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En zo, op die warme, wolkeloze dag, aan de oever van de rivier, 
kreeg de zwaan les van de vlinder. Hij leerde van de hak op de tak te 
springen, rommelig te zijn, nooit iets zeker te willen weten, maar 
ook nooit iets over te slaan. 

'Iets is niets,' zei de vlinder. 'Dát wel. Maar alles is wel alles.' 
'En niets?' vroeg de zwaan. 
'Dat zei ik net,' zei de vlinder. 'Dat is iets.' 
 
 

Uit: Toon Tellegen (2002), 'Misschien wisten zij alles' (pp. 224-225) 
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Chapter 1 
General Introduction 

 
Because one cannot escape reading… The way to interpret the meaning of this 
statement wholly depends on the ‘one’ it refers to: the person who has 
become a skilled reader or the one for whom reading is an everyday 
hindrance. For the skilled reader, reading is so fluent, involuntarily and 
effortless, that we can call it automatized (Logan, 1997). Having fluent 
reading skills thus means that a person cannot escape reading because he has 
to read the string of letters1 he perceives whether or not he intends to. 
Given that the string forms a word that is stored in his orthographic lexicon, 
decoding the letters into this specific word is such a ‘natural’ event, that it 
happens almost instantaneously. That is not to say that fluent decoding is 
always faultless. For example, the way a heteronym like ‘present‘ ‘row’ or 
‘object’ has to be pronounced is highly dependable on its meaning (e.g. ‘So 
they made a row.’ and, ‘Is this object for real?’). Although a typical reader 
has the ability to make accurate and fast inferences about the meaning of 
words depending on its contexts (Rayner & Pollatsek, 1989), even a skilled 
reader can make reading errors now and then.  

How different is the implication of the above statement ‘because one 
cannot escape reading’ for someone having difficulty with the process of reading, 
when pronunciation errors are more common than exceptional, particularly 
on low frequency words (Paizi, Zoccoloti, & Burani, 2011). For such a 
person, reading is anything but fluent and effortless, and certainly not 
automatized. A dysfluent reader has to face daily battles with all kinds of 
mandatory reading material. 

Acknowledgement of the existence of reading disability and its effects 
on academic and professional development has a long history. More than 
half a century after the first international publication by Morgan (1886), the 
existence of ‘congenital word blindness’ was to be considered a well-known 
fact for child clinicians (Grewel, Schenk, & Bladergroen, 1952). It took 
several decades longer for most primary and secondary schoolteachers to 
recognize that students who seemingly did not learn to read and spell 
properly in most cases were not to be characterized as dumb or lazy. Also 

1 For ‘letters’ read also other characters symbolizing the sounds of a particular language. 
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remarkable, since 1886 an abundance of research has been carried out in the 
area of developmental dyslexia. The number of publications over a period of 
nearly 25 years (1985-2009) was counted as 3.789, with an average increase 
of 128 additional publications per 5-year period2 (Bishop, 2010). Yet, this 
has not resulted in consensus among scientists about the cognitive basis of 
the learning disorder.  
 

1.1 State of the art for research on developmental dyslexia  

The next section gives a brief sketch of the latest3 assumptions and leading 
theories on developmental dyslexia (for a more comprehensive overview, 
see e.g., Peterson and Pennington, 2012). It is now generally assumed that 
developmental dyslexia has a genetic component (Giraud & Ramus, 2012; 
Graham & Fisher, 2013). In accordance with the first notion by Thomas 
(1905) that some families are more affected than others, we might say that it 
is a learning disorder that ‘does tend to run in the family’. On average the 
estimated risk of becoming dyslexic is about ten times greater for a child 
with a familial history of dyslexia (van der Leij et al., 2013). Also, the 
neurophysiological evidence that dyslexic brains differ from those of normal 
readers, both functional and structural is still growing, see, e.g., Richlan, 
Kronbichler, and Wimmer (2011, 2013). These meta-analyses report 
converging evidence for reduced neural activation in dyslexic children and 
adults in response to reading and reading-related tasks in left hemisphere 
occipitotemporal, temporoparietal and inferior frontal regions, for reduced 
grey matter volume in left and right temporal regions, as well as structure-
function convergence of grey, and to a lesser extent, white matter 
abnormalities and underactivation in the left hemisphere (see also 
Vandermosten et al., 2012).  

Following the shift in emphasis from visual to language-based accounts 
in the search for the primary cause of reading disability (Mann, 1991), Tallal 
(1980) first formulated a temporal processing theory in which difficulty to 
discriminate between both rapid speech and non-speech sounds accounted 
for the observed phonological processing deficits in dyslexia. Several years 
later, Stanovich (1988) introduced his ‘phonological-core variable-difference’ 

2 Four times lower than for ADHD, but three times as many as on SLI, although these neuro-
developmental disorders are comparable in prevalence and severity, and 17 times as many as on 
dyscalculia. 
3 Note that three of the four included studies were carried out several years before the 
introduction to this dissertation was written.  
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model to distinguish between the ‘true’ dyslexic reader and the ‘garden-
variety’ poor reader. Since then, it is well established that a phonological 
deficit is at the core of the disorder and sufficient to cause the literacy 
problems (e.g., Ramus et al., 2003; Ramus, 2004), although even among 
adherents of this theoretical view of dyslexia, the exact nature of the 
difficulties in phonological processing is still subject to much discussion. 
The various hypotheses that have been proposed concern on the one hand 
the existence of an underlying primary auditory processing deficit (Tallal, 
1980; Goswami, Wang, Cruz, Fosker, Mead, & Huss, 2011), and on the 
other hand the a-typical (‘degraded’, ‘implicit’) structure of phonological 
representations (Boada & Pennington, 2006; Elbro, 1998) or the limited 
access to otherwise intact representations given specific conditions that 
require additional cognitive skills (Ramus & Szenkovits, 2008; Ramus, 
Marshall, Rosen, & van der Lely, 2013). The double-deficit hypothesis 
provides an extended explanation with the position that the processes 
underlying naming speed form a second core deficit (Bowers and Wolf, 
1993; Wolf and Bowers, 1999). 

Still, given the phenotypic heterogeneity of the dyslexic population 
(Demonet, Taylor & Chaix, 2004), a considerable body of research has 
questioned the unitary model in which underlying linguistic deficits are the 
only probable cause of reading disability, supported by evidence that sensory 
deficits might also be associated. The notion that dyslexics can be 
characterized by phonological as well as visual sensory impairments is also at 
the base of the magnocellular ‘to see but not to read’ account of 
developmental dyslexia (Stein & Walsh, 1997). This theory states that mild 
impairments of the magnocellular component of the visual system, which is 
specialized for processing fast temporal information, can explain why 
dyslexics may have difficulty processing fast incoming sensory information 
adequately, not only in the domain of reading but in any domain. According 
to Vidyasagar (2013), the magnocellular dysfunction that can cause dyslexic 
problems is restricted to a small region near the fovea implicated in covert 
identification of letters.  

Two other aspects of visual processing, associated with the 
magnocellular system, are visual attention and visuo-spatial attention 
(Schulte-Körne & Bruder, 2010). Deficient visual attentional processing 
would be also implicated in the poor performance of speed and visual 
information processing in dyslexic readers (Ans, Carbonnel, & Valdois, 
1998; Valdois, Bosse, Ans, Carbonnel, Zorman, & David, 2003). Based on 
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the variability in dyslexic reading profile and the evidence that phonological 
and visuo-attentional deficit are independent sources of reading problems, it 
has been argued that abnormal visual-attentional difficulties might constitute 
the second core deficit in dyslexia (Valdois, Bosse, & Tainturier, 2004), or 
even the core deficit (Vidyasagar & Pammer, 2010).  

In learning to read and spell, (sub)skills tend to become automatized 
with practice. Prominent difficulties in acquiring fluent literacy skills have 
led to the hypothesis that dyslexics may have an automatization deficit in 
addition to a phonological deficit (Nicolson & Fawcett, 1990). Dyslexic 
people have also shown weaker automatized performance in learning 
situations outside the domain of literacy provided that the learning 
conditions resemble the learning demands in reading and spelling. In 
addition to subtle impairments often displayed by children with dyslexia, and 
which are unrelated to verbal intelligence, questions have been raised about 
the specificity of dyslexia (e.g., Frith, 1997). The problem with skill 
automatization suggests that the deficiency in the learning mechanism in 
reading might be more general in nature. That task performance on 
computer game learning in dyslexic children was from the onset onwards 
less efficient in terms of accuracy and speed as compared to normal controls 
(Nicolson & Fawcett, 2000), match the rate of learning on reading tasks as 
indicated by learning curves of dyslexic children partaking in repeated 
reading practice (van der Leij & van Daal, 1989). Even with much practice 
they seem unable to catch up. With increasing task demands, i.e., choice 
reaction, the quality of dyslexic learning becomes even poorer, both on 
word processing tasks (Yap & van der Leij, 1993; van der Leij & van Daal, 
1999) and on tasks not involving phonological processing (Nicolson & 
Fawcett, 2000). 

In sum, in the last decades various theories have been proposed to deal 
with the diverging and converging findings related to the cognitive and 
neurological aspects in developmental dyslexia. Although all theories do 
acknowledge the significance of a phonological deficit to explain the 
behavioural phenomena of the disorder, each have placed its specific 
emphasis on concurrent dysfunctions in dyslexics. Assumedly, in 
anticipation of the formation of a comprehensive unified account of 
developmental dyslexia, essential research topics still have to be resolved 
and bridges to be crossed. 
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1.2 Process of learning to read in an alphabetic writing 

system: From learning the code to direct word recognition 

Whether or not the international scientific community agrees on the 
underlying causes of difficulty in acquiring fluent literacy skills, we expect all 
children with normal intellectual abilities to learn to read and spell within a 
designated period of time. Failing to do so may not only impact self-esteem 
and beliefs about abilities and aptitudes (Alexander-Passe, 2008), but may 
also contribute to the reading impairment (Zequers et al., 2011) and 
adversely hamper further academic development (Chapman, 1988). For the 
acquisition of adequate decoding skills opens the route to the next building 
block of literacy development, reading comprehension. The fluent 
‘translation’ of print into sounds, whole words and sentences is conditional 
in order to have enough attentional resources to effortlessly process the 
content of a given text, to make it possible to relate the concepts and 
thoughts that are being conveyed to what has already been learned. 

What learning to read in an alphabetic writing system is all about and 
which stages a pre-reader has to pass to be called a skilled reader is expertly 
described by Adams (1990) and Ehri (1987). Although pre-readers may 
recognize words before they have learned the alphabetic principle (Scott & 
Ehri, 1990), it has little to do with ‘real’ reading. Rather they memorize the 
correct connection between a familiar logo or other visual cues and the 
word that goes with it. With the cue removed, most pre-readers fail to 
display this kind of ‘sight’ word reading. In investigating possible precursors 
of later reading difficulties in pre-readers, we found that the ability to 
recognize familiar logos did not differ between children with good and poor 
pre-literacy skills (unpublished finding). In developing reading ability, 
beginning readers all have to start from scratch, that is, they have to learn to 
decipher the ‘code’, the alphabet in Western countries. Only once a child 
learning to read has mastered the letter-sound correspondences present in 
his own orthography, and understands how to synthesize single letters into a 
word, then this ‘route’ of phonological recoding supposedly acts as a self-
teaching mechanism (Share, 1995). In time, for frequent and regular words 
the much faster route of direct word recognition becomes available to the 
developing reader as well. It may be clear that the ‘sight word reading’ that 
characterizes the skilled reader is based on quite other abilities than the 
‘reading by sight’ of precocious pre-readers. 
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1.3 Identif ication of at-risk children  

1.3.1 Behavioural precursors  

Not that many years ago, it was generally assumed that all pre-readers 
resembled a blank slate insofar reading and spelling was concerned. Before 
the start of formal schooling, children visited kindergarten4 for at least one 
year to facilitate the transition from the home environment to the school 
system, while having the opportunity to acquire new social and cognitive 
skills by play-based interactions with peers and new adults. The acquisition 
of the basis academic skills, reading, spelling, writing and mathematical 
computation was considered to start in Grade 15. Whether or not children 
would experience difficulties with the process of learning to read was to be 
awaited until one or two years later. The common view of first grade 
teachers was that given differences in cognitive readiness for formal 
learning, some children might lag behind for a while only to catch up later. 
Once it became clear - after about two years of reading instruction - that the 
gap in reading achievement was getting too big the most serious cases were 
offered extra support. However, in the case of severe dyslexia, remediation 
in older children has not proven to be very successful (e.g., van Daal & 
Reitsma, 1999). The thought was raised whether it would not be more 
efficient and less disadvantageous if pre-readers at risk for reading 
disabilities were offered intervention before the onset of reading education. 
Results from intervention research described by Torgesen (2001, 2006) 
show indeed that sustained preventive intervention proved to be more 
effective than remediation of reading deficits at a later stage of development, 
in particular for the outcome of fluency.  

So, instead of holding on to a ‘wait and see’ policy, schools may do 
better to consider which of the pre- or beginning readers could be labelled 
as being at risk. Providing the use of a sound method, the majority of first 
graders will respond well to the regular reading program at school, acquiring 
the necessary literacy skills at an appropriate pace. The challenge is to 
identify the children in need of extra attention, for whom early 
interventional support is essential in order to prevent the development of 
(severe) reading and spelling problems. Opting to select potential poor or 
dyslexic readers when still in the pre-reading phase of their literacy 
development and to have the proportion of false-positives or false-negatives 

4 In the Netherlands from the age of four or five years onwards 
5 Children start Grade 1 in September in the calendar year they become six. 



GENERAL INTRODUCTION 

13 
 
 

minimized obviously requires a suitable screening instrument. It is important 
to note that an alternative for diagnosis based on behavioural tests, 
Response-to-Instruction (RTI; Fuchs & Fuchs, 2006) as a means of early 
identification, is not feasible because there is no formal literacy instruction 
in the pre-reading phase. 

One of the most important precursors of later reading skills already 
mentioned above has found to be knowledge of the grapheme to phoneme 
relations. Knowing how to link the letters of the alphabet – the single ones 
but also two or more letter combinations (digraphs, etc.) to their 
(distinctive) sounds is a prerequisite for the next step: learning how to blend 
these sounds into a word. Having little letter knowledge before the start of 
formal reading instruction may just be a case of experience, e.g., less 
exposure to informal, home-based literacy activities. As soon as a child with 
less involvement with such activities begins formal schooling, it likely will 
catch up with his more advanced peers before the first semester has come to 
an end. On the other hand, low letter knowledge or a lack of interest to 
acquire some letter knowledge in a pre-reader may well signal a 
predisposition for problems with the acquisition of more advanced reading 
skills (e.g. Boets et al., 2010; de Jong & van der Leij, 1999; Pennington & 
Lefly, 2001; Scarborough, 1998; 2009; Snowling, Gallagher, & Frith, 2003; 
Torppa, Poikkeus, Laakso, Eklund, & Lyytinen, 2006). Thus, the number of 
letters a particular pre-reader is able to name or to sound out may be an 
indication whether or not this child is at risk and in need of preventive 
intervention. Screening is however more informative when other relevant 
precursors are also incorporated. 

To make a more conclusive judgement about the risk status of a pre-
reader, it seems sensible to consider early phonological abilities as well. 
Given that it is generally assumed that a phonological deficit is at the core of 
the disorder (Ramus et al., 2003), not surprisingly, dyslexics often perform 
more poorly than fluent readers on tasks that require awareness and 
manipulating of the phonological structure of words. In addition, many 
dyslexics have relatively more difficulty with the rapid retrieval of the names 
of familiar (alphanumeric) symbols from memory and also poor verbal 
short-term memory (de Jong & van der Leij, 2003; Ramus, Marshall, Rosen, 
& van der Lely, 2013).  

When being exposed to language, young children gradually develop 
phonological sensitivity or awareness, in the sense that they are able to 
‘break’ chunks of language into ever smaller units, like sentences into words 
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and words into syllables, or into bodies (the part /ca/ in ‘cat’, or rimes (the 
part /at/ in ‘cat’). Most five-years-olds consider playing games with rime as 
fun. But being able to tell whether ‘cat’ rimes on ‘sat’ is of a different (lower) 
level of phonological sensitivity than being aware that words are composed 
of discrete sounds (phonemes) (Lonigan, Burgess, Anthony, & Barker, 
1998). Although the more advanced children may already display some 
awareness for phonemes before they start learning to read, in the majority of 
children the ability to segment a spoken word like ‘cat’ into the phonemes 
/c/, /a/, and /t/, and blend them again to form the whole word develops 
in concert with learning to read.  

Due to its reciprocal relationship with reading acquisition (Perfetti, 
1992), progress in phonological ability is rather fast in most beginning 
readers in a relatively consistent orthography like Dutch. The results of de 
Jong & van der Leij (1999) on two categorization tests show that whereas 
performances could be reliably tested within a few months of reading 
instruction, in kindergarten performance was still at or slightly above chance 
levels. Not unexpectedly so, because in the nineties of the previous century 
not many Dutch kindergartners had the opportunity to acquire higher 
levelled phonological abilities at school. Consequently, only after the start of 
phonics based reading instruction in Grade 1, it became clear which of the 
children did not readily develop phoneme awareness and were at risk for 
problems with reading acquisition. Even though in the last decennium the 
Dutch policy has changed with respect to the implementation of pre-literacy 
school activities, the kindergarten curriculum does not include activities 
other than exercises to promote and enhance metalinguistic and letter-sound 
knowledge. Given the rapid growth in phonological ability once reading 
instruction has begun in Grade 1, the potency of phonological awareness as 
an early predictor of learning problems remains therefore time-limited, as 
argued by de Jong & van der Leij (1999).  

In a meta-analysis of the effects of phonological awareness training on 
reading acquisition, Bus and van IJzendoorn (1999) reached a similar 
conclusion. Training in phonological awareness appears to facilitate the 
process of learning to read, but not necessarily affects later outcomes. When 
training incorporates letter-sound correspondences however, the effects on 
reading skill become stronger. So, along side with letter knowledge, 
phonological awareness ability can be seen as an important condition during 
the initial stages in the process of learning to read. Accordingly, as a early 
predictor its usefulness is foremost conditional on the level of phonological 
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awareness - not to low, not to high - in a particular sample (de Jong & van 
der Leij, 1999). In Dutch children such an intermediate level is usually found 
after several months of reading instruction. 

The other phonological processing skills relevant to reading acquisition 
and quite reliable assessable from kindergarten age onwards are 
phonological or verbal short-term memory and the speed with which 
phonological codes can be retrieved from memory. Phonological memory 
has been found to contribute to vocabulary acquisition (Baddeley, 
Gathercole, & Papagno, 1998), but also to the acquisition of letter 
knowledge (de Jong & Olson, 2004). The latter effect confirmed the 
assumption of the authors that learning letter names and sounds is similar to 
learning novel words and is suggestive of a relation between the individual 
differences in the growth of letter knowledge and individual differences in 
phonological memory. Although phonological memory has also been found 
to correlate significantly with reading acquisition, this phonological ability 
does not make a unique contribution to reading skills, but seems to share its 
predictive variance with phonological awareness (e.g., de Jong & van der 
Leij, 1999; Parrila, Kirby, & McQuarrie, 2004). 

Compared to the more time-limited predictive relationship of 
phonological awareness with reading outcome (de Jong & van der Leij, 
1999), rapid automatized naming has proven to be an independent and 
stable predictor of individual differences in reading proficiency (Torgesen, 
Wagner, Rashotte, Burgess, & Hecht (1997). Both children and adults with 
reading deficits are slower in the speeded access to various series of symbols 
than children and adults without (Wolf, 1991). Because naming speed tasks 
were found to contribute to the variance in reading acquisition independent 
of phonological measures, the processes underlying naming speed have been 
identified as a second source of reading disability (Wolf et al., 2002). 
However, a disadvantage to identifying at risk children before the onset of 
learning to read is that naming speed for non-symbol items, like colours and 
objects shows a weaker association with reading than the naming speed for 
later developed alphanumeric items (digits, letters) (Bowey, McGuigan, & 
Ruschena, 2005). Also, slow naming may not only be related with reading 
deficiency, but might reflect a more systemic problem, that is, a global 
problem with processing speed (Kail, Hall, & Caskey (1999). Recently, while 
examining the relation between phonological skills and reading speed as a 
function of word length, it was found that individual differences in the 
length effect (a marker of the reading process) could be predicted by 
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phonological awareness, whereas rapid naming could only account for 
differences in overall reading speed (van den Boer, de Jong, & Haentjens-
van Meeteren, 2013). It may explain why naming speed unlike phonological 
awareness is less susceptible to intervention or improvement (de Jong & 
Vrielink, 2004; Eleveld, 2005). 
 
1.3.2 Neurobiological precursors  

There is wide agreement that dyslexia is neurobiological in origin (Lyon, 
Shaywitz, & Shaywitz (2003), and that the neural correlates are quite 
consistent across different orthographies (Peterson & Pennington, 2012). 
The range of approaches and methodologies (electroencephalography 
(EEG), functional and structural neuroimaging techniques) to evaluate the 
functioning of the brain and the underlying phonological and orthographic 
processes during reading is still expanding. These recent investigations 
provide increasing insight into the neural bases of typical and atypical 
characteristics of the (developing) reading brain. But despite the abundant 
work about reading-related brain activation in fluent and less fluent readers, 
supplemented with research on the effects of intervention on neural 
processes in reading impaired children (for a review, see e.g., Caylak, 2009), 
much less is known about reading-related brain activation in children with 
no or little reading experience (but see the interesting series of studies by 
Maurer and colleagues: Maurer, Brem, Bucher, & Brandeis, 2005; Maurer et 
al., 2006; Maurer et al., 2007). By recording event-related potentials (ERPs) 
to word decoding, Chapter 4 aims to investigate the facilitating influence of 
picture primes on phonological processing in children at risk of familial 
dyslexia (FR) following a short early intervention in kindergarten. 

Literature about early neural markers of latent reading failure based on 
tasks that make no demands on phonological and orthographic processing 
abilities appears to be even scarcer. This seems rather to be expected since 
dyslexia is widely considered a specific learning disorder - with phonology as 
the core problem (Vellutino, Fletcher, Snowling, & Scanlon, 2004). 
However, Lyytinen (1997) has pointed out that the developmental course 
leading to deficient acquisition of phonological skills is not well known. 
Therefore, all kinds of perceptual and learning difficulties - that in older 
children may have been compensated for and go unnoticed – may affect in 
young children the automatization of all kinds of skills like for instance 
visual-motor integration skills or letter-sound integration. 
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In two extensive prospective projects, one Finnish (Jyvaskyla 
Longitudinal Study, JLD), one Dutch (Dutch Dyslexia Programme, DDP), 
children at family risk were followed from birth. The large number of 
studied variables included various measures of learning outside the literacy 
domain, i.e., auditory and speech processing (see for an overview, van der 
Leij et al., 2013). Studies investigating auditory ERPs found evidence that 
proficient low-level auditory processing might be regarded as one of the 
precursors of word reading fluency (Leppänen et al., 2010; Plakas, van 
Zuijen, van Leeuwen, Thomson, & van der Leij, 2013; van Zuijen et al., 
2012), although the predictive value of atypical auditory processing in pre-
readers for subsequent literacy failure remains inconclusive. 

Significant differences in brain functioning between Finnish and Dutch 
samples of FR new-borns and controls were also found for automatic 
speech perception (e.g., Leppänen, Pihko, Eklund, & Lyytinen, 1999), 
synthetic speech sounds like /ba/, /da, /ga  (e.g., Guttorm, Leppänen, 
Richardson, & Lyytinen, 2001), or /bAk/ (Been et al., 2008); and /bAk/ 
/dAk/ paradigms (van Herten et al., 2008; van Leeuwen et al., 2006, 2007, 
2008). Newborn ERPs from the sample of the Guttorm et al. study, were 
predictive of receptive language skills at 2.5 and 5 years of age (Guttorm et 
al., 2005), and at the age of 6.5 years, only at-risk infants with atypical speech 
processing performed significantly lower than controls in pre-literacy 
measures including letter knowledge, phonological skills and rapid naming 
(Guttorm, Leppänen, Hämäläinen, Eklund, & Lyytinen (2010). In two 
Dutch samples, relationships were found between later reading fluency in 
Grade 2 and early ERPs to speech sounds at 2 months (van Zuijen, Plakas, 
Maassen, Maurits, & van der Leij, 2013) and at 17 and 29 months (Maassen, 
van der Leij, Maurits, & Zwarts, 2012). These findings indicate that early 
atypical speech processing might be a predictor of reading difficulties, as 
already suggested by the work of Molfese and colleagues (Espy, Molfese, 
Molfese, & Modgline, 2004; Molfese, 2000; Molfese, Molfese, & Modgline, 
2001). Interestingly, because in older children, impaired speech perception is 
particular associated with language impairment, and apparent only in a 
subset of dyslexics (Joanisse, Manis, Keating, & Seidenberg, 2000).  

Impaired speech perception in at risk children who develop reading 
problems are not quite unexpected, given that these deficits originate from 
phonological rather than general and auditory deficits (Mody, Studdert-
Kennedy, & Brady, 1997). Although there is still controversy regarding 
visual processing deficits underlying developmental dyslexia, at least one 



CHAPTER 1 

18 

study parallel to the DDP has found evidence that visual information 
processing might also be implicated in FR children. In an ERP study using 
visuo-spatial orienting, Dutch infants at the age of 5 months showed 
diminished cortical responses to spatial cues as compared to controls. 
Similar results were found in dyslexic adults (Dhar, 2009). Converging 
behavioural findings support the view that visual impairments are not 
necessarily the consequence of reading failure, but may already exist before 
the start of reading acquisition and predictive of early literacy skills (Facoetti, 
Corradi, Ruffino, Gori, & Zorzi, 2010; Franceschini, Gori, Ruffino, Pedrolli, 
& Facoetti, 2012; Kevan & Pammer, 2008, 2009). As part of the 
intervention component of the DDP, the ERP study in Chapter 2 examines 
the relation between pre-attentive visual processing and attentive learning as 
implicated in reading and spelling using a habituation paradigm in FR pre-
readers. 
 

1.4 Early intervention in at-risk children 

Early identification of children at risk of reading difficulties before the onset 
of learning to read is also crucial for the design of early interventions. With 
respect to early interventions for pre-readers at risk, these are typically 
designed to provide them with a head start in literacy progress. Thus the 
emphasis is on enhancing and strengthening skills in the domain of reading 
and spelling, analogous to remedial approaches in older children with 
reading difficulties (but for an account of alternative approaches, see 
Fawcett & Reid, 2009). This may not come as a surprise given that the most 
important preliterate skills phonological awareness and letter knowledge 
qualify as behavioural precursors in dyslexia and are considered to be the 
building blocks of reading acquisition (see section 1.3.1).  

Early interventions may differ considerably on a number of features 
other than that they are bound to begin in a stage in which children have 
little or no experience with literacy activities. For instance, the two 
intervention studies included in his thesis (Chapter 3 and 5 respectively) are 
comparable in several of programme characteristics mentioned hereafter, 
while contrasting in others. Important characteristics on which early 
interventions have been found to differ are sample size, inclusion criteria 
(FR and/or behavioural risk criterion, or no inclusion criteria), training 
content (phonological awareness, letter knowledge, naming speed, 
vocabulary, word decoding) duration (from several weeks to more than one 
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school year) and intensity (number of sessions per week, number of minutes 
per sessions), setting (at school or at home), administration (individually, in 
small groups or whole classes; computer-assisted or not; (non)professional 
tutor-assisted of no tutoring). It may be clear that all these set-up 
characteristics together with choice of (outcome) measures contribute to the 
outcome effectiveness of a particular intervention. As shown in an overview 
(van der Leij, 2013), the main results (effect sizes) of six early interventions 
directed at FR pre-readers, executed in Denmark (1), Australia (1), and the 
Netherlands (4), vary considerably. Remarkably, despite significant gains in 
phonemic awareness and letter knowledge in the trained Dutch FR 
Kindergartners, in none of the four DDP studies, there were transfer effects 
to reading in Grade 1. Note, however that akin to what is standard in Dutch 
research the focus was on fluency as an indicator of reading competence. In 
a Dutch sample of unselected Kindergartners, phoneme awareness at the 
beginning of Grade 1 appeared to predict reading accuracy but not fluency 
(Verhagen, Aarnoutse, & van Leeuwen, 2008). 

In evaluating and comparing the efficacy of intervention programmes, 
apart from differences in design it is important to consider invariant context 
conditions as orthographic and educational system that cannot be controlled 
by the researcher. As argued previously (van der Leij, 2013; van Otterloo 
and van der Leij, 2009), such contextual differences may affect 
comparability across countries and orthographies. Learning to read 
accurately in a shallow orthography with consistent 1:1 mappings between 
graphemes and phonemes and a simple syllabic structure is easier than in 
languages with deep orthographies that contain many orthographic 
inconsistencies as well as syllabic complexities (see e.g., Seymour, Aro, & 
Erskine, 2003).  

Compared to English and Danish, which are both deep orthographies 
with many orthographic inconsistencies as well as complexities, Dutch is a 
relatively consistent orthography, although some letter-sound combinations 
and syllabic complexities may affect the progress in reading and spelling 
after the initial steps in reading acquisition have been made. In comparison 
to interventions in consistent orthographies, you might say there is more to 
gain while providing additional instruction to at-risk children learning to 
read in languages with deep orthographies. In addition, when the 
educational system within a country is well organized and formal reading 
curriculum is based on phonics-based instruction, as in the Netherlands, 
there might be less to gain. This is particularly the case with respect to the 
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first goal in learning to read, attaining decoding accuracy, until recently, 
traditionally used as the primary outcome measure in English based reading 
research (Fuchs, Fuchs, Hosp, & Jenkins, 2001). However, after a level of 
high accuracy has been reached, further skill development requires the 
speeding-up of accurate decoding. Automaticity - fluent and effortless 
decoding that enables the reader to focus his attention on comprehension, 
but found to be impaired in dyslexic children (see van der Leij en van Daal, 
1999; Yap & van der Leij, 1993) - is the ultimate goal of reading instruction 
(Samuels & Flor, 1997). Therefore fluency level should always be taken as 
the most important outcome in academic and research settings. As it is, even 
in a consistent orthography, with proper education accessible to all children, 
a relatively high percentage of students are reported to have reading 
difficulties (Inspectie van het Onderwijs, 2007) as assessed by timed reading 
tasks. However, if slow dysfluent readers are engaged in focused practice 
over an extended period of time, the expectation is that virtual all of them 
can achieve automaticity (Samuels & Flor, 1997). In line with this view, 
several adjustments were made to the intervention reported in Chapter 5 
following the Chapter 3 study.  
 

1.5  Outline of the thesis 

The present thesis is based on four studies. The first three studies were 
carried out as part of the longitudinal project ‘Early diagnosis and treatment 
of developmental dyslexia’, being the intervention component of the three 
components of the Dutch Dyslexia Programme (DDP)6, funded by The 
Netherlands Organisation for Scientific Research, and initiated and executed 
by the University of Amsterdam, the University of Groningen, and the 
Radboud University Nijmegen. The fourth study is part of a longitudinal 
project within the broader framework of Onderwijs Bewijs I7, a national 
programme initiated by the Netherlands Ministry of Education, Science and 
Culture (OCW) to promote the use of educational approaches shaped by 
evidence-based practice.  

As can be derived from the title of the DDP intervention project, the 
two main topics that are addressed in this thesis are early identification and 
intervention in children at risk of developmental dyslexia. The topic early 
identification is covered by two ERP studies presented in Chapter 2 and 4, 

6 Registration number: NWO262-89-011 
7 Project number: ODB08052 
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each with its own focus and aim. The second topic dealing with early 
intervention is also covered by two studies, which are presented in Chapter 
3 and 5. In both studies children at risk for reading difficulties were 
provided with early intervention. In line with the initial emphasis of the 
thesis, the participants in the early intervention study in Chapter 3 were 
selected on the basis of a familial risk of dyslexia. However, in the course of 
the thesis the scope of the intervention topic was enlarged to also cover the 
impact of early intervention in children at high cognitive risk for problems 
with reading acquisition. The reason is twofold. First, not all reading 
difficulties can be retraced to a familial history of dyslexia, and second, not 
all early reading difficulties develop into such severe problems that a 
diagnosis of dyslexia is warranted.  

In the following, the outline of the thesis is presented according to the 
order of the chapters. Chapter 2 concerns the results of a study aimed at 
investigating whether deficits in the learning mechanisms of dyslexic 
children may be more general than specific, that is to say, related to deficits 
at a more basic level of information processing, which impede attentive 
learning and skill automatization. Using a habituation paradigm, the 
orienting behaviour on a visual task with low attention load was recorded 
with ERPs in a sample of kindergartners with and without a familial history 
of dyslexia. Subsequently, while in second grade the acquisition of reading 
and spelling was assessed in order to relate pre-attentive learning in the pre-
reading phase to attentive learning performance as implicated in reading and 
spelling. 

Regarding the second topic, the aim was to develop and revise an early 
intervention to prevent the development of (severe) reading problems. The 
study reported in Chapter 3 investigates the longitudinal effectiveness of 
the first version of a tutor-assisted program formed after an American 
remedial intervention. Being computerized, the program is made suitable for 
delivery by non-professionals. Subjects were again kindergartners, all at 
familial risk of dyslexia. When still in the pre-reading phase, these children 
received a combined training in phoneme awareness, letter knowledge and 
basic decoding, at home, with the parents in the role of tutor. To assess the 
short- and long-term effects of training, (pre-)literacy performance of the 
trained subjects was compared to that of the at-risk and not at-risk subjects 
partaking in the study described in Chapter 2.  

The ERP study described in Chapter 4 linked the topic of early 
diagnosis with the advances in (pre-)literacy skills following early 
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intervention. A subsample of the subjects at familial risk partaking in the 
Chapter 3 intervention was divided into two subgroups based on emergent 
literacy skills at the end of kindergarten. The behavioural and neural 
correlates of picture-primed word identification were studied regarding 
group-related differences in integration of phonological and orthographic 
information, as well as in congruent information processing.  

Chapter 5 presents data sampled at school in a cohort of first graders 
selected by their teacher as being at cognitive risk for developing reading 
difficulties. The aim of this study is to provide evidence that the 
computerized and tutor-assisted program used in the home-based 
intervention reported in Chapter 3 suits all beginning at-risk readers in need 
of additional reading support. To accommodate the successive stages in 
learning to read up to the stage of automatization, a prolonged and adapted 
version of the program was used.  

The thesis concludes with Chapter 6, consisting of a general 
discussion regarding the key findings of the included studies and their 
theoretical and practical implications.  
 
 

 

 

 

 

 



 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Bestaat dat: niets weten? 
 
schreef de eekhoorn op een dag aan de mier. 

De mier dacht heel lang na, maakte een kleine sprong in de 
lucht, krabde achter zijn oor en schreef terug: 
 
Ja. Alles bestaat. 
 
 
Uit: Toon Tellegen (2002), 'Misschien wisten zij alles' (p. 485) 
 



 

 

Chapter 2 
Efficiency of visual information processing 
in children at-risk for dyslexia: 
Habituation of single-trial ERPs 

 
To investigate underlying learning mechanisms in relation to the 
development of dyslexia, event-related potentials to visual standards were 
recorded in five-year-old pre-reading children at risk for familial dyslexia (N 
= 24) and their controls (N = 14). At the end of second grade the children 
aged 8 years were regrouped into three groups according to literacy level and 
risk factor. Single-trial analyses revealed N1 habituation in the normal-
reading controls, but not in the normal-reading at-risks, and a N1 amplitude 
increase in the group of poor reading at-risks and controls. No P3 
habituation was found in either group. The normal-reading at-risk group 
exhibited the longest N1 and P3 latencies, possibly compensating for their 
reduced neuronal activity during initial information extraction. In contrast, 
the poor-reading group only showed prolonged P3, and their increase in 
(initial small) N1 amplitude together with normal N1 latencies, suggests 
inefficient processing in an early time window, which might explain 
automatization difficulties in dyslexic readers. 
 
 
 
 
 
 
 
 
 
 
 
 
 

Published as: Regtvoort, A. G. F. M., van Leeuwen, T. H., Stoel, R. D., & van der Leij, A. 
(2006). Efficiency of visual information processing in children at-risk for dyslexia: 
Habituation of single-trial ERPs. Brain and Language, 98, 319–331. 
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2.1  Introduction 

It is internationally recognized that dyslexia is neurobiological in origin and 
characterized by slow and inaccurate reading as well as poor spelling. These 
difficulties are often unexpected in relation to other cognitive abilities and 
the provision of effective classroom instruction (Goswami, 2003; Lyon, 
Shaywitz, & Shaywitz, 2003). Up to 10% of the population shows mild to 
severe symptoms of dyslexia. In the case of a family related history of 
dyslexia prevalence is estimated between 33% and 50% (Pennington & 
Lefly, 2001). Having at least one dyslexic parent forms a considerable risk 
for a young child to develop dyslexia himself (Gilger, Hanebuth, Smith, & 
Pennington, 1996). Over the years a strong consensus has arisen among 
investigators that reading is primarily a linguistic skill and that the central 
difficulty in dyslexia reflects a deficit within the language system, in 
particular a phonological deficit (e.g., Lyon et al., 2003; Pennington, 1990; 
Ramus et al., 2003; Vellutino, Fletcher, Snowling, & Scanlon, 2004). 
Neurobiological evidence supporting this hypothesis comes from a large 
amount of literature on reading disability in adults and children, describing 
dysfunction in particular left hemishere posterior brain systems (e.g., 
Helenius, Tarkiainen, Cornelissen, Hansen, & Salmelin, 1999; Paulesu et al., 
2001; Rumsey, Andreason, Zametkin, & Aquino, 1992; Rumsey et al., 1997; 
Shaywitz et al., 2002; Silani et al., 2005; Simos, Breier, Fletcher, Bergman, & 
Papanicolaou, 2000), considered to be critical in the development of skilled, 
automatized reading (Lyon et al., 2003).  

In comparison to the abilities of normal-reading children, it is evident 
that the reading and spelling of dyslexic children lack automaticity, in 
particular indicated by relatively slow response rates on measurements of 
(repeated) reading. For example, it has become clear that although familiar 
words may be processed accurately, the processing rate stays relatively slow 
(Seymour, 1986; van der Leij & van Daal, 1999). Furthermore, the process 
of learning how to read and spell lacks the normal characteristics of skill 
automatization (see for a review Adams, 1990). Skills that become 
automatized are performed more quickly, with less effort, autonomously or 
unintentionally, and with less conscious awareness (Logan, 1997). Although 
it is commonly assumed that dyslexic children have a specific learning 
disorder concerning the domain of reading and spelling, the problem in 
mastering automaticity might imply a learning problem of a more general 
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nature than difficulties in the learning of correspondences between letters 
and constituent sounds per se.  

Evidence for this line of hypothesizing comes from two studies by 
Nicolson and Fawcett (2000) concerning long term training in dyslexic 
children on a keyboard spatial task and a choice reaction task. They showed 
that the dyslexic subjects acquired a normal ‘strength’ of automatization as 
measured by resistance to unlearning, and long-term retention. In terms of 
speed and accuracy however, their automatized performance was of a lower 
quality. The learning curves of the dyslexic subjects in the above tasks 
displayed slower and more error-prone initial performance leading to lower 
final skill levels as compared to subjects without dyslexia. These ‘dyslexic’ 
rates of learning resemble the rates derived from repeated practice in the 
domain of reading (Thaler, Ebner, Wimmer, & Landerl, 2004; van der Leij 
& van Daal, 1990). Assuming that automaticity develops with learning 
(Logan, 1997) and that automaticity in children with dyslexia is of a lower 
quality in terms of speed but not in strength (Nicolson, Fawcett, & Dean, 
2001), how are we to explain this lower quality? The relevance of this 
question is not restricted to children already facing severe reading and 
spelling problems, but may also hold for children genetically at-risk for 
developmental dyslexia, who are still in the pre-reading age and have not 
developed any reading skill.  

An approach that may be crucial in explaining the automatization 
difficulties in dyslexic children is examining its possible relation with 
underlying mechanisms of information processing. As all learning consists 
of linking new to old information and new to old abilities, the degree in 
which the outcome of that process can be called automatized is determined 
by the ability to process new and changing information and to differentiate 
between relevant and irrelevant information. Of particular interest in this 
light are the orienting response (OR) and habituation of the OR. As the OR 
is a mechanism controlling involuntary changes in information-processing 
ability, leading to an increase in alertness and attention, the functional 
significance of the OR is to help investigate the eliciting stimuli in greater 
detail (Spinks & Siddle, 1983). However, after repeated presentation of 
stimuli, decline or habituation of the OR is thought to take place because 
the updating of the neuronal model of the stimulus becomes automated 
(Ravden & Polich, 1998). All information contained within the stimulus is 
‘learned’ and the brain no longer responds to it. At a functional level 
habituation can be seen as an elementary form of learning (Sambeth, Maes, 



CHAPTER 2 

 28 

Quian Quiroga, Van Rijn, & Coenen, 2004; Stephenson & Siddle, 1983). 
Assuming that rate of habituation reflects the level of efficiency of the brain 
to process information in a progressively automated manner, habituation 
may reflect a rate of learning. As a result of the automatized processing, 
there is a reduced need for attentional resources, and the limited processing 
capacity of short-term store becomes available for evaluation of novel or 
significant stimuli.  

Both orienting and habituation can be defined by behavioural (overt) 
and physiological (covert) responses. Gaining insight into the latter 
responses calls for neurophysiological investigations, for example of the 
brain mechanisms involved, by registration of Event-Related Potentials 
(ERP). ERPs are relatively small changes in the electroencephalogram 
(EEG) in time locked to a given event or stimulus. ERP components of 
relevance to the dynamics of the OR can provide evidence for the existence, 
order and timing of independent processes in information processing (see 
Kenemans, 1990; Polich & Kok, 1995; Sokolov, Spinks, Näätänen, & 
Lyytinen, 2002, for extensive reviews). Given that habituation usually takes 
place within 10 to 20 trials (Kenemans, 1990; Verbaten, Roelofs, Sjouw, & 
Slangen, 1986) and traditional ERPs require many artifact free trials, a 
technique is needed that allows deriving single-trial ERPs. There are only 
few habituation studies using single-trial techniques that compute single 
ERP within a habituation series of subsequent trials, such as orthogonal 
polynomial trend analysis (OPTA, see Woestenburg, Verbaten, Van Hees, & 
Slangen, 1983) or a dynamic factor model (Molenaar, 1994). In a sample of 
young adults, Kenemans, Verbaten, Roelofs, and Slangen (1989) observed 
an amplitude decrease of single-trial ERP components to a sequence of 
identical neutral as well as task-relevant visual stimuli for a non-specific N1 
and for a posteriorly distributed P3. The N1, thought to represent the initial 
extraction of information from the sensory analysis of the stimulus, is in 
particular affected by stimulus novelty, and shows its sensitivity to 
subsequent repetition of a stimulus with rapid decrement (e.g., Kenemans, 
1990; Näätänen & Picton, 1987). Although the P3 is associated with higher 
level processing, upon for instance, stimulus relevance, with short term 
repetition the P3 appears to decrease as rapidly as well (e.g., Kenemans, 
1990; Polich & Kok, 1995). Habituation research including various single-
trial procedures shows that occurrence and rate of habituation are heavily 
dependent on stimulus type, complexity and relevance, task and ISI 
conditions, and subjects (e.g., Cohen & Polich, 1997; Geisler & Polich, 
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1994; Lew & Polich, 1993; Ravden & Polich, 1998; Riggins & Polich, 2002; 
Verbaten et al., 1986). Although the evidence about atypical brain- and skill-
related development of young children with a family history of dyslexia is 
still growing (e.g., Elbro & Petersen, 2004; Koster et al., 2005; Lyytinen et 
al., 2005; Maurer, Bucher, Brem, & Brandeis, 2003; Snowling, Gallagher, & 
Frith, 2003; van Leeuwen et al., 2006), to our knowledge ERP habituation 
has not been studied in pre-reading at-risk children. The scarce evidence 
regarding differences between groups of older children appears to be 
inconsistent. For example, no differences in habituation to simple visual and 
auditory stimuli were found between normally learning and learning disabled 
groups (Hirano, Russell, Ornitz, & Liu, 1996; John et al., 1989). Conversely, 
absence of habituation of the N1 to auditory stimuli was reported in a small 
group of children with fragile X syndrome in contrast to habituation shown 
by the control children (Castrén, Pääkkönen, Tarkka, Ryynänen, & Partanen, 
2003). 

Rate of learning depends heavily on the speed at which new and 
changing information is processed. Assuming that the latencies of ERP 
components reflect the processing time required for information extraction, 
stimulus evaluation and categorization, the lower quality of automatized 
performance in dyslexic children may be reflected in prolonged latencies of 
N1 and P3. Of interest to the present study are any delays in non-linguistic 
information processing, and ERP literature of relevance provides some 
evidence for speed differences between dyslexic and normal-reading 
subjects. Prolonged lower-level (visual) processing in dyslexic readers is, 
however, mostly reported to targets or low-probability stimuli (Breznitz & 
Meyler, 2003; Fawcett et al., 1993; Silva Pereyra et al., 2003; Taylor & 
Keenan, 1990). Conversely, studies using non-targets in passive tasks report 
no (Bernal et al., 2000; Stelmack, Rourke, & van der Vlugt, 1995) or 
inconsistent evidence for prolonged processing (see for a review, Dool, 
Stelmack, & Rourke, 1993). Thus, it appears that dyslexics are in particular 
delayed in the triggering of involuntary attention following stimulus change, 
possible the result of weakened attention capture (Hari & Renvall, 2001), or 
in the alternation between different cognitive processes related to stimulus 
relevance (Breznitz & Meyler, 2003). Note, however, that above findings 
were obtained in adults or children older than the subjects in the present 
study, and by averaging ERPs over series, rather than based upon single trial 
techniques.  
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The present paper is an attempt to investigate the role of underlying 
learning mechanisms in relation to the development of dyslexia by assessing 
the neural efficacy of the brain in genetically at risk children who are still in 
the pre-reading phase. In this group of children the presence of deficient 
underlying learning mechanisms at the age of five years may signify the 
onset of difficulties in the acquisition of reading and spelling. Given that a 
substantial number of genetically at-risk children will not develop reading 
problems (Elbro & Petersen, 2004; Hindson et al., 2005; Snowling et al., 
2003), it is of great interest, theoretically and practically, to establish whether 
the at-risk children, who are facing reading difficulties, can be distinguished 
from the at-risk children who manage to learn to read and spell fluently. 
Therefore, we will study the efficiency of the processing of novel 
information in five year-old children at-risk and not-at-risk, before they have 
started formal reading-instruction. On the basis of their literacy skills two 
years later, children are either assigned to a group of poor-reading children 
or to one of the two groups of normal-reading children. This way, both the 
at-risk factor and the reading and spelling ability can be taken into account 
in explaining possible differences between the three groups of children. A 
similar approach, that is, the recording of ERPs in young children before the 
emergence of reading disabilities has been used previously in normal and at-
risk populations. For instance, Molfese (2000) reported that auditory ERPs 
recorded at birth discriminated with 81.3% accuracy among groups of eight-
year old normal, poor and dyslexic readers. Lyytinen et al. (2005) reported 
predictive correlations between ERPs to sounds at six months in at-risk 
children and their later literacy skills just before school entry.  

While employing a passive non-attending set-up, in the present study 
short-term habituation and speed of processing to visual stimuli over a 
series of subsequent trials will serve as the qualitative and temporal measures 
of learning as indexed by ERP components N1 and P3. The combination 
with a single-trial technique assures recording of trial-to-trial variation in 
each subject (Molenaar, 1994). Without disputing the importance of 
auditory-phonological processing ability in reading acquisition, we will focus 
on underlying learning within the visual modality, to stress that if the 
learning disorder in dyslexic children implicates not only a deficit in 
phonological processing, but also in automatization, it is less specific than 
commonly assumed. In that case learning deficiencies need not necessarily 
be restricted to the auditory modality.  
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We presume that the ability to process new information more 
efficiently and intensively will result in learning at a higher rate. Thus, with 
respect to the effects of stimulus repetition on amplitude of the ERP 
components we expect a normal pattern of habituation, that is, a sharp 
decline of amplitude over the first trials, in particular for the N1 component, 
to be shown by the children identified as normal readers. In contrast, poor-
reading children are expected to be less susceptible to habituation, based on 
the assumption that they are ‘slower’ learners of unfamiliar stimulus content. 
Subjects’ processing times are assessed by a series of identical abstract visual 
patterns that bear no task relevance. Longer latencies in the poor readers 
may be expected on the very first trial(s) only, due to a delayed attentional 
shift. Once attention is engaged, we do not expect substantial group 
differences over the subsequent trials in timing of early processing and 
stimulus evaluation.  
 

2.2  Method 

2.2.1 Subjects 

Twenty-seven children from at risk families (mean age 5 years; 6 months, 
range 59-73 months, 14 boys, 13 girls) and 16 control children (mean age 5 
years, 4 months, range 58-69 months; 9 boys, 7 girls) participated in the 
study. All children were recruited in the beginning of the second year of 
kindergarten, but some of them attended kindergarten for an extra year. In 
the Netherlands, the primary educational system includes kindergarten that 
spans two years. The majority of Dutch children enter school at age four. 
Formal schooling starts in Grade 1 at the age of six. The children were 
pupils of elementary schools in the area of Amsterdam, except for some of 
the at-risk children who visited an elementary school outside this area. All 
families participated voluntarily in response to handouts distributed by the 
kindergarten teachers. On enrolment, parents were requested to fill out an 
information form, including data on parental education level, and the 
medical history of the child. None of the children were showing serious 
emotional disturbances or attentional problems, according to their parents. 
All children had normal hearing, but some of the control children were 
wearing glasses, mainly for correcting problems with near-sightedness.  

Selection of the subjects at risk or as controls was based on self-report 
of the parents confirmed by a questionnaire and the parent’s performance 
on a screening test. This test included two standardized measures of speeded 
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decoding of single words and pseudowords, the One-Minute-Test (OMT) 
(Brus & Voeten, 1999) and the Klepel (van den Bos, lutje Spelberg, 
Scheepstra, & de Vries, 1999), as well as the Wechsler Adult Intelligence 
Scale (WAIS) subtest Similarities (Wechsler, 1997) measuring concept 
formation. For inclusion in the at-risk group the reading performance of (at 
least one of) the parents had to fall below or at the 10th percentile on either 
one of the reading tests or below or at the 20th percentile on both reading 
tests. Also leading to inclusion was a discrepancy score which represented a 
difference of at least 60 percentiles between a high score on the WAIS 
subtest Similarities and the score on either one of the reading tests (Koster 
et al., 2005; Kuijpers et al., 2003). For inclusion in the control group reading 
performance of both parents had to be on or above the 40th percentile on 
both reading tests.  

Only children for whom ERP and behavioural data were available were 
included in the data analysis. Consequently, three at-risk children who 
dropped out prior to the acquisition of literacy data were excluded (attrition 
at risk group = 11%). Furthermore, artefact rejection resulted in an 
insufficient number of trials in the habituation series for two control 
children and they were also excluded from further data analyses (attrition 
control group = 13%). For 24 at-risk children (13 boys and 11 girls) and 14 
not-at-risk control children (8 boys and 6 girls) habituation data measured at 
the beginning of the second year of kindergarten and literacy data measured 
two years later were available.  

Preceding single trial data analysis, the remaining children in the two 
samples were regrouped taking into account both the risk factor and 
children’s reading and spelling ability at the end of Grade 2. The five 
standardized measures we used to determine literacy proficiency were three 
decoding speed tests consisting of mono- and polysyllabic words 
(Verhoeven, 1995), a decoding speed test consisting of mono- and 
polysyllabic pseudowords (van den Bos et al., 1999), and a spelling test (van 
den Bosch, Gillijns, Krom, & Moelands, 1993) consisting of mono- and 
polysyllabic words with orthographic patterns of various complexities. 
Reclassification of the children resulted into three groups consisting of poor 
reading at-risk and control children, normally reading at-risk children, and 
normally reading control children. The group of poor readers (N = 11, 
mean age 5 years; 6 months, range 59-72 months, 6 boys, 5 girls) consisted 
of 9 children at-risk and 2 control children with scores below the 25th 
percentile on at least two of the word decoding tests, and scores below the 



                                                         EFFICIENCY OF INFORMATION PROCESSING IN CHILDREN AT RISK          

 33 

25th percentile on either pseudoword decoding or word spelling. The 
normally reading at-risk children (N = 15, mean age 5 years; 5 months, 
range 59-71 months, 9 boys, 6 girls); and the normally reading control 
children (N = 12, mean age 5 years, 4 months, range 58-69 months; 6 boys, 
6 girls) consisted of the remaining at-risk and control children, respectively, 
with scores above the 25th percentile on all reading measures.  

With respect to differences in parental performance on the screening 
tests, parents of the normal-reading control children performed better on 
the reading measures, but not on verbal competence as compared to the two 
poor-reading and normal-reading at-risk groups. No differences were found 
between these latter groups on any of the selection measures. According to 
the selection criteria, 36% of the parents in the poor-reading group 
(including those that were selected as control children) and 33% of the 
parents in the normal-reading at-risk group scored below or equal to the 10th 
percentile on both reading measures; 18%, respectively 27% of the parents 
scored below or equal to the 20th percentile on both measures and/or below 
or equal to the 10th percentile on one of the measures. Twenty-seven 
percent of the poor-reading group and 40 % of the normal-reading at-risk 
group were included on the basis of a discrepancy-score. Dyslexic problems 
in relatives of the affected parents were reported in 64% and 60% of the 
poor-reading group and the normal-reading at-risk group, respectively. The 
three groups did not significantly differ in gender or age, nor in cognitive 
ability, as assessed with two standardized measures, a test of receptive 
vocabulary (Verhoeven & Vermeer, 2001) and the Coloured progressive 
matrices (Raven, 1984), measuring non-verbal intelligence. Halfway through 
the second year of kindergarten, all subjects scored above the 10th percentile 
of receptive vocabulary, and one year later all subjects (except for one poor-
reading child) performed within or above the normal range (between the 
25th and 75th percentiles) on non-verbal intelligence. Since the child with a 
below average score on non-verbal intelligence scored in the average range 
in the receptive vocabulary measure, we refrained from excluding it from 
the analyses. With respect to reading and spelling performance, regardless of 
risk factor, normal-reading children performed better than poor-reading 
children on all literacy measures. On none of the measures differences were 
found between the normal-reading at-risk and normal-reading control 
group. The descriptive statistics for the literacy measures appear in Table 
2.1. 
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Table 2.1   
Mean raw scores (M) and standard deviations (sd) for poor-reading children, normal-reading at-risk 
(AR) children and normal-reading control (C) children on Grade 2 measures. 

 
Measures 

Poor 
N = 11 

Normal AR 
N = 15 

Normal C 
N = 12 

 
F(2, 35) 

M sd M sd M sd   
Speeded decoding  
Wordlist 1 (max=150) 
Wordlist 2 (max=150) 
Wordlist 3 (max=120) 

 
41.0 
26.7 
16.1 

 
12.9 
10.3 
9.0 

 
76.9 
71.2 
54.9 

 
10.0 
12.7 
13.5 

 
78.9 
74.2 
54.7 

 
13.9 
14.1 
14.9 

 
35.78*** 
52.41*** 
35.50*** 

 
1<2=3 
1<2=3 
1<2=3 

Speeded decoding        
Pseudowords 
(max=116) 

15.5 4.6 41.7 10.3 49.3 10.3 44.26*** 1<2=3 

Spelling words 
(max=38) 

21.4 7.0 32.3 5.3 34.0 6.2 14.68*** 1<2=3 

***p < .001 

 
2.2.2 Apparatus 

A 32-channel electrocap was used employing sintered Ag/AgCL electrodes 
in a 10-20 system montage including locations Oz, O1/2, Pz, P3/4, P7/8, 
CPz, CP3/4, TP7/8, Cz, C3/4, T7/8, FCz, FC3/4, FT7/8, Fz, F3/4, F7/8, 
and Fp1/2). Additional electrodes were used for recording the vertical 
electro-oculogram (VEOG; above and below the left eye) and the horizontal 
electro-oculogram (HEOG; at the outer canthus of each eye). Linked ear 
electrodes served as the inactive reference. Electrocortical activity was 
recorded with 500 Hz per channel and filter settings of 0.1-70 Hz (Synamps 
model 5083, Neuroscan Inc). Impedances were kept below 20 kΩ (Ferree et 
al., 2001).  
 
2.2.3 Stimuli 

Stimuli were two abstract, black and white patterns, with equal luminance 
(same number of black and white pixels), and an information value of 26 
bits for the standard and 60 bits for the deviant, as has been determined 
employing a procedure developed by Attneave (1954), and similar to the 
ones used by Kenemans et al. (1989). They were presented in the centre of a 
computer screen, with a presentation time of 1000 ms. To facilitate proper 
central fixation, a fixation cross was presented in the inter-stimulus interval. 
The screen was positioned in front of the subject at a distance of 100 cm 
from the subject’s eyes. Stimulus presentation and sampling procedures 
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were controlled by a standard PC. A total of 211 stimuli were presented in a 
single block, in which the first 14 presentations were identical standards, 
followed by a deviant on the 15th trial. On the remaining 196 trials, (13) 
additional deviants were pseudo-randomly presented with a 6.6 % 
probability. Following this procedure, the first 14 ‘habituation’ trials could 
be assessed separately from following trials, and here only data pertaining to 
this first series will be presented. A variable ISI was used (to accommodate 
additional conditions, not presented here) with increasing task requirements) 
with a mean of 1500 ms and a range between 1000 ms and 2000 ms.  
 
2.2.4 Procedure 

The ERP recording session took about 1-1½ hours. An adult, in most cases 
one of the parents, accompanied the child. Upon arrival, the child was put at 
ease and familiarized with the procedure and the methods employed which 
started only when the child was ready to cooperate. To distract attention 
during preparation of the electrocap the child was given a picture book. 
Recording took place in an adjacent room with dimmed lights and the door 
closed. Subjects received task instructions as soon as they were seated in a 
chair that was positioned in front of the computer screen. They were told 
that pictures would be presented, but that they merely had to watch them by 
looking at the middle of the screen, and that they did not have to pay 
particular attention to them. The children were instructed to maintain 
fixation on a small black cross at the center of the screen appearing between 
presentations, to sit as still as possible and to prevent eye blinking during 
presentation of the stimulus as much as possible. During the experiment an 
assistant sat with the child to assure that the child remained fixating the 
screen centrally. Parents were not allowed to be present in the recording 
room but joined the experimenter. 
 
2.2.5  EEG processing and scoring 

ERPs. The EEG was bandpass filtered (.5-20 Hz, 48 dB/octave) and eye 
blinks were corrected according to a spatial filter transform based on a linear 
derivation approach (see User Guide: Vol. II; Neuroscan Inc). Subsequently, 
artefacts exceeding 100 µV in any channel were automatically rejected and 
epochs (starting 100 ms before stimulus onset and lasting 1024 ms) were 
obtained for the first fourteen standards (referred to as habituation trials). 
Individual habituation trials were subsequently inspected for remaining 
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artefacts and occasional missing trials were replaced by averaging preceding 
and following trials, to ensure 14 trials for each subject. Grand average 
ERPs (across the habituation series) yielded two distinct Global Field Power 
peaks (microstates; Lehmann), one for the N1 (130-260 ms) and one for P3 
(450-850) with peaks at Cz and Pz, respectively. Traditionally, N1 and P3 are 
quantified at these electrode locations, so we decided to restrict the further 
analysis to these sites. Subsequently, single-trial ERPs were determined by a 
dynamic factor analysis technique (Molenaar, 1994). Next, for each resulting 
single trial ERP, N1 amplitude and latency were scored at Cz as the largest 
negative going peak within a latency window between 130 and 260 ms, 
relative to the largest positive going peak within 100 ms preceding the N1. 
Similarly, P3 amplitude and latency were scored at Pz as the largest positive 
going peak within a latency window between 450 and 850 ms, relative to the 
largest negative going peak preceding it. 
 
2.2.6 Statistical analysis 

The Linear Mixed Model procedure as implemented in the statistical 
software package SPSS was used to test whether the groups differed per trial 
over time for the habituation stimuli. The Linear Mixed Model (see Verbeke 
& Molenberghs, 2000) is essentially similar to a standard Repeated Measures 
ANOVA but offers more flexibility in model specification. Dummy 
parameters were used to represent the groups, where one dummy parameter 
is sufficient to represent two groups, and the two dummy parameters are 
sufficient to represent three groups. A different parameterization of the 
dummy parameters was used to test specific hypotheses on group 
differences, similar to the post hoc group comparisons of standard 
ANOVA. ERP components N1 and P3 were analyzed in two linear mixed 
model designs (fixed effects only) by means of maximum likelihood (ML) 
estimation. In the first design the dependent variables were measured at 14 
occasions and 3 groups of readers (poor-reading children (Poor), normal-
reading at-risk children (Normal-AR) and normal-reading control children 
(Normal-C). In each of the three groups intercepts and linear slopes were 
estimated for amplitude and latency. The intercepts were defined as the 
status at the first trial, and the slopes represent the linear change across 
trials. For testing the expectations regarding group differences in the 
intercepts of latency, and in the intercepts and slopes of amplitude, the first 
design contains the following set of dummies: Normal-C versus Poor, 
Normal-C versus Normal-AR. The second design resembles the first in all 
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major aspects with the exception of the included groups (poor-reading and 
normal-reading at-risk) represented by the dummy: Poor versus Normal-AR. 
Main effects and interactions were tested by means of the Likelihood Ratio 
(LR) test (i.e. a χ2-difference test), the dummy parameters are tested by 
means of the t-test (e.g. estimate/ standard error). We started with a full 
model containing all main and interaction effects, and subsequently 
constrained the model further. For each ERP component the estimates of 
the most parsimonious model will be presented. Then, effects for group are 
reported on intercept (for amplitude and latency), and lastly, effects for 
group are reported on slope (for amplitude only). Following the 
presentation of the first design the same procedure was used for the second. 
  

2.3  Results  

Mean single-trial ERPs at Cz (where N1 was scored) and Pz (where P3 was 
scored) are shown in Figures 2.1 and 2.2, for Trials 1, 2, 5, 8, 10 and 13. 
Mean intercepts and linear slopes of N1 and P3 latency and amplitude, and 
mean linear slopes of N1 and P3 amplitude are listed in Table 2.2.  
 
 

 
Figure 2.1. Mean single-trial ERPs of N1 at Cz for poor readers (solid), normal at-risk 
readers (dashed) and normal control readers (dotted): trials 1, 2, 5, 8, 10 and 13 
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Figure 2.2. Mean single-trial ERPs of P3 at Pz for poor readers (solid), normal at-risk 
readers (dashed) and normal control readers (dotted): trials 1, 2, 5, 8, 10 and 13 

 

Table 2.2  
N1 and P3 intercepts (for latency and amplitude) and slopes (for amplitude), per group.  
 N1 P3 

Poor Normal AR Normal C Poor Normal AR Normal C 
Interc Slope Interc Slope Interc Slope Interc Slope Interc Slope Interc Slope 

Latency 
(ms) 

183.11a  194.58  186.99a  617.51b  639.42b  573.98  

Amplitude 
(mvolt) 

-7.89a -0.65 -9.74a -0.11 -16.37 0.43 14.42b 0.33c 13.13b 0.06c 13.46b -0.07c 

Note: Values that share the same subscript do not differ.  

 
2.3.1 Amplitude: intercept and slope 

N1  Starting with the full model, within the first design there were both 
significant main and interaction effects for the intercept and the slope for 
N1 amplitude. The full model fitted the data significantly better than a 
restricted model without interaction effects for the slope (χ2(2) =15.92, p < 
.001). Given the full model, the dummy parameters representing the main 
effect for the intercept showed a significantly less negative intercept for the 
Poor (t(248.61) = 3.92, p < .001), and the Normal-AR readers (t(248.61) = 
3.31, p < .01) as compared to the Normal-C. With regard to linear slope, the 
dummy parameters showed that the Poor (t(261.36) = -4.05, p < .001), and 
the Normal-AR readers (t(261.36) = -2.17, p < .05) differed significantly 





CHAPTER 2 

 40 

2.3.2 Latency: intercept 

N1  Starting with the full model within the first design, no main and 
interaction effects for slope were found for N1 latency. That is, removing 
these effects from the model did not lead to a significant deterioration in 
model fit (χ2(3) = 2.68, p = .44). Given this restricted model the main effect 
for group on intercept was significantly different from zero (χ2(2) = 12.03, p 
< .01). The dummy parameters representing this main effect showed a 
significantly higher N1 intercept for Normal-AR as compared to the 
Normal-C (t(528.02) = 2.33, p < .05), as can be seen in Figure 2.4. No 
significant difference was found between the Normal-C and the Poor 
readers. Within the second design no main and interaction effects for slope 
were found either, and these terms could be removed from the model (χ2(2) 
= 2.68, p = .26). Given this restricted model group had a significant effect 
on the intercept (χ2(1) = 12.21, p < .001). The dummy parameter 
representing this main effect showed a significantly higher intercept for the 
Normal-AR as compared to the Poor readers (t(355.58) = 3.64, p < .001). 

 

Figure 2.4. Intercepts of N1 (left) and P3 (right) latency for poor readers 
(solid), normal at-risk (dashed) and normal control (dotted) for trials 1 to 14 

 
P3  For P3 latency within the first design no main and interaction effects for 
slope were found (χ2(3) = 1.41, p = .70). Given this model group had a 
significant effect on the intercept (χ2(2) = 32.80, p < .001). The dummy 
parameters representing this main effect showed a significantly higher 
intercept for the Poor readers (t(572.11) = 3.57, p < .001), and the Normal-
AR (t(572.11) = 5.79, p < .001) as compared to the Normal-C. See Figure 
2.4. Within the second design no main and interaction effects for the slope 



                                                         EFFICIENCY OF INFORMATION PROCESSING IN CHILDREN AT RISK          

 41 

and the intercept were found (χ2(3) = 3.87, p = .28). Given this most 
parsimonious model there was no effect for group on the intercept. The 
Poor and the Normal-AR did not differ significantly for the intercept of P3 
latency. 

 

2.4  Discussion  

2.4.1 Effects of stimulus repetition  

The normal-reading control children showed a N1 amplitude decrease over 
trials, whereas such habituation was not present in the normal-reading at-
risk children and the poor-reading children. In contrast, the P3 component 
appeared not to be sensitive to any form of habituation, nor in the normal-
reading control children and neither in the other groups. Interestingly, for 
N1 amplitude the effects of stimulus repetition appeared to turn out quite 
different for the three groups. The assumption that the normal-reading at-
risk children would show habituation to the same degree as the normal-
reading control group was not supported by our data. However, the poor-
reading children differed in an even more striking manner from the group of 
normal-reading control children, because they displayed an increase of N1 
amplitude over trials. Given that N1 amplitude may also reflect endogenous 
processing (Taylor, Chevalier, & Lobaugh, 2003) and is susceptible to 
attention level (Näätänen & Picton, 1987; Vogel & Luck, 2000), the 
abnormal strong covert orienting in the poor-reading children towards non- 
task relevant stimuli could reflect a subjective interpretation of task 
relevance, despite the use of the standard instruction to merely watch the 
stimuli. Task uncertainty may have let poor-reading children gradually 
develop some kind of expectancy about the stimuli to come (see also 
discussion below regarding P3 amplitude). It is unclear, however, why this 
effect was absent in the two other groups.  

Another remarkable group difference concerned the size of the 
intercept, an indication of the amplitude on the very first trial. In contrast to 
the normal-reading controls, the poor-reading children as well as the 
normal-reading at-risk children showed a much higher, that is, less negative 
initial amplitude. Following the instruction to direct the attention to the 
screen, the poor-reading and normal- reading at-risk subjects may have been 
slower in shifting their attentional focus (Dykman, Ackerman, Holcomb, & 
Boudreau, 1983; Hari & Renvall, 2001) to the first uncued stimulus in the 
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series. Only recently, poor control of spatial attention shifting was also 
reported in a group of dyslexic students (Wijers, Been, & Romkes, 2005). 
This slower directing of attention towards the stimulus location may be 
related to their lower levels of orienting. In combination with the ensuing 
perception of a fast sequence of stimuli, this may have caused a subjective 
experience of increased stimulus intensity. This concept was raised before 
by Castrén et al. (2003) to explain an enhanced N1 to auditory standards in a 
oddball paradigm and the absence of habituation to a train of stimuli in a 
small group of children with fragile X syndrome. These authors suggested 
that both findings could be caused by excessive responses in neurons 
leading to changes in alertness as well as in general attentiveness and 
heightened state of arousal. This conjecture may be further corroborated by 
evidence that increasing stimulus intensity has the effect of augmenting 
P1N1 amplitude slopes at midline sites, and that this pattern of sensory 
modulation can be seen in the majority of children (Carrillo de la Pena, 
Holguin, Corral, & Cadaveira, 1999). Thus, the possibility that an inclination 
to respond with increased excitability to repeated stimuli played a part in 
early processing differences between the groups of poor- and normal- 
reading children cannot be ruled out. In the last section we will discuss 
however the increment of N1 amplitude over trials in poor-reading children 
in relation to their inability to acquire reading and spelling fluency.  

The present absence of a P3 amplitude effect suggests either that we 
cannot always assume rapid decrement upon stimulus repetition for this 
component in young children, or that we did not control adequately for 
additional situational or cognitive interference. The trial-to-trial variation in 
neural responding might reflect a varying expectancy about the stimuli to 
come (Sambeth, 2004). Quite a few of the present subjects in fact inquired if 
or when other ‘pictures’ would be presented. Then, with every new 
presentation a kind of mismatch may have occurred between anticipation 
and external event, which in turn may have given subjective relevance to the 
standard stimulus. Also, it may be assumed that ERPs to stimuli presented 
at variable ISIs, as in the present study (mandatory for the task relevant 
blocks, not presented here), do less readily habituate due to increased 
uncertainty about temporal probability (Graham, 1997; Kenemans, 1990; 
Mallardi, 1979; Papanicolaou, Loring, & Eisenberg, 1985). Moreover, 
amplitude decrement to visual as opposed to auditory stimuli has been 
reported to be slower, unless many successive trial blocks are presented, 
because visual processing requires a greater utilization of attentional 
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resources (Geisler & Polich, 1994; Ravden & Polich, 1998). Nevertheless, 
the application of a single-trial technique enabled us to identify N1 
habituation in the normal-reading controls, thus revealing groups differences 
in trial-dependent effects of stimulus repetition, which otherwise would 
have gone unnoticed in traditional grand averages, as nicely demonstrated by 
the fact that overall group means to all (197) standards presented were 
comparable.  
 
2.4.2 Effects of speed of processing  

The latency of the P3 peak amplitude (as an index of the children’s stimulus 
evaluation time (Polich, Ladish, & Burns, 1990)) appeared to be longer in 
the poor-reading children in comparison to the normal-reading controls. In 
particular the normal-reading at-risk children, however, displayed longer 
latencies for the N1 and the P3. For both components, latencies are age 
related with values decreasing with age (Fuchigami et al., 1993; Polich et al., 
1990; Taylor et al., 2003), but the developmental changes that are observed 
for P3 latencies are also related to changes in memory capacity (Polich et al., 
1990). Although it seems not very likely that age related maturational 
processes were involved in the longer latencies of the poor-reading and 
normal-reading at-risk children, being in the same age range does not 
necessarily mean that their neuronal maturation was similar. Regarding 
differences in memory function, recently a relation between risk of dyslexia 
and poorer, albeit verbal, memory skills at five years of age was reported in 
an (follow-up) ERP study with newborns at genetic risk of dyslexia 
(Guttorm et al., 2005).  

Task difficulty and/or subjectively perceived complexity are known to 
influence processing times (Breznitz & Meyler, 2003). So, the prolonged 
processing of non-targets under passive conditions, might either imply that 
stimulus processing per se proved to be more taxing for the poor-reading 
and the normal-reading at-risk subjects, due to a lagging neuronal 
maturation or a reduced memory capacity, or that the new situation 
instigated a more prolonged extracting of stimulus information to promote 
processing and analyzing. The normal-reading at-risk children’s delays in 
both the earlier and later stage of processing show that their passively 
processing of incoming stimuli as well as their more controlled stimulus 
processing were affected. The involuntary tendency towards a lower speed 
of processing in this group might be seen as an adaptation, that is, as a kind 
of trade-off for their relatively (i.e., compared to normal-reading controls) 
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reduced neuronal activity to ensure a better encoding of stimulus occurrence 
and content. Given that the poor-reading children were only delayed in the 
later stage of processing, speed of processing among poor-reading children 
seems in particular be slowed down in evaluating information, but not in the 
modelling (of occurrence) of novel information. Thus, unlike the normal-
reading at-risk children, poor-reading children did not adapt their early 
timing to their (initial) reduced brain activity. So, speed of processing might 
signal a deficient underlying factor affecting learning in children at-risk for 
dyslexia. 

2.4.3 Early visual processing in the pre-reading phase and reading 

proficiency 

The apparent increase in brain activity over 14 trials shown by the poor-
reading children in response to a repeatedly presented stimulus may indicate 
a less efficient way of processing new information. The poor-reading 
children needed much more exposures to reach the (initial) level of neuronal 
responding of the normal-reading control children. By contrast, in 
combination with their slower processing times the normal-reading at-risk 
children seemed to have mobilized a sufficient amount of early brain activity 
to deal with the stimulus presentation. Dissimilar to the poor-reading 
children their initial small negative responses were not followed by an 
increase over trials, although no decrement occurred either. To clarify why 
adjustment of initial reduced brain activity in response to newly presented, 
unfamiliar but neutral information may account for the problematic 
development of automatized reading in dyslexic children, we first need to 
address some theoretical considerations about automaticity acquisition.  

In general, processing may occur without subjective awareness of the 
stimulus that produced it. However, often pre-attentive processing is not 
sufficient for the perceptual organization of (visual) input. Attentive 
processing is needed to integrate the various features belonging to one 
object, otherwise object representation would be incoherent (Spekreijse, 
2000). According to Logan, Taylor, & Etherton (1999) attentive processing 
is a necessary condition for automaticity, that is, ‘what is learned during 
automatization depends on what is attended to and how attention is 
deployed’ (p. 179). It has been suggested that the early N1 component 
signals a pre-attentive comparison stage of the OR, providing the 
informational basis for attentional selection (Näätänen, 1990). Thus, the 
entrance of visual stimuli into subjective awareness might not only be the 
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intentionally result of (self)-controlling, for example acting upon instructions 
to attend, but also the result of an involuntary process, for example an 
evoked OR. Although pre-attentive processing is not to be considered a 
necessary condition for automaticity (Logan, 1992), through attracting 
attention to novel or salient features it may benefit the acquisition of 
automaticity. In his instance theory of automatization, Logan (1997) points 
out that in gaining automaticity the number of presentations is less 
important than the number of times a stimulus is interpreted in a particular 
way. This notion relates to one of the theories’ main assumptions, namely 
that automaticity is processing based on memory retrieval. Retrieval might 
be considered a race between different but equivalent memory traces or 
instance representations encoded and stored separately in memory. The first 
trace to finish, providing either a correct or an incorrect response, directs 
performance. The more traces there are in memory the quicker a trace will 
be retrieved. This argument implies that the more traces signify a correct 
response, the greater the chance a subject will perform well. Thus, initial 
small amplitudes and relative normal processing times at an early stage of 
processing together with an increase in negativity upon stimulus repetition, 
might signal that upon the initial observation of (novel) information 
insufficient neuronal resources are being allocated, thereby failing an 
effective attraction of attention to and encoding of distinguishing features. 
As a consequence, multiple observations of the same aspects of information 
are necessary.  

Assuming that inefficient dealing with novel information may result in 
storage of relative less, more diffuse or incorrect memory traces of form and 
detail, it follows that memory retrieval and as a consequence, automatization 
is hampered. If such initial inadequate processing of abstract visual 
information in poor-reading children is extended to the processing of novel 
orthographic information, it might explain why children with severe dyslexia 
are able to obtain an adequate level of accuracy and even to gain in speed on 
highly practised words, whereas no transfer takes place to non-practised 
words that bear orthographic resemblance (van der Leij & van Daal, 1990). 
With enough practice, these children are able to rely on sufficient correct 
word-specific orthographic memory traces. However, accuracy and speed 
problems are to be expected with non-practised words, since in those cases 
decoding will be based on retrieval and combining of several traces of 
sublexical orthographic information, presumably of lower quality. Under 
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more complex reading conditions like oral reading, decoding of unfamiliar 
words will deteriorate even more.  

Since the automatic processing of words is strongly influenced by 
problems with phonemic awareness shown by a majority dyslexics, if not by 
all (Ramus et al., 2003), a deviant processing of novel (absolutely or 
relatively) information may not be restricted to the visual modality, 
operating in isolation, but may also hold for the auditory/ phonological 
system. In this light it is very interesting that deviances in early phonological 
processing also have been found in infants with later reading difficulties 
(Espy, Molfese, Molfese, & Modglin, 2004), as well as in infants at familial 
risk for dyslexia (see for a review, Lyytinen et al., 2005). Espy et al. (2004) 
reported variations in the development of the N1 component as the most 
evident relation between ERP responses to speech and non-speech stimuli 
between the ages of one and four years and subsequent pseudoword reading 
proficiency at 8 years, with N1 amplitudes consistently more negative in less 
proficient readers. Leppänen et al. (2002) found more positive responses (at 
about 190 ms) to sound onsets discriminated between infants with and 
without familial risk and preliminary analyses showed that these could be 
linked to better later phonological skills in both groups (Lyytinen et al., 
2005). It is unclear, however, whether these positive responses reflect the 
same information- processing mechanisms as manifest in N1. Evidence for 
deviances in early phonological processing shown by adult dyslexics comes 
from two studies using magnetoencephalography (MEG). Helenius, 
Salmelin, Richardson, Leinonen, and Lyytinen (2002) reported an 
abnormally strong N1m response to the beginning of a speech sound under 
actively listening and ignored speech conditions as the most robust 
difference between dyslexic and normal-reading individuals. Strong 
enhancement of a pre-semantic N1m was also found in dyslexic adults to 
spoken words within a sentence (Helenius, Salmelin, Service et al., 2002). 
However, it should be stressed that none of these studies directly addressed 
the issue of habituation. Nevertheless, together with our findings the 
presented evidence suggests that the pre-attentive level of information 
processing, either visual or auditory, could be an important indicator or 
predictor of (later) reading problems.  

In summary, by studying covert processing of abstract visual 
information we attempted to find evidence for differences in underlying 
learning mechanisms in children genetically at-risk for dyslexia, as possible 
early indications of reading disability. We were able to show that in a mixed 
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group of at-risk children particularly the ones with a lower reading 
proficiency showed differences in allocation of brain resources. In 
combination with a discrepancy between relative fast early and slow later 
processing times this mode of early processing of novel information is 
suggestive of deficient learning at a basic level. That the initial processing of 
repeatedly presented stimuli was similarly affected in the two poor-reading 
children who were not at risk, seems to support the association between 
efficiency of early processing and reading abilities. Although we realize that 
the implication of our findings is limited due to small sample sizes, we 
would like to emphasize that especially the association between passive 
responding to new information at an early stage of processing and later 
literacy skills seems strong enough to pursue as a line of investigation. An 
obvious suggestion for future research is a replication of our habituation 
paradigm involving meaningless auditory as well as complex phonological 
stimulus processing to investigate whether the reported deficient early 
processing in poor-reading children are modality non-specific and/or related 
to problems with phonological coding. Equally interesting we consider the 
question whether deficient early processing is to be found in young children 
only, as a possible precursor of difficulties in learning to read and spell, or 
that older subjects are similarly affected. If that is the case, inefficient 
information processing resulting in less automatized learning might be an 
underlying characteristic of dyslexia.  
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Toen hield hij zijn slurf stil en las wat hij al had geschreven. Hij 
wilde schrijven: 'Beste egel'. Maar hij kende eigenlijk alleen maar 
de w. Hij wist wel dat er nog meer letters waren. Maar die andere 
letters leken hem onhandig en tamelijk onbruikbaar. Eerlijk ge-
zegd, dacht hij, is één letter wel genoeg. 
 
 
Uit: Toon Tellegen (2002), 'Misschien wisten zij alles' (p. 374) 
 
 
 
 



Chapter 3 
Early intervention with children of dyslexic 
parents: Effects of computer-based reading 
instruction at home on literacy acquisition 

The hereditary basis of dyslexia makes it possible to identify children at risk 
early on. Pre-reading children genetically at risk received during 14 weeks a 
home- and computer-based training in phonemic awareness and letter-
sound relationships in the context of reading instruction. At post-test 
training effects were found for both phonemic awareness and letter 
knowledge. Trained at-risk children (N = 31) made more progress than 
untrained at-risk controls (N = 26) and kept up with untrained not-at-risk 
controls (N = 16). However, the head start of the trained group did not 
affect beneficially first and second grade reading and spelling proficiency. 
Following the start of phonics-based instruction at school, the trained at-risk 
children could not be discriminated from the untrained at-risk controls, and 
they were delayed relative to the not-at-risk controls. In order to promote 
long-term benefits and prevent undoing the advantage of early intervention, 
delivery should be both home- and school-based and more effort needs to 
be put in throughout first grade. 

Published as: Regtvoort, A. G. F. M., & van der Leij, A. (2007). Early intervention with 
children of dyslexic parents: Effects of computer-based reading instruction at home on 
literacy acquisition. Learning and Individual differences, 17(1), 35-53. 
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3.1 Introduction 

The first generation of the 21st century grows up in a society increasingly 
shaped by information and computer technology. Still, the core academic 
subjects children have to master to acquire new knowledge from all kinds of 
media, are reading and writing. Children with dyslexia are in danger of being 
left behind and to become functionally illiterate because they may lack the 
necessary skills to function successfully at school. The special needs of 
dyslexic students appear not to be addressed adequately by the regular 
literacy curriculum. Additional and more sophisticated instruction is 
required to improve their slow and laborious reading, and their error-prone 
spelling. Until recently, delays in reading accuracy and fluency were 
identified only after two or more years of formal reading instruction. 
Intervention focused mostly on remediating existing weaknesses in reading 
and spelling through structured practice of decoding, like repeated reading 
of texts or word lists (see for a review Chard, Vaughn, & Tyler, 2002). 
Unfortunately, remediation programs rarely prove to be successful for all 
participating children (Torgesen, 2001). In particular in older children with 
severe dyslexia, the average response to treatment is rather low (e.g., van 
Daal & Reitsma, 1999). The possibility for change is apparently restricted 
once initial attempts at reading have failed, bringing about concomitant 
problems.  

Modern educational scientists endorse the belief that interventions 
should be foremost aimed at strengthening early reading skills or 
prerequisite abilities in children who are in actual danger of developing 
reading disabilities (e.g., Torgesen, 2001). Possibly, once early decoding 
attempts are targeted more effectively in these at-risk children, the 
foundation of an improved reading process may have been laid out. As a 
result they are less likely to experience failure-related problems such as loss 
of motivation and enduring feelings of social-emotional distress (Riddick, 
Sterling, Farmer, & Morgan, 1999). Early identification of children with an 
increased risk can be based on poor performance on pre-literacy tasks in 
kindergarten, but also on an aspect of the background, such as a familial 
history of dyslexia (Elbro & Scarborough, 2004). Evidence that dyslexia is 
hereditary is still growing, and reading impairment in the parents appears to 
be a strong risk factor for their offspring. Whereas symptoms of dyslexia are 
shown by about 5% of the school population in Germanic-speaking 
countries (Grigorenko, 2001), in the case of having a first-degree relative 
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with dyslexia prevalence is estimated between 30% and 50% (Gilger, 
Pennington, & DeFries, 1991). Inspired by the promising results of a Danish 
study (Borstrøm & Elbro, 1997; Elbro & Petersen, 2004), the present study 
aims to prevent severe reading problems in Dutch children with a dyslexic 
parent by focusing on three prerequisites for successful learning to read: 
phonemic awareness, letter knowledge, and the formation of componential 
representations in the mapping from orthography to phonology.  

Children learning to read within an alphabetic system must be able to 
analyse words into their constituent phonemes (Liberman, Shankweiler, 
Fischer, & Carter, 1974). Phonemic awareness appears to be one of the 
main predictors of early (and later) literacy skills in children, whether at-risk 
or not-at-risk (e.g., Chiappe, Siegel, & Wade Woolley, 2002; de Jong & van 
der Leij, 1999; Elbro, Borstrøm, & Petersen, 1998; Gallagher, Frith, & 
Snowling, 2000; Pennington & Lefly, 2001). Not surprisingly, in the last 
decades (early) intervention programs increasingly focused on enhancing the 
child’s awareness of the sound structure of spoken words (Blachman, 1997). 
Meta-analyses of experimental training studies (Bus & van IJzendoorn, 1999; 
Ehri et al., 2001) have demonstrated a causal impact of phonemic training 
on reading skills, which seems even more consistent and robust when letter 
knowledge training is included. It is evident that the majority of preliterate 
children have to be taught that the elements of alphabetic print represent 
the phonemic elements of speech (Byrne, Fielding Barnsley, Ashley, & 
Larsen, 1997). However, familial at-risk children might be less inclined to 
develop pre-literacy skills at a ‘normal’ pace without intensive instruction. 
Prior to first grade, they are found to lag behind their peers already, in 
phonemic awareness as well as in letter knowledge (Byrne et al., 1997; Elbro 
& Petersen, 2004; Gallagher et al., 2000; Hindson et al., 2005; Lyytinen et al., 
2004).  

Evidence that providing training in (pre-)literacy skills at kindergarten 
age facilitates the acquisition of later literacy skills in children at familial risk 
comes from the only two longitudinal studies to date that have addressed 
early intervention in children of dyslexic families. Elbro and Petersen (2004) 
implemented a program in whole Danish kindergarten classes, lasting for 30-
min every school day during 17 weeks. Positive long-term effects were 
found up till Grade 7 with the trained at-risk children outperforming the 
untrained at-risk controls on important measures as word and pseudoword 
decoding efficiency. The authors reported however that not all of the 
children appeared to benefit from training. Also, the initial small gap in 
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reading skills between the trained at-risk children and the not-at-risk 
controls tended to become wider with age. An Australian study with at-risk 
subjects (Hindson et al., 2005) was based on a pre-reading program that 
focused on teaching phoneme identity, and was evaluated in a longitudinal 
project during a period of six years (Byrne, Fielding-Barnsley, & Ashley, 
2000). Unselected pre-schoolers were trained in subgroups of four to six for 
12 weekly sessions of 25-30-min each, resulting in greater gains in phonemic 
awareness at post-test, and higher scores on pseudoword decoding at the 
end of kindergarten. In Grade 5, there were still some benefits of training, 
but now the clearest effect was found for irregular spelled words. In the 
Hindson et al. (2005) study, at-risk children were trained individually at 
preschool or at home by a teacher, with the possible number of 30-min 
sessions ranging from 11 to 17, depending on the child’s progress through 
the program. At the end of kindergarten, training had raised the literacy 
performance of the trained at-risk children to grade average, that is, to the 
levels that untrained Australian children typically acquire prior to school. No 
comparison of long-term training effects could be made between trained 
and untrained at-risk children, as the latter group were wait-list controls. 
Like their Danish counterparts, the trained at-risk children were not able to 
keep up with the trained not-at-risk children. The findings of both studies 
are very encouraging, but indicate that something else is required to improve 
the reading proficiency of at-risk children to near normal levels. On further 
investigation of the intervention literature it became plausible that 
combining training in phonemic awareness with the teaching of reading may 
well be an effective approach to helping pre-readers at risk for dyslexia 
(Hatcher, Hulme, & Ellis, 1994; Hatcher, Hulme, & Snowling, 2004). 

Recently, Hatcher, Hulme and Snowling (2004) evaluated the 
longitudinal effects of three extensive phonic reading programs in English 
4.5-year-old children who were taught individually and in classes while in 
pre-kindergarten and in kindergarten. They found that adding explicit 
phoneme training to the reading instruction did not result in overall gains in 
normal readers, but seemed particularly beneficial for children with an 
increased risk of reading delay. These findings might also be of relevance to 
children learning to read in Dutch. De Jong and van der Leij (2003) reported 
a substantial increase in phonemic skills in normal readers after only a few 
months of phonics based reading instruction. Dyslexic readers showed a 
later onset in the development of phonemic awareness, but eventually they 
reached a similar level as observed in the normal readers. So it seems that in 



 

 EARLY INTERVENTION WITH CHILDREN OF DYSLEXIC PARENTS 
 

 

53 

a transparent orthography such as Dutch or German (Seymour, Aro, & 
Erskine, 2003), individual differences in phonemic awareness have a time-
limited importance (de Jong & van der Leij, 1999), and that deficits in 
phonemic awareness cease to exist beyond the early stages of reading 
acquisition (Landerl & Wimmer, 2000). Nevertheless, it may be that dyslexic 
children do not overcome their dysfunction in phonemic awareness skills 
completely, and that the acquired access to phonemes remains relatively 
fragile (de Jong & van der Leij, 2003). This might explain why dyslexic 
reading in transparent orthographies is not so much characterized by 
deficiencies in accuracy, but much more by a lack of fluency (Seymour, 
1986; van der Leij & van Daal, 1999). 

That acquisition of fluent word decoding might be highly dependent 
upon the quality of phonological representations (e.g., Brady, 1997; Elbro, 
1998; Ramus et al., 2003), was demonstrated by Harm and Seidenberg 
(1999), using connectionist models. By simulating impairments in 
phonological representations, they showed that degradations led to 
pseudoword reading deficits due to the formation of poor orthographic to 
phonological mappings during learning. When conducting another series of 
simulations to explore the impact of intervention, Harm, McCandliss, and 
Seidenberg (2003) found that repairing phonological representations to 
various degrees, had a much lower chance of success once poor learning has 
started. Conversely, a simulation that promoted more componential 
representations by targeting the relation between orthography and 
phonology were shown to produce improvements in pseudoword reading 
regardless of stage of reading development, due to an increase in 
representational overlap of similar sounding words and a decrease in overlap 
between arbitrary words. The latter simulation was modelled upon a 
decoding skills intervention called “Word Building” (McCandliss, Beck, 
Sandak, & Perfetti, 2003). In this intervention poor readers were trained 
with a technique based on the work of Beck (1989). During decoding 
attempts, children had to ‘build’ every newly presented word, which differed 
in only one letter on progressive positions, onto the previous one. 
According to the authors this ‘minimal pairing’ procedure draws the child’s 
attention to letter-sound correspondences as combinatorial units, thereby 
enhancing children’s grasp of the phonemic structure of words. Training 
resulted in substantial improvements in standardized measures of phonemic 
awareness and decoding. The consistent evidence of the connectionist 
models with the behavioural data led Harm et al. (2003) to conclude that the 
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nature of phonological representations is shaped by knowledge of phonemic 
structure. Assuming that this knowledge is normally acquired mainly 
through the pairing of orthography and phonology, the authors stress that 
interventions that emphasize this pairing inside the context of reading 
instruction, are presumably more effective than either speech-related 
interventions or interventions that merely train letter-sound 
correspondences. In view of the potential advantages of this instructional 
approach for pre-reading at-risk children, the present study draws upon the 
McCandliss et al. (2003) “Word Building” technique for its assumed 
effectiveness to target the quality of phonological representations in an early 
stage of reading acquisition.  

The experimental early intervention programs reviewed above (Byrne 
et al., 2000; Elbro & Petersen, 2004; Hatcher et al., 2004; Hindson et al., 
2005) were all delivered by highly trained teachers or research assistants, 
making application on a greater scale to meet the needs of many more 
children at risk for reading disabilities rather costly. Two additional features 
of the present study therefore are its implementation of a computer-assisted 
program, while assigning the role of tutor to the primary caretaker(s) - 
parents mostly. Although computerized instruction is still a relatively new 
approach, earlier applications of computer technology have shown its 
efficacy in educational programs for young children (Blok, Oostdam, Otter, 
& Overmaat, 2002). The main features of interest include the attractive 
graphics and game-like presentation of lessons, the simultaneous 
presentation and manipulation of vision and sound, and the immediate 
feedback children get upon their activities (Mioduser, Tur Kaspa, & Leitner, 
2000; Troia & Whitney, 2003). From a practical viewpoint, programmed 
instruction facilitates a structured administration by non-professionals and 
promotes an implementation that is less likely to vary across trainers.  

Parental involvement has already proven its value in fostering literacy 
development in young children (Snow, Burns, & Griffin, 1998). Presenting 
one or both of the parents with the role of trainer precludes a lengthy 
implementation time in the attended schools (Fielding Barnsley & Purdie, 
2003). Most parents welcome the opportunity to support their children, and 
parents in ‘dyslexic’ families in particular are genuinely concerned about how 
a familial risk factor might impact upon the child’s school career. Yet, little is 
known so far about the effectiveness of parents as the sole tutor. Fielding 
Barnsley and Purdie (2003) successfully trained at-risk families in applying 
the technique of dialogic reading (Arnold, Lonigan, Whitehurst, & Epstein, 
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1994). The beneficial effects of the method were still evident one year later. 
On evaluating treatment integrity of a home-based early intervention study 
in children at risk for dyslexia, van Otterloo, van der Leij, and Veldkamp 
(2006) reported that the number of lessons completed by parent and child 
rather than the quality of parent-child interaction appeared to be the more 
powerful predictor of treatment outcomes. Furthermore, the findings of 
quantity and quality of administration indicated that the level of treatment 
integrity was quite satisfactory. Thus, a home-based intervention seems to 
have the potential of advancing children’s development, but careful 
monitoring of the characteristics of the home environment that contribute 
more or less constructively to the outcome is required.  

In the present study we report the effectiveness of an early computer-
assisted reading instruction at home on the literacy acquisition in trained and 
untrained children with a family-related history of reading impairment, and 
in children without such history, all pre-reading at the time of training. The 
latter group was included in the design to assess the developmental variation 
in the acquisition of literacy skills in at-risk and not-at-risk children. Taking 
into account the effects of similar intervention studies, we expected the 
intervention by the parents to have a positive effect on the trained skills 
after training (short-term effects). With regard to transfer effects, although 
we did not expect the trained at-risk children to catch up entirely on the 
normally developing not-at-risk controls, we assumed that early training 
would improve the (pre)-literacy skills in children at risk to such an extent 
that it would benefit their subsequent learning (long-term effects). This 
means that at the end of Grade 2 the trained at-risk group was expected to 
show an enhanced reading and spelling proficiency relative to the untrained 
at-risk group. 
 

3.2 Method 

Training effectiveness was evaluated for children in their second year of 
kindergarten. In The Netherlands, the majority of pupils enter school at age 
four. Formal schooling, including a reading instruction that is primarily 
phonics-based, starts in Grade 1 at the age of six. Accordingly, kindergarten 
spans two years. Prior to entering first grade, reading and spelling-related 
skills are not systematically taught, so kindergarten pupils vary considerably 
in how many letters they are able to name or to sound out. On average the 
productive knowledge of letter names at the end of kindergarten 2 was 
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found to be less than ten (Aarnoutse, van Leeuwe, & Verhoeven, 2005; 
Regtvoort, 1999). Each school year begins in August or in September 
(depending on region) and has 10 months. To assess the short-term effects 
of training, the children were assessed in month 5 (January kindergarten 2, 
prior to training = pre-test, mean age 5.81 years), in month 10 (June 
kindergarten 2, post-test, mean age 6.23 years). The intervention was 
conducted between months 6 and 9 (February through May kindergarten 2). 
To assess the long-term effects of training, all children were reassessed at 
three follow-ups: in month 15 (January Grade 1, f1, mean age 6.82 years), in 
month 20 (June Grade1, f2, mean age 7.24 years), and in month 30 (June 
Grade 2, f3, mean age 8.26 years). 
 
3.2.1 Participants 

Families 

The sample used for data analysis consisted of 56 families with a history of 
reading impairments, and 16 families without such a history. Of the at-risk 
families, 30 were involved in training, whereas 26 were not. In one of the 
training at-risk families, a pair of fraternal twins participated. The families 
not involved in training were recruited one year ahead as participants in 
another experiment. All families participated voluntarily in response to 
handouts distributed by teachers at the end of kindergarten 1. On 
enrolment, parents were requested to fill out an information form, including 
data on parental education level, the medical history of the child, and the 
home literacy environment (e.g., amount of storybook reading). Only 
families using Dutch as the first language at home were included.  

After self report, participants were selected by the parent’s 
performance on a screening battery that included two standardized reading 
fluency measures: words (Brus & Voeten, 1999) and pseudowords (van den 
Bos, lutje Spelberg, Scheepstra, & de Vries, 1999), and the Wechsler Adult 
Intelligence Scale (WAIS) subtest Similarities (Wechsler, 1997), measuring 
concept formation. Selection criteria required that the dyslexic parent scored 
below or at the 10th percentile on either one of the reading tests or below or 
at the 20th percentile on both reading tests. Also leading to inclusion were 
scores on either one of the reading tests that resulted in a discrepancy score 
with the subtest Similarities of at least 60 percentiles (Koster et al., 2005; 
Kuijpers et al., 2003). The rationale behind this discrepancy score is that 
high functioning dyslexics might show reading scores (just) above the 
criterion (Gallagher, Laxon, Armstrong, & Frith, 1996), possibly due to 
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extended reading experience. Both parents of the not-at-risk families had to 
score at least at the 40th percentile on both reading tests.  

The training and no-training at-risk families did not differ on any of the 
selection criteria. Forty-three per cent of the parents in the trained group 
and 42% in the untrained group scored below or equal to the 10th percentile 
on both reading measures, and 37%, respectively 23% of the parents scored 
below or equal to the 20th percentile on both measures and/or below or 
equal to the 10th percentile on one of the measures. Twenty per cent of the 
training families and 35 % of the no-training families were included on the 
base of the discrepancy-score. In both at-risk groups, two thirds of the 
fathers were the affected parent. The risk of dyslexia did not differ 
significantly between the families of the two groups (χ2(1) = 3.54, p > .05). 
In 87% of the trained at-risk families, at least one other first- or second-
degree relative aside from the parent was affected, against 65% of the 
untrained at-risk families. 

Children 

Seventy-three children (59% boys, 41% girls) were available for data 
analyses. The training at-risk group consisted of 20 boys and 11 girls, total 
31, mean age at initial testing 5.75 years. The untrained at-risk group 
consisted of 14 boys and 12 girls, total 26, mean age 5.93 years. The not-at-
risk group consisted of 9 boys and 7 girls, total 16, mean age 5.75 years. 
Most children were pupils of elementary schools within the greater area of 
Amsterdam. They came from a total of 43 schools, with at the most six 
children from the same group attending the same school, but not necessarily 
the same class. All children were free of uncorrected sensory impairments. 
At the time of the intervention, none of the children were showing serious 
emotional disturbances, but when in first grade one trained at-risk girl was 
diagnosed as showing minor symptoms of Attention Deficit Hyperactivity 
Disorder (ADHD). In the course of the study, five children were excluded 
from the trained at-risk group. Two children carried out less than 20 (29%) 
training sessions, and three children (including a pair of fraternal twins) 
stayed in kindergarten for an additional year. Of the untrained at-risk group, 
two children withdrew because either the child or the parents did not want 
to continue. Of the not-at-risk group, one child was excluded because an 
elder sibling was diagnosed as dyslexic.  

In Table 3.1 various characteristics of the participants are summarized. 
The three groups did not differ significantly in distribution of gender or age, 
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nor in receptive vocabulary (Verhoeven & Vermeer, 2001) and non-verbal 
IQ (Raven, Court, & Raven, 1984), or amount of storybook reading. At pre-
test all children scored above the 10th percentile of receptive vocabulary, and 
in Grade 1 all children (except one trained and one untrained at-risk child) 
performed within or above the normal range of non-verbal intelligence. 
Since both low performing children were not an extreme case on receptive 
vocabulary, neither child was excluded from the analyses. The amount of 
storybook reading was rated on a scale from 1 (no storybook reading at all) 
to 5 (five or more times a week). All three groups scored high on this 
measure with means around 4.4, thus children from at-risk and not-at-risk 
families were exposed to a comparable stimulating literacy environment. The 
three groups differed for education level (mothers (χ2(2) = 7.24, p < .05), 
fathers (χ2(2) = 15.46, p < .001). The levels of education were ranked from 1 
(primary school only) to 7 (university degree). Compared to at-risk families, 
both mothers and fathers in not-at-risk families were higher educated and 
more often found in the two highest ranks. Parents in at-risk families were 
equally educated.  
 

Table 3.1 
Characteristics of participants in the trained and untrained at-risk groups and in the not-at-risk group at 
pre-test in January of kindergarten. 

Characteristic 
At-risk Not-at-risk  

 Trained Untrained 
Girls  (41%) 11 12 7 
Boys (59%) 20 14 9 
Age at t1 (years) 5.75 5.93 5.75 
Receptive vocabulary (raw score) 71.9 70.4 70.3 
Nonverbal IQ (raw score)1 25.2 26.9 26.2 
Mother’s education level (1-7) 4.8a 4.9a 5.9b 
Father’s education level (1-7) 5.1a 4.2a 6.3b 
Amount of storybook reading (1-5) 4.4 4.3 4.7 
Note: Values that share the same subscript do not differ. 1 January Grade 1. 

 

3.2.2 Training program  

Description of the program and training materials 

The training program was based on the “Word Building” technique, 
originally developed by Beck (1989). The current program was 
accommodated to pre-literacy levels. Therefore, activities had to be focused 
not only on reading instruction in accordance with the minimal pairing 
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procedure (Beck, 1989), but also on teaching letter-sound correspondences, 
and on phonemic awareness: phoneme blending (into words) and phoneme 
segmentation (into sounds). Letter sounds but no letter names were taught 
because the print-to-sound translation is the basic element in learning to 
read (Share, 1995). Reading activities concerned one-syllable words with 
consonant-vowel-consonant (CVC) or vowel-consonant (VC) patterns. 

Because of time restrictions, a limited set of 21 high frequency 
graphemes was taught: 12 consonants, 5 short vowels and 4 long vowels (in 
Dutch one-syllable words represented by double graphemes). The order 
was: p and o, s, k, i, a, t, m, l, e, n, u, b, r and aa, z and ee, v and uu, d and oo. For 
each of the graphemes, there were letter cards containing a picture in colour 
(e.g., pop/doll) and the letter (e.g., p) corresponding to the initial phoneme. 
Also, there were worksheets containing two outlines of a letter to be 
coloured and traced.  

In addition, there were cards with a printed sentence in the form of a 
silly question (e.g., kijkt jouw sok wel eens sip? / does your sock ever look 
sad?), to help the child understand that only slightly differing words may 
convey an entirely other meaning, and thus promote reading 
comprehension. Child and parent were required to read these sentence cards 
together. The words printed in bold were the ones the child had mastered 
already, whereas the parent had to pronounce the remaining words.  

The main body of the program consisted of three types computerized 
exercises. The first type related to letters, the second to segmenting and 
blending, and the third to word decoding. Feedback was provided upon 
children’s actions, either computerized  (i.e. visual) or by the parent who was 
tutoring the child. All of the parental instructions were written or 
symbolized, at the left side of the screen in a different coloured strip. Only 
mouse control was required for the child, whereas the parent used the 
keyboard.  

There were six letter exercises. First and second, the child had to locate 
the target letter with a mouse click, respectively in between non-alphabetic 
symbols and in between other letters. If correct, letters turned to green, if 
not to red. The third exercise was based on the board game ‘memory’. Four 
to eight closed card pairs in four rows were presented at the screen. A 
maximum of two cards were turned in succession upon a mouse click 
pointed at a card, showing a letter that was then sounded out once. Correct 
pairing resulted in the removal of the pair. Upon an incorrect pairing, the 
two open cards were turned again. Fourth, four to eight letters and 
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corresponding pictures were presented. The matching letter and a picture 
had to be clicked on, and a successful attempt resulted in the removal of the 
pair from the screen. This exercise came in two versions, with and without 
the phoneme sound upon a mouse click. Fifth, four to eight balloons of 
different colours were presented at the top of the screen each picturing a 
(different) letter. Below the balloons, four to eight flags with an identical set 
of letters were presented. The program sounded out one of the letters, and 
the balloon carrying this particular letter had to be clicked on. A correct 
choice resulted the balloon to burst and then the child had to drag the 
released letter to the flag with an identical letter. This procedure was to be 
repeated for each given letter. In a sixth letter exercise, which preceded the 
word decoding exercise, previously taught letters were rehearsed. Each of 
two to eleven different letters, the number of letters depending on training 
progress, was one by one displayed in two successive sequences. First, the 
parent modelled the sounding out of each letter, then it was the child’s turn. 

During the segmenting and blending exercise, the picture 
corresponding to the initial phoneme(s) was presented in the middle of the 
screen. First, the word was presented beneath the picture as a blank white 
rectangle, and successively divided into white squares that represented the 
constituent phonemes. Then the squares were joined again into a rectangle. 
Both rectangle and squares turned yellow when the program sounded out 
the word and its constituent phonemes, respectively, while parent and child 
watched and listened. Subsequently, the program left out the sounding out 
of the word and its phonemes. Both parent and child were required to 
segment and blend the constituent sounds of the word, and to make cutting 
hand gestures when the rectangle broke up, and to clap their hands when 
the squares joined again.  Next, the same procedure was followed, but now 
the corresponding letters were allocated to their position in the rectangle 
and the squares.  

The word decoding exercise was performed against a background 
screen picturing undershirts, see Figure 3.1. From three up to twelve small 
shirts were hanging on washing lines at the top of the screen, a big one was 
hanging on a line in the middle of the screen, and at the right side of the 
screen a person was wearing a long one. At the beginning of the exercise, 
previously taught letters were displayed on the small undershirts. Eight to 
ten consecutive words were to be built on the big undershirt below by 
changing or removing only one letter. Which letters were to be used while 
building was laid down by the program. First, the change occurred at one 



 

 EARLY INTERVENTION WITH CHILDREN OF DYSLEXIC PARENTS 
 

 

61 

letter position within the word (for example: kop-kip), in the following 
exercises at different positions also (for example: sik-sok-kok-kop-kip). The 
first word was built by dragging the constituent letters one by one from the 
small undershirts to the big one. Thereafter, each of the words got built by 
dragging the specified letter back to an empty undershirt above and taking 
another one to the open position in the word. The parent built and read the 
first two words in the sequence and the child the remaining ones. Whenever 
the child mispronounced a word during decoding attempts, the parent 
directed the child’s attention to the components of the words to emphasize 
the difference(s) between the mispronounced and the target word.  If the 
child could not decode the word at all or did not blend the single phonemes 
into a word, the child’s attention was directed to each component sound and 
was to blend the sounds correctly. When the child had correctly pronounced 
all items in the exercise, the complete sequence of words listed on the long 
undershirt at the right side of the screen had to be read aloud once more.  
 
 

 

Figure 3.1. Example screen of building a new word: kop (cup) from the previous decoded 
word kok (cook) by putting the letter p to the onset unit /ko/.  

 

Training and procedure 

Children were trained by one or both of the parents. The program was 
designed to take about 10 minutes a day, 5 days a week for 14 weeks 
(approximately 12 hours), with a total of 70 lessons. The training period 
covered 16 weeks, allowing the participants to have ten days in reserve. The 
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lessons were ordered in a fixed sequence of series of various lessons and 
lengths. See Table 3.2 for an overview of the series, type, and number of 
lessons, and the letters. Dispersed through the program there were 16 
lessons introducing either one or two letters. In the very first lesson a short 
vowel plus a consonant was introduced to allow for building two different 
words in the first decoding lesson. During 11 letter lessons, children were 
taught a new consonant or a short vowel. The last four letter lessons 
introduced two letters for time-related reasons. These letters were always a 
consonant and a long vowel (corresponding with digraphs), which formed 
the initial and the middle phonemes of the word/picture. The segmenting 
and blending exercise was provided eight times in total. The first two 
deliverances of the segmenting and blending exercise took place within a 
separate lesson and pertained to each of the two letters taught in the very 
first lesson. In series 2 to 4 and 6 to 8, the segmenting and blending exercise 
completed a letter lesson, and pertained to the letter taught in that lesson. 
Finally, there were 53 lessons providing the decoding exercise, always 
preceded by the letter rehearsal exercise. As type and number of lessons 
within a series varied as a function of progress through the training, parents 
were only allowed to digress of the fixed order in case of rehearsal. 
 

Table 3.2 
Type and number of training lessons following the introduction of one or two new letters per 
series of lessons 

Lessons 
Letter(s) 

Lessons 
Letter(s) 

Series Exercise Type  No Series Exercise Type No 
1 letter 1 p + o 9-12 letter  1 e, n, u, b 
 segm-bl. 1   decoding 3  
 decoding 1  13 letter 1 r + aa 
2 letter / segm-bl 1 s  decoding 4  
 decoding 2  14 letter 1 z + ee 
3 letter / segm-bl 1 k  decoding 3  
 decoding 3  15 letter 1 v + uu 
4 letter / segm-bl 1 i  decoding 3  
 decoding 5  16 letter 1 d + oo 
5 letter  1 a  decoding 3  
 decoding 4  17 decoding 5  
6-8 letter / segm-bl 1 t, m, l    
 decoding 3   Total 70 21 
Note: segm-bl = segmenting and blending. 
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Per week, about one or two single consonants or vowels were 
introduced. First, the child was shown the letter by the parent with the use 
of a letter card and told the corresponding sound and word. Then the child 
coloured and traced the letter printed on a worksheet. Next, the child 
progressed to the computerized exercises. At the start of every first 
decoding lesson in a series, children rehearsed all letters previously taught 
with the help of the letter cards. Parents were encouraged to hang out the 
letter cards on a string after its introduction. During decoding exercises, in 
particular the consonant and/or vowel taught in the preceding lesson were 
used to build the words with. The last series of lessons consisted of 
decoding exercises that were meant for consolidation, so the included words 
were composed of a mix of letters. To keep track of the child’s progression, 
the parent was informed about the percentage of listed words that were 
decoded correctly at the end of each decoding exercise. If the child had less 
than 80% of the items correct the parent was advised to repeat the lesson. 
Decoding lessons were concluded with the child and the parent reading 
together a silly question. 
 
3.2.3 Measures and procedure  

Over the course of three years, training effects were assessed with a variety 
of tests. The measures and the occasion(s) of administration are given in 
Table 3.3. Reading measures were all speeded, for in a fairly consistent 
orthography like Dutch (Seymour et al., 2003) emphasising reading fluency 
rather than reading accuracy is deemed advisable. Although naming speed 
was not directly trained, this skill taps an underlying aspect of information 
processing that is associated with dyslexia (see for a review, Wolf, Bowers, & 
Biddle, 2000). All tests were administered individually, in a fixed order, by 
trained graduate students in a separate room at school or incidentally at the 
university department. Sessions lasted about 45 to 60 minutes.  
 
Phonemic awareness 

First-sound identity. Test items consisted of three CVC words of which two 
words had identical onsets (Irausquin, n.d.). The child was asked which 
word started with a different sound (‘odd one out’). The 10 items were of 
equal difficulty. The score consisted of the number of correct responses. 
Reported Cronbach’s alphas were .74 to .83 (Eleveld, 2005).  
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Table 3.3 
Occasion of administration of cognitive and literacy ability measures 

 
Variable 

Occasion 
Jan-KG June-KG Jan-G1 June-G1 June-G2 

Receptive vocabulary 1     
Non-verbal intelligence   1   
Phonemic awareness 

First-sound identity 
Phoneme blending 
Phoneme segmenting 

 
1 
1 
1 

 
1 
1 
1 

 
 
1 
1 

 
 
 
 

 

Letter knowledge (sounds only) 
Receptive  
Productive 

 
1 

 
1 

 
1 
1 

  

Decoding speed      
Words 

List 1 
List 2 
List 3 

   
1 

 
1 
1 
1 

 
1 
1 
1 

Pseudowords    1 1 
Spelling words    1 2 
Naming speed  

Objects (sec) 
Colours (sec) 
Digits (sec) 
Letter names (sec) 

 
1 
1 

 
1 
1 

 
1 
 
1 
 

 
1 
 
1 
1 

 
1 
 
1 
1 

Note. Same numbers indicate that the variable was measured with the same test. Jan = January; 
KG = kindergarten; G1 = Grade 1; G2 = Grade 2.  
 

Phoneme blending.  The child was asked to blend all the constituent 
phonemes in 20 monosyllabic words of increasing complexity (Verhoeven, 
1993a). The test was stopped after all items comprising the same number of 
phonemes (ranging from 4 to 6 items) were incorrectly blended. The score 
consisted of the number of correct responses. 

Phoneme segmentation. The child was asked to segment 20 monosyllabic 
words of increasing complexity (Verhoeven, 1993b). The test was stopped 
after all items comprising the same number of phonemes (ranging from 3 to 
4 items) were incorrectly segmented. The score consisted of the number of 
correct responses.  
 
Reading and reading-related knowledge 

Receptive letter knowledge. This test consisted of 32 graphemes (including 
digraphs) that were printed on a sheet of paper in a series of six lowercase 
letters each. The children had to point to the grapheme that matched a given 
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sound (Verhoeven, 2000). Low frequency graphemes (i.e., c, q, x, y) were 
not included. There was no time restraint. The score consisted of the 
number of correct responses. 

Productive letter knowledge.  This speeded test required the children to 
produce the sound of 34 high frequency Dutch graphemes (including 
digraphs) (Verhoeven, 1993a). Graphemes were printed on a sheet of paper 
in random order in two columns of 17 lowercase letters each. Only the 
number of accurate responses was scored. 

Fluency of word reading. Reading achievement was measured by means of 
three reading speed lists (Verhoeven, 1995). The first list consisted of 150 
monosyllabic words with CVC patterns. The second and third test referred 
to different types of orthographic structures: 150 monosyllabic words with 
consonant clusters and 120 polysyllabic words, respectively. The children 
were instructed to read the words correctly and as quickly as possible. The 
raw score for each list was the number of words correctly read within one 
minute. 

Fluency of pseudoword reading.  A speed test (van den Bos et al., 1999) 
consisting of 116 pseudowords of increasing complexity  and similar in 
structure to Dutch words was used. The children were instructed to read the 
words correctly and as quickly as possible. The number of words correctly 
read within two minutes was scored.  

 
Spelling   
Two common grade-dependent word spelling measures were used (van den 
Bosch, Gillijns, Krom, & Moelands, 1993). Spelling test E3A consisted of 37 
monosyllabic words with orthographic patterns of various complexities and 
was administered at the end of Grade 1. Spelling test E4A consisted of 38 
mono- and polysyllabic words with orthographic patterns of various 
complexities and was administered at the end of Grade 2. Children were 
asked to write down a target word that was embedded in a sentence. After 
the complete sentence was read, the target word was mentioned. The raw 
score consisted of the number of words correctly written.  
 
Naming speed 

Serial naming speed was assessed for four types of familiar symbols: 
objects (bike, tree, fish, bed, and chair), colours (rectangles in five colours: 
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black, yellow, red, green and blue), digits (2, 4, 5, 8 and 9), and letters (d, o, 
a, s and p, in lowercase, to be named by the letter name) (van den Bos, lutje 
Spelberg, & Ruizeveld de Winter, 2003). For each type of symbol, a card 
with a series of fifty symbols randomly ordered in five columns of ten was 
presented. Following practice of the last column, the child was asked to 
name the objects as quickly as possible. The score was the time to 
completion. When a child did not know the relevant symbols, the test was 
terminated.    
 
3.2.4 Training integrity 

To promote and monitor training integrity, an instruction meeting was held 
for the parents. After about six weeks of training, they attended a second 
meeting for counselling and exchanging experiences. Parents were also 
encouraged to call in case of problems or lack of clarity. Parents had to 
record quantitative and qualitative information on a structured diary form, 
which had to be sent to the experimenter every ten lessons. Also, data were 
kept in a computer file monitoring the progress as well as the percentage of 
words decoded correctly during decoding-exercises, allowing the program at 
the start of a session to advise the parent to proceed with a new lesson or to 
repeat the last one. Parents were instructed not to disregard this advice 
unless they had good reasons. In that case, they could choose the exercises 
they thought fit. Parents were asked to send this data file to the 
experimenter at the end of the training.  

It appeared that all participating families had kept diaries. The general 
picture was that children were very enthusiastic until the end of the training 
about doing the five sequential letter exercises for their game-like attraction. 
By contrast, the segmenting and blending exercise was experienced as much 
harder and even boring by quite a few participants. With respect to the 
decoding exercise that comprised the greater part of the training, many 
parents reported a fading of interest once novelty effects had worn off, and 
this was not only the case for those children for whom decoding remained a 
laborious process.  

Numeral data from the diaries and the computer files showed that on 
average participants took 62.2 lessons of a total of 70 lessons; 67.7% took at 
least the 65 lessons presenting all material that was to be learned, 9.7% took 
60 - 64 lessons, and 22.6% took 35 - 59 lessons. With respect to sequence, 
most participants followed the lessons in the right order (average = 67, of a 
total of 70 lessons). For continuity and repetition, there were missing data of 
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7 participants, mostly due to lost data files, so the outcomes do not pertain 
to all participants. Continuity was measured as taking one lesson a day, five 
lessons a week, which added up to a total score of 84. None of the 
participants kept to this direction (average = 36). Finally, repetition of the 
lessons appeared not to be a necessity for 19% of the participants; 19.4% 
rehearsed sufficiently, 38.7% rehearsed insufficiently; and for an additional 
22.6% the amount of repetitions was questionable. To summarize, based on 
quantity of administration we might call treatment integrity sufficient as 
two-thirds of the participants took the necessary lessons. However, with 
regard to sequence, continuity, and repetition as indications of quality of 
administration, treatment integrity was moderate. Nearly all participants kept 
to the correct sequence, but less than half of the participants followed the 
directions for continuity and repetition properly.  
 

3.3 Results 

The short- and long-term effects of the training were determined using 
ANOVAs or, in case of assessing development, ANOVAs for repeated 
measures (Stevens, 1999). The results are presented in three sections. First, 
we tested the pre-test levels for the three groups (trained at-risk (TAR), 
untrained at-risk (UTAR), and untrained not-at-risk (NAR)). At pre-test, 
NAR is expected to outperform the two-at-risk groups, but there should be 
no difference between TAR and UTAR. Then, we determined the short-
term training effects for the post-test measures. To test specific hypotheses 
on group differences in level of performance at specified occasions, the 
following planned contrasts were included in the designs: TAR versus 
UTAR, and TAR versus NAR. In the ANOVAs for repeated measures, the 
decomposition of the main effect was supplemented by the decomposition 
of the interaction between group and time. Accordingly, group (TAR versus 
UTAR; TAR versus NAR) by time interactions were tested. Next, the long-
term training effects for f1, f2 and f3 measures were evaluated, using similar 
planned contrasts. The last section concerns the evaluation of differential 
short-term training effects for two TAR subgroups.  
 
3.3.1 Short-term effects of training: Pre- and post-test measures in 

kindergarten 

The average pre-test and post-test scores are shown in Table 3.4. We 
assumed the phonemic awareness measures (phonemic blending, phonemic 
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segmentation, and first-sound identity) to assess the same construct. This 
was confirmed by a principal component analysis yielding only one 
component with initial eigenvalues > 1, with high loadings (> .80) for all 
three subtests. Therefore, we summed up the raw scores of the phonemic 
awareness measures (Lundberg, Frost, & Petersen, 1988; Schneider, Roth, & 
Ennemoser, 2000). Because these measures differed in scale range, we 
increased the weight of first-sound identity by a factor of 2 to obtain similar 
weights for each measure. Naming-speed scores were computed as averaged 
total time scores across the two measures objects and colours. These two 
naming measures appeared to have high factor loadings (> .77) on the same 
of the two components that were varimax rotated after we entered all 
naming measures assessed at the five occasions into a principal component 
analysis.  
 

Table 3.4 
Means and standard deviations in the three groups on pre-test and post-test measures in kindergarten. 

Note: KG = kindergarten. Asterisks indicate that trained at-risk (TAR) made significantly larger 
gains; *phonemic awareness, p < .05 as compared to untrained at-risk (UTAR); ***letter 
knowledge, p < .001 as compared to UTAR and not-at-risk (NAR). 1 As total (weighted) sum 
score in the pre-test and post-test analyses.   
 

Contrary to expectation, ANOVAs with group as between-subjects 
factor indicated that at pre-test, the at-risk and not-at-risk groups did not 
differ significantly in phonemic awareness, receptive letter knowledge and 
naming speed (all ps > .05). 

Short-term training effects were determined using ANOVAs for 
repeated measures, with time (January and June of kindergarten) as within-
subjects and group as between-subjects factors. Partial Eta squared effect 
sizes were included as an indication of the amount of variance that might be 
accounted for by training. 

Phonemic awareness. There was a significant effect of time, F(1, 70) = 
68.71, p < .001, ηp

2 = .50. A significant group by time interaction indicated 

 
 
Variable 

Trained at-risk 
N = 31 

Untrained at-risk 
N = 26 

Not-at-risk 
N =16 

January KG June KG January KG June KG January KG June KG 
M SD M SD M SD M SD M SD M SD 

Phonemic awareness1 21.1 15.9 35.5* 14.3 19.1 14.2 26.1 17.6 18.8 15.5 31.1 17.1 

Letter knowledge 13.1 6.2 23.2*** 4.1 12.5 7.1 16.7 7.9 16.6 7.0 20.9 7.7 

Naming speed (sec)1 94.6 23.8 88.6 30.0 96.0 29.6 81.4 24.3 85.1 43.2 72.4 28.6 
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that the effect of time differed between groups, F(2, 70) = 3.22, p < .05, ηp
2 

= .08. Planned contrasts showed that TAR gained significantly more as 
compared to UTAR, F(1, 70) = 6.31, p < .05, ηp

2 = .08. The TAR group 
progressed to the same extent as the NAR group. No significant effect of group 
was found. However, planned contrasts showed that TAR had better phonemic 
awareness at post-test than UTAR, F(1, 70) = 4.83, p < .05, ηp

2 = .07. 

Letter knowledge. There was a significant effect of time, F(1, 70) = 134.18, p 
< .001, ηp

2 = .66, and this effect differed between groups, F(2, 70) = 15.50, p 
< .001, ηp

2 = .31. TAR gained significantly more as compared to UTAR, F(1, 
70) = 24.49, p < .001, ηp

2= .26, and NAR, F(1, 70) = 18.45, p < .001, ηp
2 = 

.21. A not quite significant effect of group, F(2, 70) = 3.08, p = .052, ηp
2= 

.08, indicated that the groups tended to differ in performance. At post-test 
the receptive knowledge of letter sounds was significantly higher for TAR 
than for UTAR, F(1, 70) = 13.76, p < .001, ηp

2 = .16. The difference 
between TAR and NAR at post-test was not significant. 

Naming speed. There was a significant effect of time, F(1, 70) = 22.88, p < 
.001, ηp

2 = .25, but this effect did not differ between groups. The effect of 
group was neither significant. Thus, the training appeared not to influence 
speed of information processing in the TAR group.  
 
3.3.2 Long-term effects of training: Follow-up measures in Grade 

1 and 2 

Prior to June Grade 2, f3, there was some attrition, as one not-at-risk boy 
had moved abroad. Therefore, in the analyses pertaining to f3, the not-at-
risk group comprises of 15 children. In addition, in a few children, we were 
unable to administer all relevant naming-speed measures. The average scores 
for reading, spelling and naming speed are shown in Table 3.5. 

Phonemic awareness and letter knowledge.  At f1, January Grade 1, only two 
measures of phonemic awareness, namely, phonemic blending and 
phonemic segmenting were administered, whereas letter knowledge now 
consisted of receptive and productive letter knowledge. The outcomes for 
phonemic blending and phonemic segmenting were summed up to establish 
the level of phonemic awareness. Because the scale range was identical for 
these measures, the same weight was given to each measure. A similar 
procedure was followed for the outcomes for receptive and productive letter 
knowledge to establish the level of letter knowledge, since the difference in 
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scale range for these measures was negligible. ANCOVAs controlling for pre-
test scores revealed no significant differences among the three groups in 
phonemic awareness and letter knowledge after five months of formal reading 
instruction. All groups improved to near ceiling scores on both measures. 

Word reading.  At f1, only the first reading speed list was administered, 
therefore, we conducted an ANOVA to compare the performance of the 
groups. Since the groups did not differ in pre-test levels of pre-literacy skills, 
no covariates were included. There was a significant effect of group, F(2, 70) 
= 9.59, p < .001, ηp

2 = .23. However, planned contrasts showed that this 
difference between groups could not be associated with a long term-effect 
of training. After six months of formal instruction, TAR did not differ 
significantly from UTAR (F < 1), and performed significantly less than 
NAR, F(1, 70) = 18.64, p < .001, ηp

2 = .21. 

Pseudoword reading.  At f2 and f3, fluency of pseudoword reading was 
assessed with the same measure. In an ANOVA for repeated measures, 
pseudoword reading increased significantly from the end of first grade to the 
end of second grade, F(1, 69) = 103.16, p < .001, ηp

2 = .60. This effect of 
time tended to differ between groups, F(2, 69) = 2.79, p < .07, ηp

2 = .08. 
TAR improved significantly more in second grade than UTAR, F(1, 69) = 
5.54, p < .05, ηp

2 = .07, due to a relative low score of TAR at the end of first 
grade. There was also a significant effect of group, F(2, 69) = 6.28, p < .01, 
ηp

2 = .15. No significant differences were found between TAR and UTAR at 
the end of Grade 1, (F < 3) and Grade 2  (F < 1). TAR was outperformed 
by NAR at both test occasions: Grade 1, F(1, 69) = 16.45, p < .001, ηp

2 = 
.19, and Grade 2, F(1, 69) = 7.17, p < .01, ηp

2 = .09, although TAR and 
NAR gained as much. 

Spelling.  At f2 and f3, word spelling ability was assessed with measures that 
were not identical with respect to content, level of difficulty, and number of 
items. Therefore, the grade-dependent scale scores (van den Bosch et al., 
1993) instead of the raw scores were used in ANOVAs. In June Grade 1, 
the effect of group was not quite significant, F(1, 70) = 2.80, p < .07, ηp

2 = 
.07, while in June Grade 2 a significant effect of group was found, F(1, 69) = 
6.20, p < .01, ηp

2 = .15. Planned contrasts showed that TAR and UTAR did 
not differ significantly in Grade 1 and 2 spelling ability (F < 1). However, 
TAR was outperformed by NAR in Grade 1, F(1, 70) = 5.20, p < .05, ηp

2 = 
.07, and in Grade 2, F(1, 69) = 7.50, p < .01, ηp

2 = .10. 
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Naming speed. Assessing naming speed in Grades 1 and 2 yielded three sets 
of scores for objects and digits (f1, f2 and f3), and two for letters (f2 and f3). 
Factor analysis extracted two components, with naming objects loading high 
on the first component and naming digits and letters on the second, 
therefore separate ANOVAs for repeated measures were used to examine 
the effects for the different symbols. All groups gained in naming speed 
between follow-ups: objects, F(1, 69) = 16.86, p < .001, ηp

2 = .20, digits, F(1, 
69) = 110.18, p < .001, ηp

2 = .62, and letters, F(1, 64) = 45.35, p < .001, ηp
2 = 

.42. For none of the naming-speed measures the effects of time differed for 
groups. There was a significant effect of group for letters only, F(2, 64) = 
3.45, p = .038, ηp

2 = .10. Planned contrasts showed that TAR and UTAR did 
not differ significantly (F < 1), but that TAR named letters at a lower speed 
of than NAR, at the end of Grade 1, F(1, 64) = 5.89, p < .05, ηp

2 = .08, and 
Grade 2, F(1, 64) = 4.48, p < .05, ηp

2 = .07. 
 
3.3.3 Effects of training among subgroups   

We raised the question whether the absence of long-term effects of training 
could be attributed to differential short-term effects of training, as in 
particular the initially better achieving children have been found to gain 
from intervention (Lundberg, 1988). Within a sample of at-risk children, 
only a subgroup will actually develop dyslexia. It might be that the children 
who could do with training the most, - the children carrying the highest risk, 
reflected by their low performance before the onset of training - did not 
benefit at all or not enough to influence their subsequent formal learning. If 
this was the case, one should expect more dispersion in TAR post-test 
scores in comparison to their pre-test scores and to UTAR and NAR post-
test scores. In fact, the opposite pattern emerged. At pre-test the standard 
deviations of TAR were equal to those of the other two groups, whereas at 
post-test TAR had always the smallest standard deviations, except for 
naming speed. Post-hoc analyses on the impact of pre-level on training 
effects confirmed that the apparent lack of long-term effects of training was 
not due to training benefits for TAR children with initial good letter 
knowledge (TAR-ig) only. As is illustrated in Figure 3.2, TAR children who 
scored initially poor at pre-test on letter knowledge (TAR-ip) improved in 
particular in letter knowledge as compared to TAR-ig, F(1, 53) = 14.23, p < 
.001, ηp

2 = .21, although they still were not able to recognize as much letter-
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sounds as TAR-ig , F(1, 53) = 4.90, p < .05, ηp
2 = .09 . In phonemic 

awareness, both TAR subgroups showed similar gains. 
 

Figure 3.2. Gains on phonemic awareness and letter knowledge from pre-test to post-test 
for children initially poor (25th percentiles on letter knowledge in the not-at-risk group at 
pre-test) and children initially good in the trained (TAR) and untrained (UTAR) at-risk 
groups.  

 

3.4 Discussion 

Children at familial risk of dyslexia were followed through first and second 
grade after taking part as pre-readers in a home-based and computer-assisted 
program aimed at the stimulation of phonemic awareness and letter 
knowledge skills within the context of reading instruction. The children 
improved on these skills to such an extent that they made higher gains on 
letter knowledge during their second semester in kindergarten than the 
control children without familial risk who did not receive extra training 
during this period. In addition, they also succeeded to keep up with the 
normal development of phonemic awareness in this comparison group. By 
contrast, a group of untrained children at familial risk developed at a much 
lower rate with respect to both pre-literacy skills in the period encompassing 
the intervention. Given that the beneficial effects of the training were 
consistent with the findings of previous training studies carried out with at-
risk samples (Elbro & Petersen, 2004; Hindson et al., 2005), we expected 
this specific program to be a valuable approach for learning to read and spell 
successfully. However, the first and second grade follow-ups proved 
otherwise. From first grade, all participating children received reading 
instruction at school. Halfway through first grade the trained at-risk children 
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appeared to lag behind on initial word reading compared to the not-at-risk 
children. Their performance was at the same level as that of the untrained 
at-risk group, thus the latter group caught up on them. Further literacy 
development throughout first and second grade did not bring about any 
postponed effects.  

The training effect was not restricted to children who performed better 
prior to training. The majority of children responded well, irrespective of 
initial knowledge state. The lower subgroup showed even the greater gains 
for letter knowledge. However, only a limited number of high frequency 
letter-sound correspondences were taught, so participants with advanced 
letter knowledge were less able to profit from training than those who knew 
initially few letters. Since the benefits of training did not reveal itself in 
better developed word reading and spelling abilities at the end of second 
grade in comparison to the untrained at-risk group, we have to assume that 
neither trained subgroup was equipped well enough to continue their 
advantage. This outcome obviously shows that using a response-to-
intervention (RTI) approach (e.g., Fuchs & Fuchs, 2006) to determine which 
of the children need what extra educational support, delivered with how 
much intensity, requires the continuous monitoring of children’s progress 
subsequent to successful intervention. In their examination of a RTI model, 
Vaughn, Linan-Thompson, and Hickman-Davis (2003) provide evidence in 
support of the notion that not all students are able to perform adequately in 
a regular classroom setting although they have responded well to 
supplemental reading instruction and have met a priori criteria for exit. 
Thus, it may be assumed that at-risk children need continuation of extra 
practice when they enter first grade. 

Our finding that instruction prior to formal schooling did not help at-
risk children onto a higher level of literacy in comparison to non-trained at-
risk controls contrasts sharply with the long-lasting effects of early training 
for word and pseudoword decoding speed in seventh grade Danish at-risk 
children. However, the finding that early intervention did not close the gap 
between at-risk and normal reading acquisition is in accordance with the 
Elbro and Petersen (2004) study. The ingredients of the present intervention 
that all together or in isolation might have been less effective than the 
Danish program were the specific content, involving parents in tutoring 
with the assistance of a computerized program (delivery mode), and the 
maximum total training time. As for content, we trained phonemic 
awareness and letter-sound correspondences in combination with the 
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teaching of reading. Orthographic and phonological information were 
presented in such an integrated way that it was thought to promote the 
linkage of componential representations (Harm et al., 2003). The instruction 
effectively raised children’s literacy skills to the levels observed in average 
maturing children. Moreover, the scores on a non-speeded reading measure 
(taken only by the trained at-risk group) showed that a substantial number 
of children were capable of correctly decoding word structures they had not 
encountered as yet. Therefore, we might say that our training content was 
effective. However, in Dutch children with reading and spelling difficulties, 
the main obstacle lies not in obtaining accuracy, but foremost in mastering 
automaticity (van der Leij & van Daal, 1999). Attempting to influence skill 
automatization requires putting an emphasis on fluency, or speeded 
processing. It may be that the intervention is flawed in this respect, for 
during training we did not focus on reading speed. Perhaps even to the 
contrary, because if children’s attempts to identify a word were unsuccessful, 
they were encouraged to sound out the constituent phonemes to make full 
use of the letter-sound correspondences. Word recognition based on 
phonological processing has been found to be slower than orthographical 
processing that relies on the visual form of the word (Rumsey et al., 1997). 
Although in the long term poor readers may rely too much on the strategy 
of translating words into sound representations at the expense of direct 
word recognition, in beginning readers it is however the most obvious 
approach as it highly promotes the development of the awareness of 
individual phonemes. Whether deliberate attempts of speeding up the 
reading pace of children who are still struggling with mastering basic reading 
skills, might have been successful as a strategy, is yet unclear. Kail, Hall and 
Caskey (1999) suggested that slow information processing, as assessed by 
naming speed, seems not restricted to ineffective reading skills, but probably 
reflects a more general speed problem, which may be less susceptible to 
remediation. Recent evidence indicated that naming speed seems hard to 
improve, holding for letter sounds in normal first graders (de Jong & Oude 
Vrielink, 2004), as well as for colours and objects in at-risk kindergartners 
(Eleveld, 2005). As far as speeding up decoding is in any way possible, we 
assume that it may be best tackled once the child has mastered all letter-
sound correspondences and developed adequate segmenting and blending 
skills, approximately halfway through first grade, which calls for a substantial 
extension of the program.   
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Delivery mode and the maximum total training time may also explain 
the apparent divergence in long-term impact between the present and the 
Elbro and Petersen (2004) study. In the Danish study, the intervention was 
implemented in whole kindergarten classes, provided by trained teachers, 
and amounting to about 42 hours, whereas our 12-hour training was 
individual and relied on parental tutoring. Given the scarce evidence of the 
effectiveness of parental involvement (Sylva & Evans, 1999), and the 
necessity to forestall great variability in implementation quality, we opted for 
computer-assisted exercises, as well as for counselling contacts and parents 
keeping a diary. It was encouraging to notice that in general parents tended 
to comply with the required procedure despite the reported lessening of 
interest among children with regard to the decoding exercise. More 
specifically, a large number of parents appeared to have tutored in any case 
the 65 lessons that comprised new material. However, parental guidance 
could likely be made less demanding and more effective in the long run, if 
decoding activities were provided in a more attractive and diversified format, 
similar to the appealing game-like letter knowledge activities. This seems to 
be even more important if we take into consideration the possibly better 
long term benefits of a protracted intervention. In this more extensive 
training, we may introduce for example all 34 Dutch grapheme-phoneme 
correspondences, including digraphs, in the context of a reading instruction 
that encompasses additional phonemic awareness activities as well as 
decoding of monosyllable words with different word shapes and two-
syllable words. Since the present, relatively short program was already quite 
successful in the short term, we may expect that through the intertwinement 
of the interactive values of parental tutoring and structured computer-
assisted activities, home training proves to be an easy to implement and low-
priced alternative for whole classroom deliveries or delivery by 
professionals. Yet, if we want our intervention to gain on quality of 
administration, utilizing an ongoing system of monitoring parental 
performance seems advisable. Integrating computer-led (corrective) 
feedback and checks, monitoring training progress, and contacting the 
parents at a regular interval are some of the accommodations we may think 
of.  

It leaves us with the question as to how early training of (pre)-literacy 
skills should be best designed to achieve the intended positive long-term 
effects on later proficiency. Home-based delivery succeeded in raising the 
targeted skills to ‘normal’ levels, but was lacking thereupon in continuity. 



 

 EARLY INTERVENTION WITH CHILDREN OF DYSLEXIC PARENTS 
 

 

77 

The moment the trained children started first grade, they were faced with 
completely different learning environment characteristics. Children not only 
started learning to read (all over again) with another literacy program that 
used different teaching materials, the change from individual to group 
instruction may likely have been just as influential. Learning, that is, the 
acquisition of domain-specific knowledge might be much more immersing 
when the child takes part in a daily, teacher-paced program, is being taught 
with the same material as other group members, and engages in activities 
that are linked to other activities within the school curriculum. A recent 
meta-analysis of the outcomes of early intervention programs indicated that 
in the cognitive domain a home-based delivery mode is less effective than a 
centre-based one (Blok, Fukkink, Gebhardt, & Leseman, 2005). However, 
even regular (centre-based) reading instruction cannot prevent a proportion 
of children to fall behind their classmates after only half a year into the 
curriculum. It might be that the trained children in the present study were 
hampered by the dialectics of progress. At the start of first grade their pre-
literacy skills were more advanced than normally found in students facing 
reading difficulties, which may have given rise to the misleading impression 
that all was going well. On the other hand, both groups of at-risk subjects, 
whether trained or untrained, showed a comparable delay in reading, 
although letter knowledge and phonemic awareness scores were near ceiling. 
Supposedly, the best option is to prevent an abrupt transition from home- 
to school-based tutoring. This will possibly imply the application of a 
layered approach in which early provision of parental-led, one-to-one 
tutoring merges gradually into intensified classroom instruction.   

Apart from the influence of conditional factors, personal characteristics 
such as learning dispositions might have marked the impact of formal 
schooling upon previously acquired skills. It is not inconceivable that 
although the at-risk children performed at the same levels as their not-at-risk 
peers at the end of kindergarten, the two groups differed in strength of 
learning. An indication for this assumption is that at the end of second grade 
the trained participants still failed to name letters as fast as the normal 
controls (see Table 3.5). Given the cognitive functioning of developing 
children (Flavell, 1985), we may assume that most normally maturing 
children show a high intrinsic motivation to acquire pre-literacy skills, 
thereby gradually building up elaborate knowledge structures, advantageous 
to initial reading acquisition. Self reported interest in literacy activities has 
been found to influence kindergartners’ letter name and sound knowledge 
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(Frijters, Barron, & Brunello, 2000). In contrast, learning in the at-risk 
children may have been more driven by extrinsic motivation, stimulated as 
they were to carry out parent initiated activities (Wigfield, 1997). It is to 
question whether a state in which learning is determined primarily by 
extrinsic stimulation favourably affects the build-up of phonemic structure 
knowledge. We cannot rule out the possibility that the at-risk children’s 
knowledge of the phonemic structure of words was still rudimental at the 
start of first grade. Overall, our findings seem to imply that it is probably in 
the best interest of at-risk children that delivery of early intervention should 
not be restricted to one particular setting, nor in duration. To achieve the 
challenging goal of forestalling severe reading problems, a program matched 
to the performance level and learning rate of the individual child should be 
based on the best of both worlds: connecting home and school-
environment, and be continuous: from the onset of kindergarten through 
the first grades of elementary school. In particular, preventing any disruptive 
changes in the program could benefit children to acquire the essential 
strength of automatization.  

To summarize, the present effects of home training provide 
opportunities to prepare at-risk kindergartners for entering first grade with 
as much pre-literacy baggage as their peers. Advancing the process of 
learning to read through a minimal pairing technique that emphasized the 
role of orthographic to phonological mappings seemed to have aided the 
development of phonemic awareness and letter knowledge substantially in a 
majority of the participants. However, individual practice at home was not 
intensive and sustaining enough to prevent dyslexic difficulties. If we aspire 
for a cumulative effect of training, formal schooling have to impact upon 
the effect of training. In our opinion, this calls for a close collaboration 
between the parents and the participants` teachers at the time of and 
following early intervention. More effort needs to be put in at the beginning 
of first grade but also throughout the year to ensure that all parties involved 
do everything in their power to prevent undoing the clear advantages of an 
early reading instruction in children with familial risk for dyslexia. To 
warrant such claims additional research is essential to evaluate the benefits 
of a more intensive, but relatively cost-effective computer-assisted early 
intervention program, that is not unduly constrained by factors such as 
setting and duration, as dyslexia in itself may bring about too many 
constraints already.  
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Even later kreeg de olifant die brief. 
Die is van de egel, dacht hij. Maar hij maakte hem niet open. 

Lezen, met al die andere letters dan de w, daar hield hij niet van. Ik 
leg hem vanavond onder mijn hoofd, dacht hij. Dan hoor ik wel wat 
erin staat. 
 
 
Uit: Toon Tellegen (2002), 'Misschien wisten zij alles' (p. 375) 
 



Chapter 4  

Picture-primed word processing in children  

at familial risk of dyslexia: Behavioural  

and electrophysiological outcome following  

intervention in kindergarten  

  
In case of weak phonemic skills word recognition may be beneficially  
affected by pictorial priming facilitating the integration of phonological and  
orthographic information.  To examine the effect of congruency priming on  
strength of activation and topographic distribution, event-related potentials  
to word-picture pairs were recorded in five-year-old beginning readers at-risk  
for familial dyslexia (N = 27), all being participants in early intervention and  
divided into two groups based on emergent literacy skills. Whereas level-  
related behavioural group differences became smaller, in the time window  
related to phonological recoding (280-400 ms), priming modulated the  
topographic distribution such that the group difference to unprimed words  
was absent to picture-primed words. In the 560-700 ms time window  
however, only the high-literacy group showed indications of tuning of  
attentional and integrative processes as a function of congruency. Atypical  
neural responding related to integration of congruent information seems to  
mark already at kindergarten age the beginning of reading difficulties.   
  
  
  
  
  
  
  
  
  
  
  
  
  

Regtvoort, A. G. F. M., van Leeuwen, T. H., & van der Leij, A.  
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4.1  Introduction  
  
During the first stages of reading acquisition, effortful recoding attempts  
based on grapheme-to-phoneme conversion combined with development of  
phonemic awareness and phonological analysis skills have a critical impact  
on reading progress (Liberman, Shankweiler, Fischer, & Carter, 1974;  
Vellutino, Fletcher, Snowling, & Scanlon, 2004). Unfortunately, children at  
risk for dyslexia often possess phonological representations that are rather of  
poor quality or ‘indistinct’ (Elbro, 1998), which impede the mappings of  
orthography onto phonology (Harm & Seidenberg, 1999; Harm,  
McCandliss, & Seidenberg, 2003). Learning and stabilization of the major  
grapheme-phoneme connections into memory may then prove the first  
obstacle in their reading progress. Even more of a challenge appears to be  
the ability to extract phonological information from a string of letters so as  
to blend it, and pronounce it correctly and fluently as a whole word. This  
applies even to children who have difficulty learning to read in a relatively  
transparent orthography like Dutch (de Jong & van der Leij, 2003). The  
development of reading and spelling of those children may therefore be  
described as slow, lacking the normal characteristics and outcome of skill  
building.   

Developmental dyslexia is primarily considered a language disorder,  
with a majority of dyslexics showing impaired phonological processing  
(Pennington, Van Orden, Smith, Green, & Haith, 1990; Ramus et al., 2003).  
Apparently, dyslexic decoding and spelling problems cannot be contributed  
to a general dysfunction in a particular brain region (e.g., Simos, Breier,  
Fletcher, Bergman, & Papanicolaou, 2000). The processing of printed words  
seems to involve several cognitive mechanisms, and distinct  
neurophysiological processes are taking place in widely separated, but closely  
interconnected neural areas (Posner, DiGirolamo, & Fernandez Duque,  
1997). Two posterior brain systems in the left hemisphere that seem to play  
a crucial role in reading and reading development, the ventral located  
occipitotemporal area and the more dorsal temporoparietal area, are  
consistently pointed out as being dysfunctional in dyslexia (McCandliss &  
Noble, 2003; Sandak, Mencl, Frost, & Pugh, 2004).    

The gradual developing occipitotemporal visual system appears to  
predominate in skilled reading and is assumed to be involved with the  
automatized processing of the orthographic characteristics of a word (e.g.,  
Posner & McCandliss, 1999; Salmelin, Service, Kiesilä, Uutela, & Salonen,  



PICTURE-PRIMED WORD PROCESSING IN CHILDREN AT FAMILIAL RISK 
 

 83 

1996; Shaywitz et al., 2002). Given its ability for rapid visual analysis of  
whole words, the left occipitotemporal/fusiform area has been referred to as  
the ‘visual word form area’ (e.g., Cohen et al., 2000; McCandliss, Cohen, &  
Dehaene, 2003). During the early processes of visual word recognition, this  
area shows heightened activation to words as reflected in a left lateralized,  
occipitotemporal event-related potential (ERP) component. Since  
automatized processing of words normally develops as a result of reading  
experience, the characteristic ’word N1’ that signals the specialization of the  
occipitotemporal/fusiform area for integration of letter strings apparently is  
still absent in children learning to read and immature around the age of ten  
(Brandeis, Vitacco, & Steinhausen, 1994; Posner & McCandliss, 1999).  
However, by comparing fast visual brain processes to words and symbol  
strings, a coarse N1 specialisation was observed after one and a half year of  
formal reading instruction (Maurer et al., 2006), yet at a slower pace of  
development in dyslexic children than in controls (Maurer et al., 2007).    

In becoming a fluent automatized reader, it has been proposed that the  
ability to recode letters into sounds plays a fundamental role (McCandliss &  
Noble, 2003). In turn, difficulties in developing decoding skill are assumed  
to be linked to impaired phonological processing in the second posterior  
(dorsal) area that is part of the brain network for reading, the  
temporoparietal system. This system, which predominates during initial  
reading acquisition, operates in close conjunction with another area, more  
anterior located in the inferior frontal gyrus (Sandak, Mencl, Frost, & Pugh,  
2004). Both areas are involved in phonological recoding (translating the  
orthographic characteristics into phonological information first) and  
accessing phonological representations at word level (Paulesu et al., 2001;  
Shaywitz, 1998; Simos et al., 2002b). Compared to the fast processing ventral  
system, the level of processing in the dorsal and anterior systems requires  
attentional resources and is relatively slow (Logan, 1997).  

Reading development and outcome may depend heavily on a close  
interaction between these systems in the reading network (McCandliss &  
Noble, 2003). In typically developing readers, it is suggested that the limited  
engagement of the ventral system during the first years of reading acquisition  
may be compensated for by strong engagement of left hemisphere  
temporoparietal and frontal areas as well by right hemisphere posterior areas  
(Sandak et al., 2004). Following effortful recoding attempts and maturation  
of phonological abilities, commonly the novice reader’s focus of attention  
moves from grapheme-to-phoneme conversion to the orthographic  
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regularities in print in order to progress to a more advanced stage of reading.  
In dyslexic children however, the developmental improvement in reading  
fluency seems to be impeded by inefficient engagement of left and right  
hemispheres, as recently reported by Hasko, Bruder, Bartling, & Schulte-  
Körne (2012). In comparison to the control group, in 11-year-old dyslexic  
children higher right and reduced left hemisphere activity was found during  
a phonological-orthographic matching task, and confirmed by the finding  
that better reading fluency correlated with a reversed activation profile.  
These results are in agreement with previously observed aberrations in  
activations profiles in pre-readers at risk for reading problems during a  
letter-sound task (Simos et al., 2002a), and in various-aged dyslexic children  
during reading(-related) tasks that required phonological analysis (Shaywitz  
et al., 2002). In the latter study, also a correlation between reading skill and  
degree of activation in left temporal parietal regions was reported. Reduced  
activation in certain brain areas and/or compensatory activation in others in  
response to reading (related) tasks may thus reflect deficient phonological  
analysis (Sandak et al., 2004) or difficulties in accessing (indistinct)  
phonological representations (e.g., Hasko, Groth, Bruder, Bartling, &  
Schulte-Körne, 2013) or be the cause of it. Either way, orthographic  
processing does not become integrated with phonological processing, as is  
assumed in automatized reading.   

Further evidence for the assertion that the key problem in dyslexia  
might be reduced integration of orthographic and phonological  
representations comes from recent fMRI research. In a first study, Blau, van  
Atteveldt, Ekkebus, Goebel, and Blomert (2009) found that dyslexic adults  
did not suppress cortical activity in superior temporal brain regions to non-  
existent pairs of simultaneously presented graphemes and speech sounds.  
Despite sufficient knowledge about existing letter-sound combinations, their  
brain activity was not modulated by the incongruency of audio-visual (a-v)  
pairs, as was the case for the non-dyslexics. Interestingly, in another study  
with nine-year-old children participating Blau et al. (2010) demonstrated that  
fluent readers activated the dorsal part of left temporal brain regions more  
strongly during multisensory processing of congruent letters and speech  
sounds, whereas this congruency effect was again absent in dyslexic readers.  
Thus, in both studies brain activity in dyslexic subjects was neither  
influenced by the inconsistency nor by consistency of the a-v pairs.   

In slightly older reading disabled children, Cao, Bitan and Booth (2008)  
studied rhyming judgments to visually presented word pairs containing  
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conflicting or not-conflicting orthographic and phonological information in  
order to examine the modulatory influence of three left hemisphere brain  
regions (ventral and dorsal posterior, and frontal anterior) and a bilateral  
frontal region upon another. For conflicting trials, control children differed  
from children with reading difficulties in effective connectivity, and these  
modulatory effects were positively related with reading skill only in controls.  
It was suggested that the weaker or no modulatory effects in impaired  
readers might reflect deficits in integrating orthography and phonology,  
especially in case of conflicting information, because children with reading  
difficulties would be less able to recruit the task-selective regions.   

Though superior with respect to spatial resolution, fMRI recording  
does not allow for conclusions about the timing of the implicated processes  
(Grünling et al., 2004). Using ERPs, which have a time resolution in the  
order of milliseconds, Andres, Cardy and Joanisse (2011) examined in adults  
at what stage of processing integration of letters and their corresponding  
sounds does occur. Within a stream of standard and deviant letter names, a  
simultaneously presented visual letter was on occasional trials either  
congruent or incongruent with the standard or deviant. Compatible with the  
above reported fMRI findings, ERPs were modulated by congruency. But  
while incongruent relative to congruent pairs attenuated the pre-attentive  
mismatch component between 110-190 ms, within the interval of 360-600  
ms the P3 component showed an opposite congruency effect, namely an  
increase to incongruent pairs. Since the P3 is sensitive to focused attention  
and stimulus categorization, and considered an indicator of difficulty in  
response selection, according to Andres et al. (2011) this response could best  
be interpreted as visual letter categorization requiring less processing in case  
of a letter-sound match.  

The current study  
To extend the above findings on atypical neural processing in beginning  
readers at risk for reading problems, the aim of the current ERP study is  
twofold. Firstly, to assess the facilitating effect that pictorial priming may  
exert on phonological (sub) processes of printed word identification, and  
secondly, to examine the differential impact of congruency priming on  
neural processes associated with a later stage of printed word processing.  
Hereto, we manipulated the difficulty of a word recognition task by  
including congruent and incongruent pairs of words and pictures, in which  
either the word or the picture was presented as the first stimulus in a pair.  
To allow for sufficient differentiation in early (pre-)reading skills, and for  
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inclusion of children who eventually would develop dyslexia, we only  
selected children at familial risk of dyslexia. Pennington & Lefly (2001)  
estimated that these children have a chance of about 40% to develop  
dyslexia, a finding recently replicated (van Bergen et al., 2011). It is  
important to note that with regard to task-specific environmental  
reinforcement, major differences in experience were controlled for. When in  
kindergarten, all subjects took part in a structured home-based training,  
which was aimed at strengthening of grapheme-phoneme mappings and  
phonemic awareness in the context of word reading (Regtvoort & van der  
Leij, 2007).   

Notwithstanding the overall advances in (pre-)literacy skills, after  
training completion children were at most able to read simple words in a no  
time constraint condition. Interestingly, some of the trained children seemed  
to profit less from the early ‘boost’ since they did not make as much  
progress as was expected. Therefore, subsequent to the intervention a word-  
picture matching design was used to evaluate the impact of the strategy of  
pictorial priming on early word recognition skills. It is well accepted that a  
previous exposure to a stimulus can affect the ability to identify a (related)  
stimulus, in the sense that the altered processing requirements influences  
accuracy and/or speed of task performance, as well as neural activity  
(Schacter & Buckner, 1998). Pictorial entities have already shown to be  
effective primes to words at phonological levels of processing (e.g.,  
Desroches, Newman, & Joanisse, 2009; Peterson & Savoy, 1998), also in  
electrophysiological studies that focused on neural correlates in children with  
(familial risk of) dyslexia (Miles & Stelmack, 1994; Torkildsen, Syversen,  
Simonsen, Moen, & Lindgren, 2007). This might be explained by assuming  
that if pictures and words share exactly the same meaning, also the same  
phonological form is shared. So, parallel to the phonological facilitation  
effect that a homophonic word prime has on word recognition (Lukatela &  
Turvey, 1994), a picture prime denoting a target word is considered to have a  
similar effect (Vanderwart, 1984), because “the identical word is already  
phonologically activated as a response to the picture” (Glaser, 1992, p. 98).   

The assumption here is that on primed trials (with homophone picture-  
word pairs) visual word recognition is facilitated, as shown by more accurate  
responses and shortened latencies relative to visual word recognition on  
unprimed trials (with words presented as the first stimulus in a mixed pair).  
In addition and accordingly, an effect of pictorial priming is reflected by  
changes at the level of brain functioning, as determined by separate measures  
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of map strength (indexed by global field power, GPF) and map topography  
(indexed by positive and negative centroids) (e.g., van Leeuwen et al., 1998).  
With respect to the early processes of visual word recognition, associated  
with the activation and retrieval of phonological information, (e.g. Bentin,  
Mouchetant Rostaing, Giard, Echallier, & Pernier, 1999), we expect neural  
activity to picture-primed words to be enhanced. It has been argued before  
that increased responding to difficult to recognize targets might be probable  
in case the processing of those targets is supported by the prior processing  
of related and more easily to recognize primes (Henson, 2003). In addition,  
the bilateral activation in the brain of the picture’s concept (Salmelin, Hari,  
Lounasmaa, & Sams, 1994) is thought to ease right-to-left hemispheric  
transition and enhance the engagement of left brain systems upon the  
subsequent presentation of the target word. Therefore, increased activation  
might be found in left temporoparietal and frontal regions in particular.  
Furthermore, given the facilitatory effect of priming on the mapping and  
integration skills of the children, less processing might be required to analyse  
the non-conflicting (congruous) stimulus pairs in word-picture matching.  
Thus in a later time window corresponding to stimulus evaluation time and  
completion of stimulus categorization (e.g., Kutas, McCarthy, & Donchin,  
1977), a reduction in strength of activation, and a congruency-dependent  
modulation of topographic distribution is expected with respect to prime-  
induced word recognition.  

Providing that facilitated activation of phonological information affects  
phonological processing efficiency by modulating access to (orthographic-  
)phonological representations, priming may especially affect phonological  
encoding in children with low phonemic skills. Expected group differences  
for unprimed reading in accuracy and/or speed, and/or in modulation of  
strength and pattern of brain activation related to phonological processes,  
may then be reduced for primed trials, and accordingly be interpreted as an  
effect of pictorial priming.   

However, it is conceivable that priming may not (fully) compensate for  
impaired phonological-orthographic connectivity. In such a case, group  
differences in ability to map and integrate phonological and orthographic  
information are not entirely abridged by pictorial priming. With regard to  
brain processes involved in evaluating the congruousness of the paired  
stimuli, we then expect a differential effect of congruency in terms of lower map  
strength and modulated brain topography. In line with the suggestion of Cao  
et al. (2008), that children with better reading skills may also be better at  
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detecting and resolving conflicting reading-related information, the group  
with higher (pre-)literacy skills is expected to show such a congruency effect  
on congruent trials versus incongruent trials, whereas the weaker skilled  
group will not.   
  

4.2  Method  

4.2.1 Subjects  

Twenty-seven children with a familial history of reading impairments (8 girls,  
19 boys; mean age 6 years, 1 months) were available for measurement. They  
were in their second year of kindergarten and came from a total of 23  
elementary schools in The Netherlands, mostly within the greater area of  
Amsterdam. All children had (corrected-to-)normal vision; none was  
diagnosed with serious emotional disturbances. The children’s parents were  
approached by hand-outs distributed at school. On enrolment, they were  
requested to fill out an information form. Only families using Dutch as the  
first language at home were included. Children were being considered at risk  
in case (1) a parental history of reading problems was reported in the  
questionnaire, and (2) the parental performance met the inclusion criteria on  
a screening test, which included two standardized measures of speeded  
single word and pseudoword decoding, the Een-Minuut-Test (EMT) (Brus  
& Voeten, 1999) and the Klepel (van den Bos, lutje Spelberg, Scheepstra, &  
de Vries, 1999) respectively, and the Wechsler Adult Intelligence Scale  
(WAIS) subtest Similarities (Wechsler, 1997) measuring concept formation.  
Inclusion criteria held that reading performance of (at least) one parent had  
to fall below or at the 10th percentile on either one of the reading tests or  
below or at the 20th percentile on both reading tests. Also leading to  
selection was a discrepancy of at least 60 percentiles between the score on  
the subtest Similarities and on either one of the reading tests (Koster et al.,  
2005).   

In The Netherlands, prior to entering first grade, reading and spelling-  
related skills are not systematically taught. Differentiation of groups with low  
literacy skills (N = 13, mean age 6 years, 1 months, range 69-79 months, 11  
boys) and high literacy skills (N = 14, mean age 6 years, 1 months, range 70-  
81 months, 8 boys), was therefore determined after a 14-week structured  
reading program based on the “Word Building” technique (McCandliss,  
Beck, Sandak, & Perfetti, 2003) and adapted to accommodate Dutch pre-  
readers (see Regtvoort & van der Leij, 2007 for more details). Literacy  
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proficiency was assessed using three measures: (1) receptive letter knowledge  
(Verhoeven, 2000); (2) phonemic awareness consisting of three subtests:  
phonemic blending (Verhoeven, 1993a), phonemic segmentation  
(Verhoeven, 1993b), and first-sound identity (Irausquin, n.d.); and (3)  
unspeeded word decoding (Regtvoort, 2003). Raw scores were converted to  
percentages of correct responses. Children fell into the high literacy group in  
case they scored at least 50% correct on all three measures. The groups did  

not differ significantly in gender ratio (χ2 (1) = 2.44, p > .05) or age (t(25) =  
.40, p > .05). The characteristics, and descriptive and test statistics for the  
criterion, correlate and control measures appear in Table 4.1.  
  
Table 4.1  
Characteristics and mean performance (standard deviations) on parental screening, control and criterion  
measures, and reading correlate for low and high (pre-)literacy subgroups.  
 

Characteristics at kindergarten entry 

(Pre-)literacy  
Low 
(N = 13) 

High 
(N = 14) 

 
Independent t test 

Mother’s education level (1-7) 4.4  5.4  t(25) = -2.08 * 
Father’s education level (1-7) 4.5  6.4  t(16.03) = -3.67 ** 
Dyslexic parent’s education level (1-7) 4.4 5.9 t(19.38) = -2.90 ** 
Non-dyslexic parent’s education level (1-7) 4.5 5.9 t(25) = -2.70 * 
Amount of storybook reading (1-5) 4.0  4.7 t(13.95) = -2.43 * 
Number of books in the home (1-5) 3.1  4.5 t(18.71) = -2.72 * 
Parental screening measures   
Word reading fluency  (max = 116) 63.3 (12.8) 73.9 (13.9) t(25) = -2.06 * 
Pseudoword reading fluency (max = 116) 40.6 (17.8) 53.3 (14.1)  t(25) = -2.06 * 
Verbal competence (max = 20) 15.2 (5.5) 18.6 (3.9) ns 
Control measures   
Receptive vocabulary 1 (max = 96) 71.3 (10.2) 73.4 (8.0) ns 
Nonverbal IQ 2 (max = 36) 23.2 (5.6) 26.7 (3.8) ns 
Criterion measures 3   
Letter knowledge (per cent correct) 62.5 (12.7) 80.4  (6.5) t(25) = -4.65 *** 
Phonemic awareness (per cent correct) 39.5 (15.1) 76.1 (13.9)  t(25) = -6.56 *** 
Word decoding accuracy (per cent correct) 32.9 (21.0) 82.9 (15.2)  t(25) = -7.14 *** 
Naming speed (reading correlate) 3   
Colours/objects (averaged total time in ms) 104.7 (27.8) 81.6 (30.5) t(25) = 2.37 * 

Note:  1 January kindergarten. 2 January Grade 1. 3 June kindergarten; * p  <  .05; ** p  <  .01; *** p   
<  .001  
  

For serial rapid naming, another correlate of poor reading (for evidence  
with regard to Dutch, see de Jong & van der Leij, 2003), scores for objects  
and colours (van den Bos, lutje Spelberg, & Ruizeveld de Winter, 2003) were  
computed as averaged total processing times across symbol types, as both  
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measures loaded high (> .85) on a single component. Naming speed  
correlated (nearly) significant with two of the criterion (pre-) literacy  
measures: unspeeded decoding, r = -.40, p < .05, and letter knowledge, r = -  
.38, p = .052. Two control measures were used to assess cognitive ability.  
The groups did not differ significantly on receptive vocabulary (Verhoeven  
& Vermeer, 2001), nor on non-verbal intelligence (Raven, Court, & Raven,  
1984).    

The parents of high literacy children were higher educated than the  
parents of the low literacy children, but within each group, dyslexic and non-  
dyslexic parents did not differ for education level, ranking from 1 (primary  
education only) to 7 (university degree). The dyslexic parents of higher  
literacy children scored slightly better on the reading tests than the dyslexic  
parent of lower literacy children, but not on verbal competence. The literacy  
environment (amount of storybook reading, rated from 1 (no storybook  
reading at all) to 5 (5 or more times a week), and on number of books in the  
home, rated from 1 (less than fifty) to 5 (more than 200) of the high literacy  
group was even more stimulating than for the low literacy group. Both  
groups were as often tutored by the dyslexic as the non-dyslexic parent.  
  
4.2.2 Apparatus  

A 32-channel electrocap was used employing sintered Ag/AgCl electrodes in  
a 10-20 system montage including locations Oz, O1/2, Pz, P3/4, P7/8, CPz,  
CP3/4, TP7/8, Cz, C3/4, T7/8, FCz, FC3/4, FT7/8, Fz, F3/4, F7/8, and  
Fp1/2. Additional electrodes recorded the vertical electro-oculogram  
(VEOG; above and below the left eye) and the horizontal electro-oculogram  
(HEOG; at the outer canthus of each eye). Linked ear electrodes served as  
the inactive reference. Electrocortical activity was recorded with 500 Hz per  
channel and filter settings of 0.1-70 Hz (Synamps model 5083, Neuroscan  
Inc). Impedances were kept below 20 kΩ (Ferree, Luu, Russell, & Tucker,  
2001).  
  
4.2.3 Stimuli  

The stimuli consisted of eight CVC words, pen (pen) - kip (chicken) - kop (cup) -  
kam (comb) - pet (cap) - pan (pot) - kom (bowl) - pit (apple pip), and eight colour  
drawings depicting the words. The last four words were not used during  
training. Two additional words and matching pictures were used as practice  
stimuli. Each of the stimuli could serve as a prime or a target. A majority of  
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the participants were expected to know how to read the included CVC  
words1. A total of 222 stimuli pairs were divided over four conditions, two  
conditions with mixed stimulus type pairs: 96 word-picture pairs, and 60  
picture-word pairs; and two homogeneous stimulus type pairs: 30 word-  
word pairs, and 36 picture-picture pairs. The number of congruent pairs  
within these conditions appeared at a probability of 25%, 25%, 30% and  
50%, respectively. Congruent stimuli in mixed pairs had the same denotative  
meaning; in homogeneous pairs it concerned identical stimuli. Pairs were  
pseudo-randomly presented and divided over three blocks such that each  
condition and number of congruent pairs appeared proportionally correct.  
Picture-word pairs consisted only of trained words due to the limited  
number of trials. To control for attending, picture-picture pairs appeared at  
least every twelfth pair.   

  

  
Figure 4.1. Experimental task. A mixed series of words and pictures were presented at  
random order. Trial duration varied from 4250 to 6250 ms depending on the nature of  
the stimuli within a pair (mixed or homogeneous). The inter-stimulus and the inter-pair  
interval (in which congruent pairs required a manual response) were kept constant.   
  

Stimulus presentation and sampling procedures were controlled by a  
standard PC, using Wesp Experimentation Stimulus Program (WESP)  
(Molenkamp & Hoogervorst, 2002). Words and pictures were presented for  
2000 ms and 1000 ms, respectively, in the centre of a screen, which was  
positioned frontally, at a distance of 100 cm from the subject’s eyes (see  
Figure 4.1). The inter-stimulus interval (ISI) within a pair was held constant  
                                                
1 The unspeeded word measure administered following intervention consisted of 18 monosyllabic 
words (none of which included in the experimental task), of which13 words had not been in the 
training corpus: eight CVC words and five (C)VCC words, a structure not practised during 
training. After intervention completion, 8 out of 13 children in the low (pre-)literacy group could 
read at least 6 (33%) to 10 words correct. In the high (pre-)literacy group, all 14 children read at 
least 10 (56%) words correct, and 11 children 4 to 18 words. 
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at 250 ms and the inter-pair interval (IPI) (with black fixation cross) at 2000  
ms. Words were displayed in lower case letters with a black 96-point Arial  
font. Pictures were embedded in a yellow background that subtended a  
visual angle of about 3.5° in height and in width, or a visual angle of about  
3° in height and 4° in width, depending on shape.   
  
4.2.4 Procedure  

The ERP recording session took 1-1½ hours. After being familiarized with  
the procedure, children had to name the eight pictures to ensure they knew  
the intended names. When necessary, subjects were corrected and retested  
prior to the actual task execution. During preparation of the electrocap,  
children could watch a video for distraction. Recording took place in an  
adjacent room with dimmed lights and closed door. Seated in a comfortable  
chair, children were given 20 practice trials using two pairs of practice  
stimuli, prior to the first of three experimental blocks. They had to press a  
button on either the left or right armrest, depending on the preferred hand,  
in case of a match between paired stimuli. Children were further instructed  
to sit as still as possible. A video camera recorded the direction of the child’s  
gaze. An assistant was present to assure that the child remained fixating the  
screen centrally. Accompanying parents were only allowed in the recording  
room during short breaks in between blocks. All children received a present  
afterwards.   
  
4.2.5 EEG recording and processing   

ERPs. The EEG was bandpass filtered (.5-20 Hz, 48 dB/octave) and eye  
blinks were corrected according to a spatial filter transform based on a linear  
derivation approach ("Neurosoft Inc.," 2001). Artefacts exceeding 100 µV in  
any channel were automatically rejected. Epochs (starting 100 ms before  
stimulus onset and lasting 1024 ms) were obtained separately for ‘unprimed’  
words presented as the first stimulus in a pair irrespective of condition, and  
for ‘picture-primed’ words presented as the second stimulus within the  
picture-word condition. For picture-primed words only, epochs were  
obtained separately for two additional stimulus types ‘unrelated’ and ‘related’.  
Mean number of trials left after artefact rejection for each group and  
stimulus type (126 unprimed; 60 picture-primed: 46 unrelated, 14 related2)  
were respectively: for low M = 91.2; 45.0: 34.8, 11.4 (range = 69-113; 29-55:  

                                                
2 Data of 4 subjects were excluded 
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23-42, 9-13), for high M = 95.2; 49.9: 37.9, 12.3 (range = 63-119; 31-59: 22-  
45, 8-14). Epochs were averaged separately for each subject and individual  
averages were then transformed to the average reference across all channels  
except for the two EOG channels (Lehmann & Skrandies, 1980).   
  
  

 
Figure 4.2. Grand averages of GFP for unprimed words for the low (dashed) and the high  
(solid) (pre-)literacy skilled subgroup  
  

Grand averages computed for each condition (see Figure 4.2 for unprimed  
words and Figure 4.3 for related picture-primed words) were used to  
determine the temporal changes in GFP, a measure calculated as the square  
root of the sum of squares of the average-referenced activity over all  
electrodes (Lehman & Skrandies, 1980). As a reference-free measure of  
cortical activity to which all recording electrodes contribute equally, GFP is a  
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useful measure to identify the components of brain activity and avoid  
problems that arise in conventional waveform analysis (see e.g., Skrandies,  
2005). Peaks of GFP reflect the maxima of the total underlying brain activity  
that contributes to the surface potential field (Lehmann & Skrandies, 1984),  
whereas GFP troughs (minima) can be used to mark topographic transitions  
as segment borders (Brandeis et al., 1998; Lehmann & Skrandies, 1980).  
Visual inspection of the grand averages yielded six distinct GFP peaks.  
  

  
Figure 4.3. Grand averages of GFP for related picture-primed words, for the low and the  
high (pre-)literacy skilled subgroup. At the left the enlarged electrodes FP2, Fz and PZ.   

  

Adaptive segmentation according to GFP minima (e.g., Brandeis et al.,  
1994) for the group’s grand mean ERP for words yielded six sequential  
segments (also called time windows) with relatively stable map topographies  
(see Figure 4.4). Based on peak latency and scalp distribution, the first two  
segments were identified as corresponding to the visual P1/N1 ERP  
complex, and the fifth to ERP component P3b. For this study we selected  
three consecutive segments, largely overlapping with peaks 3, 4 and 5: from  
280-400 ms and from 400-560 ms both showing an anterior  
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negative/posterior positive distribution, and from 560-700 ms showing a  
positive-going modulation maximal at centro-parietal sites. These segments  
were assumed to cover stages of beginning visual word processing most  
relevant to this paper, the third segment reflecting phonological word  
analysis (Bentin et al., 1999; Khateb et al., 1999), and the fourth and fifth  
segment activation of whole-word phonological representations (Grainger &  
Holcomb, 2009), followed by a process of event categorization (Kok, 2001).   

  

  
Figure 4.4. Grand average for all word conditions with butterfly plot and segments (S) 3, 4  
and 5 shaded in yellow; at the right topographic maps of segment peaks 1 to 5.  

  

For each segment, the mean strength of activation was computed at the  
individual level for unprimed and picture-primed words, and for unrelated  
and related words. To define the topographical characteristics of electrical  
brain activity for these word conditions, the locations of the centers of  
gravity of the positive and negative fields (3D centroids, measured from all  
30 electrode positions, using a preauricular-nasion (PAN) reference plane  
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("Neurosoft Inc.," 2001), were computed as in Maurer, Brandeis, &  
McCandliss (2005).  

For an additional analysis regarding picture primes only, GFP peak  
latency and mean strength were measured for a segment adjusted to 258 to  
436 ms based on two GFP minima before and after the third peak of the  
grand average for pictures.  

  
4.2.6 Statistical analysis  

Behavioural data analysis was restricted to matching words. Two separate  
multivariate analysis of variance (MANOVA) for repeated measures (RM)  
with within-subjects factor “condition” (3 levels: unprimed; picture-primed;  
repeated) and between-subjects factor “literacy level” (low (LL) vs. high  
(HL)) were conducted for accuracy and reaction time. Accuracy was  
calculated as the difference between the arc sine transformed proportions of  
correct hits and false alarms (Hochhaus, 1972), so as to take into account the  
tendency in some children in each group to guess true (matching) when  
presented with false (non-matching) pairs. Only reaction times to correct  
responses (hits) were analysed. Two LL children without hits were excluded  
from reaction time analysis. Simple planned contrasts were included for  
testing the expectations regarding differences among three levels of  
condition: picture-primed vs. unprimed, and picture-primed vs. repeated,  
and among the groups of different literacy level: ‘LL’ vs. ‘HL’.  

All ERP analyses included the between-subjects factor “literacy level”  
(LL vs. HL) to test for between-group differences. Our primary focus was  
on ERPs of word processing, which were analysed for each of the three  
selected segments separately. In addition, we also tested latency and mean  
GFP for picture primes (pictures appearing first in a pair) for one adjusted  
segment only, using ANOVA. The differential effects on mean GFP and 3D  
centroids for unprimed word processing were tested using MANOVA. For  
picture-primed word processing versus unprimed word processing, mean  
GFP and 3D centroids were analysed separately in repeated measures (RM)  
MANOVA including within-subject factor “priming” (2 levels: unprimed;  
picture-primed). To test for the effect of semantic content of picture primes  
on subsequent word processing, an additional series pertaining to picture-  
primed words only included within-subject factor “prime type” (unrelated  
vs. related). Data of four subjects (three LL, one HL) were excluded from  
the latter analyses due to an insufficient number of qualitative good  
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‘congruent’ trials. All centroid analyses included the additional factor  
“polarity” (positive vs. negative). The three spatial coordinates (x-, y-, and z-  
axes) were treated as multivariate dependent measures (Maurer, Brandeis et  
al., 2005). To define their position in 3D space, multivariate effects for the  
coordinates were further analysed with univariate tests. Main and interaction  
effects of “priming”, “prime type”, and “literacy level” are considered  
indices of positive and negative centroids showing a similar pattern, and  
therefore referred to as “centroid mean location”. Interaction effects of  
“polarity”, as indices that positive and negative centroids show a different  
pattern, are referred to as “centroid distribution” (Maurer, Brandeis et al.,  
2005). To test specific hypotheses on between-group differences in positive  
and negative coordinates, planned contrasts were included in the designs.  
Reported are significant main effects and polarity interactions at the  
multivariate level (p < .05) as well as conspicuous univariate between-group  
differences.  
  

4.3  Results   

4.3.1 Behavioural data  

The behavioural results for all conditions observed, including repeated  
picture detection, a control condition omitted from the analyses, are  
summarized in Table 4.2. For ease of interpretation, the reported data for  
accuracy represent percentages of hits and false alarms, and not the  
transformed proportional values as used in the analyses.  
  
Accuracy There was a significant main effect for condition, F(2, 24) = 35.02,  
p < .001, which indicated that, overall, subjects performed slightly more  
accurate for picture-primed as opposed to unprimed words, F(1, 25) = 3.70,  
p = .066; and significantly more accurate for repeated as opposed to picture-  
primed words, F(1, 25) = 42.39, p < .001. The different conditions affected  
the HL and LL groups in a similar way, but a main effect for literacy level  
did confirm group status, F(1, 25) = 7.81, p < .05. Mean accuracy was higher  
in the HL group for unprimed words, F(1, 25) = 5.29, p < .05, and repeated  
words, F(1, 25) = 5.84, p < .05, and tended to be higher for picture-primed  
words, F(1, 25) = 3.60, p = .069.   
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Table 4.2   
Percentages of correct responses and false alarms, and reaction times for hits in the four conditions  
(unprimed words, picture-primed words, repeated words, and repeated pictures), for groups with low and  
high literacy skills.  
  

 
 
Condition 

Low Literacy (N = 13) High Literacy  (N = 14) 
Hits False alarms Hits False alarms 

Correct 
in % (SD) 

RT 
in ms (SD) 

 
in % (SD) 

Correct 
in % (SD) 

RT 
in ms (SD) 

 
in % (SD) 

Matching 
Unprimed words 21.5 (19.5) 1345 (269) 1 13.0 (15.9) 31.6 (20.1) 1339 (320) 7.5 (8.0) 
Primed words 29.7 (22.7) 1655 (612) 2 14.9 (16.7) 44.4 (19.8) 1984 (576) 10.3 (8.9) 

Detection 
Repeated words 68.4 (16.9) 1025 (206) 18.7 (14.5) 84.1 (16.7) 1202 (349) 13.3 (13.0) 
Repeated pictures 77.4 (17.0) 921(162) 2.6 (6.3) 75.4 (22.8) 976 (292) 2.0 (4.1) 

SD: standard deviation; RT = reaction time; 1N=11; 2N=12.  
  

Reaction times did not interact significantly with literacy, F(2, 22) = 1.41, p >  
1, and there was no significant main effect for literacy level either, F(1, 23) =  
1.29, p > 1. However, condition did influence RTs across groups, F(2, 22) =  
25.57, p < .001, with faster hits times to unprimed and repeated words as  
opposed to picture-primed words, F(1, 25) = 11.86, p < .01, and F(1, 25) =  
50.71, p < .001. In both groups, detecting repeated words, which did not  
necessarily involve reading, yielded the fastest hits times of the three word  
conditions (see Table 4.2).   
  

Table 4.3  
Significant multivariate results of MANOVAs for RM for map strength (GFP) and topography (3D  
centers of gravity) with Priming (unprimed vs. picture-primed), or Prime Type (unrelated picture-primed  
vs. related picture-primed), and Literacy level (Low Literacy vs. High Literacy), in three consecutive time  
segments (S3, S4, S5). The centroid analyses include the additional factor Polarity (positive vs. negative).  

  Strength (GFP) Topography (3D centroids) 

   Centroid Mean Location Centroid Distribution 

 Time Segment  Multivariate Axis Multivariate Axis 

Pr
im

in
g S3 (280-400 ms) P, F(1,25)=93.2*** P, F(3,23)=7.0**  y**, z* PxPO, F(3,23)=8.1**    x*, y** 

S4 (400-560 ms) P, F(1,25)=124.4***   PxPO, F(3,23)=10.7***   x*, y*** 

S5 (560-700 ms) P, F(1,25)=174.4***   PxPO, F(3,23)=23,4***    y*** 

Pr
im

e 
T

yp
e 

S3 (280-400 ms) PT, F(1,21)=18.6**     

S4 (400-560 ms) PT, F(1,21)=18.1***     

S5 (560-700 ms) 
 

PT, F(1,21)=19.9*** 
PTxL, F(1,21)=3.3† 

  
PTxLxPO, F(3,19)=4.0* y* 

Note: P = Priming; PT = Prime Type; L = Literacy level; PO = Polarity; x, y, z = univariate significant axis  
(x = left–right, y = anterior–posterior, z =superior–inferior) ***p < .001; **p < .01; *p < .05; †p < .1  
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4.3.2 ERP data  

Test statistics of significant multivariate main and interaction effects appear  
in Table 4.3. The corresponding univariate results will be reported in the  
text.  

Picture primes (adjusted segment 258 to 436 ms)   
GFP There was no significant effect of literacy level for the latency of the  
GFP peak or overall map strength observed between 258 and 436 ms,  
indicating that the LL and HL groups activated phonological processes in  
response to pictures serving as primes with the same rate and to the same  
extent.  

Unprimed words (segments 3, 4 and 5)   
GFP For neither of the segments a significant effect for literacy level was  
found, so LL and HL children could not be discriminated on the base of  
overall map strength to unprimed words.  

3D centroids There were no significant multivariate differences in topography for  
literacy level. In time segment 3 (from 280 to 400 ms) however, there was a  
univariate between-group difference in centroid distribution of the positive  
and negative y-centroids (literacy levelxpolarity, F(1, 25) = 5.20, p < .05), on  
account of the positive y centroid being more posterior (HL, M = -61.19 mm  
vs. LL, M = -38.05 mm), and the negative y centroid inclining to be more  
anterior (HL, M = -1.83 mm vs. LL, M = -22.38 mm). See also Figure 4.5 for the  
centroid locations and Figure 4.6 for four successive ERP maps, time interval  
280 to 400 ms.  

Picture-primed as opposed to unprimed words (segments 3, 4 and 5)  
GFP In all segments picture-primed words elicited the larger overall map  
strength as opposed to unprimed words, (see Table 4.3 for significant  
multivariate test statistics of GFP effects on the factor Priming), but there  
were no between-group differences in overall map strength on any segment.  

3D centroids In all segments also topographic effects to picture-primed and  
unprimed words were found as indicated by different centroid mean  
locations and centroid distributions between the levels unprimed and  
picture-primed (see Table 4.3, Topography), but for neither of the segments  
the observed differences between unprimed and picture-primed words could  
be related to literacy level. In segment 3 (280 to 400 ms), different mean  
locations were found on the y-axis, F(1, 25) = 14.65, p < .01 and the z-axis,  
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Figure 4.5. Positive and negative centroid locations in segment 280 to 400 ms. Subgroup  
differences (Low Literacy vs. High Literacy) in topography (y-axis) for unprimed but not  
for picture-primed words. Figure design adapted from Maurer, Brandeis et al. (2005)  
  

  

  
Figure 4.6. ERP maps (head seen from above, left ear left) for unprimed (quadrant a, b)  
and picture-primed (quadrant c, d) words with 40-ms interval in latency range 280 to 400  
ms post-stimulus onset, in children with low (pre-)literacy skills (quadrant a, c), as  
compared to children with high (pre-)literacy skills (quadrant b, d). Subgroup differences  
were only found for unprimed words.  
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F(1, 25) = 7.22, p < .05, with a more posterior and less superior centroid  
mean for unprimed than for picture-primed words. The difference in  
centroid distributions were related to the x-axis, F(1, 25) = 5.23, p < .05 and  
y-axis, F(1, 25) = 8.43, p < .01, with positive centroids appearing more right-  
lateralized and more posterior for picture-primed words than for unprimed  
words, and negative centroids appearing as left-lateralized and anterior for  
picture-primed words, and as more right-lateralized and more posterior for  
unprimed words. See also Figures 4.5 and 4.6.   

In segments 4 and 5 (400-560 ms; 560-700 ms), the priming related  
topographic differences were indicated by different centroid distributions.  
For segment 4 this distribution difference between the two levels of priming  
was related to the x-axis, F(1, 25) = 6.18, p < .05 and the y-axis, F(1, 25) =  
24.40, p < .001, with a similar pattern as in segment 3. For segment 5 the  
distribution effect concerned the difference between positive y centroids  
appearing more posterior for primed than for unprimed words, whereas  
negative y centroids were located anterior for primed words, yet posterior  
for unprimed words, F(1, 25) = 53.39, p < .001.   

Related as opposed to unrelated picture-primed words (segments 3, 4 and 5)  
GFP Again significant overall effects for the GFP measure were found in all  
segments (see Table 3, GFP, Prime Type). Map strength for related picture-  
primed words was always larger than for unrelated picture-primed words  
(see Figure 4.7). More importantly, in the last segment there was a not quite  
significant between-group difference in GFP between the two types of  
picture-primed words (prime type x literacy level, p = .084). The LL group  
tended to show a larger increase in overall map strength than the HL group  
while evaluating semantic content of related picture-primed words as  
opposed to unrelated picture-primed words.  

3D centroids Related and unrelated picture-primed words showed a more or  
less similar topography, and no significant effects of prime type, and  
interactions of prime type with polarity were found. In the last segment  
however, the trend for GFP for prime type with literacy level was  
accompanied with a significant between-group difference in topography, (see  
Table 4.3, PTxLxP) on the y-axis, F(1, 21) = 7.68, p < .05. Follow-up analyses  
indicated that only in the HL group the different centroid distributions to  
unrelated and related picture-prime words reached significance (HL, prime  
type x polarity, F(1, 12) = 6.90, p < .05). Whereas HL children showed a less  





PICTURE-PRIMED WORD PROCESSING IN CHILDREN AT FAMILIAL RISK 
 

 103 

M related = 21.89 mm vs. M unrelated = 17.25 mm) (see Figure 4.8).  
Inspection of topographic maps revealed that unrelated-related distribution  
differences in HL children were mainly due to the negative centroid being  
located less frontally for related words (see Figure 4.9).  

  

  
Figure 4.9. ERP maps (head seen from above, left ear left) for unrelated (quadrant a, b)  
and related (quadrant c, d) picture-primed words with ±35-ms interval in latency range  
580 to 680 ms post-stimulus onset, show the trend for a greater related-unrelated strength  
difference in children with low literacy skills (quadrant a, c), as compared to children with  
high literacy skills (quadrant b, d); only in the latter group related primed words elicited a  
negativity which had a less frontal distribution compared to unrelated primed words.   

  

4.4  Discussion   

In the present study, we investigated the impact of pictorial priming on word  
recognition abilities in kindergarten children at risk for dyslexia, who were  
identified as having high and low literacy skills following an emergent literacy  
intervention. The focus lay on the effect of priming on phonological  
facilitation of word processing by way of improved performance and  
modulated neural activity to picture-primed words in relation to literacy  
level. In addition, we considered whether there was literacy-related  
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modulation of neural activity to trials consisting of pictures and words with  
the same connotative meaning, which could be explained as a congruency  
effect.   
  
4.4.1 Effects of pictorial priming on phonological facil itation  

Early word recognition appeared to be facilitated by priming with pictures.  
In matching pictures and words, responses tended to elicit more hits to  
stimulus pairs in which a picture was serving as a prime to a target word as  
opposed to mixed pairs in which words were appearing as the first stimulus.  
The facilitating influence on decoding of picture-primed words over  
unprimed words was shared by both groups, thus to literacy-level. This  
finding might suggest that prime-induced pre-activation of the phonological  
characteristics of the target word reinforced both groups equally to form  
more accurate orthography-phonology mappings during picture-primed  
word processing as opposed to unprimed word processing. However, an  
important part of the children appeared to have difficulty with the word-  
picture matching task. As they all were in the very beginning or learning to  
read, their decoding was far from automatized. Time pressure may therefore  
have influenced their matching attempts.  

Nevertheless, the obtained accuracy results confirmed group status as  
determined at the end of kindergarten, subsequent to the intervention.  
Children assigned to the high literacy level group (HL) showed higher  
accuracy than the lower skilled children (LL) in matching pictures to words,  
and they tended to be more accurate in matching words to picture primes.  
Either one of these matching conditions required the children to first decode  
the word in order to decide whether the two stimuli were a match, that is,  
shared the same connotation, or not. The HL group was also better in  
detecting word repetition than the LL group, a condition in which pair-wise  
presented words could be identical or not. The performance on the control  
condition requiring the detection of repeated pictures was quite similar for both  
groups, not only with respect to the hit rate but also to the (low) false alarms  
rate (see Table 4.2), indicating that literacy level seemed not to affect  
attention or motivation during the experimental session.  

For children to score a hit on repeated word trials, it was not necessary  
to decode the paired words. Some experience with letter recognition to  
perceive the distinctive shapes and features of the letters in both letter  
strings would suffice, as already shown by Maurer, Brem, Bucher, and  
Brandeis (2005). They presented pre-readers with repeated strings, and  
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obtained comparable rates for hits (around 50%) and few false alarms to  
repeated words, pseudowords and symbols. In fact, in our study both groups  
obtained a fairly high number of hits on detecting repeated words as  
compared to matching words to pictures and vice versa. On the other hand,  
the improved accuracy for repeated word matching may signal a priming  
effect for word recognition of identical words. A successful identified  
homophonic word prime may have contributed to the facilitated recognition  
of the target word in the repeated word condition.   

Whereas group differences in literacy skills were reflected in accuracy  
of responses to word conditions, this was not the case for speed of  
responding. On none of the conditions involving words the children with  
lower literacy skills had slower reaction times than the children with high  
literacy skills. As a between-group difference in responding to trials  
comprising identical picture pairs was absent, apparently the groups did not  
basically differ in general speed of responding. The considerable standard  
deviations for reaction time in the word conditions seem to disqualify speed  
as a reliable indicator of overall literacy performance in case of immature  
reading skills.   

In line with the facilitation tendency for achieving higher accuracy in  
case of picture-primed word recognition, the ERP topography regarding the  
early, phonological feature processing stage of word recognition, was also  
influenced by picture-word order. In this specific time window from 280 to  
400 ms, assumed to be related to the process of grapheme-to-phoneme  
conversion (Bentin et al., 1999), a between-group difference in topography  
appeared to be absent for picture primed words. In contrast, during  
unprimed word processing there was a topographic difference between  
higher and lower skilled children as reflected by more anterior (positive) and  
posterior (negative) located centroids in the HL group. This may suggest that  
when processing unprimed words the more advanced children were also able  
to employ a wider network of brain regions in this phase of word  
recognition than the less advanced LL group. As phonological processing  
seems to rely on a network of distributed brain regions (Price, 1998) - both  
anterior and posterior regions are implicated in storage and retrieval of  
phonological information (Rumsey et al., 1997) - this differential finding for  
the early phonological phase of unprimed word recognition fits with the  
more accurate unprimed responses in the HL group as well as with the  
notion that better word recognition skills are associated with better  
phonological access. However, consistent with the observed advantage  
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across the groups in accuracy for picture-primed over unprimed words,  
priming also affected brain activity in the LL group given the close  
resemblance between the topographic pattern to picture-primed word  
recognition during phonological processing for lower and higher skilled  
children. As described above, this was not the case for the groups’ unprimed  
topography during the same stage.   

In the time windows 280 to 400 ms, and 400 to 560 ms, relevant for  
phonological processing and accessing the whole-word form (Grainger &  
Holcomb, 2009), overall, word stimuli elicited broad negative fronto-  
centrally distributed activation, with positivity elicited at lateral posterior  
electrodes. But relative to unprimed word processing, the processing of  
picture-primed words elicited a different distribution. The topographic  
change induced by pictorial priming reflected left lateralized negative fronto-  
central activation, with positive activation distributed over occipito-  
temporoparietal regions and largest in the right hemisphere. Given the  
subjects’ age, strong (bilateral) engagement of frontal regions to accomplish  
phonological processing may be considered developmentally appropriate  
(Shaywitz et al., 2002). Since decoding was restricted to CVC words, we can  
only speculate as to whether greater left than right activity in anterior regions  
during picture-primed word processing is suggestive of a shift to  
phonological coding that is less based on one-by one processing of the  
smallest units but rather on processing of bigger chunks (Pugh et al., 1997).  
Nevertheless, based on the altered characteristics of brain activation to  
picture-primed as opposed to unprimed word processing observed across  
groups we might assume that priming affected the processes of phonological  
encoding in early readers with low literacy skills in a similar way as the higher  
skilled early readers.   

Another prominent general effect of pictorial priming at the two stages  
of phonological (sub)processing also independent of literacy level was the  
greater map strength observed to picture-primed words relative to unprimed  
words. The overall activation was even greater for words preceded by  
congruent picture-primes (bearing the same connotation) as opposed to  
unrelated picture-primes. Although the relatively long exposure duration of  
the pictorial primes may have resulted in enhanced activity (Zago, Fenske,  
Aminoff, & Bar, 2005), a more functional explanation comes from Henson  
(2003), who suggested that so-called ‘active’ priming may take place  
“whenever priming causes a new process to occur on the target that did not  
occur on the prime” (p. 71). Regarding our data, exposure to a highly  
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recognizable picture may have been sufficient to form a phonological 
representation that facilitated recognition of the subsequent presented word, 
but - given the substantial difference in larger overall map strength - 
apparently at the cost of greater activation.   

To summarize the behavioural and electrophysiological evidence for 
the effect of pictorial priming on phonological facilitation, our assumption 
that priming with pictures would especially affect phonological encoding in 
children with low phonemic skills was partially supported. Presenting 
picture-primed words tended to increase recognition accuracy and elicited a 
shift in topographic distribution, but apparently regardless of literacy level. 
As a result, the behavioural difference between the more and less advanced 
literacy groups found for unprimed word recognition was reduced for 
picture-primed word recognition, whereas the topographic dissimilarity in 
responding to unprimed stimuli was absent with regard to picture-primed 
ones. 

4.4.2 Effects of pictorial priming on congruency processing 

The not quite abridged between-group difference in accuracy outcome for 
decoding picture-primed words indicates that priming did not entirely close 
the gap between the two groups of at-risk children. Given the relatively high 
rate of misses to mixed stimuli pairs it is also clear that the word recognition 
skills of the low performers were still very rudimentary. This last observation 
may hold true also for the group with better emergent literacy skills, 
although they performed with more accuracy. So, the question arises, 
whether mapping and integration skills of the participating kindergartners 
were indeed sufficiently developed after 14 hours of training to expect 
evidence of a priming related congruency effect on brain functioning at the 
later stage of processing between 560 and 700 ms post-stimulus onset, - 
related to stimulus categorization and stimulus retrieval. 

The clear shifts in topographic distribution around 580 ms to primed 
and unprimed words and observed across groups signalled the start of a 
different neural process. The relatively low map strength during unprimed 
word processing indicated that only a neural representation had to be 
developed, as no match detection was involved as yet (Kok, 2001). For 
priming per se, thus even though prime and target did not necessarily share 
the same connotation, enhanced brain activity was accompanied by an 
anterior negative shift and a posterior positive shift. This observation of 
heightened activity to all primed word regardless of congruency may seem 
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puzzling at first. But recall that in order to respond in line with task 
requirements, the children were tuned to identify certain target features i.e. 
graphemes corresponding to the phonemes in the picture’s name. With 
attention being focused on identification, non-targets are also known to elicit 
substantial P3 activity (Kok, 2001). However, if congruency was taken into 
account, we found subtle divergences in the way neural systems were 
engaged by the different levelled early readers. Words primed by identical 
pictures were responded to with greater strength of activation, but to a lesser 
extent by the group with better literacy skills. Also, target words congruent 
with the prime induced in those better performing children a different 
topography compared to words within incongruent picture-word pairs. By 
contrast, the lower skilled group of early readers did not display such 
topographic congruency-incongruency differences.  

That pictorial priming modulated the later-going GFP component such 
that analysing congruent trials was marked by more processing activity than 
conflicting (incongruous) ones is not in line with the recent ERP findings of 
Andres et al. (2011). Note however that the authors investigated the impact 
of unattended congruency on the P3 component. In our study, event 
categorization was directly related to the decision whether the word stimulus 
did or did not match with the internal representation of the preceding 
picture. In such a paradigm, matches are known to elicit larger P3s than 
mismatches (Kok, 2001). However, strength of activation may not only 
depend on the closeness of the match, but as stated before also on the 
amount of attention required in processing the target.  

Providing no doubt exists about the actual match between prime and 
word, processing congruency may be considered less difficult. Even so, the 
groups’ greater enhancement on congruent trials seems to suggest otherwise. 
All children had encountered these trained word stimuli repeatedly over a 
period of time while participating in the emergent literacy intervention, but 
as we now know, automatized word recognition is not to be expected in an 
early stage of learning to read (McCandliss & Noble, 2003). With decoding 
still a slow and laborious process, integration of orthographic and 
phonological information may be facilitated by priming as our results seem 
to indicate, but will not be fast and effortless either. Salient is however that 
the LL group tended to elicit even greater neural activity to congruent than 
to incongruent pairs which might be due to having greater difficulty in 
analysing the occurrence of an actual match and deciding accordingly.  
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In this particular time window between 560-700 ms, frontal regions are 
implicated in retrieval of lexical and semantic information from memory 
(Fiez, 1997; Wagner, Desmond, Demb, Glover, & Gabrieli, 1997). The 
lower recruitment of frontal resources on congruent trials in the higher 
skilled group relative to the lower skilled group seems to confirm a reduced 
need for stimulus analysis processes. The accompanying positive shift in 
topography in the HL group towards a less posterior, more parietal 
distribution on congruent trials can be interpreted as adaptive processing 
and integration of task related information (Peers et al., 2005). Whereas the 
decreased frontal negativity as shown by the HL group may reflect automatic 
allocation of attention, a topographic distribution of anterior negativity 
together with a more posterior positivity is assumed to reflect effortful 
attentional allocation and stimulus evaluation (Volpe et al., 2007). Such a 
distribution was found across groups on incongruent trials, but only for the 
lower skilled group on congruent trials also. The divergence in topographic 
distribution between congruent and incongruent responding present for the 
HL group yet absent for the LL group may thus reflect lower attentional 
demands during the processing of congruency for higher skilled children 
only. 

The observed congruent-incongruent difference in topographic 
distribution accompanied by a tendency for reduced enhancement in the HL 
group, might be reconciled with a still immature but developing form of a 
congruency effect. In contrast, in the absence of a stimulus-driven shift in 
topography together with a tendency to stronger enhancement no such 
indications of tuning of attentional and integrative processes as a function of 
congruency were found for the LL group. Whether this observation points 
in the direction of a deficient development in integrating phonological and 
orthographic processes resulting from deviant processing of letters and 
speech sounds as found for older dyslexic children (Blau et al., 2010) is still 
too premature to tell. Further investigation of developmental course of word 
recognition in the context of facilitatory priming including older participants 
will be necessary. That however the absence of a congruency effect, i.e., 
enhanced or lack of reduced responding related to integration of congruent 
information is associated with (familiar risk for) dyslexia has been confirmed 
in several other studies using different paradigms (Jednorog, Marchewka, 
Tacikowski, & Grabowska, 2010; Miles & Stelmack, 1994; Pugh et al., 2008; 
Torkildsen et al., 2007).  

Caution about making too strong a statement regarding the literacy-
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related behavioural and neurophysiological differences and similarities that 
were observed in the present study is certainly appropriate given the rather 
low accuracy scores, the small number of subjects in the study and the 
limited set of (congruent) picture-word trials. Another weakness of the study 
is the limited occipital and temporal coverage (no additional channels besides 
all 32 standard channels of the 10-20 system were included). It is not unlikely 
that other (small) differences in neural activation might have gone 
undetected between the more and less skilled early readers.  On the other 
hand, although low and high responders could be differentiated on 
behavioural measures following the intervention, the (pre)literacy skills of 
low responders also improved. So lack of significant correlations between 
the neurophysiological and behavioural measures may also be partly due to 
the small topographic subgroup differences and the beneficial effect of 
intervention on phonological processing in all participants. Recently it was 
reported that minor topographically differences between poor and normal 
readers in N1 print sensitivity (contrast between words and false fonts) 
found prior to an early literacy training that was similar to ours in content 
and developmental period had disappeared with training (Brem et al., 2013).  

Despite the current limitations, our study shows that a word-picture 
priming paradigm to facilitate integration of phonological and orthographic 
information offers an interesting approach to identify behavioural and 
neurophysiological characteristics which may mark the beginning of 
differential trajectories in reading development at kindergarten age. Within a 
specific at-risk group of very early readers all with a familial history of 
dyslexia, all recipients of an emergent literacy intervention, one group of 
children clearly failed to benefit as much from the structured training in (pre-
)literacy skills as the other group. The lower response to intervention could 
be verified by atypical neurophysiological functioning. Follow-up on these 
children will determine if the accumulation of risk factors indeed predisposes 
to development of reading problems.  
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Toen hij terugkwam en weer ging zitten zei de vleermuis: 
'Ik ben nog steeds aan het nadenken. Vind je dat niet erg?'  

'Nee hoor,' zei de eekhoorn. 
Nadenken vond hij nooit erg en tijd had hij genoeg. Misschien, 

dacht hij, heb ik daar nog wel het meeste van: tijd. 
Maar toen hij dat dacht kwamen er rimpels in zijn voor-

hoofd. Want hoeveel tijd had hij eigenlijk? En hoeveel tijd kon 
je hebben? 

Uit: Toon Tellegen (2002), 'Misschien wisten zij alles' (p. 527) 



Chapter 5 
The effectiveness of a two-year supplementary 
tutor-assisted computerized intervention on 
the reading development of beginning readers 
at risk for reading difficulties: A randomized 
controlled trial. 

Children with low (pre-)literacy skills may benefit from individual tutoring 
during the early phases of learning to read. Dutch at-risk students from 13 
schools received in first and second grade a computerized reading 
intervention, delivered by non-professional tutors at school. Digital logs 
indicated that treatment integrity was lower than intended, therefore the 
intervention group was subdivided using a completion criterion. Third grade 
assessments revealed that the subgroup that had finished the program 
successfully (IF, N = 40) was able to read as fluent as the average reader, 
outperforming the subgroup that had not completely finished the program 
(InF, N = 31) as well as the group that had not worked with the program 
(controls, N = 66) on all reading measures. This study demonstrates that a 
well-implemented tutoring model can serve as a (cost-)effective complement 
to the classroom practice for beginning readers. 

Published as: Regtvoort, A. G. F. M., Zijlstra, A. H., & van der Leij, A. (2013). The 
effectiveness of a 2-year supplementary tutor-assisted computerized intervention on the 
reading development of beginning readers at risk for reading difficulties: A randomized 
controlled trial. Dyslexia, 19(4), 256–280 
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5.1. Introduction 

At the start of formal learning, children are presented with novel areas of 
knowledge and skills they are expected to acquire within a couple of years. 
Of those new skills, reading and spelling presumably have the greatest 
impact on their functioning at school, at work, and in daily life. Although 
learning to read might be considered a developmental milestone, this does 
not mean that it comes naturally to children. Within any system, novice 
readers have to be explicitly taught the decoding system as a key to the 
concept of reading (Byrne, Fielding Barnsley, Ashley, & Larsen, 1997). In 
time, most children will reach the stage in which several chunks of print are 
processed in an automatized manner on one fixation and attentional 
resources can be allocated to higher-level language skills involved in text 
comprehension. However, every new school year, in every classroom, and 
across nations, for various reasons, there are pupils who are unable to keep 
up with the pace of the mainstream. In theory, a well-organized educational 
system with well-qualified, effective teachers should be able to meet the 
needs of those struggling readers. However, practice shows otherwise 
(National Institute of Child Health and Human Development, 2000). 

The importance and feasibility of adequate literacy proficiency for all 
children is internationally highly recognized. Nationwide approaches have 
been adopted to ensure that literacy instruction is primarily based on 
evidence-based methods that take into account the initial differences in 
students’ educational needs. For example, in line with the No Child Left 
Behind act, the US introduced in 2002 the Reading First program. The UK 
government published a detailed programme in 2007 called ‘Letters and 
Sounds: principles and practice of high quality phonics’ (Wyse & Goswami, 
2008), as a follow-up to the Primary National Strategy literacy framework of 
1998, which resulted in modest gains only (Tymms, Coe, & Merrell, 2005). 
In the Netherlands, the government initiated guidelines issued to all primary 
schools how to deal competently with difficulties in learning to read 
(Wentink & Verhoeven, 2001). Although in the three-yearly examination of 
the relative standing of countries (PISA), 15-year-old Dutch students did on 
average quite well on the PISA reading tests, 14.4% were acknowledged as 
very weak readers (OECD, 2010). According to the Dutch Inspectorate of 
Education, at a younger age 25% of the students showed a delay in fluency 
of word reading of two years at the end of primary school (Grade 6) 
(Inspectie van het Onderwijs, 2007). Because the prevalence of severe 
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dyslexia in the Netherlands is estimated at 3.6% (Blomert, 2005), the 
mentioned percentages indicate that there are many pupils who fail to 
acquire acceptable literacy skills for reasons other than problems of dyslexic 
nature. Children’s literacy development may also be hampered by less 
favourable socioeconomic or other family background characteristics, e.g. 
having parents who are not fluent in Dutch or provide little to none home 
literacy experiences (see e.g. Mol & Bus, 2011; Sénéchal, 2006; Sénéchal & 
LeFevre, 2002). However, lack of adaptation of formal instruction to the 
needs of poorly developing children by the teachers in the first grades is 
likely to have the largest impact (Inspectie van het Onderwijs, 2007).  

In the light of evidence that catching up is difficult once reading 
problems have arisen (Torgesen, 2001), identification of children with an 
increased risk for reading problems ought to be executed in the early phases 
of literacy development. Already in kindergarten, a combination of risk 
indicators like teachers’ judgements and poor performance on pre-literacy 
measures identifies a substantial part of at-risk pupils (Gijsel, Bosman & 
Verhoeven, 2006). Amongst the pre-literacy skills, delayed letter learning has 
been recognized as the strongest predictor of future reading proficiency  
(e.g. Boets et al., 2010; de Jong & van der Leij, 1999; Pennington & Lefly, 
2001; Scarborough, 1998; 2009; Snowling, Gallagher, & Frith, 2003; Torppa, 
Poikkeus, Laakso, Eklund, & Lyytinen, 2006). In addition, because the 
acquisition of letter knowledge correlates with phonological abilities (Boets 
et al., 2010; de Jong & Olson, 2004), poor performance in phonological 
awareness and slow naming speed also qualify as reliable indicators of later 
reading problems (see e.g. Bus & van IJzendoorn, 1999; Schatschneider, 
Fletcher, Francis, Carlson, & Foorman, 2004; de Jong & van der Leij, 2003; 
Vaessen & Blomert, 2010). 

Once identified, the most obvious approach to prevent at-risk children 
to fall behind early in their development, is training in phonemic awareness 
together with knowledge of letter-sound correspondences. Meta-analyses of 
experimental training studies have shown consistent and robust effects of 
such an approach (Bus & van IJzendoorn, 1999; Ehri et al., 2001). However, 
not all potentially at-risk children do benefit from early training. Using 
children from dyslexic families as participants, Elbro and Petersen (2004) 
trained them in the classroom at kindergarten age during 17 weeks for about 
30-minutes a day. Although the intervention had long term effects, 
depending on the measure used, 17% to 29% of the children could still be 
labelled as very poor readers in Grade 2 and upwards (i.e. below the 5th 
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percentile on word decoding measures), and 43% to 51% as poor readers 
(scores between the 5th and the 20th percentiles). In a series of Dutch 
studies of individual early intervention of comparable pre-reading 
Kindergartners at familial risk (Eleveld, 2005; Regtvoort & van der Leij, 
2007; van Otterloo & van der Leij, 2009; van Otterloo, van der Leij, & 
Henrichs, 2009), none of the interventions resulted in reading skills at norm 
level at the end of Grade 1 (see also, van der Leij, 2013). Such an outcome 
might be considered at odds with the reported positive effectivity at the 
post-test of these early interventions, but it confirms that some children are 
not able to profit from extra instruction that is restricted to the period prior 
to formal instruction but need prolonged help all along the early phases of 
reading acquisition (Scanlon et al., 2005). To support this assumption, 
McDonald Connor et al. (2013) were recently able to show that continuing 
supplementary individual intervention in Grade 1, 2 and 3 is more effective 
in preventing reading failure than a program in Grade 1 only.  

In sum, the conclusion may be drawn that the prediction that relatively 
short interventions in the pre-reading phase may prevent later reading failure 
by giving the children a head start to profit from has not convincingly been 
supported, in particular when the risk of reading failure is largely due to a 
familial history of dyslexia. Instead, the children at risk of reading failure 
should receive not only early but also prolonged intervention as a 
supplement to the formal instruction in the classroom.  
 
The present study 

To develop a program covering the whole process from letter learning, to 
phonological decoding, and more complex orthographic learning, 
concurrent to what is taught in formal instruction in the classroom during 
Grade 1 and 2, the intervention we used before (Regtvoort & van der Leij, 
2007) provided the right basis for two reasons. First, to build a stable, 
structured organization of componential orthographic to phonological 
mappings, it is most effective to train the links between sounds and letters in 
the context of whole-word reading instruction (Harm, McCandliss, & 
Seidenberg, 2003; Hulme, Snowling, Caravolas, & Carroll, 2005). To 
accomplish that, the minimal pairing technique was used (Beck, 1989; 
McCandliss, Beck, Sandak, and Perfetti, 2003), which draws the attention of 
the child both on every individual letter sound unit within words and fully 
specified representations of printed words. What had to be done was to 
extend the program with all relevant letters and letter combinations, 
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including related phoneme exercises at the beginning, and add more 
complex one-syllable words and a variety of two syllable words at the end. 
Second, the intervention was delivered as a computerized and tutor-assisted 
program. In the triangular relation between program, child and tutor, it is 
interactive in all directions. In particular when the aim is to help young, 
poorly performing children, the addition of a tutor next to the computer 
program is essential and beats independent work on the computer (Azevedo 
et al., 2008). A tutor cannot only give instructions and feedback, but is also 
capable of adapting the instruction or respond to a child’s needs. In our 
previous study, it was clear that the majority of the tutors appeared to be 
able to give this kind of support, as a complement to the computer-based 
directives. 

The study was carried out as a randomized controlled trial. Our 
objective was to provide a thorough and sustained training supplementary to 
classroom instruction to support the entire process of reading acquisition. In 
essence, all features of the previous study - the interactive computerized and 
tutor-assisted provision - were maintained in this newly designed project. 
However, starting in Grade 1, the current study did not involve parental 
home-based training. Tutoring was provided at school. The at-risk students’ 
need for individualized instruction was met by the one-to-one tutoring set-
up that provided instructional and emotional support. To control costs and 
reduce the demands of teacher time, the role of tutor was delegated to non-
/semi-professionals, such as higher-grade peer students, student teachers, 
and voluntary workers. Several studies have shown that peer tutoring is an 
effective and efficient procedure (Dufrene, Henington, & Townsend, 2006; 
Dufrene et al., 2010; Yurick, Robinson, Cartledge, Lo, & Evans, 2006), even 
with same-grade peers (Hofstadter-Duke & Daly, 2011). As for the possible 
disadvantages that may go together with the use of unqualified tutors, such 
as a lack of didactical experience, the application of a computerized 
instruction is assumed to facilitate a structured administration and prevent 
much variation in instruction delivery, and enhance treatment integrity 
(Gresham, Gansle, & Noell, 1993). 

The effectiveness on the reading development of readers at risk for 
reading difficulties was investigated. A familial history of dyslexia was not 
used as a criterion for selection. Children were identified as being at risk in 
case they lagged behind in pre-literacy skills already at the start of first grade. 
If needed, the intervention they received covered the entire period of the 
first two grades, administered by the trained tutors, under the guidance of 
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their class teacher. Thus the responsibility for monitoring the pupils’ 
progress and supervising the tutors rested in hands of the schools, i.e. the 
teaching staff.  

With regard to the most relevant outcome variable, the focus was on 
word reading fluency, a proficiency that is fundamental to reading 
acquisition (Perfetti, 1985). In addition, transfer effects of intervention to 
other measures within the domain of reading and spelling were evaluated. 
The effect on fluency of pseudoword reading was investigated because, 
acting as a self-teaching mechanism, phonological recoding may accelerate 
the development of skilled recognition of familiar and unfamiliar words 
(Share, 1995). Conversely, due to a lower level of word recognition, self-
teaching appears to be less efficient in poor readers (Share & Shalev, 2004). 
Inefficient fluency of pseudoword reading has been recognised as a key 
characteristic of dyslexic readers (Yap & van der Leij, 1993). Hence, if the 
intervention was effective in normalization of the reading process after a 
poor start, not only fluency of word reading would improve, but also 
pseudoword reading.  

In addition, transfer effects of intervention on oral text reading, 
reading comprehension, word spelling and vocabulary were investigated. 
Text reading depends on the ability to decode printed words accurately and 
fluently, so an effect was expected. As a complement to the exercises that 
attacked technical reading skills, subjects had to read and provide an answer 
to several questions. Thus to some extent, reading comprehension was given 
attention during the intervention. However, reading comprehension also 
depends on vocabulary knowledge and the use of strategies to increase 
comprehension, which were not part of the intervention. The difference 
between the subject groups might therefore be less robust for the outcome 
of reading comprehension than of text reading, and no difference was 
expected for vocabulary. As for the correct spelling of words, the 
intervention did include an exercise in which subjects could form their own 
words with a given set of letters. Since the program allowed no incorrectly 
spelled words, this exercise may have had a beneficial effect on the outcome 
of word spelling.  
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5.2 Method 

5.2.1 Design 

The data are part of a larger study of the effectiveness of the intervention 
program Bouw!, involving several cohorts of beginning readers at risk for 
reading difficulties. The cohort sample participating in this study was 
selected at the beginning of first grade. The subjects had just started formal 
reading instruction, which in the Netherlands is primarily phonics-based. 
The Dutch school year runs from mid August/early September to late 
June/mid July of the following year, counting 10 months. The intervention 
period lasted on average about one and a half school years, but due to 
individual variation in needs could end either half a year later in June Grade 
2, or up to half a year earlier when a subject had passed the final test 
administered in the program. Assessment occasions and the period of 
intervention are shown in Table 5.1. The present study included a selection 
and pre-test (mean age 6;5) begin Grade 1, assessments at the middle and 
end of Grade 1 and the middle of Grade 2, followed by a post-test (mean 
age 8;1) after the intervention period at the end of Grade 2, and two follow-
up assessments at the middle and end of Grade 3. Except for reading 
comprehension, all measures were individually administered in a private 
room at the subject’s school by trained graduate students, following 
standard procedures. 
 

Table 5.1 
Occasions of test administration 
 Grade 1 Grade 2 Grade 3 
 Begin  Mid End Mid End Mid End 
   Intervention   
Test administration  Start    Stop   
T1, 2 (selection, pre-test) x        
T3   x      
T4    x     
T5     x    
T6 (post-test)      x   
T7 (follow-up 1)        x  
T8 (follow-up 2)        x 
Note: T = time of test administration. 

 

5.2.2 Participants 

Teachers of 13 participating schools in Amsterdam were asked to nominate 
about 25% of their lowest achieving students in terms of pre-literacy skills. 
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A total of 161 children were tested in September of Grade 1, of which 153 
children (48% girls) met the selection criteria for inclusion. No criteria for 
exclusion were used. At risk criteria of poor (pre-)literacy were a 
phonological awareness score ≤ 37th percentile (norm referenced), and/or a 
productive and/or receptive letter knowledge and/or reading accuracy score 
< 1 standard deviation (SD) above the mean of nominated students of their 
own school only, taking thus into account the differences between schools 
in kindergarten curriculum. Grade retention in Grade 1 was also taken into 
account by using adjusted criteria for letter knowledge and reading accuracy 
in case nominated children had already received one year of formal reading 
instruction. The selected at-risk children were randomly assigned to the 
control or intervention condition within each school and classroom. In the 
course of the investigation, a total of sixteen children were excluded. Parents 
of six children (3 controls, 3 intervention) withheld their permission for 
partaking, nine children (6 controls, 3 intervention) had at an early stage 
moved to schools that were unable to participate, and one child in the 
intervention condition passed away. The data of 137 children (50% girls) 
were available for analyses. The intervention group consisted of 31 boys and 
40 girls, total 71, mean age at initial testing 6 y;5 m. The control group 
consisted of 38 boys and 28 girls, total 66, mean age 6 y;5 m. The 
distribution of sex did not differ significantly between groups.  

At selection, after 5-6 weeks of formal reading instruction, on average, 
participating children could name 14 letters and recognize 19, but with large 
variation between schools (e.g., mean scores for naming letters ranging from 
7 to 19). For comparison, not-at-risk first grade students (from the same 
schools, but tested one year later) were able to name around 25 letters and 
recognize 26. Mean score for reading accuracy was 3.5 (for not at-risk 
children 12), and phonological awareness was around the 30th percentile. 
Receptive vocabulary and non-verbal intelligence of the participating at-risk 
children did represent average ability, but at pre-test 20% scored at or below 
the 10th percentile of receptive vocabulary. Eight (6%) children performed at 
or below the 10th percentile of non-verbal intelligence.  

Using short questionnaires, information was collected about 
background and child-specific variables. The response rate was around 75%. 
Chi-square tests and ANOVA’s indicated that the intervention and control 
group did not differ significantly in school reported first home language, 
parental school commitment, disorders like AD(H)D and autism, and 
sensory problems, but children in the intervention group had relatively more 
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other impairments, e.g., low intellectual ability, speech/language impairment, 
dyslexia, anxiety disorders (χ2(2) = 6.99, p < .05). There were no group 
differences in parental reported home literacy environment: amount of 
library visits, rated on a scale of 0 (never) to 2 ((almost) weekly), and amount 
of shared reading, rated on a scale of 0 (never) to 3 (daily). The 
characteristics of the control and intervention groups as included in the 
analyses are shown in the results, Table 5.3. 
 
5.2.3 Description of the intervention program 

For this study, the Dutch intervention program Build! was used, covering 
the phases of pre-reading and beginning reading in kindergarten and Grade 
1 to advanced reading in Grade 2. This program is an extension of a much 
shorter program, designed for children at pre-reading levels only (Regtvoort 
& van der Leij, 2007), which combined activities directed at phonemic 
awareness and letter-sound correspondences of selected graphemes with 
reading of simple words. The extended program consisted of two main 
parts, divided into four subparts and 12 blocks of lessons of increasing 
complexity of word structure. In Grade 1, children usually practiced with the 
first subpart (first seven blocks of lessons).  
  

Table 5.2  
Overview of program parts with the number of core lessons Building of the intervention program Build! 

Program part Content Rehearsal Core lessons 

Basis    
34 vowels/consonants, one-syllable words (CVC structure) 
Part 1 Letters p, o, s, k, i, a (op [up]) - 12 
Part 2 Letters t, m, l, e, n, u (net [net]) Part 1 18 
Part 3 Letters b, aa, r, ee, z, uu, v (zeep [soap]) 1-2 14 
Part 4 Letters g, oo, d, ie, w, ij, oe (koe [cow]) 1-3 19 
Part 5 Letters h, ou, f, ui, ei, j, au, eu (deur [door]) 1-4 24 

12 digraphs, vowel-consonant combinations, one-syllable words (CVC structure) 
Part 6 Letter combinations sch, ch, ng, nk, aai, ooi (school [school]) 1-5 15 
Part 7 Letter combinations oei, ouw, auw, uw, eeuw, ieuw  

(leeuw [lion]) 
1-6 11 

Total 113 
Advanced     
Part 8 Compound words e.g., voordeur [front door] - 26 
Part 9 Onset clusters  e.g., trein, ster [train, star] - 20 
Part 10 Final clusters  e.g., mist, half [fog, half] - 32 
Part 11 Open/closed syllables 
(same vowel per lesson) 

e.g., bonen, tonen, tonnen[beans, tones, 
barrels] 

- 30 

Part 12 Open/closed syllables 
(changing vowels per lesson) 

e.g., bellen, bollen, hollen  
[to ring, bulbs, to run] 

- 49 

Total 157 
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As is shown in the overview of Table 5.2, the program included 
exercises on the level of all relevant graphemes (including digraphs), specific 
vowel-consonant combinations, and one- and two-syllable words, and 
addressed all the orthographic complexities of Dutch (e.g. one phoneme 
represented by two graphemes, consonant clusters, compound words, open 
and closed syllables; see van der Leij, 2004). Also included were assessment 
procedures that helped tutors and/or school counsellors to adapt the 
instruction level of the program to the level of the child.  

The program consisted of six types of computerized exercises, 
appearing in semi-regular order, of which three types were aimed at 
instruction in grapheme-phoneme correspondences (Letters), in phonological 
awareness (Phono), and in word decoding (Building). Both Letters and Phono 
were audio supported. Compared to the earlier version, in Letters now all 
graphemes that are used in Dutch were taught, except for four infrequent 
and irregular ones (c, q, x and y). In addition, frequent vowel-consonant 
combinations (e.g., ieuw) were included. Phono was made more user friendly 
and expanded with a rime exercise. In Building the child had to construct and 
decode words (and pseudowords in the second main part), following a 
scripted set of word transformations according to the principle of progressive 
minimal pairing (e.g., see McCandliss et al., 2003). In addition, an exercise was 
supplemented in which a spoken target word had to be decoded and 
selected from a series of words presented on the screen, within a limited or 
unlimited amount of time. In the new version, the complete sequence of 
words that had to be read aloud (or typed) once more after the set of word 
contrasts were correctly pronounced or selected, could also be presented 
with flashed presentation (i.e., at 2000 ms, 1000 ms, 500 ms, or 200 ms) to 
promote fluency. Also, questions, included to promote reading 
comprehension, were added to the Building lessons (two in each lesson). 
The program also included two game-like types of exercises (Memory, and 
audio supported Domino), in which the content of the previous lessons was 
rehearsed, and another exercise aimed at word construction given a 
restricted set of graphemes and consonant clusters (Self). The first main part 
of the program included all six types of exercises, to foster the basic 
decoding skills with the use of one-syllable (mostly CVC) words. The 
second main part excluded the exercise types Letters and Phono, and was 
directed at learning to decode more complex words in terms of syllable 
structure and consonant clusters. 
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It was recommended that the tutors gave the children lessons up to ten 
to fifteen minutes per session, with a maximum of four sessions per week.   

 
5.2.4 Measures and procedure 

Selection Measures  
Children were administered four selection measures of which the first two - 
phonological awareness and productive letter knowledge - were considered 
the most indicative. Two other measures, receptive letter knowledge and 
word reading accuracy were administered to obtain additional information. 

Phonological awareness. A subtest of the Dutch version of the CELF-4-NL 
(Clinical Evaluation of Language Fundamentals; Kort, Schittekatte, & 
Compaan, 2008) was used to assess phonological knowledge. The subtest 
contains 9 subtasks (5 items each) and measures the ability to recognize and 
manipulate (separate) sounds in spoken words. Administration of a subtask 
was stopped after three consecutive responses were incorrect. Raw scores 
ranged from 0 to 45. Reported Cronbach’s α is 0.85 (Kort et al., 2008). 

Letter knowledge was measured in two ways. The test for productive letter 
knowledge required the children to produce the sound of 34 high frequency 
Dutch graphemes (including digraphs) as fast as possible (Verhoeven, 
1993a). Graphemes were printed on a sheet of paper in random order in two 
columns of 17 lowercase letters each. Only the number of accurate 
responses was scored. Receptive letter knowledge was tested with 32 
graphemes (including digraphs) that were printed on a sheet of paper in 
random order in a series of six lowercase letters each. The children had to 
point to the grapheme that matched a given sound (Verhoeven, 2002). Low 
frequency graphemes (i.e. c, q, x, y) were not included. There was no time 
restraint. The score consisted of the number of correct responses. Reported 
Cronbach’s α for both tests is above 0.85 (Verhoeven, 2000). 

Word reading accuracy. For a quick assessment of beginning decoding skills, 
a non-standardized test was used that consisted of 10 items, two CV words 
and eight CVC words, printed on a sheet of paper in one column. The 
children were instructed to read the words correctly, and, if they were unable 
to sound out the whole word at once, to sound out the letters and then 
blend them into a word.  There was no time restraint. Words that were read 
correctly without first sounding out the letters scored 2 points, words that 
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were read correctly by first sounding out the letters scored 1 point. The 
maximum score was 20. 

Pre-test Measures 

In addition to the selection measures, at pre-test three measures were 
administered to assess children’s initial status on pre-literacy skills.  

Phonological awareness. The ability to manipulate phonemes in spoken 
words was measured in two ways. The first measure was a phoneme-

deletion task (cf. Messbauer & de Jong, 2003). On each item of the test, 
children had to repeat the (pseudo) word first, and then delete a given 
phoneme, always a consonant. The test consisted of two parts. The first 
parts comprised ten monosyllabic pseudowords, after deletion resulting in a 
word. The second part comprised nine monosyllabic pseudowords and nine 
disyllabic pseudowords, after deletion always resulting in a pseudoword. In 
the second part, when five items or more of the monosyllabic items were 
answered incorrectly, the testing of disyllabic pseudowords was 
discontinued. Each attempt was scored as either correct or incorrect. Both 
parts of the test started with three items for practice. The maximum score 
was 28. 

The second phonemic awareness measure consisted of the subtests 
auditory blending and auditory segmentation. The child was first asked to 
blend all the constituent phonemes in 20 monosyllabic words of increasing 
complexity (Verhoeven, 1993a). The test was stopped after all items 
comprising the same number of phonemes (ranging from 4 to 6 items) were 
incorrectly blended. Next, the child was asked to segment 20 monosyllabic 
words of increasing complexity (Verhoeven, 1993b). The test was stopped 
after all items comprising the same number of phonemes (ranging from 3 to 
4 items) were incorrectly segmented. The score consisted of the number of 
correct responses on both tests. The maximum score was 40. Reported 
Cronbach’s α for both tests is above 0.85 (Verhoeven, 2000). 

Naming speed. Serial naming speed for familiar symbols was assessed with 
objects (bike, tree, fish, bed, and chair) (van den Bos, lutje Spelberg, & 
Ruizeveld de Winter, 2003). A card with a series of fifty symbols randomly 
ordered in five columns of ten was presented. Following practice of the last 
column, the child was asked to name the objects as quickly as possible. The 
score was the time to completion. When a child did not know the relevant 
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symbols, the test was terminated. Reported first grade reliability (split-half) 
for objects are 0.81 (van den Bos, lutje Spelberg, & Eleveld, 2004). 

Outcome Measures 

Six measures were administered to assess growth of reading as well as 
reading and spelling outcome in Grade 3. 

Fluency of word reading. Reading achievement was measured by means of 
three reading speed lists (Verhoeven, 2009). The first list consisted of 150 
monosyllabic words with CVC patterns. The second and third test referred 
to different types of orthographic structures: 150 monosyllabic words with 
consonant clusters and 120 polysyllabic words, respectively. The children 
were instructed to read the words correctly and as quickly as possible. The 
raw score per list was the number of words read correctly within one 
minute. The sum of the raw scores of the three lists can be converted into 
an ability score. Reported Cronbach’s α of the first and second card mid 
Grade 1 is 0.96. Reported Cronbach’s α of the first, second and third card 
for end Grade 1, mid and end Grade 2, mid and end Grade3 is above 0.95 
(Krom et al., 2010). 

Fluency of pseudoword reading. A speed test (van den Bos et al., 1993) 
consisting of 116 pseudowords of increasing complexity and similar in 
structure to Dutch words was used. The children were instructed to read as 
many pseudowords as possible with the score being the number correctly 
read. Reported parallel reliability in Grade 3 is 0.95. 

Text reading. A standardized measure (Visser, van Laarhoven, & ter Beek, 
1994) was used to examine oral reading of connected text. Administration 
deviated in several ways from the standard procedure. Regardless of reading 
ability, all children took the level mid Grade 2 text. In case children were not 
able to complete the text within 4 minutes, the reading was stopped. Two 
scores were computed: for fluency being the number of items read per 
second, and for accuracy being the relative percentage of incorrect read 
words. 

Reading comprehension. A standardized measure (Aarnoutse & Kapinga, 
2006) was used that covered the range of ability of pupils within Grade 1 to 
3. Children were given 7 short passages of narrative or instructive nature to 
read. After each passage, they had to respond to two- or four-choice 
questions, tapping the meaning of words, sentences or the whole text, as 
well as inferential comprehension. Children were given the opportunity to 
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complete the test, in case they were not able to do so within 45 minutes. 
The score was the number of correct responses. The maximum score was 
38. Reported Cronbach’s α is 0.93. 

Spelling. To assess spelling achievement, a standardized measure (Geelhoed 
& Reitsma, 1999) was used consisting of 135 words that gradually increase 
in difficulty. The child had to write down (without time pressure) 
monosyllabic and polysyllabic target words dictated in a sentence. The 
words are grouped into nine blocks of 15 words each, indicating varying 
levels of spelling ability. Reported Grade 3 reliability is 0.92. Administration 
deviated in two ways from the standard procedure. The blocks selected for 
each test occasion for all participants were grade dependent, covering the 
range of ability of pupils within a particular grade. Testing was discontinued 
when at least eight words in a block were spelled incorrectly or when all 
selected block were presented. Moreover, for reasons of time, from the 
second administration onwards, children were presented only those blocks 
on which they had written less than 12 words correct. The raw score was the 
number of administered words correctly written plus 15 points for each 
block with at least 12 words correct during a prior administration. 

Vocabulary. A subtest of the Dutch version of the CELF-4-NL (Kort et al., 
2008) was used to assess receptive and productive verbal skills. The subtest 
contains 20 items and is administered in two steps. In step 1, four words are 
presented orally. Children had to answer which of the two are related or 
have a similar meaning. In step 2, children had to elaborate on their answer 
given in step 1, irrespective of whether or not this answer was correct.  
Correct step 1 and 2 responses scored each one point, but correct step 2 
responses only in case of a correct step 1 response. Failing five items in a 
row in step 1 terminates the subtest. The maximum score was 40. Reported 
Cronbach’s α is 0.85 (Kort et al., 2008). 

Control variables 

Receptive vocabulary A receptive vocabulary test, part of a Dutch battery of 
language tests (Verhoeven & Vermeer, 2001) was used to measure children’s 
receptive vocabulary. This test consists of 96 items that are of increasing 
difficulty. The child has to indicate by pointing which of four pictures 
matches the given word. After five consecutive incorrect answers, 
administration was discontinued. Reported Cronbach’s α is above 0.95. 
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Non-verbal IQ The Coloured Progressive Matrices was used to measure 
non-verbal intellectual ability (Raven, Court, & Raven, 1984). The test has 
three subtests with 12 items each. Every item consists of an incomplete 
sequence of symbolic figures. The child has to select one figure from six 
alternatives, which completes the sequence. The maximum test score is 36 
(standard scores 0-10). Reported Cronbach’s α ranges from 0.80 to 0.90 
across languages and age levels (Raven, Raven & Court, 2004).  
 
5.2.5 Treatment integrity: Adherence procedures and Outcome 

Several instruction and follow-up meetings were held for the school 
counselors and tutors. At the start, they received a program manual and 
were informed about how to use the program. School counselors and tutors 
were advised to practice four times a week for about 10-15 minutes during 
which children could complete more than one lesson. Tutors were 
instructed always to adhere to the structure of the program, and not to skip 
the instruction lessons (Letters, Phono, and Building). Tutorial guidance and 
instruction were structured by the computer program, i.e., shown in yellow 
boxes at the left border of the screen. The task of the tutor was foremost to 
accustom the child to the program, to assist and to give feedback during the 
exercises, and to ensure that children stayed motivated. To perform their 
role, tutors were supported by (internal) school counselors who had to stimulate, 
check and monitor the implementation of the intervention at school with 
the use of digital logs. In turn, the school counselors could ask for 
help/assistance by contacting the researchers. In cooperation with two external 
counselors from an educational support institute in Amsterdam, treatment 
integrity was further promoted through evaluation meetings at each school 
for tutors and school counselors, and through central meetings for school 
counselors and teachers. During such meetings, intervention reports were 
given with concrete advice regarding the quantity and quality of the 
implementation.  

For this study, treatment integrity was assessed with quantity of 
administration only, as this measure appears to be the strongest predictor of 
reading (van Otterloo et al., 2006). As measures of quantitative treatment 
integrity, we computed training time, indexed by average frequency of practice 
per week and core training, by means of the number of completed instruction 
lessons Building. This information was retrieved from the digital log within 
the program, separately for Grade 1 and 2. On average, children practiced 



CHAPTER 5 

 128 

1.9 times a week for about 32 weeks, with a range of .5 to 3.5, in Grade 1, 
and 1.7 times a week with a maximum of 32 weeks, with a range of .63 to 
3.1, in Grade 2. Roughly estimated, the average practice time was 30 hours 
across two years, with a range of less than 10 hours to 55 hours. Thus, 
overall, the frequency of practice was about half of the recommended 
frequency of four times a week. With respect to the core lessons Building, 
including repeated lessons, on average children completed 38.4 lessons, with 
a range of 2 to 115, in Grade 1, and 49.1 lessons, with a range of 0 to 168, in 
Grade 2. For the number of lessons within the two main parts, see Table 
5.2. Inspecting the digital log, it was noticed that a substantial subgroup of 
children practiced frequently at a program level that did not match their 
actual level of mastering. Explanations for this observation were mostly low 
practice frequency, often in combination with having deviated from the 
fixed sequence, and/or having repeated too many lessons after failing a test 
within the program. In combination with the observed practice frequency, 
we may conclude that on average it was demanding for schools to maintain 
adherence to the protocol over an extended period of time. 

 
5.2.6 Statistical analyses 

Descriptive statistics were used to delineate the characteristics of the 
intervention and control group. The research questions were investigated 
through analyses of variance (ANOVA)’s and longitudinal mixed model 
analyses.  

First, we tested with (M)ANOVAs the pre-intervention levels to 
ascertain whether the two groups were comparable on critical variables 
before the start of intervention. If necessary, the relevant variables were 
included as covariates in the analyses described in the following paragraphs. 

For word reading, the long-term effects of intervention on the 
outcome at the end of Grade 3 were determined using ANOVA. 
Development across time was evaluated through a mixed model procedure 
as implemented in the statistical software package IBM® SPSS® Statistics, 
version 20 by means of restricted maximum likelihood (REML) estimation. 
A two-level model was fitted in which measurement occasions (level-1) were 
treated as nested within subjects (level-2). The nesting of subjects in 
classes/schools was not considered a problem given the randomization at 
selection before the start of intervention. Time was treated as a continuous 
variable, with the first time point coded as 0, so that the intercept reflects 
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baseline status. In developing the level-1 model, we followed the growth 
model building steps as decribed by Bliese and Ployhart (2002). Starting with 
a random intercept model, we first tested which polynomial function 
captured best the change over time for all subjects. Therefore we examined 
the significance of each specific growth term by examining the t value 
associated with each specific term. After determining the structure of the 
fixed effects for time, we determined whether growth followed the same 
trajectory for all subjects, i.e., whether there were individual differences in 
the fixed effexts. Chi-square difference tests were used to evaluate whether a 
growth model allowing variation in the linear growth parameter fit the data 
better than either the baseline model with a random intercept only, or a 
growth model allowing variation in both the linear and quadratic terms, or, 
if appropiate, given the number of measurement occasions available for a 
variable, in the linear, quadratic and cubic terms. In the last step of level-1 
model building, the error structure of the model was assessed. Finally, level-
2 predictors were added to the model. Main effects and interactions were 
tested by means of the Likelihood Ratio (LR) test (i.e. a χ2-difference test), 
and fixed and random effects were evaluated with t-tests and Wald Z tests 
provided by SPSS, at a significance level of 5%. We started with a full model 
containing all main and interaction effects, and subsequently constrained the 
model further. The estimates of the most parsimonious model will be 
presented. Then, the effect for group is reported on intercept and on change 
over time.  

To determine the transfer of intervention on the outcome at the end of 
Grade 3 for underlying determinants of word reading as well as for measures 
within the domain of reading and spelling, (M)ANOVA’s were used. 

 

5.3 Results  

5.3.1 Preliminary remarks 

The aim of this study was to determine the effectiveness of an early reading 
intervention for subjects who had just started formal instruction in reading. 
However, in testing the effect of intervention on the most relevant outcome 
measure, that is, word reading fluency, it was found that the experimental 
group scored higher, but not significantly so than the control group (p = 
.174).  As already pointed out in paragraph 2.5 of the method section, for a 
variety of reasons treatment integrity was rather low in a substantial portion 
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of the experimental group. If such is the case, it is not clear whether 
insignifcant results are an indication of intervention ineffectiveness or due to 
an insufficient intervention delivery c.q. adherence to the protocol (Moncher 
& Prinz, 1991). To investigate this, using a completion criterion subsequent 
to the intervention period, experimental subjects were assigned to either an 
intervention group comprising subjects who (almost) completed the 
program and/or met the requirements to finish the program succesfully 
(IF), or an intervention group comprising subjects who had not (InF). The 
three groups did not differ on age, sex, or home literacy environment, but 
for the InF children Dutch was more often not the (first) home language (χ2 
(2) = 6.33, p < .05), as shown in Table 5.3.  

As initially all selected at-risk subjects were randomly assigned to either 
the experimental or control group, pre-intervention levels were tested to 
ascertain whether the non-random subdivision resulted in two groups that 
were still equal with respect to critical pre-literacy and/or cognitive skills. 
Also, data were available concerning the amount of training sessions and 
completed word decoding exercises (which formed the core of the program) 
that were taken during the intervention period.  These data were tested as 
well to exclude the possibility that the inability to meet the completion 
criterion could be explained by a more severe problem with learning to read. 
 
5.3.2 Effectiveness of intervention  

Analyses were performed for three groups of subjects: experimental subjects 
who had fulfilled the criterion to finish the program (IF, N = 40, 24 girls, M 
age at selection = 6;5), experimental subjects who had not met the criterion 
to finish the program (InF, N = 31, 16 girls; M age at selection = 6;6), and 
control subjects who did not work with the program (CON, N = 66, 28 
girls; M age at selection = 6;6). To test specific hypotheses on group 
differences in level of performance and in trajectories over time as a result 
of intervention planned contrasts were included in the designs: IF versus 
InF, and IF versus CON.  
 
Pre-intervention levels in Grade 1  

The average scores of the selection, pre-test and control measures for each 
group are shown in Table 5.3. If available, percentile scores were used (i.e. 
non-verbal intelligence and phonological awareness). For naming speed, the 
scores were converted to standard scores. The (M)ANOVAs with group as 
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between-subjects factor indicated that none of the control, selection or pre-
test measures differed significantly between the two intervention groups IF 
and InF, and between IF and the controls (all ps > .05). Consequently, none 
of these variables were entered as covariate in the analyses below.  
 

Table 5.3 
Means and standard deviations (SD) on selection, pre-test and control measures in Grade 1 for 
intervention groups (intervention finished (IF), intervention not finished (InF) and control group (CON). 

 IF 
N = 40 

 InF 
N = 31 

 
CON 
N = 66 

 

Characteristics M SD M SD M SD 
Age (years; months)a 6;5 4.7 6;6 4.7 6;6 5.2 
Girls (%) 60.0  51.6  42.4  
2nd language background (%)  10.0  30.0*  12.1  
Library visitb (0-2)  1.1 .7 .9 .6 .8 .7 
Shared readingb (0-3) 1.6 1.1 1.1 1.0 1.1 1.0 
Receptive letter knowledgea (max=32) 20.0 5.1 18.0 4.9 19.3 5.3 
Productive letter knowledgea (max=34) 14.6 6.0 12.9 5.3 13.5 5.8 
Phonological awarenessa (percentile) 35.2 22.1 26.4  15.7 29.5 20.5 
Reading accuracya (max=20) 3.5 2.8 3.5 3.1 3.6 2.9 
Phoneme deletionc (max=28) 5.9 5.8 4.3 4.9 5.2 4.4 
Auditory blendingc (max=20) 11.0 5.7 9.5 5.3 10.6 4.8 
Auditory segmentationc (max=20) 7.4 5.1 6.4 5.4 7.2 4.5 
Serial naming of objectsc (standard score) 9.8 3.1 8.6 2.8 9.4 3.7 
Receptive vocabularyc (max=96) 67.1 12.9 61.2  14.5 66.8 13.1 
Nonverbal IQ d (percentile) 67.8 25.3 62.5 26.4 63.4 30.4 
Note: ameasured at selection; bIF, N = 38, InF, N = 24, control, N = 49; cmeasured at pre-test, 
dmeasured at mid Grade 1. *p < .05 

 
 
Treatment Integrity  

During the intervention period that lasted from approximately november 
Grade 1 until the of end Grade 4, data were collected on the number of 
training sessions per week and the number of completed word decoding 
exercises that were taken in the program. T-tests indicated that in Grade 1, 
IF and InF did not differ in the number of training sessions per week (InF, 
M = 1.8 vs. IF, M = 2.0,  p > .1), but in the last period (second half of 
Grade 2) children in the IF group had almost one third more sessions per 
week than the children in the InF group (InF, M = 1.3 vs. IF, M = 1.8, t (54) 
= -3.07, p < .01). Across Grade 2, the difference was also significant (InF, M 
= 1.6 vs. IF, M = 1.9, t (64,47) = -2.43, p < .05). With respect to the mean 
number of decoding exercises per week, although on average IF took more 
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exercises across Grade 1 and Grade 2 than InF (Grade 1: InF, M = 1.5 vs. 
IF, M = 1.7; Grade 2: InF, M = 1.6 vs. IF, M = 2.0), the difference between 
two intervention groups was not significant. However, the digital log also 
indicated that InF at the end of the intervention still practised at a significant 
lower level than IF (block of lessons, InF, M = 8.7 vs. IF, M = 11.4, t 
(48,59) = -6.13, p < .001), (see Table 5.2 for the overview of the program). 
So it seems that the InF group in particular the last part of the intervention 
period were given less opportunity to benefit from the intervention than the 
IF group. This group took more varied  exercises at an advanced level 
including the most complex word structures in Dutch, with open and closed 
syllables. 

 
Word reading outcome in Grade 3 and growth from Grade 1 onwards 

The average scores for each group on fluency of word reading from Grade 1 to 
3 are shown in Table 5.4. Fixed and random effects of the longitudinal mixed-
model analysis for the predictor variable Group are reported in Table 5.5. 

 

Table 5.4 
Means (raw scores) and standard deviations (sd) on word reading from mid Grade 1 until end Grade 3 
for intervention groups (intervention finished (IF), intervention not finished (InF) and control group 
(CON). 

 

Raw scores of all three word reading speed lists were first summed up to 
establish the overall level of word reading, and then converted in a norm-
referenced ability score. Regarding the outcome in Grade 3, an ANOVA yielded a 
significant effect of group (F(2, 134) = 4.44, p < .05, ηp

2 = .06). Planned contrasts 
showed that this difference between groups at the end of Grade 3 could be 
associated with a long term-effect of training. One year after the formal ending of 
intervention, IF read words significantly more fluently than InF (F(1,134) = 6.92, p 
< .01, ηp

2 = .05), and CON (F(1,134) = 6.57, p < .05, ηp
2 = .05). 

 
IF 

N = 40 
InF 

N = 31 
CON 

N = 66 
Word reading fluency M SD M SD M SD 
Mid Grade 1  36.1 21.3 22.5 15.0 27.7 18.4 
End Grade 1  85.0 46.9 49.5 33.2 67.3 49.7 
Mid Grade 2  149.1 62.5 101.0 45.8 119.3 66.2 
End Grade 2  180.4 58.0 132.5 52.5 149.2 69.3 
Mid Grade 3  203.9 53.4 156.8 51.3 168.5 65.0 
End Grade 3 219.6 51.4 182.0 57.2 188.9 65.3 
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Table 5.5  
Fixed and random effects for the longitudinal Multilevel Model of word reading fluency for the predictor 
Group. 

Parameter Estimate SE 95% Confidence Interval 
Fixed effects:     
Intercept (γ000) 16.50*** 2.10 12.36 20.64 

Time (γ100) -7.88 4.58 -16.89 1.13 

Time*Time (γ200) 32.65*** 7.20 18.50 46.79 

InF (γ001) -6.32* 3.15 -12.55 -.09 

CON (γ002) -3.34 2.64 -8.56 1.88 

Time*InF (γ101) -6.58*** 1.52 -9.57 -3.58 

Time*CON (γ102) -3.87** 1.27 -6.37 -1.37 

Time*Time*InF (γ201) 1.08*** .25 .58 1.57 

Time*Time* CON (γ202) .49* .21 .07 .90 

Random effects:     
Subject level (u0j) 140.43*** 19.81 106.52 185.15 
Time (u1j) 10.66*** 1.61 7.92 14.34 
Subject*Time (u0j, u1j) 8.40* 3.98 .59 16.21 
Residual 40.45*** 2.49 35.86 45.63 

Note: InF = intervention not finished; CON = controls. *p < .05. **p < .01. ***p < .001.  
 

To assess growth in word reading fluency, data obtained at six 
occasions, from midway Grade 1 to the end of Grade 3, were analysed. The 
best model fit was found for a fifth-order polynomial model (fixed effect) 
with random intercept (word reading at baseline) and random linear slope, 
and an unstructured covariance structure. Excluding the fifth-, fourth- and 
third-order interaction effects of time with group did not lead to a 
significant deterioration in model fit compared to the full model (χ2(6) = 
9.61, p = .14), and the restricted model fitted the data significantly better 
than a more parsimonious model in which the quadratic interaction of time 
with group also was excluded (χ2(2) =15.38, p < .001). Given the restricted 
model, the linear (F(1, 534.62) = 6.33, p < .05), quadratic (F(1, 529.36) = 
21.21, p < .001), cubic (F(1, 529.51) = 14.79, p < .001), fourth order (F(1, 
529.61) = 10.36, p < .01) and fifth order (F(1, 529.68) = 7.67, p < .01) trends 
all significantly described the pattern of word reading fluency over time for 
all subjects.  

Although the effect of group was not significant (F(2, 154.28) = 2.04, p 
> .1), parameter estimates of fixed effects showed that IF had acquired a 
small but significant advantage in reading level above the InF group 
(t(154.28) = -2.00, p < .05) at mid Grade 1, after several months of 
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intervention. Furthermore, significant linear (F(2, 605.52) = 9.75, p < .001) 
and quadratic (F(2, 534.43) = 9.06, p < .001) interaction effects of group 
over time indicated that the three groups did not follow the same trajectory 
over time (see Table 5.5). With regard to the linear trajectory, the IF group 
showed a significantly greater increase over time relative to the InF 
(t(605.76) = -4.32, p < .001) and the CON group (t(604.87) = -3.04, p < .01). 
For the quadratic trajectory the opposite was found as the gradual decline in 
growth rate of reading fluency after the greater initial increase as shown by 
IF was less present in both InF (t(534.94) = 4.26, p < .001) and CON 
(t(530.98) = 2.31, p < .05). Figure 5.1 shows the trajectories for each group 
from the middle of first grade through third grade, as well as two trajectories 
based on Dutch fluency norms, for the average reader (at the 50th percentile) 
and the poor reader (at the 10th percentile) to serve as reference standards. 
With regard to the variance components, the significant random effects at 
the individual level for the intercept (Wald Z = 7.09, p < .001) and the linear 
time slope (Wald Z = 6.61, p <  .001) indicated significant variability in 
initial levels of word reading fluency as well as in its increase over time. 
Also, slopes and intercepts positively and significantly covaried (Wald Z = 
2.11, p <  .05), suggesting that as the intercepts increased, the slopes 
increased also. 

 

 

Figure 5.1. Fluency of word reading from mid Grade 1 until end Grade 3, for the 
intervention groups (intervention finished (IF), intervention not finished (InF)) and the 
control group, with 50th (average readers), and 10th (very poor readers) percentile 
reference norm lines, and period of intervention in shaded area.    
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5.3.3 Transfer effects of intervention on the outcome in Grade 3   

Mean outcome scores for each group on the variables measuring the 
transfer effects of intervention are shown in Table 5.6. 
 

Table 5.6 
Means and standard deviations (sd) on outcome measures within the domain of reading and spelling at 
the end of Grade 3, for intervention groups (intervention finished (IF), intervention not finished (InF) 
and control group (CON). 

 IF 
N = 40 

InF 
N = 31 

CON 
N = 66 

Measures M SD M SD M SD 
Fluency of word readinga  72.7 17.0 60.3 18.9 62.6 21.6 
Fluency of pseudoword reading (raw scores)  49.5 17.0 35.2 16.1 40.7 19.0 
Text readingb (seconds-per-word) .45 .12 .67 .53 .60 .33 
Text readingb (percent incorrect) 1.4 2.0 4.2 5.6 2.5 3.2 
Reading comprehensionc (raw scores) 25.9 5.1 22.1 6.81 23.2 6.1 
Spellingb (raw scores) 73.1 18.0 58.2 21.6 69.9 23.4 
Vocabularyc (percentiles) 35.5 26.3 25.5 22.3 32.8 26.5 

Note: aSum of raw scores on three lists converted into ability scores; bInF, N = 29, CON N = 63; cInF, N 
= 29, CON, N = 62. 

 
Fluency of pseudoword reading. Raw scores were used in the analyses. The 
ANOVA on the outcome in Grade 3 generated an effect of group, (F(2, 
134) = 6.04, p < .01, ηp

2 = .08), with IF performing better than both InF 
(F(1, 134) = 11.35, p < .01, ηp

2 = .08), and CON (F(1, 134) = 6.16, p < .05, 
ηp

2 = .04). 

Text reading. A MANOVA was used to examine text reading fluency 
(seconds per item read) and accuracy (the relative percentage of incorrect 
words given the total number words that were read). The multivariate effect 
of group was significant (F(4, 258) = 3.28, p < .05, ηp

2 = .05). Planned 
contrasts showed that IF read the text more fluently than InF (F(1, 129) = 
6.52, p < .05, ηp

2 = .05) and CON (F(1, 129) = 4.52, p < .05, ηp
2 = .03). 

Accuracy was also higher for IF as compared to InF (F(1, 129) = 10.22, p < 
.01, ηp

2 = .07), but not as compared to CON.  

Reading Comprehension. Using raw scores, an ANOVA yielded a significant 
effect of group (F(2, 128) = 3.83, p < .05, ηp

2 = .06). Planned contrasts 
showed that IF scored higher on reading comprehension as compared to 
InF (F(1, 128) = 6.49, p < .05, ηp

2 = .05) and CON (F(1, 128) = 4.9, p < .05, 
ηp

2 = .04).  
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Word spelling. Raw scores were used in the analyses. The ANOVA yielded a 
significant effect of group (F(1, 129) = 4.36, p < .05, ηp

2 = .06 and planned 
contrasts showed that IF had a better spelling ability at the end of Grade 3 
than InF (F(1, 129) = 8.06, p < .01, ηp

2 = .06). Although CON scored lower 
than IF, there was only a minor difference between these two groups (F(1, 
129) = .55, p > .1, ηp

2 = .00).  

Vocabulary. To assess whether groups differed in vocabulary, midway Grade 
3, after about two years of reading experience, receptive and productive 
vocabulary were assessed with a composite measure. The respective raw 
scores were summed to a total score and converted to an age-standardized 
percentile score. An ANOVA yielded no significant effect of group (F(2, 
128) = 1.34, p = .27, ηp

2 = .02). Planned contrasts confirmed that vocabulary 
in IF did not differ from InF and CON.  

 

5.4 Discussion  

Using interactive one-to-one tutoring in a computerized intervention, we 
were able to show that the group of at risk children who met a completion 
criterion (IF) scored on average as good as typical readers on word reading 
fluency. They outperformed the controls and the intervention subgroup that 
did not complete the program (InF) at post-test at the end of Grade 2 and 
follow-up tests in Grade 3, showing maintenance of the effects on the 
longer term. A concurrent finding was that the IF children were also better 
in fluency of reading pseudowords. This is an important finding because 
phonological recoding which is triggered by pseudowords can be regarded 
as an accelerator of the process of learning to read unfamiliar words. It may 
indicate that the reading processes of the trained children tend to normalize, 
because reading failure, in particular dyslexia, has been related to poor 
phonological recoding (van der Leij & van Daal, 1999). To support the 
suggestion of normalization, there were transfer effects on oral text reading 
fluency, in particular with regard to speed, and on reading comprehension. 
The effect on word spelling, however, was less outspoken. Vocabulary, 
which did not receive attention in the program, was not affected.  

The fact that the program was delivered by non-professionals at school 
adds to the significance of these results. With respect to the policy of 
enhancing literacy and reducing reading failure, which is advocated in many 
countries, it is an example of an evidence-based and cost-effective 
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instruction (see e.g., Foorman et al., 2003). Furthermore, the results support 
the view that was expressed in the introduction. First, intervention should 
start early, around the time that risk of reading failure can reliably be 
identified by the combination of teachers’ judgement and poor performance 
at measures of (emergent) literacy. Second, intervention should be 
prolonged and completed as a supplement to reading instruction in the 
classroom and cover the whole period of initial and advanced reading.  
 
5.4.1 Treatment integrity and tutoring  

On average, treatment integrity appeared to be lower than intended, and 
individual differences were large. Post-hoc this offered the opportunity to 
draw up evidence that it is essential to complete the program up to the last 
part. However, the question may be raised why implementation varied so 
much. Many of the participating schools could not manage methodical 
adherence to the protocol, that is, to let the intervention children practice 
four times per week for about 10-15 minutes, and monitor progress on a 
regular basis. The problem was even greater than sheer quantity because, if 
frequency is low, quality becomes more important. Monitoring development 
- and if necessary - adjusting the current practice level to match their actual 
reading level and needs, prevents that children are being tutored in program 
parts they already master.  Unfortunately, for the children who formed the 
InF group, this relatively efficient practice was often not applied. A justified 
question is whether it is sensible to employ unprofessional tutors instead of 
(semi) qualified school personnel. However, in two earlier Dutch studies in 
which the role of tutor was assigned to the parents of the participating 
children, it was observed that most of them were capable and trustworthy 
enough to follow the protocol (Regtvoort & van der Leij, 2007; van 
Otterloo, van der Leij, & Veldkamp, 2006). It could be argued that these 
home-based interventions were much shorter, and the subjects had not yet 
started formal reading. So the parental task was primarily to guide their child 
through the program in a prearranged order, and keep motivation up. 
Besides, these parents were very motivated because one of them had 
experienced the negative impact of dyslexia. Still, promising results that 
inexperienced community volunteers have also the potential to offer 
additional reading instruction were obtained in other controlled studies (Al 
Otaiba, Schatschneider,  & Silverman, 2005; Vadasy, Jenkins, Antil, Wayne, 
& O'Connor, 1997). There is however an indication that consistency in who 
is the tutor seems to be essential. In a recent study we investigated the 
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effects of treatment integrity on the outcome for a comparable sample of at 
risk children. The intervention was delivered with the use of the same 
computerized program as in the present study, for about the same period of 
time, but started already in kindergarten. The important point is that during 
this period, the program was delivered by the same tutors who were able to 
provide at least sufficient levels of instructional and emotional support, and 
to apply adequate level matching procedures (Zijlstra, Koomen, Regtvoort, 
& van der Leij, 2014). In contrast, in the present study a majority of the 
children practiced with different tutors during the week, mostly older 
primary school students and/or volunteers, who were periodically 
substituted by other tutors.  
 
5.4.2 Limitations and implications of the study  

The present study supports the view that the use of a randomized controlled 
trial, which controls for the effects at class and school level by assigning the 
children to intervention conditions on an individual basis, is a strong design 
to test the efficacy of supplementary interventions. We have no indications 
that the subdivision of the intervention group resulted in structural 
differences between the InF and IF group, except for practicing differences 
as well as first home language. Given that the intervention was school- and 
not home-based, it is unlikely that a possible interaction between those two 
variables may have influenced the reading outcome. Whether or not there 
was a more complex relationship between treatment integrity, home 
language and school environment is a relevant question for further 
investigation. 

However, because deliverance of effective one-to-one tutoring implies 
the ongoing commitment and collaboration of all partaking tutors and 
internal and external school counselors, we came across limitations, which 
should be taken care of in future studies. We assumed that the voluntarily 
participating schools (counsellors, teachers) would remain committed across 
the length of the project. As already mentioned, adherence to the protocol 
was not quite as expected for a substantial part of the children. Not finishing 
the program successfully was in most cases due to insufficient or inefficient 
practice, by and large because schools could not invest the necessary time in 
supervision of the tutors, monitoring progression, and/or acting upon 
directions of the researchers. As a result, some of the more seriously 
disabled students did not benefit from the program because the essential 
adherence to the protocol (e.g. not leaving out lessons or deviation from the 
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right order) to keep in step with the standard instruction in the classroom 
was not met. On the other hand, other children who were in less greater 
need of rehearsal, might have profited more when lessons were skipped. A 
way to cope with this problem is leave the adaptations to individual needs 
less to the tutors and guidance of teachers and counsellors, but make them 
an integral part of the computer program. In particular the tests at the end 
of sessions, can be used to be complemented by algorithms, how to select 
the next sessions and adapt them to the participants’ specific needs, thereby 
enhancing its user-friendliness (tutoring and monitoring will be easier).  

In addition, even when a highly structured intervention program is 
provided, tutors still need instruction and supervision by teachers or internal 
school counselors to ensure a sufficient quantity and quality of tutoring. 
Why this was not always accomplished is a question beyond the scope of 
this paper, but one implication seems to be clear. The role of internal and 
external counsellors in implementation and maintenance of the program 
should be carefully prescribed in the school policy to enhance literacy for all, 
including clear commitment of school leaders. It should be noted that, 
because it was an experimental intervention with randomized selection of 
intervention groups, schools were not allowed to adopt the program as part 
of their policy yet. This implied that they provided both experimental and 
control children with additional help when they saw fit to do so. Given that 
the IF children progressed more, it was to be expected that schools would 
offer additional help more often to children who received no (control 
group) or less intervention (InF). Hence, schools were asked to fill in 
questionnaires, covering questions on kind of additional help, number of 
times per week, number of minutes per session, and number of weeks. In 
Grade 2 an equal number of control and intervention children 
(approximately 60%) received extra literacy-related support, for about the 
same number of times per week and duration across the year. However, the 
controls did receive more minutes per session (CON, N = 36, M = 25.7 vs. 
INT, N = 39, M = 19.9, t (63) = 2.01, p < .05). In addition, compared to the 
group that had successfully finished the program, the group that had not 
done so received on average more often per week additional help (times per 
week: InF, N = 20, M = 4 vs. IF, N = 18, M = 2,8, F(1, 68) = 6.59, p < .05, 
ηp

2 = .09). As expected, the acquired information suggests that schools 
opted more for providing additional literacy support to the less progressing 
at-risk selected children. The fact that the IF children did not receive more 
gives extra support to the conclusion that the demonstrated differences in 
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reading outcome between the subgroups can be ascribed to the intervention 
and not to the extra support.  

The data about additional help provided by the school also support the 
view that identifying children as at risk at the earliest stage of reading 
acquisition indeed includes many low responders to instruction (Fuchs & 
Fuchs, 2006). This observation was confirmed by our finding that overall, 
performance on reading comprehension and vocabulary, as well as on 
spelling was relatively low, compared to norm data. Mean group scores on 
these measures were around one SD below the mean, even in the IF group 
who responded well to the intervention and made good progress in in 
reading fluency. To be effective, school policy should include early 
identification and a system to provide extra help from the start on, and well 
into the next grades. 

In sum, the efficacy of the two-year supplementary tutor-assisted 
computerized intervention focusing on letter knowledge, phonological 
awareness and (pseudo)word decoding, suggests that it provides an effective 
and attractive program for children at early risk for reading difficulties. In 
particular, sustained individual tutoring in Grade 1 and 2 will help those 
young readers to overcome problems in acquiring basic reading skills, 
ensuring that they succeed in leaving primary school with satisfactory 
literacy levels. Presenting a non-professional with the role of tutor is a 
favorable option in several ways. Such a tutoring model is not only more 
cost-effective, it may even be a necessary complement to the classroom 
practices of teachers who often do not have enough time to address the 
needs of at-risk students (Jordan, Schwartz, & McGhie-Richmond, 2009). 
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'Wat was alles ook maar weer?' vroeg de zwaan, terwijl hij een 
scherpe bocht nam en rakelings langs een klaproos scheerde. 

'Alles,' zei de vlinder. 
'O ja!' zei de zwaan. 'Hoe kon ik dat nou vergeten.' 
 
 

Uit: Toon Tellegen (2002), 'Misschien wisten zij alles' (p. 225) 
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Chapter 6 
General Discussion 

 
In this general discussion, the significance and limitations of the studies 
reported in Chapters 2 to 5, and the implications for future directions will be 
discussed in the broader perspective of early identification and intervention 
in children at-risk for developing reading difficulties (RD).   
 

6.1 Identif ication of at-risk children  

6.1.1 Early or not so early identification? 

At what time point in (pre-)literacy development is it functional to identify 
children based on known risk factors that signal difficulties with reading 
acquisition? Functional in the sense that identification includes (most) 
children who truly are in need of early or additional support? It may be clear 
that functional identification highly depends on the measures used to verify 
risk status. As with screening for medical conditions, those measures are 
required to be sensitive (correctly identify those at-risk) as well as specific 
(correctly identify those not at-risk).  

A quick literature search indicates that the extent to which early 
identification studies can predict academic outcomes varies considerably 
across studies and samples. In a research analysis that already dates back 35 
years, Mercer, Algozzine and Trifiletti (1979) found that in terms of 
percentages the identification approaches of the included prediction studies 
yielded overall hit rates (total number of correctly identified regardless of 
risk status) between 46% and 92%, with a median overall hit rate of 73% for 
studies using single instruments as predictors and 79% for studies using 
multiple-instrument batteries. Differential patterns of maturation and mild 
impairments as well as identification before the onset of formal academic 
instruction appeared to contribute to incorrect identification.  

In a more recent meta-analysis of 70 available longitudinal studies (with 
data from 62 independent samples) published between 1985 and 1998, La 
Paro and Pianta (2000) found that the average correlations between 
academic/cognitive assessment in kindergarten and academic/cognitive 
outcome in first and/or second grade ranged from .12 to .78. The overall 
effect size of .51 of these studies may either be interpreted as reflecting 
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moderate stability in child performance across early school years or 
substantial variability. An estimate of this size also indicates that children’s 
rank order will change over the kindergarten to second grade period, 
therefore schools should not only monitor the progress of children’s skills, 
but also take into account background variables and environmental factors - 
including their own contribution - which may affect development.  

The above meta-analytic reviews both illustrate the limitations of early 
identification by measure-based prediction studies considering various 
outcomes in the academic domain. In an influential review concerning the 
prediction of reading acquisition from kindergarten measures, Scarborough 
(1998) reported similar findings in an examination of 55 studies (61 samples) 
conducted over a twenty-year period, in which a wide variety of predictors 
were used. Measures that required print processing (print familiarity, letter 
naming, and emergent reading skills) yielded higher average correlations 
between kindergarten predictors and reading skills one or two years later (in 
the range from .46 and .57), as compared to measures of oral language 
proficiency (range .22 - .46) and nonverbal abilities (range .16 - .31). Higher 
multiple correlations were obtained (R = .75, on average) when combining 
kindergarten measures. Predictive accuracy of reading status for the bottom 
12% of the distribution improved considerably, resulting in a percentage of 
true positives (children accurately assessed as being at high risk) of 89% 
(McCardle, Scarborough & Catts, 2001). The number of false negatives 
(children incorrectly predicted as not at-risk) appeared to be lower than the 
number of false positives (children incorrectly predicted as at-risk).  
 
6.1.2  Early identification in an unselected subsample without 

familial risk 

The samples partaking in the studies included in this thesis can be used to 
shed light on the issue of early identification and subsequent outcome in 
relation to background and intervention variables. First, the focus will be on 
the literacy development of the children who did not receive intervention 
and were included in the study in Chapter 3 as no family risk controls. In 
this otherwise unselected subsample normal variation in pre-literacy and 
other cognitive skills may be expected. To illustrate developmental 
dynamics, of this group of fifteen children, eleven made significant 
progresses in pre-literacy skills during the remaining five months in 
kindergarten. You might say they were ‘ready’ to start learning to read 
because they picked up letters informally. After having visited Grade 1 for 
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about half a year, word reading fluency scores indicated that reading 
development was above the 50th percentile for eight out of those eleven 
children. However, in Grade 51 only five remained in the upper half, as can 
be seen in Figure 6.1. 

 

 

Figure 6.1. Literacy trajectories for 15 subjects not at family risk (noFR). In the left 
shaded area scores on receptive letter knowledge (maximum number correct = 32; in 
percentages) at enrolment in kindergarten, and 5 months later just before the onset of 
formal reading instruction at the end of kindergarten. In the right shaded area scores on 
word reading fluency (percentiles) halfway Grade 1 and Grade 5. 

 
For six of the eleven children with good initial letter knowledge at the 

end of kindergarten, different trajectories were found. Three remained in the 
upper half with word reading fluency halfway Grade 1 but fell back tot the 
20-30th percentile in Grade 5, two already showed up in the below average 
area in Grade 1 and stayed there in Grade 5. One (noFR4) developed into a 
very poor reader straight away halfway Grade 1, scoring in the bottom 10% 
in word reading fluency in Grade 5. Relatively good initial letter knowledge 
appeared to be a forerunner of good word reading fluency in only five out 
of eleven cases. 

With regard to the four noFR children who could have been labelled 
at-risk based on poor letter knowledge at the end of kindergarten, just one 

1 The follow-up assessment halfway Grade 5 is not included in Chapter 3. 
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(noFR8) performed poorly in Grade 1 and 5. One (noFR13) remained in the 
20-30th percentile area. The child with code noFR12 had a slow start in 
Grade 1 but performed as one of the best in Grade 5, whereas another one 
(noFR3) made the reverse progress from a score above the 50th towards 
round about the 20th percentile in Grade 1-5. Three out of the four cases 
with poor initial knowledge at the end of kindergarten, developed more or 
less as expected, but one was a very positive exception. 

Suppose we had used the cognitive risk profile of the 15 children at 
enrolment in kindergarten to identify risk, taking as the risk criteria either a 
score greater than 1 SD below the noFR control group means on phonemic 
awareness (≤ 6) or receptive letter knowledge (≤ 11), or greater than 1 SD 
below the age-standardized means on serial naming speed of objects or 
colours? How well would the outcome criterion of Grade 5 word reading 
fluency below 10th percentile be predicted? One noFR child being at-risk 
(true-positive) would have been correctly identified (noFR8), three 
incorrectly (false-positives: two of which, apart from late-bloomer noFR12, 
ended up as relatively poor readers, i.e. noFR3 and noFR13), and another 
one completely missed (false-negative: noFR4). It would have left ten (two-
thirds) of the children correctly identified as true-negatives, which results in 
a moderate overall hit rate (total number of correctly identified children) of 
73%.  

When we know that reading difficulties do not run in the family of a 
particular child, and can only rely on cognitive profiles half a year prior to or 
at the start of formal instruction, what does this outcome tell us? Should we 
wait and see which student eventually will fail to read properly before 
providing additional help? Adherence to such a policy, as in the older days, 
does not seem to be an attractive option. According to Scarborough (2009) 
about 65-75% of children identified as reading poorly early in the process of 
learning to read continue to do so in later years, whereas only 5-10% of 
children who start out satisfactorily will develop literacy problems after all. 
The results of our small sample of noFR children corroborate these 
estimates. If we had provided focused instruction starting halfway the last 
year of kindergarten, one child was certainly in need of that, another would 
possibly have started to progress earlier, and two others might have become 
better readers. The same picture can be drawn when the cognitive profile at 
the end of kindergarten was used. However, Figure 6.1 also supports the 
view that monitoring progress in Grade 1 and onwards is necessary to 
identify both false negatives at a later stage and provide them with focused 
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intervention, and false positives for who the intervention may be terminated 
once progress allows that.  
 
6.1.3 Early identification in a selected subsample with cognitive risk 

Identification of children as being at-risk just after the start of formal 
reading instruction was used in the sample that participated in the Chapter 5 
intervention. The advantage of such an approach is, that similar to the first 
stage of the response-to-intervention method (RTI) (Fuchs & Fuchs, 2006), 
identification is limited to those children who do not immediately show the 
expected progress when being immersed with reading instruction that very 
first month in Grade 1. A major difference between this Grade 1 sample 
and the kindergarten sample of section 6.1.2 is that the reading abilities of 
the participants’ parents were not assessed upon enrolment. Thus, while the 
absence of an FR background was the only selection criterion for inclusion in 
the kindergarten control sample, inclusion in the Grade 1 study was 
according to a two-step procedure to determine cognitive risk. Children 
were referred by teachers and required to meet screening criteria for high 
risk based on emergent literacy skills. Thus, the sample comprised only of 
children considered to be cognitively at-risk.  

As described in 6.1.1, initial letter knowledge, phonological awareness 
and naming speed of letters are the best predictors of later reading 
development in Grade 1 or 2. The total explained variance, however, is not 
higher than 50% (Schatschneider, Fletcher, Francis, Carlson, & Foorman, 
2004). For example, recently follow-up results of the Finnish Jyvaskyla 
Longitudinal Study of dyslexia (JLD) consisting of FR and noFR children 
were reported with respect to outcome in reading in Grade 2 (Eklund, 
Torppa, & Lyytinen, 2013). Approximately half of the children with a high 
early cognitive risk profile appeared to have problems with learning to read, 
the large majority among them were also at family risk. Their findings can be 
compared to the data of the sample of the Chapter 5 study. 

In our Grade 1 intervention study (Chapter 5), after referral by their 
own teacher as possible at-risk students, participants were screened on letter 
knowledge and decoding accuracy, as well as on phonological awareness. 
Poor performance on either one of these measures would lead to inclusion. 
Included children were randomly assigned to two conditions: intervention 
and control (no-intervention). Mingled with letter knowledge, phonemic 
skills were an important target of our intervention. While naming speed was 
not one of the screening tools, rapid naming of colours and objects was 
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assessed right before the start of the intervention period. So in retrospection 
we are able to tell whether early identification of later reading difficulties 
would have improved, if we had included naming speed.  

For the purpose of providing an example in this general discussion, 
and using only the data of the 66 control children who did not receive 
focused intervention2 the initial screening criteria were sharpened as follows. 
Considered to be low performance in this subsample of referred at-risk 
students were productive letter knowledge and decoding accuracy scores 
below 1 SD above the overall mean (values < 20 and < 7 respectively), a 
phonological awareness score in the bottom 9th percentile (≅ standard score 
< 7), in addition to rapid naming scores in the bottom 12th percentile (≅ 
standard score < 7). A risk profile based on two out of three indicators 
(emergent literacy and low phonological awareness or low rapid naming), 
and outcome defined as word reading fluency in Grade 3 below threshold 
10th percentile, appears to yield the best trade off between sensitivity (78%) 
and specificity (52%), and an overall hit rate of 59% (see Table 6.1).  
 

Table 6.1 
Outcome reading status based on word reading fluency <10th percentile in Grade 3 and cognitive risk 
profile begin Grade 1 (based on at least two scores below criterion on emergent literacy, phonological 
awareness and rapid naming) in the at-risk control group enrolled in Grade 1 (overall hit rate is 59%) 

Risk Reading Difficulties No Reading Difficulties  

Cognitive  14 
23 

false positives 
37 were predicted to 
have RD, 23 had not 

No Cognitive  
4 

false negatives 
25 

29 were predicted to 
have No RD, 4 had RD 

 
18 RD 

14 were predicted 
(sensitivity is 78%) 

48 No RD 
25 were predicted 
(specificity is 52%) 

66 

 

In considering the Grade 3 outcome, almost three quarters (73%) did 
not develop RD based on a threshold <10th percentile on standardized word 
reading fluency. The rate of false positives in our subsample of at-risk 
controls (62%) appears to be somewhat higher than in the Eklund et al. 
(2013) study (52%), in which almost half of the children with cognitive risk 
profiles indicating high risk were reported to have RD at the end of Grade 

2 Schools were allowed to provide them with additional support. 
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(based on a composite of word reading accuracy and fluency measures 
below the 10th percentile). With respect to false negatives, comparable rates 
were found (16% in the Eklund sample versus 13% in our subsample).  

An explanation for the high rate of false positives may be that 
according to the reports of the schools about half of the referred control 
students received school initiated help in addition to regular reading 
instruction for at least one school year. Among them were 15 (65%) out of 
the 23 students identified as false positives in Table 6.1. So, although these 
control children did not practice with the intervention program their reading 
outcome may have been raised due to the additional support delivered by 
the school. Furthermore, it would have been informative to make up the 
cognitive developmental profile of the individual cases identified as false 
negatives, for whom no problems with reading acquisition were expected 
given their performance at the beginning of Grade 1. As in the study of 
Eklund et al. (2013), these poor readers with normal pre-literacy skills may 
have shown additional risk factors like for example poorer cognitive skills, 
task avoidance and/or less time spent reading as compared to children who 
did not develop reading difficulties later on.  

Recall that the overall hit rate achieved for the noFR controls classified 
in kindergarten on the basis of a less stringent risk profile (6.1.2) was 73% 
versus the overall hit rate of 59% in the Grade 1 controls. An obvious 
explanation is that the latter group was composed of a more heterogeneous 
population, including children from families with a home language different 
from Dutch, and either with or without a familial risk for dyslexia. 
Apparently, hit rate increases when a familial risk factor is taken into 
account, and identification of true positives and negatives is not solely based 
on cognitive risk indicators.  
 
6.1.4  Early identification in a selected subsample with familial risk 

The outcome in the FR control group enrolled in kindergarten offers insight 
in the probable development over time of high-risk children if no early 
intervention is provided. Of the 26 FR controls, seventeen (65.4%) were 
found to have a high cognitive risk profile as assessed after enrolment, using 
the same pre-literacy criteria as determined for the noFR group (6.1.2). 
Three of those seventeen children with a ‘double’ risk appeared to be 
reading at age-appropriate levels (scores above 25th percentile on word 
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reading fluency) halfway Grade 5. Thus, they were doing fine3 although their 
cognitive profile in kindergarten in combination with their family 
background may have suggested otherwise. Four more obtained reading 
levels between the 10th and 25th percentiles. Of the remainder nine FR 
children whose pre-literacy skills did not suggest a cognitive risk, two 
belonged to the lowest 25% in Grade 5, the other seven performed at age-
appropriate levels.  

Taking into account both familial and cognitive risk factors, when 
using a RD criterion (10th percentile on word reading fluency) the rate of 
sensitivity reaches 100% - at the expense of specificity (see Table 6.2). Given 
the chosen risk cut-off levels, it also results in a relatively high rate of false-
positives (41%), i.e., over-identification of children at-risk. The overall hit 
rate (73%) is comparable to what was found in the subsample of noFR 
controls. What is striking is that in this subsample of FR controls a familial 
risk alone does not result in severe reading difficulties. A child who combines 
a cognitive risk with a familial risk is at great risk of developing into a very 
poor reader. 
 

Table 6.2  
Outcome reading status based on word reading fluency <10th percentile in Grade 5 and risk profile as 
assessed upon enrolment in the subsample of FR controls (overall hit rate is 73%)  

Risk Reading Difficulties No Reading Difficulties  

Familial + 
Cognitive 

10 
7 

false positives 
17 were predicted to 
have RD, 7 had not 

Familial + No 
Cognitive 

0 
false negatives 

9 
9 were predicted to have 
No RD, no one had RD 

 10 RD 
all were predicted 

(sensitivity is 100%) 

16 No RD 
9 were predicted 

(specificity is 56%) 

26 

 

In comparing the predictive outcomes for two subsamples from 
different studies, one selected on the basis of cognitive risk only, the other 
in which both familial and cognitive risk was considered, it is clear that the 
rates of false-positives are high (62% in the Grade 1 at-risk controls versus 
41% in the kindergarten FR controls), rendering specificity quite low 
(overall 53%). The question is whether this disadvantage of over-

3 It is not known which of the FR controls received additional support from Grade 1 onwards. 
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identification in pre-readers would have great impact on school policy or on 
the children involved. The rate of false negatives resulting in moderate 
sensitivity seems of greater concern but relates to the cognitive risk 
subsample only, thus when no information is available regarding familial 
background.  

 

6.2 Neurobiological indicators of risk  

Knowledge of the risk factors in a child’s background and pre-literacy 
development may result in identifying all true positives, but leaves much 
room for over-identification. A relevant question is whether and to what 
extent neurobiological indicators of risk may further contribute to the rate 
of specificity in the identification of at-risk pre-readers when a combined 
cognitive and familial risk profile has already been recognized.  
 
6.2.1  Habituation in children with and without a familial risk 

In the project proposal leading to this thesis, it was pointed out that 
investigating pre-attentive learning in children at familial risk would be 
scientifically relevant because “the relation between skill automatization at 
the cognitive level and more fundamental neurobiological mechanisms has 
received very little attention in scientific research but may be crucial in 
developing the right diagnostic tools and intervention methods” (p. 3). The 
specific research question regarding the role of pre-attentive learning 
mechanisms (Chapter 2) was whether there would be differences in 
habituation between FR and noFR children under pre-attentive conditions. 
The most striking result of this study was that at pre-reading age there were 
ERP differences in strength and decrease of responding to a repeated 
presentation of a novel stimulus between the three subgroups. The 
subgroup of noFR controls who turned out to be normal readers, the FR 
subgroup comprising of children with normal reading skills and the 
subgroups consisting of FR and noFR children with reading difficulties 
differed significantly from each of the other two subgroups in habituation 
pattern.  

Looking at the individual data in order to evaluate whether our 
neurobiological findings may add to early identification, we found that only 
a small minority within the subgroups of normal reading noFR and poor 
reading children did not fit the subgroup pattern (averaged subgroup 
slopes). Among the normal noFR readers, ten out of twelve had a positive 
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slope indicating habituation (decrease) of the strength of the N1, whereas 
the negative slope in two noFR readers was indicative of a small increase in 
N1 amplitude (range normal noFR, 1.59 to -0.28). Of the poor readers ten 
out of eleven had a negative slope, indicating an increase in N1 strength, and 
only one showed a small decrease (range poor, 0.23 to -2.12). Although in 
the normal reading FR subgroup the pattern of averaged slope data 
indicated that N1 amplitude neither decreased nor increased in negativity, it 
was found that ten out of fifteen children had a negative slope indicative of 
habituation, whereas five showed an increase (range normal FR, 1.05 to -
1.17).  

Full group correlations revealed a significant relation between the 
individual regression slopes of N1 amplitude obtained in kindergarten and 
reading fluency of words (r = .573) in Grade 5, see Figure 6.2, but also of 
pseudowords (r = .515), and word spelling (r = .492). Notably, when 
correlations were tested for each of the subgroups of readers separately, in 
the more heterogeneous normal reading FR and noFR subgroups no 
correlations reached significance. However, in the poor reading subgroup, 
the N1 slope correlated highly with Grade 5 word reading fluency and 
spelling (r = .754, and r = .705, respectively), as can also be derived from the 
narrow spread of the subgroup’s data points in the scatterplot shown in 
Figure 6.2.  

Combined with familial and cognitive risks versus familial risk only, the 
N1 measure did not impact the 100% sensitivity rate in the FR control 
sample that participated in the kindergarten intervention study (see Table 
6.2), as all eight poor readers at familial and cognitive risk within this sample 
for whom ERP data were available (N = 24) showed a negative N1 slope. 
But specificity was raised from 56% to 69% when taking the N1 measure 
into account due to a small reduction (minus two) in the number of false 
positives, resulting in an overall hit rate of 79% (was 73%).  Computations 
regarding the complete sample of 38 children (FR, N = 24; noFR, N = 14) 
with subjects classified as having a risk profile based on both familial plus 
cognitive risk plus negative N1 slope versus a risk profile based on none to 
two of those risk factors yielded high rates for sensitivity (90%) and 
specificity (82%), and a overall hit rate of 84%. The one child identified as a 
false negative (noFR5 in Figure 6.1) was neither at familial nor at cognitive 
risk, but showed the negative N1 slope. The implication that deficits in 
(visual) information processing in at-risk pre-readers are involved in later 
reading failure and may serve as a neural marker in early identification is of 
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course quite intriguing. This finding also provides evidence for the 
theoretical assumption that a deficit in a pre-attentive learning mechanism 
dealing with the processing of novel information may affect attentive 
learning in reading acquisition, and thereby automatization of the skill. 

 

 
Figure 6.2. Scatterplot of the correlation (r = .573) between the N1 slope and word reading 
fluency assessed in Grade 5 in three groups of readers. The triangles represent poor reading 
children (N = 11), the filled black circles noFR normal reading children (N = 12) and the open 
circles FR normal reading children (N = 15). Vertical lines mark the reading fluency thresholds 
<10th and <25th percentiles, the horizontal line marks the threshold below which N1 slope is 
negative. Note that 8 out 11 children identified as poor reader at the end of Grade 2 were still 
poor readers mid-Grade 5 (thresholds <10th percentile), two poor readers improved over the 
years and had scores below the 25th percentile, as was the case for the one poor reader showing a 
small decrease in N1 strength across 14 habituation trials. 
 

6.2.2  Picture-primed word processing in children at familial risk: 

Differences between low and high responders to early intervention 

When investigating the neural correlates of picture-primed word 
identification in FR kindergartners, all provided with an early reading 
intervention (Chapter 4), the evidence for between-subgroup differences in 
neurophysiological characteristics was less distinct. In this second ERP 
study, the analyses concerned the overall strength of brain activation and 



CHAPTER 6 

154 

topographic distribution. Without the assistance of a picture prime, during 
the stage of phonological feature processing, word recognition elicited a 
difference in topography between the subgroups of low and high responders 
to intervention, but no difference in neural activation strength. In a later 
time window, related to the retrieval of lexical and semantic information 
from memory, the observed topographic divergence (y-axis) in responding 
to congruent and incongruent trials in the presence of a small change in 
neuronal activation may implicate a developing congruency effect in the 
subgroup of high responders only. However, full group correlations yielded 
no significant associations between later reading(-related) measures and the 
computed differences between conditions in activation strength and 
topography for the relevant time windows. As discussed in Chapter 4, small 
differences in neural activation between the subgroups may have been 
concealed due to a limited coverage of occipital and temporal channels. But 
for now, these data do not contribute to identification specificity, as more 
research is needed to link the possible subtle topographic differences in 
phonological and congruency processing of picture-primed words to early 
reading skill. 
 
6.2.3 Application of neurobiological precursors  

Our ERP studies required children to pay a visit to the laboratory and 
undergo an EEG recording. To be able to interpret their brain activity in 
response to the habituation task, we used single trial analysis, a rather 
laborious and time-consuming procedure. Apart from practical 
inconveniences and the high costs that are involved, there might be 
reluctance on the part of the parents or the child itself about the application 
of techniques like EEG and neuroimaging in assessing which risk factors for 
developmental dyslexia apply to this given child. More importantly, akin to 
the structural and functional neural precursors of dyslexia observed by other 
researchers (for a review, see van der Leij et al., 2013; see also Hämäläinen et 
al., 2013; Hämäläinen, Lohvansuu, Ervast, & Leppänen, 2014; Raschle, 
Chang, & Gaab, 2011; Raschle, Zuk, & Gaab, 2012) our ERP findings have 
limited precision and predictive utility in the individual case. 
Notwithstanding the progress in technology, as yet current 
neurophysiological findings are not sufficiently precise for screening and 
diagnosis of (later) literacy problems.  

However, lately, three studies from the Swiss research group have 
begun to demonstrate the potential of visual and auditory neurobiological 
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markers for early prognosis by combining them with behavioural indicators. 
The most recent findings concerned the development of neural correlates of 
print processing in poor and normal readers prior to and following an 8-
week training in kindergarten in letter-sound correspondences. Brem et al. 
(2013) found that a pre-training N1 amplitude difference between the 
conditions words and false fonts measured over the right hemisphere 
improved the prediction of reading outcomes in Grade 2 when combined 
with the two behavioural kindergarten measures that yielded significant 
predictions rapid naming and non-verbal IQ, thereby increasing the 
explained variance from 27% to 40%. In a related ERP and fMRI study, 
Bach, Richardson, Brandeis, Martin, and Brem (2013) reported that the 
post-training recorded differential N1 print sensitivity (words minus 
symbols), along with the corresponding activation in the visual word form 
system, and the behavioural measure rapid naming, could discriminate poor 
Grade 2 readers (threshold < 25th percentile) from normal readers 
(threshold > 40th percentile), resulting in a correct classification of 94.1% 
(sensitivity = 100%; specificity = 90.9%). The third study which already 
dates a few years back involved a late mismatch negativity (LMMN) 
indicating hemispheric lateralization of automatic phoneme processing 
(Maurer et al., 2009). This neurophysiological measure obtained just before 
the onset of reading instruction in both FR and no-FR children appeared to 
be the only significant predictor for normal reading outcome in Grade 5. In 
separate analyses of FR subgroup, the LMMN combined with the 
behavioural measure rhyming failed to predict severe reading problems 
(threshold < 10th percentile), but these two measures did predict poor 
reading (threshold < 20th percentile), correctly classifying 81% of the at-risk 
children (sensitivity = 93,3%, specificity = 50%).  

At this point of time there may even be dyslexic dysfunction revealed 
by neuroimaging (e.g., Landi, Mencl, Frost, Sandak, & Pugh, 2010) that 
cannot be observed with behavioural measures. Again we have to stress that 
despite the potential utility, such findings have yet to impact the diagnosis in 
case of apparent difficulties. In regard to developing the right diagnostic tools 
for children assumedly at-risk for reading difficulties, there is progress, as 
reviewed above and given our habituation data. Is it just a question of time 
before neurobiological markers for dyslexia can be used to make a diagnosis 
on a case-by-case basis and help us understand the hitherto unexplained 
causes for reading failure in children recognized as false negatives? Which 
relates to the 5 to 10 per cent of children mentioned by Scarborough (2009), 
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like the one child out of 15 (noFR5 in Figure 6.1) detected in our noFR 
subsample who turned out to be a very poor reader. A negative N1 slope 
was found in this particular child when still a pre-reader, but he was neither 
at familial nor at cognitive risk. So there would not have been any cause for 
further (neurological) assessment before his difficulties with learning to read 
became apparent in first grade. Also, once useful diagnostic ERP and fMRI 
precursors have been identified, will a referral to a specialized clinic to find 
neurobiological confirmation of the manifest symptoms of the disorder 
become standard practice given the financial and personal costs? Until we 
have answers to these questions, the best option is to rely on familial risk 
and behavioural indices that best predict future literacy acquisition - albeit 
not in all cases.  
 

6.3 Intervention for children at-risk for reading difficulties 

6.3.1 When is the right time for ‘early’ intervention? 

Since the first influential prevention studies in children at familial and/or 
cognitive risk, in Denmark (Lundberg, 1994; Borstrøm & Elbro, 1997), 
England (Hatcher, Hulme, & Ellis, 1994), Germany (Schneider, Küspert, 
Roth, Visé, & Marx, 1997), the United States of America (Torgesen et al., 
1999), and Australia (Byrne, Fielding-Barnsley, & Ashley, 2000), it has been 
increasingly acknowledged that preventive interventions are very much 
needed to reduce the number of children with (avoidable) reading failure 
(Torgesen, 2001). As from then, quite a few other early interventions have 
been carried out of which several took place in the Netherlands, (for a 
review, see van der Leij, 2013), one of which is the Chapter 3 study. What 
has been learned from these studies is that improved pre-literacy skills do 
not readily transfer to prevent reading difficulties. Also, as observed earlier 
by Elbro and Scarborough (2004), even in case programs have proven their 
efficacy, the proportion of children who fail to respond appears to be 
considerable and poses a great challenge in early intervention research.   

Obviously, interventions gain in effectivity, when the active ingredients 
of training are identified. However, based on her meta-analysis of 
kindergarten predictors, Scarborough (2009) noted that although there 
appears to be much continuity in literacy development over the years, it is 
still difficult to tell which (pre-)literacy developments are “necessary and 
sufficient” for reading acquisition to be successful. One of the findings 
commonly reported in the literature reviewed by Scarborough is that some 
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children identified as being at-risk in fact develop normal literacy skills (the 
so-called false-positives), whereas others not identified as at-risk become 
poor readers (the so-called false-negatives). As already discussed in section 
6.1, the results of our intervention studies reported in Chapter 3 and 5 are 
no exception in this respect.  

Another common finding is that despite the successful improvement 
of their early literacy skills FR children still remain at high risk for 
developing literacy difficulties. This was very much the case for our 
kindergarten sample consisting of two FR groups of which only one group 
received the early intervention during 14 weeks. At the end of kindergarten, 
the literacy development in the FR intervention group was as far advanced 
as in the noFR controls, and the FR control group was outperformed on all 
relevant literacy skills (letter knowledge, decoding accuracy, and phonemic 
awareness). Important to recall is that many children with initially poorest 
pre-literacy skills benefitted largely from the intervention. Nonetheless, the 
head start of the intervention group did not result in a normal reading 
acquisition in a substantial proportion of the participants. Looking at the 
outcome in Grade 5, both FR groups with and without early intervention 
comprised an equally high percentage of children who went on to develop 
dyslexic problems. Of the trained FR children no less than 38.7 per cent 
versus 38.5 per cent of the untrained FR children scored in the bottom 10 
per cent on word reading fluency. 

Apart from the notion that in dealing with subjects at high risk for 
dyslexia our expectations with respect to the outcome obviously were too 
optimistic, what else is there to learn from the effects of early intervention 
being completely washed out within a half year of formal reading 
instruction? Assuming that the intervention in itself was sufficiently 
effective, and contained the right ingredients, could it be that the period of 
intervention was too early to have had sufficient impact? The intervention 
may have induced a rudimentary level of literacy, such that children did 
acquire an initial understanding of the alphabetic principles and an enhanced 
grasp of the phonemic structure of words. However, since the intervention 
period had no immediate follow-up due to a break of several months 
(including a summer holiday), it may have been the case that the still 
relatively unstable gains did not abide and failed to transfer to the formal 
context of first grade reading instruction. 

It has been argued before (O’Connor, Bocian, Sanchez, & Beach, 
2012) that earlier intervention is not always better than later intervention. 
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But it seems not that likely that the outwardly beneficial effects of the short 
early intervention in kindergarten were washed away due to a lack of 
developmental readiness. Seven out of nine participants scored not only low 
on reading at the first test occasion after the onset of formal instruction 
(mid-Grade 1) but also at the last (mid-Grade 5). Since they did not benefit 
from the intervention nor responded appropriately to formal instruction, 
most of them can be called true non-responders. Also, although at the 
individual level large differences between the participating FR children were 
found, just a small minority seemed not quite ready to transfer newly 
acquired literacy skills to the skill of (automatized) reading. That the 
intervention nonetheless did not overcome the enhanced susceptibility for 
reading difficulties in a too great part of the children may rather reflect other 
limitations, such as the quantity or duration of the delivery.  
 
6.3.2 Is sustained early intervention preferable to a short one? 

Four different Dutch interventions (van der Leij, 2013) were executed aimed 
at strengthening phonological awareness and letter-sound associations in 
kindergartners, each with a different emphasis and approach, three4 FR 
samples from different regions of the country, all four intervention groups 
showed clear post-intervention improvement compared to FR controls, but 
all four studies shared the worrisome outcome that in a nontrivial 
proportion of participants the enhancement in pre-literacy skills did not 
serve as a solid basis for the acquisition of adequate reading fluency. These 
Dutch interventions all resembled one another in terms of duration: they 
were delivered during a relatively short period of 14 weeks, summing up to 
approximately 12 hours of instruction. The conclusion was that the 
intervention period was obviously too short to install improvements in the 
longer run, and selection based on FR alone included too many children 
with relatively low risk of developing RD. 

Recently, a British intervention study (Duff et al., 2014) was carried out 
with children at-risk for dyslexia who were identified in their first or second 
year at school as having the weakest reading skills. After a 9- or extended 
18-week period of intervention at school delivered by trained teaching 
assistants, the enhanced emergent literacy skills did not result in normal 
reading skills at group level. This study is particularly interesting because it 
demonstrates that the reported null results and those in the Dutch 

4 Two studies used a split-sample collection.  
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interventions were not so much due to mode of delivery (school-based 
versus school- or home-based) and timing of the intervention (second 
semester of Grade 1 versus second semester of kindergarten), although 
according to the authors, the classroom literacy approach may have 
intervened in inducing larger effects. Rather, in our opinion for Dutch and 
British interventions alike, delivery was just too short, supporting our 
conclusions based on the study of Chapter 3 (Regtvoort & van der Leij, 
2007).  

The absence of long-term transfer in the kindergarten participants 
indicated that to make full use of the potential of the computerized 
intervention program, extension beyond the initial stage of learning to read 
was essential to also include instruction in larger orthographic units both 
consistent as inconsistent to emphasize multiple orthographic-phonological 
mappings. Such a sustained design, used in the school-based intervention of 
the study in Chapter 5, also better suits the educational needs of at-risk 
children. Foremost they require supplementary as well as repeated 
instruction (van der Leij, 1981) - afforded by human and computer-assisted 
tutoring - to enhance the number of successful exposures given their 
difficulties with the formation of high quality orthographic representations 
(Ehri & Saltmarsh, 1985; see also, Compton, Miller, Elleman, & Steacy, 
2014, who recently arrived at the same conclusions). With additional 
practice, poor readers may obtain an adequate level of direct word 
recognition and automatization (Mol & Bus, 2011; Share & Shalev, 2004). 
As reported in Chapter 5, this approach showed its effectiveness in children 
identified on the basis of a cognitive risk profile5 at the onset of reading 
acquisition - on the condition of intervention completion. At the end of 
Grade 3, the proportions of good readers (threshold > 75th percentile) and 
of poor readers (threshold < 10th percentile) within the intervention 
subgroup that completed the program (N = 40; 56% of intervention 
subjects) approached the reference group’s proportions. However, the 
substantial number of participants who failed to complete the program (N = 
31) signifies that monitoring adherence to the instructional protocol 
becomes even more important in case children receive intervention over an 
extended period. Protocol deviations pose even a greater threat to treatment 
integrity in sustained interventions relative to short(er) ones. Also, the more 

5 Low pre-literacy skills were used as the only inclusion criteria, whereas there were no exclusion criteria. 
So, it concerns a heterogeneous sample of first grade at-risk readers with respect to personal and familial 
characteristics like age, IQ and second language background. Information about a familial history of RD 
was not available. 



CHAPTER 6 

160 

complex the implementation, e.g., involvement of third parties, the lower 
the expected adherence to the protocol may be (Gresham, Macmillan, 
Beebe-Frankenberger, & Bocian, 2000).  

In a separate study highly related to the one in Chapter 5, children at 
high cognitive risk had the onset of sustained intervention in kindergarten. 
While schools were responsible for the implementation, the parents at home 
were the tutors delivering the program prior to formal instruction. From 
first grade onwards until halfway second grade, non-professionals at school 
(i.e., higher grade students, volunteers) assumed the role of tutor. Within 
this particular kindergarten sample, 38 (62%) of the at-risk children 
completed the intervention within the designated period of two years, 
whereas the remainder 23 (38%) children did not. This later percentage - 
matched with the incompletion percentage of 44% in the Chapter 5 
subsample that started out in Grade 1 - suggests that involving the parents 
did not lower treatment integrity in this respect. In comparing the Grade 2 
word reading fluency outcome in both kindergarten and Grade 1 
subsamples that completed the program, Regtvoort, Zijlstra, and van der 
Leij (2014) reported that in the subsample that started intervention earlier in 
literacy development the proportion of poor readers (threshold < 10th 
percentile) was lower than in the subsample that started half a year later 
(start kindergarten, 5% versus start Grade 1, 13%), and the proportion of 
good readers (threshold > 75th percentile) much higher (start kindergarten, 
47% versus start Grade 1, 22%). 
 

6.4 Implications  

6.4.1 Implications for future research 

For early identification of children at risk for poor reading outcomes, past 
research has consistently shown which behavioural correlates of reading 
development are the most critical prior to or shortly after the onset of 
literacy instruction. As has been argued before, with respect to 
neurophysiological precursors this is not yet the case. Over the last decade a 
growing body of evidence has suggested that specific neural precursors may 
contribute to early prognosis. To clarify which functional or structural 
measures are the most predictive and prognostic - in itself and for 
complementing behavioural measures - systematic review involving both 
longitudinal prospective and retrospective studies is strongly recommended. 
Promising candidates are in particular early ERP components – which have 
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been reported to differentiate between kindergartners who do and do not 
develop reading difficulties and can be collected more easily than for 
instance fMRI indices – both in the auditory (Hämäläinen et al., 2013; 2014; 
Maurer et al., 2009) and visual modality (Bach et al., 2013; Brem et al., 2013; 
Regtvoort, van Leeuwen, Stoel, & van der Leij, 2006, see also Chapter 2). It 
might also be interesting to further investigate the congruency effect in pre-
reading children, not only with respect to visual or auditory linguistic 
processing like integrating letters and speech sounds (cf. Blau et al., 2010), 
but also to processing of non-linguistic information e.g., integrating natural 
objects and features, or motion and sounds so as to examine whether at-risk 
children differ from not-at-risk children in how efficient they access and 
integrate information from different visual and auditory neural systems and 
subsystems. 

With respect to early intervention, we might say that there is strong 
consensus among researchers and educators what an appropriate 
intervention should target. Letter-sound correspondences, phonological 
awareness, preferably in the context of reading, consistent and sustained 
practice with a focus on repetition to foster accuracy and automaticity from 
smaller to larger orthographic units. The question is whether the early 
interventions that have proven to be successful at the group-level are 
sufficient flexible to accommodate the instructional needs of the individual 
poor reader. Heterogeneity in strengths and weaknesses in (pre-)literacy 
skills, and in learning characteristics implies the need for specific diagnostic 
tests and differential (modes of) instruction, and continuously monitoring 
progress. So it would be worthwhile to construct both adaptive testing tools 
and adaptive interventions to examine their impact on various periods in 
reading acquisition. While going through the phases of emergent, beginning 
and advanced decoding, children may differ in offset and the extent to 
which they should be provided with explicit and additional instruction, as 
well as in type and intensity of support. For instance, for those with low 
phonological processing skills, it would be helpful to prolong the practice of 
using pictures so as not only to stimulate letter knowledge, but also to allow 
for enhanced access to the phonological codes of novel or lower frequency 
words. Also, for some at-risk readers an individualized computerized 
intervention may as well be effective, while others may thrive only with the 
(additional) support of a human tutor. However, in all cases, continuous 
monitoring of developmental progress is crucial. 
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With regard to intervention content, we endorse the view propagated 
by Compton et al., 2014, that to promote the learning mechanisms of poor 
readers a well-balanced training corpus of words tuned to the specific 
features of the Dutch orthography should be created and examined in 
interventions with proven efficacy. Such a corpus should consist of various 
sets of words varying systematically with respect to orthographic and 
phonological correspondences, including both high-frequency complex 
words, which can be processed as complete word-specific representations, 
as well as words comprising subword orthographic-phonological 
connections of multiple sizes (phonemes, diphones and morphemes) that 
are invariant to position within the word and surrounding letters. The 
training corpus of words used in our intervention program was formed 
according to these principles and may serve as a basis for further 
development. 
 
6.4.2 Practical implications 

For educational practitioners this thesis offers three take-‘school’ messages: 
1) no quick fix but long-drawn-out for children at-risk for reading 
difficulties; 2) no magic involved but plain commitment; and 3) at-risk 
children will not learn reading from implicit learning but need explicit, 
focused instruction and practice. While these positions may speak for 
themselves, below we will consider them in more detail. 

No quick fix but long-drawn-out The two intervention studies described in 
Chapter 3 and 5 together provide evidence that a sustained intervention is to 
be preferred above a short one. An intervention that is restricted to a limited 
period of time cannot adequately address the needs of poor and severely 
poor readers to raise their (pre)literacy skills to satisfactorily levels. Ideally, 
intervention should cover an extended period, encompassing broad 
instruction in basic decoding complemented with prolonged practice in 
accurate and fluent recognition of more complex word structures.  

Such an extended intervention period also entails that kindergarten and 
early grade teachers remain aware of students showing deflected 
developmental trajectories. Some at-risk students may not have been 
identified in kindergarten, apparently because their background 
characteristics and pre-literacy development may not have given rise to 
concern. For them, the act of reading itself, e.g., integration of letter 
knowledge with skills of segmenting and blending and/or the necessary 
transition to direct word recognition may pose the key stumble blocks. In 
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those cases, actual progression is not in accord with the expected 
progression. In contrasting cases, children tend to stay behind in 
kindergarten, yet gain in early proficiency as a result of individualized help, 
and accordingly might or might not stay on course in the years to come. To 
accommodate different kind of trajectories, it is therefore advisable for 
schools to adopt a stepwise procedure in which identification and 
intervention are entwined and bear on each other as a coherent whole. This 
procedure should be spread out over several years (from kindergarten 
through to Grade 4) conform the RTI procedure (Fuchs & Fuchs, 2006).  

In the first step, which can already take place prior to the children’s 
arrival at school, schools gather as much information as possible about the 
student’s familial and socio-cultural background. In the context of family 
risk, not only the reading skills of a parent with dyslexia seem to signal 
increased risk for his or her offspring. Reading skills of both parents should 
be taken into account since non-dyslexic parents in the families of affected 
and unaffected FR children are also found to differ on reading ability (van 
Bergen, de Jong, Maassen, & van der Leij, 2014). Presumptive indications of 
risk, like for instance having relatives with (severe) reading or spelling 
difficulties, or a home language different from Dutch, as well as classroom 
observations by kindergarten teachers prompts schools to screen for 
identification (step 2) according to a risk profile comprising letter 
knowledge, phonological awareness and naming speed. In step 3, all children 
who satisfy the cognitive and FR criteria receive early intervention on 
individual basis, at home or at school. Just before the onset of formal 
reading instruction, response to intervention is being assessed in step 4. Of 
the children with a cognitive risk profile, only those noFR children who do 
not show the expected progress and all FR children continue intervention 
(step 5). After about one and a half month of formal instruction, the early 
decoding skills of all students whether or not receiving intervention are 
being assessed at step 6, so as to identify in an early stage the children who 
are falling behind (see e.g., O’Connor, Bocian, Sanchez, & Beach, 2012) and 
provide them with extra support as well. Mid Grade 1, in step 7, all students 
are again tested on word reading fluency. By then, it will be quite clear which 
children have (very) poor decoding skills (thresholds < 10th and < 25th 
percentiles). They are the ones who continue intervention until they have 
reached a pre-set level. Across first and second grades, however, it is 
essential for teachers to periodically monitor (lack of) progress in no-
intervention students, and act accordingly.    
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No magic involved but plain commitment Even the best intervention 
programme is only as good as its application. In other words, a programme 
with proven efficacy will result in significant improvement on condition that 
it is implemented and delivered as intended. This means that the efforts of 
schools (supervisors, teachers) and tutors matter (considerably). As shown 
by our intervention study described in Chapter 5, adherence to the protocol 
(or not) may have long-term consequences for reading outcome. 

No implicit learning but explicit, focused instruction and practice According to 
Ehri (2005), knowledge of orthographic to phonological mappings must be 
acquired through either explicit learning or implicit learning and practice. In 
line with our habituation data of Chapter 2, normal reading children have 
learning mechanisms that allow for the acquisition of knowledge about 
environmental regularities, which is not driven by conscious strategies (e.g., 
Reber, 1989), and can be transferred to novel tasks (Pavlidou & Williams, 
2014). In poor readers, learning of sequences appears to be impaired, but 
only in case learning is implicit and not intentional (Jimenez-Fernandez, 
Vaquero, Jimenez, & Defior, 2011). Given their tendency to process words 
as whole entities, i.e., they are less sensitive to specific spelling patterns of 
words, poor readers need more exposures than normal readers to recognize 
the word’s pattern (Reitsma, 1983). Hence, children who struggle with 
learning to read fluently need explicit and focused instruction followed by 
(repeated) practice at all levels of reading fluency (letter-sound conversions, 
orthographic patterns, whole words) systematically linked to the context of 
specific words (Compton et al., 2014) to forestall persistent letter-by-letter 
decoding. In addition, they need multiple exposures to all word-forms to 
achieve (minimum) mastery at each stage of reading development. In the 
case of children at-risk for reading difficulties, only early interventions that 
target the systematic build-up of a well-defined orthographic lexicon allow 
for adequate reading proficiency.  

Reducing variation in reading and spelling ability can be brought about 
through enhancing the literacy skills of children at early (or not so early) risk 
for difficulties in learning to read. What is required though, is 
supplementary, focused instruction provided systematically and extensively 
by schools along with progress monitored consistently and support adjusted 
accordingly, challenging at-risk children to practice - a lot -, with carefully 
selected material in order to develop automaticity through overlearning. So 
that proficiency in reading will escape no one. 
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Summary 
 
In most children, learning to read is a process that follows a regular course 
across several years. While still a pre-reader prior to the onset of formal 
reading instruction, within half a year a typical child develops into beginning 
reader, to become an advanced reader in another year. With more 
experience, reading fluency is acquired enabling the child to process written 
or printed information (almost) effortlessly. In some children however, 
learning to read presents a daily struggle and worry, from which they cannot 
escape: in a literate society every child is expected to become a reader. 

Around five per cent in the population has such severe reading 
problems that they are identified as ‘dyslexic’. People with dyslexia may 
never obtain a level of reading that is fluent, involuntarily and effortless, and 
that can be called automatized. For children having one or more close 
relatives like a (grand) parent or sibling with dyslexic problems the chance of 
becoming a dyslexic reader is greatly increased with about 20 to 35 per cent. 
Thus, although having a familial history of dyslexia does not necessarily 
result in a reading impairment, in pre-readers it should be considered a not-
to-ignore risk signalling future reading difficulties. 

Among researchers of dyslexia there is broad consensus that 
developmental dyslexia has a genetic component, that dyslexic brains differ 
from those of normal readers, both functional and structural, and that a 
phonological deficit is at the core of the learning disorder. Furthermore, 
sensory deficits might also be implicated as well a (more general) learning 
deficit as reflected in problems with the automatization of cognitive skills. 
Recent cognitive and neurological findings regarding important markers or 
precursors of later reading skills provide an opportunity to identify children 
- with and without a familial risk of dyslexia - expected to develop problems 
with reading acquisition, and act accordingly. Intervention research shows 
that early intervention is more effective than remediation of reading deficits 
at a later stage of development. Training in phonological awareness has 
found to facilitate the process of learning to read, but the effects on reading 
skill become stronger when incorporating knowledge of grapheme-phoneme 
correspondences, the most important predictor in a fairly consistent 
orthography like Dutch. Much less is known about the significance of neural 
precursors of reading difficulties in pre-readers, in particular with respect to 
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early markers outside the literacy domain such as information processing 
deficits of interest to this thesis.   

The aims of the current thesis are to study early identification and 
intervention in children at risk for later reading difficulties. In the first three 
studies carried out as part of the DDP, the participants were from the same 
sample comprising only children from families identified as having a familial 
history of dyslexia or not. In the fourth study carried out according to the 
programme ‘Onderwijs Bewijs I’ [Educational Evidence], another sample 
was recruited in which children were included on the basis of a cognitive 
risk profile. 

The thought that deficits in visual information processing might be 
implicated in children at familial risk was studied in Chapter 2. The research 
question whether deficits in the learning mechanisms of dyslexic children 
may be more general than specific, was investigated using a habituation 
paradigm. Orienting behaviour to a series of visual standards was recorded 
with event-related potentials (ERPs) in a sample of pre-reading children 
with (N = 24) and without (N = 14) a familial risk (FR) of dyslexia. 
Subsequently, at the end of Grade 2 the acquisition of reading and spelling 
was assessed in order to relate pre-attentive learning in the pre-reading 
phase to attentive learning performance as implicated in reading and 
spelling. After being regrouped into three groups according to literacy level 
and risk factor, single-trial analyses revealed significant group differences in 
the N1 and P3 components. No P3 habituation was found in either group, 
but in the 12 normal-reading noFR controls, the N1 showed the expected 
decrease in strength of amplitude across 14 trials. In both other groups, 
strength of N1 to the initial standard was relatively reduced, but interesting 
differences between these two groups were found to the subsequent 
standards. The 15 normal FR readers  displayed a lack of N1 habituation 
and prolonged N1 and P3 latencies, indicating possible compensation for 
their reduced neuronal activity during initial information extraction. In 
contrast, the group of 9 poor readers showed an increase in N1 strength 
without prolonged latencies, which might suggest inefficient processing in 
an early time window and explain automatization difficulties in dyslexic 
readers. 

Chapter 4 relates early identification to early intervention by examining 
the differential effects of pictorial priming and congruency on word 
recognition in low (N = 13) and high responders (N = 14) to early literacy 
intervention recruited as a subsample of the FR kindergartners participating 
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in Chapter 3. ERPs were recorded to word-picture pairs in which either the 
word preceded the picture (unprimed word) or vice versa (primed word). 
Primed words could be either congruent or incongruent with the picture.

As picture processing may facilitate the activation of phonological 
information and thereby the integration of phonological and orthographic 
information, the question was how picture priming would affect 
phonological encoding and congruency processing in children with low and 
high phonemic skills under different conditions. Both behavioural responses 
(accuracy and speed) and neural correlates of priming (topography and 
extent of brain activation) were analysed. Picture priming appeared to 
reduce the group difference in accuracy found to unprimed words, and it 
also modulated the topographic distribution in the time window related to 
phonological recoding (280-400 ms), such that the group difference to 
unprimed words was absent to picture-primed words. In a later time 
window (560-700 ms) only the high responders showed indications of 
tuning of attentional and integrative processes as a function of congruency. 
The absent divergence in topographic distribution between congruent and 
incongruent responding in the lower skilled subgroup suggests that atypical 
neural responding associated with integrating congruent information signals 
already at kindergarten age later reading difficulties.  

Chapter 3 and Chapter 5 are both dedicated to early intervention in 
children at-risk for reading difficulties. The main differences between the 
studies of Chapter 3 versus Chapter 5 are in time of enrolment (kindergarten 
versus begin Grade 1), inclusion criteria (familial risk versus cognitive risk), 
tutoring (at home versus at school), and duration (14 weeks versus two 
years). In both studies the same computer-assisted program was used in 
which phonological awareness and grapheme-phoneme correspondences 
were trained in the context of word reading, but whereas in the shorter 
intervention decoding restricted itself to simple one-syllable words, the 
longer intervention included training in all relevant word structures. 
Compared to a FR control group the short intervention appeared to be 
effective in the short-term, but the improved letter knowledge and 
phonemic awareness did not transfer to reading ability. In contrast, 
completing the sustained intervention resulted in better reading skills as 
compared to the at-risk controls with the proportion of very poor readers 
(lowest 10% in word reading fluency) in the intervention subgroup 
approaching norm-referenced standards. 
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Chapter 6 discusses the findings and implications of the current studies 
with regard to the main topics in this thesis. In the first part the central 
focus is whether and to what extent known behavioural and neurobiological 
indicators of risk for reading difficulties permit early identification on the 
individual level. The second part evaluates the benefits of implementing an 
extended early intervention as opposed to a shorter one. Finally, suggestions 
for future research and educational practice are given. 
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Samenvatting 

Leren lezen is een proces dat zich voor de meeste kinderen volgens een vast 
patroon over verschillende jaren heen voltrekt. Als kleuter ontwikkelen zij 
geleidelijk het besef dat een woord is op te splitsen in (losse) klanken. 
Taalspelletjes helpen daarbij. Dat elke klank weergegeven kan worden met 
een eigen teken, en dat met dezelfde tekens ook andere woorden gevormd 
kunnen worden, het zogenaamde alfabetisch principe, moet hen expliciet 
geleerd worden. In Nederland is het gebruikelijk dat de formele 
leesinstructie begint in groep 3 van het basisonderwijs. Halverwege het 
schooljaar zijn de meeste klank-tekenkoppelingen geleerd en lezen kinderen 
eenvoudige woorden en zinnen. Daarna kan het heel snel gaan. Met meer 
oefenen kost lezen op den duur zo weinig inspanning dat het een 
geautomatiseerde vaardigheid is geworden: je kunt niet meer níet lezen bij 
het zien van een tekst.  

Foutloos en vloeiend leren lezen is echter niet voor alle kinderen zo 
vanzelfsprekend. Voor sommigen is leren lezen een dagelijkse strijd die zij 
geacht worden te winnen: in een geletterde maatschappij moet elk kind 
kunnen lezen. Ongeveer vijf procent van de bevolking heeft zulke ernstige 
leesproblemen dat er sprake is van dyslexie. Voor een kind met een 
dyslectisch familielid in de eerste of tweede lijn is de kans om zelf ernstige 
lees en/of spellingproblemen te ontwikkelen veel hoger dan 5%, schattingen 
lopen uiteen van 20 tot 35%. Hoewel het merendeel van de kinderen met 
een familiair risico op dyslexie geen problemen met leren lezen zal 
ondervinden, is dyslexie in de familie een niet te negeren signaal.  

Onder dyslexieonderzoekers is er brede consensus dat het dyslectische 
brein functioneel en structureel verschilt van het brein van een goede lezer, 
en dat een  probleem in de verwerking van spraakklanken (fonologisch 
tekort), de kern van de leerstoornis vormt. Sensorische tekorten worden 
echter ook niet uitgesloten. Daarnaast zijn er aanwijzingen dat kinderen met 
dyslexie niet alleen moeite hebben met het automatiseren van lees en 
spellingvaardigheden maar ook met andere vaardigheden, hetgeen eerder 
kan duiden op een meer algemene dan specifieke leerstoornis. 

Kennis van cognitieve en neurobiologische indicatoren met een 
voorspellende waarde voor latere leesvaardigheid biedt de mogelijkheid tot 
identificering en behandeling van kinderen die een verhoogde kans op 
problemen met het verwerven van leesvaardigheid hebben. 
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Interventieonderzoek heeft aangetoond dat vroeg interveniëren effectiever is 
dan remediëren van leesproblemen. In een transparante orthografie als het 
Nederlands, waarin veel klank-tekenkoppelingen consistent zijn, blijkt 
letterkennis een belangrijke voorspeller te zijn van latere leesvaardigheid. 
Vroege training van het  fonemisch bewustzijn (klankbewustzijn) kan de 
ontwikkeling van de leesvaardigheid faciliteren, maar het effect is groter als 
de training ook het aanleren van de klank-teken-koppelingen omvat. Over 
neurobiologische (risico-)indicatoren bij kinderen die nog niet kunnen lezen 
is veel minder bekend. Dit is met name het geval voor voorlopers van 
leesvaardigheid die zich niet binnen het domein van lezen manifesteren, 
maar bijvoorbeeld op een onderliggend niveau van auditieve en visuele 
informatieverwerking.   

In dit proefschrift wordt onderzoek naar de vroege identificatie en 
behandeling van kinderen met risico op latere leesproblemen beschreven. 
De eerste drie studies zijn uitgevoerd binnen het Dutch Dyslexia 
Programme. De deelnemende kinderen kwamen uit twee verschillende 
steekproeven, bestaande uit kinderen uit een gezin met dyslexie (N = 24, N 
= 32) of zonder dyslexie (N = 14). De selectie vond plaats halverwege groep 
2. De kinderen die gevolgd zijn in de vierde studie, uitgevoerd binnen het
programma ‘Onderwijs Bewijs I’, vormden een andere steekproef (N = 
137). Screening hiervoor vond plaats begin groep 3 op basis van een 
cognitief risico profiel. Deze risicokinderen scoorden laag op letterkennis, 
fonologische vaardigheden en/of beginnende leesvaardigheden vergeleken 
met klasgenoten. Zij werden random verdeeld over een interventie- en een 
controle groep. 

De veronderstelling dat er bij dyslectici sprake kan zijn van een 
stoornis in het automatisch verwerken van informatie stond centraal in 
Hoofdstuk 2. Op een leeftijd dat kinderen met en zonder familiair risico nog 
niet hadden leren lezen, werd bij hen met elektro-encefalografie (EEG) 
gemeten of de herhaaldelijke verwerking van nieuwe informatie leidt tot 
habituatie van de hersenrespons. Op elke nieuwe of onverwachte 
gebeurtenis in onze omgeving, bijvoorbeeld een geluid, een aanraking, of 
een plaatje, reageren de hersenen met verhoogde activiteit. Bij herhaling van 
diezelfde gebeurtenis dooft de opgeroepen hersenrespons langzaam uit. De 
aanvankelijk nieuwe informatie is voldoende geleerd, de verwerking kost 
geen aandacht en inspanning meer en de hersenenergie komt beschikbaar 
voor het uitvoeren van en andere taak. Tijdens het experiment kregen alle 
kinderen op een monitor veertien keer kort achter elkaar dezelfde, 
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onbekende abstracte figuur te zien. De analyse van de EEG data vond plaats 
nadat de kinderen hadden leren lezen. De twee groepen met en zonder 
risico werden aan het eind van groep 4 op basis van hun lees- en 
spellingvaardigheden heringedeeld in drie groepen: een risicogroep zonder 
leesproblemen (N = 15), een groep met leesproblemen (N = 11) en een 
controlegroep zonder risico of leesproblemen (N = 12). Met deze werkwijze 
kon een relatie gelegd worden tussen leren dat geen gerichte aandacht vereist 
en leren zoals bij lezen en spellen waarvoor wel gerichte aandacht nodig is. 
De resultaten toonden duidelijke verschillen aan tussen de drie groepen 
lezers in de herhaaldelijke verwerking van de figuur. Alleen de controlegroep 
vertoonde een afname in vroege hersenactiviteit over de veertien 
aanbiedingen van de figuur heen. Vergeleken met deze normaal lezende 
groep zonder risico reageerde de risicokinderen zonder leesproblemen bij de 
eerste aanbieding gemiddeld met verminderde en vertraagde vroege 
hersenactiviteit, die niet afnam. Dit zou kunnen duiden op een 
compensatiemechanisme voor een minder optimale verwerking van nieuwe 
informatie. Opvallender was echter dat de groep met leesproblemen op de 
herhaalde aanbiedingen reageerde met een toename van de vroege 
hersenactiviteit. Die hersenactiviteit bleek bij de eerste aanbieding van de 
figuur nóg minder sterk te zijn dan bij de risicogroep zonder leesproblemen, 
en niet vertraagd ten opzichte van de controlegroep. Inefficiënte verwerking 
van nieuwe informatie zou de automatiseerproblemen van kinderen met 
leesproblemen kunnen verklaren. Als nieuwe informatie door een relatief 
snelle verwerking en lagere hersenactiviteit minder optimaal in het geheugen 
opgeslagen wordt, kan dit een  belemmering zijn voor het snel ophalen uit 
het geheugen van de juiste informatie.  

Hoofdstuk 4 betreft eveneens een EEG studie waarin vroege 
identificatie gerelateerd werd aan vroege interventie door bij beginnende 
lezers na te gaan wat de effecten zijn van priming en congruentie op 
woordherkenning. De onderzoeksgroep bestond uit 27 kinderen met een 
familiair risico die in groep 2 een kortdurend interventieprogramma ter 
versterking van (voorbereidende) leesvaardigheden gevolgd hadden (zie 
hoofdstuk 3). Na afloop van de interventie werden twee groepen gevormd 
op basis van de mate van beginnende geletterdheid. Tijdens het experiment 
werd gebruik gemaakt van een computergestuurde reactietaak met gepaarde 
woorden en plaatjes. De kinderen moesten met een druk op een knop 
reageren op een woord of plaatje dat congruent was aan het voorafgaande 
woord of plaatje binnen het paar. Verondersteld werd dat een beginnende 
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lezer met zwakke fonologische vaardigheden bij het lezen van een woord 
(bijvoorbeeld, kip) ondersteund wordt als dat woord voorafgegaan wordt 
door een plaatje van een kip. Door de vooraanbieding van het plaatje 
(priming) is de fonologische informatie die plaatje en woord delen reeds 
geactiveerd, hetgeen mogelijk de integratie met de orthografische informatie 
van het woord bevordert. Voor de woorden die voor een plaatje kwamen 
presteerde de risicogroep met hoge beginnende geletterdheid naar 
verwachting beter dan de andere groep, en werd er eveneens een 
groepsverschil gevonden in de verdeling van de activiteit over de 
hersengebieden. Deze groepsverschillen in accuratesse en verdeling van 
hersenactiviteit waren echter kleiner, respectievelijk afwezig voor woorden 
die na het corresponderende plaatje kwamen. De faciliterende verwerking 
van het plaatje op woordherkenning leek dus vooral aanwezig voor de 
risicogroep met zwakke beginnende geletterdheid. Conform recente 
bevindingen in neurologisch onderzoek naar de verwerking van gelijktijdig 
aangeboden congruente of incongruente letterklanken en -tekens, kon voor 
de risicogroep met hoge beginnende geletterdheid een gedifferentieerde 
neurale respons voor congruente en incongruente woord-plaatje paren 
worden waargenomen. Dat dit niet het geval was voor de risicogroep met 
lage beginnende geletterdheid kan een indicatie zijn dat atypische 
hersenactiviteit tijdens integratie van congruente informatie een voorloper 
van leesproblemen is.  

Hoofdstukken 3 en 5 zijn beide gewijd aan vroege interventie bij kinderen 
met een risico op leesproblemen. De belangrijkste verschillen tussen de 
studies in hoofdstuk 3 versus 5 zijn het tijdstip van selectie (halverwege 
groep 2 versus begin groep 3), de selectie criteria (familiair risico versus 
cognitief risico), de tutor (ouders thuis versus schooltutor), en duur van de 
interventie (14 weken versus twee schooljaren). In beide studies werd 
gebruik gemaakt van hetzelfde computer-ondersteunende programma 
gericht op het versterken van het fonemisch bewustzijn en het aanleren van 
de letter-klank tekenkoppelingen, gecombineerd met leesoefeningen. De 
korte interventie in groep 2 kan gezien worden als een opstapje naar het 
leesonderwijs in groep 3: de kinderen oefenden het lezen van korte 
eenlettergrepige woorden als op en kip met een beperkt aantal letters. 
Daarentegen werd tijdens de langere interventie, bedoeld als aanvulling voor 
kinderen die net gestart waren met leren lezen op school, in groep 3 en 4 
ook geoefend met andere woordtypen, zoals samengestelde woorden (visnet), 
woorden met medeklinkercombinaties (melk, klop) en meerlettergrepige 
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woorden (kopen, koppen). 
De kortdurende interventie bleek alleen effectief op de korte termijn. Aan 
het eind van groep 2 scoorde de interventiegroep (N = 31) hoger op 
letterkennis en fonemisch bewustzijn dan een vergelijkbare risicogroep (N = 
26) die geen interventie gekregen had. De resultaten in groep 3 en 4 toonden
echter aan dat, ondanks de betere voorbereidende leesvaardigheden, de 
interventiegroep niet beter las dan de controle risicogroep. In beide 
risicogroepen was het percentage kinderen met een leesvaardigheid op het 
laagste vaardigheidsniveau veel hoger (39%) dan in de landelijke 
referentiegroep (10%). Afronding van de langdurende interventie (studie in 
Hoofdstuk 5) resulteerde wel in een betere leesvaardigheid vergeleken met 
de controle risicogroep (N = 66). De groep die de interventie afgerond had 
(N = 40) las aan het eind van groep 4 en 5 gemiddeld op het niveau van de 
landelijk referentiegroep, met een bij benadering vergelijkbaar deel zeer 
zwakke lezers. 

In Hoofdstuk 6 worden de bevindingen van de vier studies samengevat 
en besproken. Allereerst wordt ingegaan op de betekenis van op 
groepsniveau vastgestelde cognitieve en neurobiologische voorlopers van 
dyslexie voor het op individueel niveau signaleren van toekomstige zwakke 
lezers. Een familiair risico op dyslexie blijkt ook in deze onderzoeksgroepen 
de belangrijkste indicatie te vormen voor het ontwikkelen van 
leesproblemen. Het combineren van een familiair en cognitief risicoprofiel 
voorkomt geen over-identificatie, maar er wordt geen enkel risicokind 
‘gemist’. Voor neurobiologische voorlopers van dyslexie kan geconcludeerd 
worden dat bestaand onderzoek naar de inzet ervan op het niveau van het 
individuele kind nog onvoldoende uitsluitsel biedt. Vervolgens worden in dit 
hoofdstuk de kenmerken van een effectieve interventie voor risicokinderen 
geëvalueerd. Geconcludeerd wordt dat vroege interventie zowel in groep 2 
als groep 3 kan starten, maar dat risicokinderen gedurende een langere 
periode interventie nodig hebben om hun leesvaardigheid optimaal te 
ontwikkelen. Tot slot volgen enkele suggesties voor verder onderzoek en 
aanbevelingen voor de schoolpraktijk. 
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Dankwoord 
 
Geen proefschrift zonder dankwoord. Geen dankwoord zonder namen. 
Veel namen bevat dit dankwoord niet. Zoveel personen hebben mij 
gedurende lange of kortere tijd vergezeld tijdens de totstandkoming van dit 
proefschrift. Vooreerst mijn promotor, mijn co-promotor, (ex-)collega's van 
POW(L) of elders, familie, vrienden. Zij hebben hun kennis en ervaring 
gedeeld, mij scherp gehouden, aangehoord, met mij plannen gemaakt en 
uitgevoerd, van data voorzien, ondersteuning verleend bij de analyse van de 
resultaten, mijn teksten gelezen en wel/niet naar de digitale prullenbak 
verwezen, lastige vragen gesteld, geen lastige vragen gesteld. Al die personen 
weten zelf wat ze voor mij betekend hebben. Mijn dank gaat naar ieder van 
hen uit.  

Niet alleen personen maar ook de tijd vergezelde mij op de lange weg naar 
afronding. De uitgebreide hoeveelheid longitudinale gegevens in dit 
proefschrift zijn aan de tijd te danken.  

Natuurlijk speciale dank aan alle kinderen, van wie de namen niet genoemd 
mógen worden, die zich blijmoedig of iets minder blijmoedig ter 
beschikking stelden voor plakkerige en taaie EEG experimenten, of het 
wéér moeten lezen van lijsten met (on)mogelijke woorden; aan hun ouders 
die hun kind(eren) vaak net zo blijmoedig of iets minder blijmoedig 
vergezelden, en zichzelf onderwierpen aan de voor hen soms 
confronterende leestests; aan de juffen en meesters die vragenlijsten 
invulden, en nog meer lijsten en nog meer; aan mijn stagiaires en 
studentassistenten zonder wie de data niet binnengehaald waren, aan de 
onmisbare programmeur van de experimentele versies van Bouw! 

Een dankwoord kan niet zonder enkele namen. Van Yannick en Niklas, die 
er waren als inspiratiebron, pre-proefpersoon, assistent, en wat nog meer, en 
nu met en voor mij blij zijn dat het proefschrift er ligt. Van Wil, die het 
bestuderen van hersengolfjes als minder boeiend ervoer dan lezen over 
‘ervoer of ervaarde’, maar er wel altijd voor me was en zal zijn. 
 
Anne Regtvoort 
Amsterdam, 10 oktober 2014 
 
 


