did 
report a significantly larger AB relative to controls. However, as there was no 
apparent group x lag interaction, the latter difference should be interpreted as a 
main effect only. That is, RSVP performance of the ADHD group was generally 
poorer, and not indicative of an atypical AB. The authors interpret these results 
as possibly reflecting compromised working memory functioning in children 
with ADHD. Although the basic mechanisms underlying selective visual 
attention appear unimpaired in ADHD children, they “may require more 
resources to consolidate targets in VSTM, leading to a greater overall attentional 
blink” (Mason et al., 2005, p.1351), as compared to controls. Additionally, these 
authors suggest that the children with ADHD are more distractible by non-
target stimuli, as these children appear less able to maintain attentional control 
for the overall task requirements. If non-target stimuli were salient, i.e., if they 
featured target attributes, these children tended to show a form of distributed 
attention, instead of focused attention, resulting in a larger AB effect. 
Considering these findings, for the present study, the RD+ADHD group is 
expected to show: (i) an AB curve similar to that of controls, but (ii) generally 
poorer RSVP performance. However, it remains to be seen whether this group 
shares the same problems with their non-ADHD reading-disabled peers, or that 
the complicating factor of ADHD brings additional attentional problems bearing 
on reading. 

5.1.6 Aims of the study 
Summarizing, the present study investigates selective visual attention – and 
more specifically, the attentional blink – as operationalized by a dual target 
RSVP task, and the possible link thereof with WR, RAN, and PA, in children 
attending schools of primary education. Main goals are to validate, for 
alphanumeric stimuli, earlier findings of poorer, or atypical RSVP processing in 
reading-disabled children, and relate possible effects to phonological 
processing performances, while comparing different subgroups of reading-
disabled children, i.e., RD-only and comorbid groups of children (RD+SLI and 
RD+ADHD), to each other, and to a large control group of typically developing 
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peers. These aims should be seen in the context of the possibility of an atypical, 
prolonged, or deeper attentional blink (AB) in reading-disabled children. An 
important innovation, which we want to follow up, is the use of a curve fitting 
method introduced by Cousineau et al. (2006), which yields four AB 
parameters, i.e., ABwidth, ABminimum, ABamplitude, and Lag1-sparing. These 
parameters allow for the separate investigation of different aspects of the AB. 
In terms of these parameters, for RD-only children, the absence of a prolonged 
AB, but poorer overall RSVP performance, should demonstrate itself as a 
lowered ABminimum, whereas the other parameters should appear relatively 
normal in this group. Additionally, we want to investigate the effects of 
comorbidity with SLI, and ADHD. We want to evaluate the claim articulated by 
Lum, Conti-Ramsden, and Lindell (2007), that a deeper, and prolonged AB may 
be specific to those dyslexic children who have comorbid SLI. This can be 
achieved by investigating whether there are RSVP performance differences 
between the RD-only and the RD+SLI group. Also of interest is the observation 
of enhanced distractibility by salient, but task-irrelevant, stimuli in children 
with ADHD (Mason et al., 2005). If this is a specific characteristic of ADHD, this 
should show as further attenuated general RSVP performance, or lower 
ABminimum – i.e., an additive effect – for the RD+ADHD group relative to the RD-
only group. Moreover, the complication of a comorbid disorder possibly could 
produce negative cascading effects, which may affect specific aspects of the AB 
as well, resulting in an atypical AB. Finally, in a similar vein, we will evaluate 
the possible effects of fatigue, or sustained attention, by comparing the group 
results for two consecutive measurement blocks. 

5.2 Method 

5.2.1 Participants and procedure 

The present research initially concerned 417 Dutch children (214 female and 
203 male) aged 7 to 13 years old. The great majority were recruited from intact 
classes of thirteen regular elementary schools. In addition, a relatively small 
number of children with diagnoses of dyslexia and comorbid Attention Deficit 
Hyperactivity Disorder (ADHD), or Specific Language Impairments (SLI) were 
included. Labelling of these participants was based upon independent formal 
diagnoses by professional 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 clinical referrals with nonverbal IQ above 80 (i.e., 1.3sd below 
average) were included in the study. The exclusion of participants with low 
nonverbal abilities is a common approach to avoid confounded results due to 
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generally low ability. For participants younger than twelve years of age, 
informed consent was required from their parents. Participants older than 
twelve were required to give consent on their own behalf as well. 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.  

The participants were first classified according to their word reading (WR) 
performances as either reading-disabled (RD) (below the 10th percentile), or 
typically developing (TD) (above the 25th percentile) readers. The children who 
fell in between were excluded. Additionally, normal readers with a diagnosis of 
SLI and/or ADHD, as well as children with threefold disabilities 
(SLI+ADHD+RD) were excluded. Application of these exclusion criteria led to 
the exclusion of a total of 10 children. The remaining 407 children were 
assigned the four experimental groups according to Table 5.1. 

Table 5.1 Group frequencies and descriptive statistics of age in months  

Group 
 Frequencies  Age (in months) 
 n ♀ ♂  mean sd median minimum maximum 

RD-only  69 26 43  124.4 16.3 118 99 166 
RD+ADHD  16 6 10  121.5 14.7 126 92 137 
RD+SLI  20 13 7  130.1 18.5 133 99 165 
Control  302 162 140  127.9 15.4 130 94 160 

Total  407 207 200  127.1 15.7 128 92 166 

 

5.2.2 Dual target RSVP paradigm 

The visual attention (VA) task consisted of two counterbalanced dual target 
subtasks (letter-target and digit-target) to control for stimulus effects. Each 
subtask comprised of 96 pseudo-randomized test trials consisting of a rapid 
serial visual presentation (RSVP), applying to six conditions – commonly 
referred to as Lag1, …, Lag5, and Lag7 respectively – which will be explained 
momentarily. This type of task has been frequently employed to investigate the 
AB, although the stimuli and the parameters change with the study being 
concerned. To maintain an ecologically sound link to reading, the present study 
employed alphanumeric stimuli, i.e., digits and letters. Figure 5.2 contains the 
schematic representations of a Lag3 (a), and a lag5 (b) trial, taken randomly 
from the letter-target subtask.  

As indicated in Figure 5.2, each trial starts with a fixation cross, which 
remains visible for 1000 milliseconds. The fixation cross is followed by 4 to 7 
distractors (non-target type stimuli), after which the first target stimulus (T1) 
is presented. Next, depending on the stimulus onset asynchrony (SOA) of the 
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condition, or Lag, a number of distractors is presented, followed by the second 
target stimulus (T2). Finally, another four distractors are presented to avoid 
recency effects. Targets and distractors are presented with the duration of 50 
milliseconds, and are separated by a blank interstimulus interval of 60 
milliseconds. As such, the Lag1 condition corresponds to a SOA of 110 
milliseconds, and subsequent conditions with a multiple thereof. To limit the 
amount of trials, yet adequately fill each condition, the Lag6 condition was 
omitted. The Lag7 condition serves as the lengthiest indicator of AB recovery. 
All stimuli are presented in white with a bold 14 point “Arial” font on a 
standard computer screen against a dark grey (RGB; 90, 90, 90) background. 
Psychology Software Tools E-prime® 2.0 was used for stimulus presentation 
and response recording.  

 

Figure 5.2 AB testing paradigm with examples of a lag3 (a), and lag5 (b) trial 

Task procedure 
At the start of the experiment the child was seated in front the computer. Prior 
to task execution, it was explained to the child that he or she would be 
presented with a large number of rapid sequences of letters and digits, and that 
the target stimuli (T1 and T2) had to be identified, while ignoring the distracter 
stimuli. Next, the child was instructed to focus on the already visible fixation 
cross, and to start each trial with a key press (the spacebar on a standard 
computer keyboard). After each RSVP the child was required to type on the 
keyboard, in the correct order, the letters or digits corresponding to the target 
stimuli. No feedback was provided as to the correctness of the responses given. 
The children practiced with 6 trials prior to the start of each block. The first 
measurement block (M1) was always preceded by the word reading and RAN 
tasks, and a short break. The second measurement block (M2) was always 
preceded by the PA task, and another short break to avoid target confusion. 
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Performance measurements 
First, for each participant, mean T1 and T2 performance (accuracy) were taken 
as outcome variables of each measurement block. Second, a conditional 
variable, mean T2|T1 performance – i.e., T2 accuracy given that T1 was 
correctly identified – was computed. This conditional variable adheres to the 
traditional method of AB measurement. 
 
AB parameterization 
In addition to the raw T2|T1 performance measurements, a curve fitting 
method (Cousineau et al., 2006) was applied to the data to capture the AB with 
4 parameters, i.e., Lag1-sparing, ABwidth, ABminimum, and ABamplitude. Wolfram 
Mathematica® 9 software was used to generate, for each participant, the 
optimized functions for T2|T1 performance. This method was employed in 
order to investigate AB-specific (interactive) effects. It was pointed out by these 
authors that, as compared to traditional repeated measures analysis with the 
raw RSVP performance measurements, this set of variables, resulting from this 
parameterization method, allows for more robust statistical testing regarding 
the more intricate aspects of the AB. However, as ANOVA with raw RSVP 
performance data proved more reliable to evaluate (group) main effects 
(Cousineau et al., 2006), we will revert to conventional testing where 
applicable. See also Lallier, Donnadieu, and Valdois (2010), for an application of 
this method with young reader groups. 

5.2.3 Additional materials 

Word reading (WR). This standardized index of word reading 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 it is 
approximately normally distributed, with a mean of 10, and a standard 
deviation of 3 (Wechsler scores). Please refer to §3.2 for a detailed description.  

Rapid Automatized Naming (RAN). Alphanumeric 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 (Wechsler scores). Please refer to §3.3 for a detailed 
description. 

Phonemic Awareness (PA). PA was assessed with the subtests PAelision, and 
PAsubstitution (De Groot et al., 2014).  Separate standardized scores were 
computed for the subtests, as well as a standardized composite index of PA 
(PAcom). For the present sample, all three measurements are approximately 
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normally distributed, with a mean of 50, and a standard deviation of 10 (T-
scores). Please refer to §3.4 for a detailed description. 

5.2.4 Statistical analyses 

Analysis of variance 
As main effects are concerned, testing for group differences on general RSVP 
performance was executed with repeated measures ANOVA, with Lag and 
Measurement inserted as within-subjects factors, and Group as the between-
subjects factor. As far as the investigation of the main and interactive effects of 
specific aspects of the AB, i.e., Lag1-sparing, ABwidth, ABminimum, and ABamplitude, is 
concerned, the curve fitted Cousineau parameters (Cousineau et al., 2006) were 
employed as the dependent variables for multivariate analysis of variance 
(MANOVA), with Group (primary), and Measurement (secondary) as between-
subjects factors. As mentioned in the introduction, age effects were to be 
expected. As the present study investigates a fairly broad age range of young 
developing readers, age in months was included as a covariate to accommodate 
for such effects. In order to test the same relations while controlling for 
phonological processing, RAN and PA were additionally included as covariates 
in subsequent reruns of the analyses.  

Discriminant function analysis 
Discriminant function analysis was used to investigate the predictive values of 
the age-corrected RSVP measurements for group membership. A secondary 
goal for this procedure was to investigate whether RSVP performance could be 
described with a limited number of latent functions, yielding a manageable 
predictor set for subsequent regression analysis. 

Regression analysis 
Having uncovered existing latent RSVP functions, hierarchical regression 
analysis was employed to consider, in concert with RANan and PA, the RSVP-
based group membership probabilities as predictors for word reading 
performance. The goal of these analyses was to investigate the unique and 
common contributions to the prediction of word reading. 
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5.3 Results 

Before presenting the results of the experimental RSVP-AB task, a descriptive 
overview of the results for the word reading, and other reading-related 
variables, i.e., WR, RANan, and PA, is provided in Table 5.2. Values are specified 
according to the experimental groups. 

Next, to test for Group main effects on RSVP performance, T1, T2, and T2|T1 
were inserted as the dependent variables in separate repeated measures 
ANOVAs, with Lag and Measurement (block) as within-subjects factors, and 
Group as the between-subjects factor. Age in months was inserted as a 
covariate to accommodate for assumed age effects. In a second run of the 
analyses, RANan and PA were added as covariates to investigate the interactive 
effects of the RSVP performance measurements with phonological processing 
and word reading. 

Table 5.2 Standardized means (z scores) and standard deviations (SD) for WR, RANan, and PA, 
and number of participants per group 

 RD-only RD + SLI RD + ADHD Typically 
Developing Total 

n = 69 n = 20 n = 16 n = 302 n = 407 
 Mean SD Mean SD Mean SD Mean SD Mean SD 
WR -1.94 .48 -2.15 .55 -2.08 .48 .43 .69 .17 1.22 
RANan -1.55 .81 -1.79 .76 -1.54 .94 .12 1.00 -.31 1.20 
PA -1.62 1.2 -2.98 .63 -2.00 1.15 -.05 1.24 -.51 1.46 

5.3.1 Input variables: T1 & T2 
Before advancing to the results of the evaluation for the derivative AB-specific 
variables, the results for the constituting outcome measurements T1 and T2 are 
specified next. Regarding T1 performance, there were substantial main effects 
of Age, F(1, 382) = 107.45, p < .0001, η² = .16, and Group, F(3, 382) = 30.31, p < .0001, 
η² = .22 (for age-corrected means see the top half of Figure 5.3).  

Additionally, a significant Group x Measurement interaction was found, F(1, 

390) = 24.82, p < .0001, η² = .08. As to the first measurement (M1), the RD-only 
and RD+ADHD groups, on average, performed only slightly poorer compared to 
the TD children. Remarkably, analysis of the data of the second measurement 
(M2) revealed a significantly stronger differential pattern of poorer 
performance for all three RD groups, as compared to controls (p < .0001). 
Although the RD subgroups did not differ significantly from each other on T1 
performance, and seem to form a cluster for M2, the RD+SLI group does seem 
more severely impaired, compared to the other RD groups, particularly from 
Lag3 on up for M1. 

As a consequence of adding RANan and PA as covariates, the main effect for 
Group ̵  although remaining significant ̵   was attenuated significantly, F(3, 371) = 
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3.91, p = .009, η² = .03. However, this attenuation particularly seemed to 
operate on M1, dissolving the contrast between the RD-only group and the 
control group, whereas this contrast remained considerable for M2. However, 
when collapsing over measurements, only the contrast between the RD+ADHD 
subgroup and the TD group remained (p = .014). 

 
Figure 5.3 Age-corrected T1 (top) and T2 (bottom) performance by SOA condition curves for RD-

only, RD+SLI, RD+ADHD, and controls on the 1st (left) and 2nd (rig3ht) measurement 
(M1 and M2) 

A similar pattern emerged for T2 performance (see bottom half of Figure 
5.3). Accommodating for the substantial co-varying effect of Age, F(1, 382) = 
124.80, p = .0001, η² = .19, a substantial main effect of Group was found, F(3, 382) 
= 35.37, p < .0001, η² = .28. The Group x Measurement interaction effect also 
proved significant, F(1, 390) = 12.05, p < .001, η² = .04. Post hoc analysis indicated 
that all three RD subgroups differed from the TD group (p < .0001). Moreover, a 
significant difference between the RD-only and the RD+SLI subgroup was 
established (p = .037).  

As was the case for T1, the addition of RANan and PA as covariates 
considerably attenuated the main effect of Group on T2 performance 
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considerably, F(3, 371) = 5.79, p = .001, η² = .05. Similarly, the attenuation was 
particularly effectuated for M1, where the difference between the RD-only and 
the control group disappeared, whereas the Group main effect remained 
considerable at M2. However, when collapsing over measurements, only the 
contrasts between the comorbid groups and the TD group remained (RD+SLI, p 
= .005; RD+ADHD, p = .018). 

5.3.2 Attentional Blink variables 

Raw T2|T1 data analysis 
As expected, conventional repeated measures ANOVA of the raw T2|T1 data 
revealed a substantial co-varying effect for Age, F(1, 382) = 67.99, p = .0001, η² = 
.13, and main substantial main effects of Group, F(3, 382) = 28.81, p < .0001, η² = 
.24, Measurement, F(1, 382) = 55.79, p < .0001, η² = .13, and a small main effect of 
Lag, F(5, 382) = 2.57, p = .025, η² = .01. Additionally, a significant Group x 
Measurement interaction was found, F(3, 382) = 7.80, p < .0001, η² = .06, as well as 
a significant Group x Lag interaction, F(5, 382) = 3.14, p < .0001, η² = .02. Post hoc 
analysis indicated that all three RD groups differed from the control group (p < 
.0001). The difference between the RD-only and the RD+SLI groups found for 
T2 performance, was also visible for T2|T1 performance (p = .061). T2|T1 
performance of the RD-only group seems to be particularly affected, relative to 
TD children, at M2. Notably, as a consequence of adding RAN and PA as 
covariates, the main effect for Group, although remaining significant, was 
attenuated significantly, F(3, 371) = 5.97, p = .001, η² = .05. However, the 
attenuation was particularly present for M1, where the difference between the 
RD-only, and the TD group had disappeared, whereas the main effect of Group 
remained considerable for M2. Overall, only the contrasts between the 
comorbid groups and the control group remained significant (RD+SLI, p = .006; 
RD+ADHD, p = .010). 

AB parameter analysis 
In Figure 5.3, the averaged fitted curves for the separate measurement blocks 
are presented. See Appendix B for an overview of the age-corrected group 
averages of the AB function parameters (cf. Cousineau et al., 2006). All the 
depicted curves resemble the shape that was presented in the introduction 
(Figure 5.1) quite well. That is, after a relatively good performance in the Lag1 
condition, the AB reaches its maximum effect around Lag2, and task 
performance is gradually restored for conditions with larger SOA’s in all 
groups.  
 



  

 
The AB in typically developing and RD children 99 

 
Figure 5.3 Fitted accuracy curves for T2|T1 M1 (left), and M2 (right) for RD-only, RD+SLI, 

RD+ADHD, and controls 

Separate series of MANOVAs were performed on the four T2|T1-based AB 
parameters (Cousineau et al., 2006) for each measurement block. Table 5.3 
provides an overview of the resulting group contrasts. With regard to Lag1-
sparing, small significant effects were found for RD-only, RD+SLI, and 
RD+ADHD (M1), as compared with controls. These effects indicate that the RD-
only (M1 and M2), and RD+SLI (M2) groups did not show fully recovered 
performance levels at Lag1. However, the RD+ADHD (M1) group showed 
significantly better performance for Lag1, relative to controls. The latter also 
holds true for the contrasts - with significantly larger effect sizes - with the RD-
only (ηp² = .09), and RD+SLI (ηp² = .13) groups at M1. Remarkably, these effects 
disappeared at M2, where Lag1-sparing in RD+ADHD group dropped to the 
level of the other RD groups. Regarding ABwidth, no significant group differences 
were found. With regard to ABminimum, as predicted, all RD groups performed 
poorly relative to controls. Also, there was the predicted (large) difference 
between the RD-only group and the RD+SLI group (M1), with the latter group 
performing more poorly. However, this difference had disappeared at M2, 
apparently primarily due to a significantly poorer performance of the RD-only 
group relative to M1 (ηp² = .02 to ηp² = .08, respectively). As for ABamplitude, there 
were found medium-sized significant effects for the RD+SLI group at M1, when 
compared to controls (ηp² = .05), and to the RD-only group (ηp² = .08), 
indicating a predicted deeper AB for the comorbid RD+SLI group. However, at 
M2, these effects had dissipated, since all groups showed a significantly deeper 
AB at M2. 
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In order to investigate whether the AB-parameter group effects are modified by  
interactive effects of RANan and PA, these variables were added as additional 
covariates in two consecutive series of MANOVAs. 

AB | RAN 
Regarding RANan, the results are summarized in Table 5.4 on the next page. As 
for Lag1-sparing there were no sizable effects for RANan, except for a marginally 
significant effect when contrasting the RD-only group with controls at M2, 
which rendered the earlier found group contrast (please refer to Table 5.3) 
insignificant. Apparently, controlling for RANan attenuated the Lag1-sparing 
group difference. A similar trend was visible for M1, except that the effect of 
RANan did not reach significant levels. There were no apparent interactions 
with RANan for any of the group comparisons for ABwidth. Quite to the contrary, 
an attenuating effect on ABminimum of RANan was found for most group 
differences at M1, with the exception of a non-significant effect for the contrast 
between the comorbid groups. However, RANan was not a significant interactive 
factor for ABminimum at M2. Similarly, RANan significantly mediated some of the 
effects for ABamplitude for the contrasts involving the control group at M1 as well 
as M2. 

AB | PA 
Regarding PA, the results are summarized in Table 5.5. As for Lag1-sparing, PA 
does not produce any significant effects at M1. For M2, there are significant 
main effects of PA for the contrasts between the RD-only, and the other three 
groups, particularly the two comorbid subgroups. However, despite 
considerable effect sizes of PA for the within RD contrasts, there was no Group x 
PA interaction effect.  

Thus, with the exception of the contrast between the RD-only and the 
control group, where a previously found main effect (Table 5.3) of Group was 
rendered insignificant, controlling for PA does not modify the previously found 
group main effects on Lag1-sparing. Regarding ABwidth, similar to the 
interactions with RANan (Table 5.4), PA does not modify group main effects. 
With regard to ABminimum, if controlled for PA performance, the negative group 
main effects for the RD subgroups are attenuated significantly at both 
measurements. Finally, an effect of PA significantly modified the Group main 
effect of the ABamplitude parameter for the RD+SLI group when contrasted with 
the control group at M1 only.  
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Repeated measures 
Finally, to investigate the effects of repeated measures, comprehensive 
MANOVAs were performed with Measurement as a within-subjects factor. 
Figure 5.4 shows the parameter estimates for the four groups according to 
measurements M1 and M2.  
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Regarding Lag1-sparing there is a clear crossover interaction, indicating that 
the comorbid groups show atypical performance decreases at M2 (RD+SLI: F(1, 

308) = 10.27, p = .001; RD+ADHD: F(1, 304) = 4.55, p = .034), relative to controls. 
The RD-only group shows a slope similar to controls. With regard to ABwidth, as 
compared to controls, the RD-only group again shows a similar slope, indicating 
a wider AB, whereas the comorbid groups show a less widened (RD+ADHD), or 
relatively normalized (RD+SLI) AB at M2. Regarding ABminimum, all four groups 
show poorer performances at M2. The Group x Measurement interaction was 
also significant, F(1, 383) = 2.59, p = .053. However, a further inspection of 
underlying contrasts indicated that this effect can primarily be attributed to the 
contrast between controls and the RD-only group, F(1, 355) = 6.93, p = .009. 
Finally, regarding ABamplitude, only one significant contrast was found, i.e.,  
controls versus RD+SLI , F(1, 308) = 5.78, p = .017, indicating that the RD+SLI 
group showed a relatively normalized ABamplitude at M2, whereas this group had 
performed significantly poorer than controls at M1. 

5.3.3 Discriminant function analysis 

Discriminant function analysis was performed on all age-corrected RSVP 
data, to determine the optimal functions underlying RSVP performance 
according to group membership. The analysis resulted in three functions with 
respective canonical correlations of .66, .50, and .40.  The first two had 
significant, and marginally significant, values of Wilks’ λ (χ2 = 387.42, df = 192, 
p < .001 and χ2 = 171.72, df = 126, p = .004, respectively), indicating that those 
functions yielded clear group differences. Figure 5.5 (next page) depicts the 
scatterplots, and group centroids for the first two (salient) discriminant 
functions.  

The first function correlated significantly with almost all RSVP 
measurements, with correlations ranging from .19 through .65, but least of all 
with T2|T1 performances at M1. Therefore, this function seems to be guided by 
general RSVP performance. The second function, primarily loaded on AB-
specific RSVP measurements which involved T2, and T2|T1 processing at M1, 
with more modest correlations ranging from .18 through .33. The group 
centroids in Figure 5.5 show that Function 1 separates the RD subgroups from 
controls. Function 2 seems to further dissociate the RD-only from comorbid 
participants.  

Application of the discriminant functions resulted in an overall group 
classification accuracy rate of 83% (RD-only: 46.4%; RD+SLI: 70%; RD+ADHD: 
50%; Control: 94%). The classification results of the discriminant function 
analysis are presented in Table 5.6 (next page). The presented accuracy rates 
indicate that the RSVP task does the best job detecting controls. Second to 
controls, it seems to quite adequately single out the reading-disabled children 
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with comorbid SLI. The prediction of the RD-only and RD+ADHD groups seems 
to be most precarious. 
 

 

Figure 5.5  Canonical discriminant function scatterplot with group centroids 

Table 5.6 Results of the discriminant function analysis 

Group membership 
Predicted group membership 

RD-only RD+SLI RD+ADHD Control Total 
Count RD-only 32 4 3 30 69 
 RD+SLI 3 14 1 2 20 
 RD+ADHD 1 0 8 7 16 
 Control 13 3 2 284 302 

Percent RD-only 46.4 5.8 4.3 43.5 100.0 
 RD+SLI 15.0 70.0 5.0 10.0 100.0 
 RD+ADHD 6.3 0.0 50.0 43.8 100.0 
 Control 4.3 1.0 .7 94.0 100.0 
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5.3.4 Regression analysis 

Finally, and most generally, we wanted to evaluate the predictive value of the 
RSVP task for word reading, both exclusively, as well as in concert with RANan 

and PA. For this purpose, the extracted group membership probabilities, as 
resulting from the application of the previously described discriminant 
functions, were considered together with RANan and PA as predictors in a series 
of hierarchical regression analyses, with word reading (WR) as the dependent 
variable. The results of these analyses are presented in Table 5.7. 

Table 5.7 Predictive values for word reading of RSVP, RAN, and PA  

 Block Predictors ∆R2 R2 sr2 Common variance 
(R2 - ∑sr2) 

Model 1 1 RSVPRD-only 
RSVPRD+SLI 
RSVPRD+ADHD 

.368 .368 .230 0 
.105 
.051 

Model 2a 1 RSVPRD-only 
RSVPRD+SLI 
RSVPRD+ADHD 

.368 .664 .049 .276 
.036 
.008 

2 RANan .296 .296 

Model 2b 1 RSVPRD-only 
RSVPRD+SLI 
RSVPRD+ADHD 

.368 .523 .098 .217 
.039 
.015 

2 PA .154 .154 

Model 3a 1 RSVPRD-only 
RSVPRD+SLI 
RSVPRD+ADHD 

.368 .705 .031 .428 
.020 
.003 

2 RANan 
PA 

.336 .182 
.040 

Model 3b 
(reversed) 

1 RANan 
PA 

.661 .705 .182 .428 
.040 

2 RSVPRD-only 
RSVPRD+SLI 
RSVPRD+ADHD 

.044 .031 
.020 
.003 

 

A first run of the analyses (Model 1) showed that RSVP performance alone 
predicted a significant proportion (R2 = .376) of total word reading variance 
with the RD-only, RD+SLI, and RD+ADHD groups’ probability scores, 
accounting for 23%, 10.5%, and 5.1%, respectively. In a second run, Model 2a 
shows an increase of .296 for the multiple correlation coefficient on account of 
RANan. However, inspection of the unique contributions, as indicated by the 
squared semi-partial correlations (sr2), revealed that these predictors share a 
significant proportion of word reading variance (R2 = .276). Alternatively, 
including PA (Model 2b) led to a somewhat smaller increase of explained 
variance (15.4%), with a common component of 21.7 percent, suggesting that 
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PA, relative to RANan, explains less unique WR variance, and shares less 
common WR variance with RSVP processing. A third run of the analyses 
(Models 3a and 3b), which included both RANan and PA as predictors, indicated 
a total explained variance of 70.5 percent. Further inspection of Models 3a and 
3b revealed unique contributions of RSVP (sr2 = .054), PA (sr2 = .040), and 
RANan (sr2 = .182), indicating RANan as the strongest predictor of word reading, 
and RSVP processing and PA explaining a smaller but significant proportion of 
WR variance each. The results of a re-evaluation of the same predictor set, 
while employing a reversed order of insertion, demonstrate a modest but 
significant contribution for the RSVP performance measurements above and 
beyond RANan and PA, and a quite substantial overlap between RSVP 
processing and RANan and PA.  

5.4 Discussion 

This research aimed to investigate the links of selective visual attention – and, 
more specifically, the attentional blink (AB) – with word reading, rapid 
automatized naming (RAN), and phonemic awareness (PA), in normal reading 
children, and reading-disabled subgroups, i.e., RD-only, and comorbid groups of 
children with RD+SLI and RD+ADHD. An important goal was to validate, for 
alphanumeric stimuli, earlier findings of poorer or atypical dual target RSVP 
processing in reading-disabled children, and relate possible effects to 
phonological processing measurements.  

We began the analyses with the evaluation of the raw RSVP measurements, 
i.e., first target (T1) and second target (T2) correct identification rates. Results 
indicated significant group differences for both T1, as well as T2 performances, 
with the RD-only group performing poorer than controls, and comorbid groups 
performing poorer than RD-only. The findings of subnormal T1 and T2 
performances in RD children, and poor T1 performance in particular, is 
consistent with previous studies (McLean et al., 2010; Visser et al., 2004). They 
can be generally interpreted as reflecting a less accurate system response of 
reading-disabled children in speeded task situations as  indicative of a general 
processing speed deficit. With regard to the comorbid groups, their even more 
depressed performances relative to RD-only, may be due to additive effects 
induced by the presence of the comorbid condition. The fact that the differences 
between the comorbid groups and the RD-only group seem more pronounced 
for T2 than for T1 is suggestive of additional impairments related to dual task 
requirements, and the AB. 

Turning specifically to the AB, as operationalized by the conditional T2|T1 
variable, we found substantial effects of Group, indicating that all three reading-
disabled groups performed significantly poorer than controls, with the RD+SLI 
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group again showing the poorest performances. Next, we went beyond the level 
of general RSVP performance by adopting the curve-fitting method developed 
by Cousineau et al. (2006). This method was used to compute, for each 
participant, four AB parameters, i.e., ABwidth, ABminimum, ABamplitude, and Lag1-
sparing. These parameters, which can be evaluated separately, allow for a more 
robust and straightforward investigation into the dynamics of the AB, as 
compared to the classical approach of evaluating complex Group x Lag 
interactions.  

Consistent with the recent studies of Lallier, Donnadieu, and Valdois (2010) 
and McLean et al. (2010), who have reconsidered previous findings of a 
prolonged AB in reading-disabled children, our results indicate that the RD-
only group is primarily differentiated from controls by a lower ABminimum, 
whereas ABwidth (i.e., duration), and ABamplitude (i.e., magnitude) are preserved in 
this group. The non-divergent ABwidth and ABamplitude parameter values that were 
found in this study, mean that there is no indication of a prolonged (cf. Visser et 
al., 2004), deeper (cf. La Rocque & Visser, 2009), or shallower (cf. Lacroix et al., 
2005) AB in RD-only children. Their lower ABminimum value, however, is 
consistent with the results for T1 and T2 reported above, indicating generally 
depressed RSVP performances. Finally, the RD-only group was slightly 
impaired on the Lag1-sparing parameter, indicating that, in this group, T1 
processing interferes with T2 processing throughout the RSVP task. This result 
could suggest that RD-only children are particularly vulnerable for stimulus 
interference when information is presented to them at short temporal 
proximities (Potter et al., 2002). Alternatively, these children may experience 
problems maintaining attentional control of the target-set template, or that the 
target-set template (letters or digits) itself may be deficient in this group. This 
template can be thought of as a filter that passes stimuli that match the target-
set prescription. If this filter is functioning adequately, targets may pass the 
filter, and the occurrence of Lag1-sparing is probable (Visser, Bischof, & Di 
Lollo, 1999). However, if the filter is flawed in reading-disabled children, this 
could have led to a suppressed Lag1-sparing effect. Intriguingly, the adverse 
group effect on Lag1-sparing was neutralized after having controlled for 
phonological processing. Therefore, we speculate that the Lag1-sparing effect 
for the RD-only group might be due to the use of alphanumeric stimuli, which 
are less automatized in RD children. 

With regard to RD children with comorbid SLI, we evaluated the proposal of 
Lum, Conti-Ramsden, and Lindell (2007), that a deeper as well as a more 
prolonged AB may be specific to those dyslexic children who have comorbid 
SLI. Contrasting the RD-only and the RD+SLI groups revealed substantial group 
differences for ABminimum, and ABamplitude. This indicates that, besides an overall 
significantly poorer RSVP task performance, the children with comorbid 
RD+SLI, show a considerably deeper AB indeed, relative to children with RD-
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only. However, this did not apply to the hypothesis regarding a more prolonged 
AB, as there were no group differences for the ABwidth parameter. Thus, as far as 
SLI is concerned, there appear to be additive effects as to ABminimum, as well as 
ABamplitude, which could possibly be attributed to well-documented difficulties 
related to working memory in children with SLI (Edwards & Lahey, 1998; 
Gathercole & Baddeley, 1990; Kamhi & Catts, 1986). As for the comorbid group 
of RD+ADHD, we hypothesized that enhanced distractibility for salient, task-
irrelevant stimuli (Mason et al., 2005) may exert additional negative effects on 
RSVP performance. Indeed, also for this group, a lower ABminimum was found 
relative to RD-only. However, contrary to the additionally articulated 
possibility of negative cascading effects in the RD+ADHD group, we found no 
other adverse effects. Instead, for the first measurement, the RD+ADHD group 
showed the highest performance of all groups on Lag1-sparing. This result 
should, however, be seen in the context of a typical Lag1 performance, whereas 
all remaining measurements were quite depressed. Note, that it is possible that 
testing failed to produce further significant results due to the relatively small 
sample size of this group (n = 16). Notwithstanding, consistent with previous 
research findings these results suggest that the mechanisms for high-level 
processing in working memory are essentially intact in this group, and that the 
explanation of their depressed RSVP performances for dual target conditions 
with longer temporal proximities, may lie in additional impairments of 
executive functioning (Bental & Tirosh, 2007; Bolden et al., 2012; Kibby & 
Cohen, 2008; Tiffin-Richards et al., 2008; Van De Voorde et al., 2011). In sum, 
having analyzed the AB with four parameters, it appears that the ABminimum 
parameter most consistently indicates group differences. Furthermore, the 
finding of the lowest ABminimum values for the comorbid groups, can be 
interpreted as having resulted from additive effects. 

Furthermore, we have evaluated the effects of measurement – which may 
perhaps be attributed to sustained attention, and/or fatigue – on dual target 
RSVP task performance by comparing the results for two measurement blocks 
that were administered at the start and end of a testing session with the 
duration of approximately 50 minutes (including short breaks). Our results 
indicate that all four groups showed significantly poorer performances at the 
second measurement, as indicated by significant main effects of measurement 
for the raw T2|T1 data, as well as for the ABminimum parameter. Note, that, with 
regard to the RD-only group and the control group, we did also find a deeper 
(i.e., a higher ABamplitude), and prolonged (i.e., higher ABwidth) AB at the second 
measurement. However, compared to the first measurement, in the second one, 
the RD groups showed an even more depressed RSVP task performance relative 
to controls. Moreover, whereas the RD-only group initially (i.e., at the first 
measurement) outperformed the comorbid groups, the difference between the 
RD groups had disappeared for the second measurement. Evidently, the RD-
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only group in particular did suffer considerably from the adverse effects of 
repeated measures, as indicated by a considerable increase in effect size (ηp²) 
of ABminimum, that went from .02 to .08. Apparently, the presumed effects of 
sustained attention and/or fatigue on RSVP performance were relatively more 
costly to the RD group. However, the comorbid groups still showed the poorest 
performances, and the apparent clustering of the RD groups at the second 
measurement may be due to floor effects having affected the performances of 
the comorbid groups. Of course, this interpretation is necessarily tentative, as 
the concept of sustained attention was not independently operationalized in 
the present study. However, the reasoning is consistent with previous findings 
of reading-disabled children (RD-only as well as RD+ADHD) experiencing 
difficulties with sustained attention (Kupietz, 1990). Taken at face value, these 
results demonstrate an intriguing reading-related effect of measurement that 
can be quite detrimental to attentional processing. In future investigations it 
would be worthwhile to follow this up.  

A major aim of the present research was to investigate the interactive links 
of RSVP processing with two types of phonological processing, i.e., RAN and PA. 
This was achieved in the context of group comparisons, as well as by evaluating 
the unique and common predictive values of RSVP processing, RAN, and PA, for 
the whole word reading continuum. First, we will discuss some of the more 
specific findings from the group comparisons. Although, for the RD-only group, 
the main effect of RANan reached significance at the second measurement only, 
controlling for RANan seemed to normalize Lag1-sparing. Similarly, and 
consistent with McLean et al. (2009), we found that RANan significantly 
mediated some of the negative effects of RD on ABminimum. As far as RD+SLI is 
concerned, the same applies to ABamplitude. Regarding PA, we found that, despite 
the fact that larger main effects of PA on ABminimum were found, the impacts on 
the reader group contrasts were very similar to those of RANan. These results 
imply a significant overlap between these tasks, and suggest that certain 
reading-specific aspects within PA tasks interact with RSVP processing. The 
finding that the largest, and most consistent effects were found for ABminimum, is 
consistent with Lallier, Donnadieu, and Valdois (2010), and suggests that these 
aspects primarily concern generic, i.e., non AB-specific, cognitive processes. 
Cognitive processing speed may be a plausible candidate to account for the 
interactions between RSVP processing and phonological processing. However, 
significant group effects remained when phonological processing was 
controlled, implying that there exists a unique reading-related link for dual 
target RSVP processing as well. 

To further investigate the unique and common contributions of RSVP 
processing, RANan, and PA, for word reading performance, first, the 
intermediate step of discriminant function analysis was taken to acquire a 
concise, optimized predictor set for the RSVP task. This analysis provided us 
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with two potent RSVP functions, which yielded a new variable set consisting of 
the group membership probabilities. Based on these two functions an overall 
group-classification accuracy rate of 83% was found. It was made clear that 
these functions are particularly accurate in singling out controls. The rates for 
the individual groups (RD-only: 46%; RD+SLI: 70%; RD+ADHD: 50%; Control: 
95%) revealed that predicting the RD groups was significantly less accurate. 
Consistent with the results of the MANOVAs, RD+SLI prediction was somewhat 
better relative to the other RD groups. In sum, the discriminant function 
analysis showed that RD groups could be distinguished from controls by RSVP 
measurements tapping generic cognitive processing, and that comorbid 
participants, those with SLI in particular (cf. Lum et al., 2007), could be further 
discerned by measurements specifically related to the attentional blink. 

In the final analysis, the presently employed RSVP task by itself does explain 
a quite substantial proportion of general word reading variance (36%). 
However, the regression analyses also indicated that there exists significant 
overlap with RANan (28%), and PA (22%). Together, these three predictors 
share 43% of total explained word reading variance (71%), whereas unique WR 
contributing variances of RAN, PA, and RSVP are 18%, 4%, and 5%, 
respectively.  Thus, if the communalities are accounted for, the regression 
analysis revealed that there remains a small, but significant unique 
contribution to the prediction of word reading by RSVP task performances 
(5%) beyond phonological processing. Compared to the findings of McLean et 
al. (2009), the present research yields corroborative evidence for a link 
between general RSVP task performance and word reading performance in a 
larger sample of typically developing children from a broader age-range. 
Moreover, the present study extends these results to RD subgroups. Also 
largely consistent with McLean et al. (2009), and McLean et al. (2010) as well, 
we found no evidence linking AB duration to general word reading 
performance. This perhaps with the exception of comorbid RD+SLI. However, it 
appears that it concerns the concomitant impairments present in this group 
that should be associated with a prolonged AB, as the RD-only group showed no 
such evidence. Moreover, our results have demonstrated that, despite much 
stronger associations of RAN performance with word reading than those 
reported in the study by McLean et al. (2010) – which can safely be attributed 
to the use of alphanumeric stimuli (Van den Bos & Lutje Spelberg, 2010; Van 
den Bos et al., 2002; Wagner et al., 1999; Wagner et al., 2013), controlling for 
RANan (and PA as well) does not render the contribution of RSVP processing to 
the prediction of word reading insignificant. Instead, the unique link of dual 
target RSVP task performance with word reading – albeit less strong than 
RANan – proved to be substantial for this age range, with a size similar to that of 
phonemic awareness. 
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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, 



  

 
118  Chapter 6 

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 
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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. 
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7.1 Introduction 

In this thesis it was attempted to unravel some of the complexities surrounding 
the definition of reading disabilities (RD), the issue of comorbidity, and 
reading-related cognitive component modeling. The main theoretical motive for 
the present research project was a rather diffuse theoretical-empirical insight 
into the neurocognitive mechanisms that underpin RD, especially when 
considering the complexities that come with comorbidity. Therefore, going 
beyond the reading-descriptive level, this project has pursued the possibility of 
identifying differential neurocognitive profiles for the involved reader groups, 
which may advance the development of more concise intervention programs. 
Specifically, this project involves the clarification and measurement of well-
known neurocognitive correlates of reading (dis)abilities, i.e., Rapid 
Automatized Naming (RAN) and Phonemic Awareness (PA), as well as the 
investigation of relatively new ones, i.e., those tapping different aspects of 
visual attention.  

This discussion will be structured as follows. In Section 7.2 some 
generalized conclusions are drawn as to: (i) the empirical estimation of the 
working model of Chapter 1, (ii) modification of the general working model by 
taking into account reading (dis)ability levels and severity considerations, and 
(iii) the issue of comorbidity. In Section 7.3 limitations of the present research 
are mentioned along with recommendations for future research. Finally, 
Section 7.4 provides some closing remarks as to treatment perspectives and the 
differential-diagnostic value of the presently employed predictor set.  

7.2 Conclusions and implications 

Working model 

From the results of Chapters 2 through 6 it can be concluded that each one of 
the currently involved phonological and visual attention measures significantly 
adds to the prediction of reading and RD. Linking the data of these chapters to 
the working model of word reading (WR) that was introduced in Chapter 1, the 
general picture is as follows. With the presently involved measures, i.e., 
alphanumeric RAN (RANan), phonemic awareness (PA), selective visual 
attention (attentional blink; AB), and orienting of attention (visuo-spatial 
cueing task; VCT), as predictors of WR fluency, the total proportion of explained 
WR variance amounts to 84 percent. Figure 7.1 illustrates that on the basis of 
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phonological processing alone, as operationalized by RANan and PA, an 
estimated 71 percent of total WR variance can be explained, with RANan being 
indicated as the clear winner in terms of uniquely explained WR variance. 
Consistent with the recent literature (Landerl et al., 2013), this finding strongly 
emphasizes the theoretical relevance of both types of phonological processing 
and shows that these tasks constitute a very effective set of predictors for 
differential-diagnostic assessment procedures. However, if controlled for visual 
attention, the unique contribution of phonological processing to WR is 
dramatically reduced to 30 percent. Therefore, it is clear that when it comes to 
the relationship with WR fluency, visual attention and phonological processing 
involve a quite substantial shared variance component as well. 

 
Figure 7.1   Variance estimates in a working model of word reading 

Moreover, as indicated in Figure 7.1, visual attention contributes 
significantly to the WR prediction by explaining a significant amount of unique 
variance on top of phonological processing, with orienting of attention showing 
as the strongest unique predictor. More specifically, as demonstrated in 
Chapter 6, orienting of attention was found to be substantially linked to RAN 
tasks and WR, which suggests that children with RD experience significantly 
more problems than normal reading children with shifting focal attention to a 
different spatial location. This orienting deficit seems to inhibit the normal 
stimulus identification process, with further cascading negative effects for 
higher-order processing. In addition, Chapter 5 demonstrated that the AB also 
adds significantly to the prediction of WR. However, this task was found to be 
substantially linked cross-modally with the PA tasks, which may possibly be due 
to a common link to working memory and executive functioning. The literature 
suggests that PA tasks such as those currently employed involve a more 



  

 
138  Chapter 7 

substantial memory load than RAN tasks (Landerl & Wimmer, 2000). Similarly, 
AB tasks are presumably also tapping working memory because of the dual 
processing task requirements (Dux & Marois, 2009). Therefore, working 
memory can be considered as a relevant mediator between WR and PA and AB 
tasks, which should be controlled for. The reader is referred to Chapters 5 and 
6 for more detailed information on the regression analyses for the individual 
attention tasks. Thus, it can be concluded that visual attention explains a 
substantial extra proportion of variance in the prediction of WR fluency, and 
these tasks evidently are suitable control variables for the measurement of 
higher-order phonological processing. Despite the fact that in the present 
research different visual attention tasks were used than in other recent studies, 
e.g., the visual attention span (Bosse et al., 2007; Lallier, Donnadieu, & Valdois, 
2013; Van den Boer, De Jong, & Haentjens-van Meeteren, 2012), the conclusions 
are similar: Visual attention is evidently relevant to the process of reading that 
constitutes a promising novel branch of research into reading (dis)ability.  

Reading (dis)ability levels 

An important theoretical implication of the results of Chapter 2 is that the 
predictive patterns of reading-related cognitive processes are likely to be 
modified by the severity of RD. Thus, when it comes to phonological processing, 
this study indicates that it is important to consider WR ability level. The 
relationships of RAN, and PA in particular, with reading ability were found to be 
strongest for the poorest readers. This has clear implications for the correct 
interpretation of the Double Deficit Hypothesis (DDH) (Torppa et al., 2012; Wolf 
& Bowers, 1999). The DDH framework gains validity with the severity of the 
reading impairment. Moreover, the finding of relatively greater PA weaknesses 
in the poorest reader groups (De Groot et al., 2015), as compared to RAN, can 
possibly aid treatment planning. More specifically, with the severity of RD, 
scaffolding phonemic skills should receive relatively stronger emphasis in 
interventions (Gough, 1996). A final comment on the notion of differential 
relationships for WR ability levels is that the presently provided general 
estimates of the above working model are dependent of the sample being 
investigated. As compared to the estimates found in the presently studied 
clinical samples, and consistent with the results of other studies of the general 
population (Landerl et al., 2013; Van den Bos, 2008), the effects of reading-
related processes effects were much smaller in normal readers. 

Comorbidity 

While acknowledging that the assignment to the (comorbid) SLI and ADHD 
groups was necessarily constrained to the application of a singular arbitrary 
WR criterion (see also study limitations in the next section), the present study 
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has yielded some notable similarities and differences between the RD 
subgroups. For instance, the finding of largely additive effects in the comorbid 
groups suggests that the reading component of these disorders is not 
qualitatively different for the RD-only and comorbid groups. In relation to 
ADHD, this is clearly reflected by the finding of equally poor WR performances, 
the fact that comorbid ADHD does not seem to enlarge phonological 
impairments, and that the RD-only and RD+ADHD groups do not show 
markedly different underlying profiles of PA and RAN. Together, these findings 
suggest that RD and ADHD operate on RAN and PA rather independently, with 
only a small (added) effect of ADHD. Therefore, a sharp diagnostic 
differentiation between RD-only and comorbid RD+ADHD seems unwarranted 
on the basis of phonological processing alone.  

As to SLI, things are somewhat different, as RD and SLI appear less clearly 
dissociated. In this case, WR performance was found to be (slightly) more 
severely impaired in the comorbid group relative to the RD-only group. 
Moreover, the present results indicate that comorbidity of SLI does 
substantially exacerbate problems with phonological processing in children 
with RD, PA in particular. However, as with RD and ADHD before, the absence 
of substantial interactions between RD and SLI is also suggestive of largely 
additive effects as to phonological processing. As compared to ADHD, the SLI-
related contribution to phonological processing deficits is, however, much 
larger. Combined with the finding of larger effects in the SLI-only group, these 
results are consistent with the general notion of phonological processing 
deficiencies being a characteristic of SLI as well as RD (e.g., Vandewalle et al., 
2012). As such, RD and SLI can be considered as similar but distinct 
phonologically linked disorders, which are primarily differentiated by 
additional oral language deficits that operate independently on phonological 
processing in children with SLI (cf. Bishop & Snowling, 2004).  

Although generally more pronounced in the presently investigated children 
with SLI, a shared attribute of children with RD+ADHD and RD+SLI, as 
compared to those with RD-only, is that these groups seem more prone to 
difficulties with tasks involving a relatively high working memory load. The 
results for the presently employed PAsubstitution task (Chapters 3 and 4), and the 
Attentional Blink task (Chapter 5) provide examples. However, in order to 
correctly interpret the comorbid groups’ poor PA performance, and to 
differentiate the assumed mainly phonological-linguistic component, it would 
be mandatory to more explicitly consider working memory capacity and 
executive functioning capabilities in conjunction with PA task performances.  

Based on the present results, RANan performance and orienting of attention 
can be considered as best candidates of the currently involved reading-related 
processes to differentiate between RD, and ADHD or SLI. In both studies that 
investigated phonological processing in these groups of children, i.e., Chapters 
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3 and 4, RANan was found to be more strongly associated to RD than to ADHD or 
SLI, respectively, as reflected by much larger effect sizes for RANan in the RD 
groups. Similarly, a RD specific effect was found for response times on the 
visuo-spatial cueing task (VCT), which differentiated between children with RD 
and normal readers. The neurophysiological VCT measurements indicated 
further differentiating effects of dysfunctional orienting of attention (Chapter 
6). That is, as compared to controls, children with RD were found to be more 
severely impaired on attention shifting capabilities than the comorbid groups. 
Additionally, some qualitative differences were found between the ERPs of the 
RD-only and comorbid group (i.e., amplitude vs. latency). These results were 
interpreted as part of an explanation for the well-established RAN-reading link, 
which seems to be particularly pronounced in children with RD-only. Although 
still substantial, orienting of attention seemed to play a smaller role in the 
reading problems of comorbid children.  

To conclude, a practical concern of the present study has been the 
formalization of the diagnosis and treatment of dyslexia in the Netherlands 
according to the Protocol Dyslexia Diagnosis and Treatment (PDDT) (Dutch 
Health Care Insurence Board; Blomert, 2006). In its current form the PDDT 
favors cases of relatively ‘pure’ RD as eligible for insured further diagnostic 
assessment, and specialized reading treatment. As a consequence, comorbid 
cases of RD+ADHD or RD+SLI are both at risk of being excluded from these 
assignments. In this context, the present study carries relevant practical 
implications for the differential diagnosis and treatment of groups with RD and 
ADHD or SLI, and offers a new perspective on this possibly too restrictive usage 
of the PDDT. That is, results have been presented that emphasize the 
importance “distinguish” for comorbidity, and that such distinctions might form 
a basis for differential treatment planning. However, based on the present 
findings, a sharp aggregated differential-diagnostic differentiation between 
children with RD-only and children with different comorbid problems seems 
unwarranted.  

7.3 Limitations and future directions 

This section discusses the following limitations of this thesis with some 
suggestions for future studies: sample sizes, group assignments, the 
recruitment from clinical samples, the factor of age, and characteristics of the 
visual attention tasks.  

First, the relatively small sample sizes of the presently studied comorbid 
groups posed a clear limitation to the investigations of the RD+SLI and 
RD+ADHD groups. Especially with regard to the electrophysiological 
measurements of Chapter 6, relevant effects may have been missed due to lack 
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of statistical power, whereas the interpretations of the statistically significant 
results for these groups cannot be generalized. In some instances the comorbid 
groups were integrated to increase power (e.g., Chapter 6). However, although 
not for the variable of interest, i.e., orienting of attention, it is obvious these 
groups are likely to be heterogeneous for other characteristics which might 
influence reading-related processes. Therefore, considering the present results, 
a further investigation of these relationships with larger SLI and ADHD groups 
seems warranted. 

Secondly, it should be noted that the previously discussed WR-criterion 
dependency of cognitive reading-related processes obviously extents to the 
presently discerned SLI and ADHD groups, and that, for practical reasons, 
assignment to these groups was based on a singular WR cutoff criterion. Thus, 
as the cognitive reading-related effects reported for the SLI-only and ADHD-
only, and comorbid groups are confined to this single WR criterion, it is 
possible that a different RD criterion would have yielded different results. This 
makes any (sub)group division a precarious and limiting undertaking, and it 
may be worthwhile for future study to validate the outcomes for different WR 
classification criteria.  

Furthermore, as the children with ADHD and SLI that have participated in 
the present study were drawn from clinical samples, it should be noted that the 
resulting subgroups may not be representative of the larger population of 
attentional or language impaired children. There is literature which suggests  
that the use of clinical samples likely inflates comorbidity rates (Catts et al., 
2005). This means that if recruiting from clinical samples, one is likely to 
receive the most severe cases, and these cases probably also qualify for 
multiple disorders. For a discussion of this issue in relation to, e.g., the overlap 
of RD and SLI see Catts et al. (2005), which included participants drawn from 
an epidemiological sample (also see Baird et al. (2011) for a brief related 
discussion). However, this is why a convenience sample was used in the first 
place, as the primary interest of this study was in children with comorbid 
disorders, while at the same time distinguishing SLI-only and ADHD-only 
groups for validation purposes. It should, therefore be emphasized that the 
present study is not meant as an epidemiological study providing accurate 
estimates of comorbidity rate, as the reported overlap rates of this study might 
be inflated. Is it possible, however, that the presently uncovered additivity 
levels may be less pronounced in population-based samples. 

In Chapter 2 age was regarded across-the-board, while differentiating for 
WR ability levels. Although the effect patterns seem robust for age, which 
allows for the interpretation of children with RD having enduring problems 
with sub-lexical processing, such a conclusion necessarily remains tentative, as 
verification requires a comprehensive developmental design which discerns 
WR ability levels as well. Therefore, it would be very insightful to validate the 
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present effect patterns for phonological processing using a cross-sectional 
design, with a sample size that allows for WR skill differentiations within each 
age level. Moreover, it seems reasonable to assume that the ‘severity-
dependence’ claim might similarly apply to the (cascading) reading-related 
effects of visual attention. A separate investigation of the presently involved RD 
subgroups indeed revealed larger reading-related effects of both visual 
attention tasks, relative to those found for the general population-based 
sample. These findings give further support to the nowadays widely held idea 
that reading (dis)ability is multifactorial in nature (Pennington et al., 2012). 
Additionally, these findings show that it is important to distinguish for different 
ability levels when studying the effects of reading-related cognitive processes: 
in other words severity matters. 

In relation to the Attentional Blink task (Chapter 5), a substantial co-varying 
effect of age was found, which indicates that the presently employed AB task 
was significantly more difficult for younger children. Thus, there is a clear 
developmental aspect to this task. However, is it not clear whether the effect of 
age should be attributed to selective attention, or to the highly intertwined 
processes involved with working memory, which are also known to mature 
with age (e.g., Thomason et al., 2009). Therefore, it is recommended to include 
separate working memory tasks in future studies, and to develop and employ 
age-appropriate versions of the task, employing optimized RSVP interstimulus 
and presentation duration parameters.  Furthermore, there is reason to include 
longer SOA conditions in the task, as the AB curves for the investigated groups 
were not asymptotic for a stimulus onset asynchrony of  770 milliseconds (i.e., 
the Lag-7 condition). There is evidence for the assumption that children with 
RD require larger interstimulus intervals, i.e., longer SOAs, to fully recover from 
an AB. In other word, these children may show a prolonged attentional dwell 
time (Hari et al., 1999). However, in the present study such conditions were 
deliberately omitted, because more conditions equal more trials and prolonged 
testing sessions. In the present thesis this was considered undesirable in terms 
of the total experiment planning. A more general point is that the AB, in 
contrast to adults, has been relatively under-investigated in children, especially 
in relation to reading (dis)abilities. The present findings clearly warrant further 
psychometric and validation study of the attentional blink in this applied 
context.  

Finally, with regard to orienting of attention, Chapter 6 mentioned that 
there is a temporal aspect to the primarily visuo-spatial cueing task (VCT) 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 
different 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 would explain why the presently studied groups of 
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children with RD seem most severely impaired on the ability to shift attention 
from cues to opposite peripheral targets in the VCT, which are only 150 
milliseconds apart. Therefore, children with RD appear to run into double 
trouble if they are pushed beyond their processing speed capabilities (cf. 
Facoetti et al., 2000). As indicated in Chapter 6, it would be very interesting to 
compare the aforementioned paradigms directly and in conjunction with 
recently rather frequently applied visual attention span tasks (Bosse et al., 
2007; Lobier et al., 2012). This would enable a further disentanglement of 
visuo-spatial and temporal aspects of these tasks. Moreover, in line with 
McGrath et al. (2011), general processing speed appears to be a common 
attribute of all tasks involved, which might differentiate children with RD from 
normal readers. For example, longer VCT response times evidently are a 
specific characteristic of all RD groups, i.e., RD-only, RD+ADHD and RD+SLI. 
Importantly, the presently employed RAN and PA tasks involve a large speed 
component as well. Thus, to further clarify the unique WR contributions of the 
presently involved cognitive reading-related processes, it is recommended for 
future study to include a direct measurement of general processing speed.  

7.4 Final remarks 

This last section will first address some practical considerations for future 
study as to the applied question whether it is possible to conceive differential 
intervention strategies for the presently involved groups. That is, can the 
present insights modify treatment planning to facilitate tailor-made care?  

Based on the present finding of relatively greater PA weaknesses in the 
poorest reader groups (Chapter 2), a first tentative answer to the above 
question is that it may be worthwhile to conduct effect studies aiming to 
develop and evaluate WR ability-based treatments which incorporate a 
systemic implementation of intensified phonemic skill building with the level of 
RD to foster WR fluency in the poorest reader groups (Gough, 1996). A similar 
approach could be taken with RD groups with SLI or ADHD, where relatively 
strong emphasis should be placed on phonemic skills (with SLI) and working 
memory abilities.  

In connection with the finding of a specific orienting of attention deficit in 
children with RD (chapter 6), a second answer is that the combination of self-
paced reading paradigms (Chiarenza, Olgiati, Trevisan, Marchi, & Casarotto, 
2013; Ditman, 2007; Reed, 2013; Tressoldi, Vio, & Iozzino, 2007; van der 
Schoot, Vasbinder, Horsley, Reijntjes, & van Lieshout, 2009) and eye tracking 
gaze contingency technology presents a promising future direction for RD 
research. As yet, the self-paced reading paradigm has been most frequently 
applied in the context of reading comprehension. However, based on the 



  

 
144  Chapter 7 

present findings, it seems that – especially when combined with eye tracking 
technology – the ‘moving window paradigm’ provides an adequate online 
method to help children with specific RD to remain focused while decoding a 
word or word fragment, by suppressing (irrelevant) peripheral visual 
information. Considering the inhibitory aspect of this paradigm, also children 
with concomitant ADHD possibly may benefit from this approach, as these 
children are known to experience inhibitory problems (e.g., Johnstone, Barry, & 
Clarke, 2007). 

Finally, returning to the main issue of neurocognitive profiles, the present 
study emphasizes the importance of all presently involved reading-related 
processes. Alphanumeric RAN, and particularly PA, were found to be highly 
predictive for RD, whereas efficient RAN performance seems to characterize 
excellent readers. Moreover, the combination of RAN and PA was found to be 
most effective predictor overall, with the largest effects found in the comorbid 
groups. As compared to phonological processing, both the orienting of attention 
and attentional blink paradigm – as yet – have received relatively little 
attention by researchers. However, the results of the present study add to the 
conclusion that these non-phonological processes are relevant to reading 
(Pennington et al., 2012), and certainly warrant further investigations of either 
aspect of visual attention. It has been demonstrated that spatial and temporal 
aspects of visual attention add significantly to the clarification of differentiated 
cognitive profiles for the presently involved subgroups, and offer a great deal of 
refinement to ‘traditional’ diagnostic procedures. Concordantly, it seems 
opportune to finish this thesis with the following preliminary insight.  

As there were complete data matrices for small numbers of participants 
from each of the six subgroups, encompassing all presently involved 
(neuro)cognitive measurements (i.e., WR, RANan, PA, VCT (including ERP data), 
and AB), this allowed for a preliminary discriminant function analysis of these 
data. Figure 7.2 shows the six subgroups plotted against the first two out of four 
significant (Wilks λ’s < .001, p < .001) separating canonical discriminant 
functions, with the group centroids indicated by the blue squares.  

Remarkably, this preliminary analysis yielded a perfect score of 100 percent 
of the original grouped cases correctly classified. Although strictly tentative, 
this tantalizing result most certainly warrants replication with larger numbers 
of participants, and emphasizes the potential of this set of predictors as 
elements of a comprehensive cognitive model of reading (dis)abilities. It 
appears that, despite significant overlap among this set of predictors, each 
element holds a unique piece of the puzzle, which put together yield an 
accurate solution to the problem of profiling these groups in terms of 
neurocognitive processes indeed. 
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Figure 7.2 Canonical discriminant function plot for six subgroups 
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Summary 

Introduction 

This thesis concerns word reading and cognitive reading-related processes in 
children, who are attending the upper levels of Dutch primary schools. Within 
this population several reading-ability based subgroups can be discerned. 
Besides distinguishing between normal reading children and children with 
(specific) Reading Disabilities (RD), this work considers subgroups that are 
implicated by two frequently reported neurodevelopmental comorbidities of 
RD, i.e., Attention Deficit Hyperactivity Disorder (ADHD), and Specific Language 
Impairment (SLI). The thesis consists of seven chapters. 

Chapter 1 provides a general introduction to the concept of RD and its 
presently involved neurocognitive correlates, i.e., phonological processing and 
visual attention, which are summarized in a working model of word reading 
(WR) fluency. Next, the issue of comorbidity is introduced, which also sets forth 
SLI and ADHD as two of the most frequently co-occurring clinical disorders 
with RD. Finally, Chapter 1 provides an overview of the main measurements of 
the present PhD project. The next chapters are organized in two sections that 
can be considered as the empirical body of this thesis, i.e., Section I (Chapters 2, 
3, and 4) and Section II (Chapters 5 and 6), whereas the last chapter (7) 
provides a general discussion.  

Section I:  Phonological Processing  

This section comprises three relatively separate investigations of phonological 
processing in Dutch school children that are reported in Chapters 2, 3, and 4. 
Specifically, these studies have evaluated the differential and combined effects 
of Rapid Automatized Naming (RAN) and Phonemic Awareness (PA) for the 
reader groups involved.  

Chapter 2 reports on reader group comparisons within a nationwide Dutch 
population-based sample. While controlling for age, the dependence of effects 
of reader group for RAN and PA on the employed reading criterion was 
investigated. Reader group is operationalized by WR fluency  performance, 
which was used to dichotomously classify 1,598 Dutch children at different 
cutoffs, indicating (very) poor or (very) good reading performance. Analysis of 
variance and receiver operating characteristics (ROC) are employed to 
investigate the effects of RAN and PA in predicting reader-group membership. 
The highest predictive values were found for the combination of RAN and PA, 
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particularly for the poorest readers. Furthermore, results indicate that with the 
severity of impairment, WR performance is more dominated by deficient PA, 
which is interpreted as an enduring problem with sub-lexical processing. 
Another main result is that with the increase of reading skill the contribution of 
PA to WR diminishes, whereas the contribution of RAN remains fairly constant 
for the whole reading fluency continuum. These results warrant the conclusion 
that whereas PA hallmarks RD, RAN appears to be the default predictor for 
reading excellency.  

Chapter 3 reports on the assessment and comparison of the predictive 
values of group membership for RAN and PA in Dutch school children with and 
without RD or SLI. A composite WR index and a formal SLI diagnosis were used 
to classify a total of 1,267 children aged 8 to 13 years old either as RD (RD-only, 
n = 126), SLI (SLI-only, n = 21), comorbid (RD+SLI, n = 30), or typically 
developing (TD) (n = 1,090). Disorder groups are compared to each other and 
contrasted with controls. For each subgroup, results indicate substantial effect 
sizes of RAN as well as PA. However, the RD-only group seems to be more 
affected by poor RAN than the SLI-only group, whereas the two groups perform 
equally poorly on PA. The comorbid group was revealed as most severely 
impaired on all measurements. In studying RD and SLI, this research indicates 
that RD-only, SLI-only, and comorbid groups can validly be distinguished. The 
comorbid group shows the additive effects of both disorders.  

Similarly, Chapter 4 reports on the interrelations of WR, RAN and PA in 
Dutch school children with RD and/or ADHD. A secondary objective was to 
investigate whether comorbidity should be considered as an additive 
phenomenon in these groups. A total of 1,262 children, aged 8-13 years old, 
were classified as RD (n = 121), ADHD (n = 17), comorbid (RD+ADHD; n = 16), 
or control (n = 1,108). Although results indicate substantial effects for all three 
disorder groups on both types of processing, effect sizes were considerably 
larger for the RD groups, as compared to the ADHD-only group. Secondly, 
although not fully additive in terms of magnitude, there is clear and consistent 
evidence for uniquely added value by either component in the comorbid group.  
The results of this study warrant the conclusion that RAN and PA can 
differentiate between RD and ADHD, and that these processes are clearly more 
related to reading (dis)ability than to ADHD.  

Section II:  Visual Attention  

Section II focuses on a relatively novel branch of reading-research, i.e., visual 
attention. Two research paradigms are discerned, i.e., selective attention and 
orienting of attention, which focus on temporal and spatial aspects of visual 
attention, respectively. In the studies described in chapters 5 and 6, firstly, each 
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aspect is studied in a substantial number of TD children, providing a normative 
baseline for the performances on the experimental tasks that were used to 
operationalize these aspects. Secondly, these studies contrast the visual 
attention skills of RD subgroups with and without comorbid ADHD, or SLI with 
those of the TD children.  

Chapter 5 addresses the question whether selective visual attention, and 
specifically the attentional blink (AB), as operationalized by a dual target rapid 
serial visual presentation (RSVP) task, can explain individual differences in WR 
proficiency and RAN and PA performances in TD children and RD subgroups. A 
total of 407 Dutch school children (grades 3 through 6) were classified either as 
TD (n = 302), or as belonging to one of three RD subgroups: RD-only (n = 69), 
children with RD+ADHD (n = 16), and children with RD+SLI (n = 20). The RSVP 
task employed alphanumeric stimuli which were presented in two blocks. 
Results indicate that, controlling for PA and RAN performance, general RSVP 
task performance contributes significant unique variance to the prediction of 
WR performance of the total population of reader groups studied. At more 
specific levels of analysis, consistent group main effects for the parameter of 
ABminimum were found, whereas no group effects were found for AB specific 
aspects (i.e., ABwidth and ABamplitude), except for the group of RD+SLI. Finally, a 
Group x Measurement interaction effect was found, indicating that RD-only and 
comorbid groups are differentially sensitive for prolonged testing sessions. 
These results suggest that more general factors involved in RSVP processing, 
such as sustained attention, and not AB specific deficiencies, may explain the 
group differences found.  

Chapter 6 investigates the relationships between visuo-spatial orienting of 
attention, WR, and RAN skills in Dutch school children with or without RD, 
ADHD and SLI. A visuo-spatial cueing task (VCT) with three conditions (valid 
cue, invalid cue, and uncued) was employed in conjunction with 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 (response times and N2 amplitudes and latencies) accounted 
for a substantial proportion of unique WR variance, and shares a large 
proportion of WR variance with RAN tasks. This 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 
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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.  

General discussion 

Chapter 7 binds together the previous sections in a general discussion on how 
phonological processing and visual attention work together in relation to WR. 
First, the major findings of the empirical chapters are highlighted according to 
the themes of phonological processing and visual attention. Next, the working 
model as introduced in Chapter 1 is revisited, to which empirical estimates of 
its component links are now added, which is followed by some generalized 
conclusions and a discussion of the theoretical and practical implications of the 
findings. Finally, some limitations of the present research are mentioned along 
with recommendations for future research, followed by some closing 
statements. 
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Nederlandse samenvatting 
(Dutch Summary) 

Introductie 

Deze dissertatie betreft de woordleesvaardigheid (WL) en leesgerelateerde 
cognitieve verwerkingsprocessen bij kinderen in de bovenbouw van het 
Nederlandse basisonderwijs. Binnen deze populatie zijn verschillende op WL 
gebaseerde subgroepen onderscheiden. Naast een onderscheid tussen normale 
lezers en kinderen met een specifieke woordleesstoornis (WLS), worden in dit 
werk groepen bestudeerd die betrokken zijn op basis van twee vaak 
gerapporteerde met WLS samengaande neurocognitieve ontwikkelings-
problemen, zijnde een aandachttekortstoornis met hyperactiviteit (ADHD) en 
een taalontwikkelingsstoornis (TOS). De dissertatie omvat zeven hoofdstukken. 
In Hoofdstuk 1 wordt een algemene inleiding gegeven op WLS en 
leesgerelateerde fonologische verwerkingsprocessen en visuele aandachts-
processen, die zijn samengebracht in een werkmodel van woordlees-
vaardigheid. Vervolgens wordt de kwestie van comorbiditeit besproken, 
waarbij TOS en ADHD worden geïntroduceerd als twee van de meest 
veelvoorkomende comorbide stoornissen met leesproblemen. Tot besluit 
wordt in Hoofdstuk 1 een overzicht gegeven van de belangrijkste 
operationaliseringen van het onderhavige promotieproject. De overige 
hoofdstukken zijn als volgt georganiseerd: Sectie I - Fonologische verwerking 
(Hoofdstukken 2, 3 en 4), Sectie II – Visuele aandacht (Hoofdstukken 5 en 6). 
Hoofdstuk 7 een algemene discussie van de resultaten gevolgd door enige 
algemene conclusies en aanbevelingen voor vervolgonderzoek. 

Sectie I:  Fonologische verwerking  

Deze sectie is de eerste van twee secties die beschouwd kunnen worden als de 
empirische ruggengraat van de dissertatie. Sectie I bestaat uit drie relatief 
onafhankelijke deelstudies met de focus op fonologische verwerkingsprocessen 
bij subgroepen Nederlandse basisschoolkinderen (Hoofdstukken 2, 3 en 4). 
Meer specifiek worden in deze studies de differentiële en gezamenlijke effecten 
van continu benoemen (CB) en fonemische analysevaardigheid (FA) 
geëvalueerd in op WL gebaseerde groepsindelingen. 

Hoofdstuk 2 rapporteert over diverse groepsvergelijkingen binnen een 
landelijke representatieve Nederlandse steekproef. Centraal in dit 
deelonderzoek staat het effect van de keuze voor een bepaald WL criterium op 
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de interrelaties tussen groepslidmaatschap en CB en FA. Er werd gecontroleerd 
voor leeftijd. WL prestaties van 1.598 kinderen zijn gebruikt om ze bij 
herhaling, dat wil zeggen op basis van acht verschillende WL afkappunten 
(criteria), in te delen als (zeer) zwakke dan wel (zeer) goede lezer. Vervolgens 
zijn variantieanalyse en zogeheten receiver operating characteristics (ROC) 
gebruikt om de effecten van WL-criterium op de relaties van RAN en FA met 
groepslidmaatschap te onderzoeken. De grootste effecten zijn gevonden voor 
de combinatie van CB en FA, in het bijzonder bij de zwakste lezers. Verder blijkt 
uit de resultaten dat met de ernst van het leesprobleem, WL een grotere 
samenhang vertoont met FA deficiënties. Gezien het leeftijdsbereik kan dit 
geïnterpreteerd worden als aanhoudende problemen met sub-lexicale 
verwerkingsprocessen bij de zwakste lezers. Een ander majeur resultaat is dat 
bij toenemende WL, de bijdrage van FA afneemt, terwijl die van CB redelijk 
stabiel blijft voor alle onderscheiden woordleesvaardigheidsniveaus. Deze 
bevinding rechtvaardigt de conclusie dat FA (ernstige) leesproblemen 
kenmerkt en dat CB vanwege een afnemende bijdrage van FA de dominante 
voorspeller is bij een excellente leesvaardigheid. 

Hoofdstuk 3 betreft een deelstudie naar CB en FA bij Nederlandse 
basisschoolkinderen met een woordleesstoornis (WLS) en/of taalontwikke-
lingsstoornis (TOS), waarbij deze groepen voor deze processen met elkaar zijn 
vergeleken en met een controlegroep. De WL score en een formele TOS 
diagnose zijn gebruikt om 1.267 kinderen tussen de 8 en 13 jaar in te delen als 
lezers met WLS (n = 126), als normale lezer met TOS (n = 21), als WLS-lezer 
met TOS (n = 30) of als normale lezer zonder bijkomende problematiek (n = 
1.090). Resultaten laten substantiële effecten van zowel CB als voor FA zien bij 
iedere stoornisgroep. Echter, kinderen met een WLS tonen zwakkere CB 
vaardigheden dan de TOS groep, terwijl deze groepen vergelijkbaar slechte 
scores laten zien voor FA. De comorbide groep kwam als slechtst presterend uit 
de analyses naar voren voor alle onderzochte variabelen. Bij de bestudering 
van kinderen met een WLS en/of TOS, blijkt uit deze studie dat deze groepen 
kinderen op basis van CB en FA onderscheidende profielen vertonen, waarbij 
de comorbide groep de additieve effecten van beide stoornissen laat zien. 

Hoofdstuk 4 rapporteert op vergelijkbare wijze als in Hoofdstuk 3 over de 
interrelaties tussen WL, CB en FA bij Nederlandse basisschoolkinderen met een 
WLS en/of ADHD. Ook in deze studie was de secondaire doelstelling om te 
onderzoeken of comorbiditeit al dan niet gezien moet worden als een additief 
probleem voor deze stoornisgroepen. Voor deze studie werden 1.262 kinderen 
tussen de 8 en de 13 jaar geclassificeerd als lezer met WLS (n = 121), als 
normale lezer met ADHD (n = 17), als WLS- lezer met ADHD (n = 16) of als 
normale lezer zonder bijkomende problematiek (n = 1.108). Hoewel de 
resultaten substantiële CB en FA effecten laten zien bij alle drie 
stoornisgroepen, bleken de effecten, vergeleken met de ADHD groep,  
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aanmerkelijk groter in de leesgestoorde groepen. Verder, hoewel niet additief 
in termen van magnitude, werden duidelijke en consistente aanwijzingen 
gevonden voor afzonderlijke effecten van beide stoornissen in de comorbide 
groep. Deze resultaten rechtvaardigen de conclusie dat WLS en ADHD duidelijk 
onderscheidbare profielen laten zien in termen van CB en FA, waarbij deze 
processen duidelijk sterker samenhangen met leesproblemen. 

Sectie II:  Visuele Aandacht 

Sectie II betreft een relatief nieuwe leesonderzoekslijn: visuele aandacht. 
Hierbij worden twee onderzoeksparadigma’s onderscheiden: selectieve 
aandacht en aandachtsoriëntatie. Deze paradigma’s richten zich respectievelijk 
op temporele en ruimtelijke aspecten van visuele aandacht. In de studies 
waarover in de hoofdstukken 5 en 6 gerapporteerd wordt, zijn deze twee 
aspecten eerst bestudeerd in een substantiële groep normaal ontwikkelende 
kinderen. Hiermee is een normatieve baseline gecreëerd voor de experimentele 
taken die zijn gebruikt om temporele en visueel-ruimtelijke aandacht te 
operationaliseren. Vervolgens zijn in deze studies de visuele aandachtprestaties 
van kinderen met WLS en/of ADHD of TOS met elkaar vergeleken en 
gecontrasteerd met de controlegroep. 

Hoofdstuk 5 richt zich op de vraag of selectieve visuele aandacht individuele 
verschillen in de leesvaardigheid en CB en FA prestaties kan voorspellen in 
normaal ontwikkelende kinderen en in WLS subgroepen. Hierbij wordt 
selectieve aandacht onderzocht met de zogeheten Attentional Blink (AB) die 
geoperationaliseerd wordt door een dual target rapid visual presentation 
(RSVP) taak. In totaal zijn 407 Nederlandse basisschoolkinderen (groep 5 t/m 
8) ingedeeld in de controlegroep (n = 302) of in één van drie WLS subgroepen: 
WLS (d.w.z. WLS zonder bijkomende problematiek; n = 69), WLS+ADHD (n = 
16) of WLS+SLI (n = 20). De RSVP taak bestaat uit twee blokken met ieder 96 
alfanumerieke stimulusreeksen. Uit de resultaten blijkt dat de RSVP taak in de 
onderzochte groepen in samenhang met CB en FA een unieke bijdrage levert 
aan de voorspelling van WL. Op een meer verfijnd analytisch niveau werden 
consequent significante hoofdeffecten gevonden voor de parameter ABminimum, 
terwijl, met uitzondering van de WLS+SLI groep, geen groepseffecten werden 
gevonden voor de AB-specifieke parameters ABspanne en ABamplitude. Tot slot werd 
een Groep x Blok interactie-effect  gevonden, wat wijst op een grotere 
gevoeligheid van de WLS subgroepen voor testduur. Deze resultaten 
suggereren dat de RSVP taak bij deze groepen kinderen naast selectieve 
aandacht ook meer generieke factoren meet, zoals vastgehouden aandacht.  

Hoofdstuk 6 onderzoekt de relaties tussen visueel-ruimtelijke 
aandachtsoriëntatie, WL en CB in Nederlandse basisschoolkinderen met en 
zonder WLS, ADHD of SLI. Een visuele oriëntatietaak (VOT) met drie 
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experimentele condities (congruente, incongruente of geen visuele 
plaatsaanwijzing) werd samen afgenomen met WL en CB tests in 6 groepen: 
WLS, n = 30; ADHD, n = 12; SLI, n = 8; WLS+ADHD, n = 8; WLS+SLI, n = 14; 
Controle, n = 218. De VOT metingen betreffen uiterlijk waarneembare 
gedragsmaten (responstijd en accuratesse) en bij een subselectie (n = 76), 
posterieure event-related potentials (N2). De data zijn geanalyseerd met 
(M)ANOVA en multipele lineaire regressie. Ten eerste werd een WLS-specifiek 
hoofdeffect van hogere VOT-responstijd gevonden. Verder werden bij de 
kinderen met WLS kleinere pariëtale N2 amplitudes gevonden vergeleken met 
de controlegroep, terwijl de comorbide groepen in plaats daarvan een vroegere 
N2 respons vertoonden. Verder werd er een substantiële relatie tussen CB en 
VOT prestaties aangetoond. De VOT prestaties (responstijd, N2 amplitude en 
N2 latentie) bleken een aanzienlijke unieke bijdrage te leveren aan de 
voorspelling van WL en overlappen bovendien substantieel met CB processen. 
Hiermee wordt aangetoond dat kinderen met een WLS een serieus te nemen 
onderliggend probleem hebben met het richten van de aandacht, zoals gemeten 
met de overte gedragsmaten en neurofysiologische responsen op de VOT taak. 
Daarbij blijken de WLS groep en comorbide groepen zich kwalitatief van elkaar 
te onderscheiden op basis van afwijkende N2 amplitude dan wel latentie. Met 
het aantonen van een rechtstreeks verband van aandachtsoriëntatie met zowel 
CB als WL wordt met deze studie een relevante bijdrage geleverd aan de 
theorievorming over de aard van de CB-WL relatie bij zwakke lezers. 

Algemene discussie 

Hoofdstuk 7 verbindt de voorgaande onderdelen in een algemene discussie met 
betrekking tot de verbanden tussen fonologische verwerking en visuele 
aandachtsprocessen in relatie tot de woordleesvaardigheid. Ten eerste worden 
enige overstijgende conclusies getrokken aan de hand van het in Hoofdstuk 1 
gepresenteerde WL-werkmodel. Dit model wordt hier uitgerust met algemene 
empirische schattingen van het gewicht van de individuele componenten in de 
voorspelling van de woordleesvaardigheid. Voorts worden de implicaties 
besproken van de in Hoofdstuk 2 aangetoonde relevantie van een onderscheid 
tussen WL-niveaus voor de effecten van cognitieve leesgerelateerde processen 
en het comorbiditeit-vraagstuk in het licht van het werkmodel. Voorts komen 
aan de orde enige praktische implicaties voor differentiaaldiagnostiek en 
behandeling. Tot slot worden beperkingen van de studie aangegeven samen 
met aanbevelingen voor toekomstig onderzoek, gevolgd door enkele 
slotoverwegingen. 
  



  

 
176 Acknowledgements / Dankwoord (Dutch) 

Acknowledgements / Dankwoord 
(Dutch) 
 
 
 
Deze dissertatie is het resultaat van vijf jaar zwoegen en zweten. Terugkijkend 
op deze periode is het bij tijd en wijle – of eigenlijk gewoon continu – een dolle 
rit geweest. Dit met name vanwege het feit dat ik mijn promotieonderzoek 
vrijwel vanaf het begin heb gecombineerd met het (co-)auteurschap van de 
Fonemische Analyse Test, hetgeen een blijvende zoektocht naar de juiste balans 
heeft opgeleverd. Daarentegen doet de typering “dol” geen recht aan de 
doelgerichtheid die toch altijd aan de orde is geweest bij alles wat zich de 
afgelopen periode heeft afgespeeld. Eén ding is zeker, hectisch was het! Daarbij 
was de leercurve steil. Bij het aanpakken van allerlei noviteiten heb ik echt het 
uiterste van mezelf én van mijn naasten gevergd. Soms wil een mens blijkbaar 
net iets meer dan goed zou zijn. Hoe dan ook, het feit dat de zaken zijn zoals ze 
zijn getuigt van een zekere planmatigheid en vastberadenheid. In dit licht past 
het om stil te staan bij het feit dat een groot aantal mensen – direct dan wel 
indirect – in belangrijke mate aan de totstandkoming van dit werk hebben 
bijgedragen en ik wil van de gelegenheid gebruikmaken om hier een aantal van 
hen in het bijzonder te bedanken. 

Om te beginnen wil ik enige woorden richten aan mijn hoofdpromotor Kees 
van den Bos. O, wat ben ik toch dankbaar voor het toevallige feit dat ik tijdens 
mijn bachelor-opleiding het tentamen leerproblemen heb gemist! Deze 
gebeurtenis gaf namelijk de aanleiding voor het moment dat wij elkaar hebben 
leren kennen, waarbij ik een vervangende research(!)opdracht van je kreeg. Het 
was mij eigenlijk direct duidelijk dat hier iets bijzonders gebeurde, iets wat ik 
nog het best kan duiden als de herontdekking van mijn liefde voor de 
wetenschap – na enige jaren te zijn “afgedwaald” als ondernemer in de dop, 
hetgeen heeft geleid tot dit trotse moment. Kees, ik heb je leren kennen als de 
prachtige prototypische verstrooide professor, die mij vanaf dag één heeft 
geïnspireerd met zijn niet aflatende “Sehnsucht” naar kennis en ik mag toch 
zeggen dat er sinds dat eerste moment een bijzondere vriendschap tussen ons 
is ontstaan. We hebben in toenemende mate in elkaars verlengde – en in 
toenemende mate van gelijkwaardigheid – aan van alles en nog wat gewerkt 
(proefschrift, CB&WL, FAT(-R), BLESI, ZIN, et cetera, et cetera), veel studenten 
verder gebracht en lief en leed met elkaar gedeeld. Kees, ik zal voor altijd met 
het grootste genoegen terugdenken aan jouw enorme en zeer brede kennis, 
jouw verhalen, onze zééér uiteenlopende gesprekken, discussies, gedachten-
experimenten en het samen “to-the-bone” herschrijven van stukken. Simpelweg 
onbetaalbaar! Ik hoop dat we nog zeer lang verder kunnen gaan op de 
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ingeslagen weg met nieuwe vertakkingen en samen nog mooie momenten 
mogen beleven. 

Voorts wil ik vanzelfsprekend ook mijn co-promotor en leidinggevende 
Alexander Minnaert ontzettend bedanken voor zijn rotsvaste vertrouwen en 
steun. Wat ben ik toch altijd onder de indruk gebleven van jouw ongelooflijke 
vermogen om het overzicht te bewaren en hoe complementair is jouw 
begeleiding toch geweest met die van Kees – met soms eensluidende 
commentaren, maar op momenten ook verbluffend vereenvoudigend te midden 
van allerhande inhoudelijke overwegingen. Ook wij hebben gaandeweg een 
gelijkgestemdheid gevonden, met een voorliefde voor baanbrekend onderzoek, 
toegepaste linguïstiek en een gedeelde interesse in auto’s, beleggen en muziek. 
Ik heb bij jou – ondanks jouw ongelooflijk drukke schema! – op de bepalende 
momenten altijd een geïnteresseerd, welwillend en luisterend oor gevonden 
voor mijn vragen, gedachten, ideeën en initiatieven. Voor altijd ben ik je 
dankbaar voor jouw inzet voor mijn gedachtengoed en het behartigen van mijn 
belangen binnen de organisatie. Ik ben ervan overtuigd dat wij met 
vastgehouden aandacht en met de ogen gericht in de toekomst samen nog heel 
mooi onderzoek op de kaart zullen zetten. 

Ik wil hier in ook het bijzonder stil staan bij de uiterst belangrijke bijdrage 
van het gaandeweg informeel toegevoegde derde lid van mijn promotieteam – 
de zogezegde “silent partner” – Bieuwe van der Meulen, die tevens als co-auteur 
van de binnenkort te verschijnen FAT-R is ingestapt en zonder wie het zeer de 
vraag is of deze test ooit het licht had gezien. Onze samenwerking in het kader 
van de FAT-R is zeer intensief geweest en daarnaast heb jij je en passant mijn 
lot als promovendus zeer aangetrokken. Hierbij heb jij je ten allen tijde uiterst 
behulpzaam getoond bij het lezen van proefschriftstukken, meedenken over 
concepten en het oplossen van problemen. Verder heb je met name ook veel 
aandacht gehad voor tijdbewaking en doelrealisatie. Deze aspecten werden in 
de nadagen van mijn promotietraject hoe langer hoe belangrijker en daarvoor 
ben ik je voor altijd erkentelijk. Ik heb mij vanaf het moment dat jij je intrede 
deed altijd zeer gesteund gevoeld door jouw persoonlijke en professionele 
betrokkenheid, waarbij ik de grootste waardering heb voor jouw optimisme, 
opgeruimdheid, voortvarendheid en grote structurerend vermogen. Ik kijk er 
naar uit om onze komende successen samen te vieren en mijn gedachten gaan 
ondertussen al uit naar ons geplande methodologische FAT-artikel. 

De leden van mijn leescommissie, Pol Ghesquière (KU Leuven), Peter de Jong 
(UvA) en Wied Ruijssenaars (RuG) wil ik hartelijk danken voor hun 
bereidwilligheid om mijn proefschrift te beoordelen en – niet onbelangrijk – te 
hebben willen goedkeuren.  

Daarnaast wil ik stilstaan bij het feit dat Wied tevens zeer nauw betrokken is 
geweest bij de eerste totstandkoming van mijn promotieproject en 
aanvankelijk ook een belangrijke rol heeft gespeeld in de begeleidingssfeer. Ik 
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ben hem voor altijd dankbaar voor zijn bijdrage en ik ben zeer vereerd met zo 
een pleitbezorger die zijn weerga werkelijk niet kent. Wied, jou past als geen 
ander de typering homo universalis en wat blijf jij mij toch inspireren met jouw 
briljante geest, humor, creativiteit, opmerkzaamheid en welbespraaktheid en 
podiumkunst. Ik hoop dat er nog eens een moment komt met enige vrije tijd om 
samen eens serieus – d.w.z. niet ad hoc – te musiceren. 

Hoewel het elektrofysiologische aspect gaandeweg een iets bescheidener 
plaats in het proefschrift heeft gekregen in het streven naar een consistent en 
overzichtelijk geheel, is de begeleiding van Natasha Maurits in haar 
hoedanigheid van externe adviseur vanuit de vakgroep Neurologie (RuG) van 
fundamenteel belang geweest voor de totstandkoming van het neurofysio-
logische hoofdstuk zes. Natasha, ik ben jou zeer erkentelijk voor de interesse 
die je voor mij en mijn project hebt getoond en ik heb genoten en enorm veel 
geleerd van onze overlegmomenten met betrekking tot signaalanalyse. Er ligt 
trouwens nog een enorme berg EEG/ERP en eye tracking-data van “dat andere” 
lees-experiment te wachten op verdere verwerking en ik hoop dat wij hierover 
wellicht in de toekomst gezamenlijk kunnen publiceren. 

Vanzelfsprekend ben ik alle kinderen, ouders c.q. verzorgers en scholen die 
aan het project hebben deelgenomen de grootst mogelijke dank verschuldigd. 
Zonder jullie bijdrage en inzet was er niets geweest om over te schrijven. 

Hier past ook een dankbetuiging richting de organisaties die in het kader 
van het project een bijzondere rol hebben vervuld. Ten eerste wil ik de mensen 
van OCRN, in het bijzonder de familie Loonstra en Noortje Haga, hartelijk 
danken voor de mogelijkheid om het project samen met Everlyn Kasperink, de 
eerste masterstudent die zou afstuderen in het kader van mijn onderzoek, te 
starten binnen de muren van jullie hoofdvestiging in Groningen. Ik zal me voor 
altijd die prachtige tot EEG-onderzoeksruimte omgebouwde badkamer heugen. 
Everlyn, hartelijk dank voor je toewijding, communicatieve vaardigheden en 
doorzettingsvermogen die het eerste pilotonderzoek tot een goed einde hebben 
gebracht. In het verlengde van OCRN wil ik ook zeker niet voorbij gaan aan de 
inzet van de mensen van DZNN te Joure, die op vergelijkbare wijze 
masteronderzoek hebben gefaciliteerd. 

In dit kader wil ik verder Ellen Loykens en de medewerkers van Molendrift te 
Groningen hartelijk danken voor de implementatie en evaluatie van onze FAT 
en de gepleegde inzet om deelnemers te rekruteren en onderzoeksgegevens te 
vergaren. Ik verheug me zeer op verdere samenwerking met Molendrift, 
aangezien er al het één en ander in de pijplijn zit en er nog vele ideeën zijn 
blijven liggen die nadere aandacht verdienen. 

Voorts wil ik de medewerkers van Koninklijke Kentalis, meest recentelijk 
Ilse Smit en de andere medewerkers van de Tine Marcusschool, en eerder ook 
De Skelp in Drachten (i.s.m. Frida Koopmans), hartelijk danken voor hun inzet 
om mij en mijn studenten te ondersteunen in ons onderzoek. Jullie bijdrage is 
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van essentieel belang geweest om de populatie van kinderen met taalontwikke-
lingsstoornissen in het onderzoek te kunnen representeren. 

De Stichting Dyslexie Fonds (SDF) ben ik dank verschuldigd voor de nodige 
financiële ondersteuning. Via Kees zijn er regelmatig betrekkelijk kleine 
stipendia geweest, die mijn onderzoeksproject mede mogelijk hebben gemaakt. 
Echter, ik wil toch ook vooral refereren aan die ene grote bijdrage, waarmee in 
samenwerking met de eigen vakgroep Orthopedagiek van de RuG een eye 
tracker is aangeschaft. Hoewel de inzet van dit fantastische apparaat zich helaas 
nog niet rechtstreeks vertaald ziet in dit proefschrift, zijn er al enkele mooie 
experimenten goed onderweg. Inmiddels heeft dit een tweetal RuG-master-
thesissen opgeleverd (Frida Koopmans, 2011; Anne Rohn, 2013), waarmee 
alvast prachtig “groundwork” voor de nabije toekomst is gerealiseerd. 

Dan mijn linker- en rechterhand tijdens de hoogtijdagen van de dataverza-
meling van het project, Frida Koopmans en Rian Meerstra – Frida in haar 
hoedanigheid van scribent/student-assistente en Rian als scribent/onderzoeks-
stagiaire. Dames, wat zijn jullie ongelooflijk belangrijk voor het project en voor 
mij geweest en wat heb ik genoten van onze vele bijeenkomsten, testmomen-
ten, trouble shooting sessies, noem maar op. Wat hebben jullie toch uitstekend 
werk verricht bij OCRN, vanuit het Universitair Ambulatiorium Groningen 
(UAG) en Kentalis, en wat hebben jullie menig kind gezien en op hun gemak 
gesteld tijdens de EEG-metingen. Ook past een woord van dank aan de kinderen 
van Rian; Thirza, Menthe en Diem, wie hun portretten beschikbaar hebben 
gesteld voor promotionele doeleinden en hebben deelgenomen als proef-
persoon. Zelfs de timmermanskunsten van de heer des huizes, Joost, werden op 
enig moment nog ingezet; dank voor jouw hand aan onze testtafel. Ik herinner 
me verder op enig moment met een totale onderzoeksgroep van een kleine 
dertig bachelor- en masterstudenten van de Noordelijke Hogeschool Leeuwar-
den (NHL) en de RuG rond de tafel te hebben gezeten, die allemaal toch maar 
mooi hebben meegebouwd aan onze “huisjes”! Het is teveel om te noemen, 
maar ik neem diep de hoed af voor alles wat jullie voor mij hebben gedaan! 

Het voorgaande duo was “a very tough act to follow”, maar ik zal ook de 
bijdragen van onderzoeksstagiaire Daphne Engelen en student-assistent Roel 
Bouwman in dit kader nooit vergeten. Daphne, je hebt uitstekend werk geleverd 
met betrekking tot de EEG-dataverzameling en de dataverzameling m.b.t. de 
Attentional Blink (i.s.m. Esmée de Vries). Roel, jou wil ik hartelijk danken voor je 
uitstekende structurerende vermogen, administratieve en communicatieve 
vaardigheden en jouw inzet bij het op orde brengen van alle databestanden.  

Naast de reeds genoemde personen ben ik nog een groot aantal andere 
bachelor- en masterstudenten dank verschuldigd voor de dataverzameling en 
hun inzet tijdens een stage of de uitvoering van hun bachelor- of 
masteronderzoek in het kader van dit project: ik noem Laura Kroon, Kirsten 
Sewuster, Krista Sleurink, Marielle Brummel, Nanske Hoekstra, Karin Lorkeers, 



  

 
180 Acknowledgements / Dankwoord (Dutch) 

Folkje Tjalsma, Rinske Hoekstra, Mirjam Gerrits, Katrienke Smit, Leaniek van der 
Kolk, Lisette Maatje, Marita Oosterheerd, Roos Coeling, Saint-Dera Myburgh, Vera 
Harms, Ilona Hulshof, Patricia Weda, Inez Heukers, Lisan Hofman, Dewi Kleesen, 
Kelly Andeweg, Esmée Roels, Jolijn van Dam en de talrijke gast-studenttesters van 
de NHL te Leeuwarden. 

Henk lutje Spelberg, dank voor jouw inwijding in de kunsten van het continu 
normeren en het programmeren in Delphi. Ik denk nog zeer geregeld terug aan 
het menige uur dat wij samen al programmerend en debuggend achter de 
computer hebben doorgebracht. Beste Henk, zonder jou had de software van 
onze Fonemische Analyse Test en daarmee tevens mijn proefschrift haar huidige 
vorm niet gekend. 

Jannes de Vries, mijn oud-stagebegeleider en tegenwoordig vaste anker in de 
praktijk vanuit de Vereniging voor Christelijk Primair Onderwijs Noord-
Groningen, dank, voor jouw ontspannen houding, inzet en begeleiding van mijn 
studenten en je zeer brede praktische inzichten.  
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The table below shows the mean test scores (z scores) and their standard deviations (between 
parentheses) for the following variable groups: word reading (WR), phonemic awareness (i.e., 
PAelision, PAsubstitution, the index variable PAcom (elision & substitution), and the orthogonal factor 
PAFAC), rapid automatized naming  (i.e., RANdigits, RANletters, the alphanumeric index RANan (digits & 
letters), and the orthogonal factor RANFAC), and the composite variable RANPA (RANan & PAcom). 
Results are grouped according to eight dichotomous word reading cutoffs (WR-SD), with the 
number of participants (n) indicated for each reference (REF) or focus (RD/ER) group. 

 

WR-SD Group WR PAelision PAsubstitution RANdigits RANletters PAcom RANan RANFAC PAFAC RANPA 

-2.0 

REF 
n = 1,519 

0.09 0.05 -0.03 0.01 -0.06 -0.01 -0.02 0.04 0.05 0.11 

(0.94) (1.00) (1.05) (1.06) (1.04) (1.05) (1.01) (0.95) (0.94) (0.88) 
RD 
n = 79 

-2.47 -1.83 -1.98 -1.45 -1.72 -2.12 -1.61 -1.33 -1.82 -2.12 
(0.33) (1.03) (1.03) (0.77) (0.89) (0.92) (0.75) (0.67) (0.84) (0.79) 

-1.7 

REF 
n = 1,485 

0.13 0.07 0.00 0.04 -0.03 0.02 0.01 0.07 0.09 0.16 

(0.90) (0.99) (1.03) (1.05) (1.02) (1.03) (1.00) (0.97) (0.91) (0.84) 
RD 
n = 113 

-2.29 -1.57 -1.73 -1.36 -1.62 -1.85 -1.52 -1.16 -1.53 -1.82 

(0.39) (1.13) (1.18) (0.80) (0.87) (1.10) (0.76) (0.74) (1.05) (0.89) 

-1.5 

REF 
n = 1,440 

0.19 0.10 0.03 0.07 0.00 0.05 0.04 0.10 0.08 0.20 
(0.86) (0.97) (1.01) (1.04) (1.02) (1.01) (0.99) (0.96) (0.92) (0.82) 

RD 
n = 158 

-2.09 -1.36 -1.48 -1.20 -1.42 -1.60 -1.34 -1.06 -1.33 -1.60 
(0.46) (1.19) (1.23) (0.88) (0.89) (1.17) (0.81) (0.80) (1.13) (0.94) 

-1.3 
 

REF 
n = 1,397 

0.23 0.13 0.06 0.09 0.03 0.08 0.07 0.12 0.11 0.23 

(0.83) (0.96) (0.99) (1.04) (1.01) (0.99) (0.99) (0.96) (0.91) (0.79) 
RD 
n= 201 

-1.94 -1.23 -1.38 -1.09 -1.31 -1.47 -1.23 -0.97 -1.21 -1.45 
(0.50) (1.16) (1.23) (0.88) (0.90) (1.16) (0.81) (0.82) (1.12) (0.94) 

+1.3 

REF 
n = 1,449 

-0.22 -0.12 -0.19 -0.17 -0.26 -0.20 -0.22 -0.13 -0.10 -0.11 
(0.95) (1.07) (1.14) (1.05) (1.05) (1.13) (1.01) (0.98) (1.03) (0.96) 

ER 
n = 149 

1.76 0.72 0.56 1.03 1.00 0.71 1.05 1.02 0.52 1.12 
(0.36) (0.84) (0.73) (0.82) (0.82) (0.80) (0.76) (0.77) (0.67) (0.59) 

+1.5 

REF 
n = 1,488 

-0.18 -0.11 -0.18 -0.15 -0.23 -0.18 -0.19 -0.11 -0.09 -0.09 
(0.97) (1.07) (1.14) (1.06) (1.05) (1.13) (1.02) (0.98) (1.02) (0.97) 

ER 
n = 110 

1.88 0.85 0.68 1.12 1.07 0.86 1.13 1.06 0.61 1.20 
(0.33) (0.80) (0.57) (0.82) (0.83) (0.69) (0.76) (0.81) (0.62) (0.58) 

+1.7 

REF 
n = 1,.528 

-0.13 -0.08 -0.16 -0.12 -0.20 -0.16 -0.16 -0.08 -0.07 -0.06 

(1.00) (1.08) (1.13) (1.07) (1.07) (1.13) (1.03) (0.99) (1.02) (0.98) 
ER 
n = 70 

2.04 0.83 0.76 1.17 1.11 0.89 1.19 1.09 0.63 1.24 
(0.32) (0.88) (0.49) (0.87) (0.86) (0.71) (0.80) (0.83) (0.61) (0.64) 

+2.0 

REF 
n = 1,568 

-0.08 -0.06 -0.14 -0.09 -0.17 -0.13 -0.12 -0.05 -0.06 -0.03 
(1.03) (1.08) (1.13) (1.08) (1.08) (1.13) (1.04) (1.00) (1.02) (0.99) 

ER 
n = 30 

2.30 0.97 0.92 1.24 1.24 1.03 1.30 1.17 0.81 1.42 
(0.32) (1.04) (0.55) (0.87) (0.88) (0.84) (0.82) (0.83) (0.66) (0.73) 
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Age-corrected T2|T1 parameter means and standard errors (SEM) according to group 

Parameter Measurement Group Mean SEM 

95% Confidence 
Interval 
Lower 
Bound 

Upper 
Bound 

Lag1-sparing 1 RD-only .401 .040 .323 .480 
RD+SLI .295 .074 .150 .440 
RD+ADHD .121 .083 -.042 .283 
Control .303 .019 .265 .340 

2 RD-only .335 .041 .254 .416 
RD+SLI .432 .080 .274 .589 
RD+ADHD .344 .092 .164 .524 
Control .237 .019 .199 .275 

ABwidth 1 RD-only .102 .060 -.017 .220 
RD+SLI .215 .112 -.005 .435 
RD+ADHD .369 .125 .123 .615 
Control .175 .029 .118 .232 

2 RD-only .277 .063 .154 .400 
RD+SLI .326 .122 .088 .565 
RD+ADHD .371 .139 .098 .644 
Control .343 .029 .286 .400 

ABminimum 1 RD-only .582 .029 .525 .638 
RD+SLI .362 .053 .257 .467 
RD+ADHD .476 .060 .359 .593 
Control .658 .014 .631 .685 

2 RD-only .279 .030 .220 .337 
RD+SLI .185 .058 .071 .298 
RD+ADHD .205 .066 .074 .335 
Control .462 .014 .435 .490 

ABamplitude 1 RD-only .328 .028 .272 .384 
RD+SLI .520 .053 .416 .623 
RD+ADHD .365 .059 .249 .480 
Control .287 .014 .261 .314 

2 RD-only .419 .029 .361 .477 
RD+SLI .454 .057 .342 .566 
RD+ADHD .516 .065 .388 .644 
Control .409 .014 .382 .436 
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  RD ADHD RD+ADHD Control 

Mean SD N Mean SD N Mean SD N Mean SD N 

WR 
♀ -2.06 0.44 54 -0.21 0.93 7 -2.16 0.54 5 0.10 0.74 575 

♂ -2.02 0.37 67 -1.01 0.27 10 -2.15 0.46 8 0.02 0.72 533 

RANFAC 
♀ -1.00 0.84 54 -0.09 0.78 7 -1.11 0.79 5 0.09 0.94 575 

♂ -1.03 0.72 67 -0.86 0.87 10 -1.24 1.09 8 -0.01 0.92 533 

PAFAC 
♀ -1.09 1.12 54 -0.13 0.59 7 -0.96 0.71 5 0.06 0.88 575 

♂ -1.24 1.11 67 -1.17 1.13 10 -1.61 0.96 8 0.06 0.87 533 

PPcom 
♀ -1.39 1.00 54 -0.10 0.77 7 -1.37 0.65 5 0.15 0.75 575 

♂ -1.51 0.82 67 -1.35 1.05 10 -1.92 1.14 8 0.08 0.76 533 

RANnan 
♀ -0.99 1.10 54 -0.38 1.13 7 -0.87 0.18 5 0.05 1.01 575 

♂ -1.23 0.95 67 -1.27 0.95 10 -1.71 0.88 8 -0.22 0.95 532 

RANan 
♀ -1.32 0.87 54 -0.19 0.84 7 -1.37 0.76 5 0.05 0.91 575 

♂ -1.38 0.70 67 -1.26 0.96 9 -1.67 1.11 8 -0.05 0.90 533 

PAelision 
♀ -1.34 1.29 54 0.03 0.53 7 -1.16 1.14 5 0.08 0.88 575 

♂ -1.38 1.04 67 -1.40 1.32 10 -1.54 1.27 8 0.04 0.90 533 

PAsubstitution 
♀ -1.27 1.24 54 -0.36 0.89 7 -1.24 0.39 5 0.00 0.98 575 

♂ -1.53 1.26 67 -1.33 1.34 10 -2.16 1.04 8 0.01 0.95 533 

PAcom 
♀ -1.48 1.22 54 -0.23 0.76 7 -1.42 0.78 5 0.02 0.94 573 

♂ -1.64 1.13 67 -1.57 1.25 10 -2.00 0.99 8 0.01 0.94 533 

RANcolors 
♀ -0.94 1.10 54 -0.29 1.13 7 -0.80 0.18 5 0.01 1.07 575 

♂ -1.26 0.94 67 -1.43 0.83 10 -1.63 0.95 8 -0.22 0.97 532 

RANpictures 
♀ -0.90 1.13 54 -0.38 1.03 7 -0.80 0.30 5 0.08 0.95 575 

♂ -1.03 0.99 67 -0.90 0.94 10 -1.58 0.81 8 -0.15 0.96 533 

RANdigits 
♀ -1.15 0.95 54 -0.05 1.04 7 -1.27 0.64 5 0.04 0.97 575 

♂ -1.26 0.78 67 -1.20 1.04 10 -1.42 1.35 8 0.00 1.00 533 

RANletters 
♀ -1.41 0.96 54 -0.33 0.82 7 -1.47 1.22 5 0.04 0.94 575 

♂ -1.44 0.81 67 -1.10 1.07 10 -1.92 0.94 8 -0.12 0.92 533 
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