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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. 

  
 

 

 

 

 



 
12  Chapter 1 

 

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. 



 
14  Chapter 1 

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 
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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 



 
18  Chapter 1 

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 



 
24  Chapter 1 

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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