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Chapter 1

General introduction

Fluent reading has become an increasingly crucial prerequisite to functioning ad-

equately in modern society. Reading, defined as the ability to convert written into

spoken word forms, can be considered a relatively young cognitive skill. Although

the Egyptian elite acquired the competence about five thousand years ago, it has

barely been a hundred years since compulsory education introduced reading to the

general population in Western societies (Dalby, 1986).

Not surprisingly, the interest in reading disabilities, and dyslexia in particu-

lar, arose more or less simultaneously with the introduction of compulsory ed-

ucation. The first publication on developmental dyslexia, or “congenital word

blindness”, appeared just before the beginning of the twentieth century (Pringle-

Morgan, 1896). Nowadays, developmental dyslexia is defined as a specific learn-

ing disability characterized by difficulties in acquiring basic reading subskills such

as word identification and phonological (letter-sound) decoding. It is a widespread

phenomenon, since up to 10% of all school age children are estimated to experi-

ence difficulties in learning to read (Vellutino, Fletcher, Snowling, & Scanlon,

2004). For children learning to read in more transparent languages, like Dutch,

the prevalence of dyslexia is estimated to be somewhat lower, between 4% to 8%

(Blomert, 2005; van der Leij et al., 2004). Dyslexia can have far-reaching conse-

quences, including failure to complete basic education and socio-emotional prob-

lems like anxiety and depression (Bosman & Braams, 2005; Carroll, Maughan,

Goodman, & Meltzer, 2005).

The growing awareness of the importance of reading during the last century

is also reflected by an explosion of research into reading over the last four to five

decades, as evidenced by dozens of specialist journals, international conferences

and the founding of societies focusing on reading and dyslexia. The major aim

of reading research has been to disentangle the complex cognitive processes in-

volved in reading and reading acquisition with the ultimate goals of determining

the causes of dyslexia and the development of adequate reading interventions.

1
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Although a century of scientific studies on reading has resulted in a remark-

able accumulation of knowledge (Snowling & Hulme, 2007), the reading process

is still not fully understood and there is certainly no standard cure for dyslexia.

Therefore, the aim of the current thesis is to expand the current understanding of

visual word-recognition processes in normal and dyslexic readers. In particular,

I will focus on causes that might underlie the slow and laborious reading that is

commonly observed in dyslexic children.

1.1 Reading-fluency impairments in dyslexic children

Proficient reading is characterized by a high level of accuracy and automaticity

(Kuhn & Stahl, 2003). The latter forms the basis of skilled reading as it allows

readers to focus all their attention on the meaning of the text. Dyslexic readers

typically fail to develop the ability to automatically and effortlessly recognize

words, resulting in slow reading.

Because dyslexic readers have difficulties recognizing words instantaneously,

they are thrown back on using more sublexical, letter-by-letter reading strategies

to decode a word (Barca, Burani, di Filippo, & Zoccolotti, 2006; Coltheart, Ras-

tle, Perry, Langdon, & Ziegler, 2001; Zoccolotti et al., 1999). In the meantime,

normally developing children naturally progress from a serial reading strategy to

more efficient parallel word-recognition strategies (Share & Stanovich, 1995).

In transparent orthographies, like Dutch, Italian and German, even dyslexic

readers usually become quite accurate readers (de Jong & van der Leij, 2003;

Spinelli et al., 2005; Wimmer, 1993). Languages with transparent orthographies

are characterized by consistent letter (graphemes) to sound (phoneme) mappings.

As a result of these consistent mappings, it is relatively easy to convert the writ-

ten letters of a word into their corresponding sounds. A letter-by-letter reading

strategy is still laborious, but at least it is likely to result in the correct identifica-

tion of a word. However, in languages with inconsistent orthographies like En-

glish, the letter-to-sound mappings are quite irregular. Therefore, it is much more

difficult to decode an English word with a letter-by-letter reading strategy than a

word in a transparent language. As a consequence, dyslexic readers learning to

read English not only show profound difficulties in developing reading speed, but

also in developing reading accuracy. However, in English, difficulties in develop-

ing reading speed also seem to be the more persistent problem, as intervention

studies with English dyslexic readers have shown that it is much easier to enhance

reading accuracy than reading speed (Torgesen et al., 2001).

In sum, the development of automatic word recognition seems to be the most

persistent problem in dyslexic children. To be able to design proper interventions

to remediate their slow reading, first the specific processes that underlie the devel-

opment of direct word recognition need to be identified.
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1.2 Theories on the development of word recognition

Below I will present a short overview of two influential theories on the devel-

opment of word recognition: Ehri’s phase theory (1998) and the self-teaching

hypothesis of Jorm, Share, Maclean and Matthews (1984). According to phase

or stage theories, the development of skilled word reading can be characterized

by a succession of different phases, or stages, in which the type of associations

between the written and spoken form of words tends to change systematically. In

contrast, the self-teaching hypothesis (Jorm et al., 1984; Share, 1995), describes

the development of word recognition as a continuous process, albeit an item-based

one. After the presentation of the two theories, it will be evaluated to what extent

they provide a theoretical framework to examine and compare word-recognition

processes in normal reading and dyslexic children.

1.2.1 Ehri’s phase theory

There are at least eight different phase or stage theories (Ehri, 2007). For this

Introduction I chose to give a brief review of Ehri’s phase theory (1992; 1998) as it

can be regarded as one of the most influential phase theories and is representative

for phase theories of reading in general. The four phases of Ehri’s theory are

described below.

The starting point of Ehri’s phase theory is the pre-alphabetic phase. In this

phase children recognize a word based on a salient visual cue. These visual char-

acteristics, for instance the yellow M of McDonalds, do not involve letter-sound

relations, as children reading in the pre-alphabetic phase are not yet able to use

the alphabetic principle to decode a word. However, as soon as children mas-

ter a few letter-sound correspondence rules, they move on to the next phase, the

partial-alphabetic phase. In the beginning, when children are only able to use a

few letter-sound correspondences, their reading is quite inaccurate, because often

more or even all letter-sound correspondences are required to correctly identify

a word (Jackson & Coltheart, 2001b). When children master all the letter-sound

correspondence rules, they enter the third phase, the full-alphabetic phase. From

this stage on children are able to form connections between all letters in a word

and phonemes in the corresponding pronunciation to remember how to read the

word. In normal reading children, only one or a few of such encounters with an

unfamiliar word are sufficient to convert it into a sight word, meaning that the

word can be automatically recognized. In the final phase of Ehri’s phase the-

ory, the consolidated-alphabetic phase, children learn to activate letter sequences

that symbolize blends of grapho-phonemic units, including morphemes, onsets

and rimes. But also monosyllabic words that have become sight words and more

frequently occurring spellings of syllables in polysyllabic words (Ehri, 2007).

Ehri’s phase theory was originally developed to describe the process of nor-
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mal reading development and has been used as a starting point for many studies

examining reading acquisition (e.g., Bowman & Treiman, 2002; Share & Gur,

1999). However, researchers have come to acknowledge that the question of how

the reading of dyslexic children fits in the developmental phases deserves more

attention (Ehri & Snowling, 2004).

1.2.2 The self-teaching hypothesis

Instead of focusing on different phases of reading development, the self-teaching

hypothesis describes the development of skilled word recognition in terms of the

acquisition of orthographic knowledge (Share, 1999; Share, 1995). Put simply,

before children are able to directly recognize a word, they need to build up spe-

cific knowledge about its written form. According to the self-teaching hypothesis

the only way to build up such orthographic knowledge is by means of phonologi-

cal recoding: the conversion of unfamiliar words into their spoken counterparts.

As soon as children are familiar with the alphabetic principle, they are able to

build their own store of orthographic knowledge, which in turn enables them to

automatically recognize words.

As dyslexic children are known to suffer from impairments in the representa-

tion, storage and retrieval of speech sounds (Snowling, 2000), it is conceivable that

this leads to difficulties with phonological recoding, which in turn might hamper

their development of orthographic knowledge. Previous studies with English and

Dutch children (Ehri & Saltmarsh, 1995; Manis, 1985; Reitsma, 1983) indeed

found that reading-disabled children needed much more exposure and training

than normal reading children to acquire the same level of orthographic know-

ledge. In addition, Share and Shalev (2004) found that reading-disabled children

learning to read Hebrew showed impaired orthographic learning relative to normal

reading children.

1.2.3 Limitations of current developmental theories

On the basis of Ehri’s phase theory and the self-teaching hypothesis, it can be

concluded that the acquisition of fast and automated word recognition is a direct

consequence of the development of orthographic knowledge, that is, a system

of associations between phonology and orthography. Indirectly, it can also be

deduced that failure to build up orthographic knowledge will lead to problems in

developing reading speed. Indeed, it has been found that reading-disabled children

are slower in building up such orthographic knowledge (Ehri & Saltmarsh, 1995;

Manis, 1985; Reitsma, 1983).

However, to be able to pinpoint the causal processes underlying the slow and

laborious reading of dyslexic children—which is the aim of the current thesis—

more specific predictions than those that are currently provided by developmental
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word-recognition theories are needed (see also Beech, 2005, for a short critique

on Ehri’s phase theory). For instance, the self-teaching hypothesis postulates that

phonological recoding is the key mechanism behind orthographic learning. The

definition of phonological recoding, however, is very broad. In fact, it is used as

an “umbrella term for the process of print to sound conversion by whatever means

this is accomplished” (Share, 2008, page 35). As a consequence, the self-teaching

hypothesis in its current state does not provide a starting point for specific pre-

dictions about the nature of phonological recoding (de Jong, Bitter, van Setten,

& Marinus, 2009). To start with, it remains unclear whether children only use

letter-sound correspondences to decode words or whether they also learn to com-

plement these mappings with the use of larger units like onset clusters, rimes or

syllables. It is also unclear how inconsistencies like multigrapheme units (e.g.,

the ou in soup) are resolved. This is in contrast to Ehri’s phase theory, which does

assume a shift from more finely grained associations between all individual letters

and corresponding sounds towards connections between larger letter clusters and

sound mappings.

However, like the self-teaching hypothesis, the phase theory does not make

explicit predictions about differences in phonological recoding between normal

and dyslexic readers. In addition, neither the self-teaching hypothesis, nor the

phase theory describes whether phonological recoding is applied in a serial, left

to right, or parallel fashion. Both issues, learning to use larger clusters in word

recognition and the nature of phonological recoding, are highly relevant factors in

comparing the development of word recognition in normal reading and dyslexic

children. Especially the first issue, the acquisition and use of larger clusters in

word recognition, will be examined in this thesis.

1.3 Framework to examine word-recognition processes

In contrast to developmental theories, models of skilled word-reading are more

explicit in describing the processes that precede the recognition of a word. Es-

pecially in the Dual-Route Cascaded model (DRC model, Coltheart et al., 2001)

and the Connectionist Dual Process model (CDP+ model, Perry, Ziegler, & Zorzi,

2007) such processes are meticulously defined. Due to their explicitness, these

models provide a useful framework for formulating hypotheses about and for ex-

amining proximal causes of word-recognition problems of dyslexic readers (see

also Ziegler et al., 2008).

Proximal causes are defined as processes within a stated or implied model of

the reading system as it is functioning at a particular time, and they always refer to

processes on the cognitive level (Jackson & Coltheart, 2001a). By testing causal

links between properties of a hypothesized (dyslexic) reading system and specific

reading behaviour, the experimental approach of the current thesis differs from
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reading-development studies focusing on more distal causes of reading problems.

The latter approach typically investigates the contribution of factors like general

cognitive ability, verbal ability, phonological memory, phonological awareness

and letter-name knowledge in predicting individual differences in reading ability

or development (Bowey, 2007). The current thesis, however, specifically focuses

on differences between the dyslexic and normal reading system as it is functioning

during the recognition of a word.

In the DRC and CDP+ models of the reading system, a distinction is made

between a sublexical and a lexical route in the recognition of words and pseu-

dowords. In the sublexical route, letters or graphemes are processed in a se-

quential left-to-right, one-by-one fashion. Therefore, extra reading time will be

required for each additional letter, or grapheme, in a word or pseudoword. In

contrast, in the lexical route all letters of a word are processed in parallel and im-

mediately trigger the orthographic representation of the word in an orthographic

lexicon. As a result, the number of letters in a word does not affect the reading

time. The two routes operate simultaneously, with the relative contribution of the

lexical route depending on whether the target word is familiar (i.e., represented

in the orthographic lexicon), but also on how many similar words are available

in the orthographic lexicon. As pseudowords are not in the orthographic lexi-

con, the contribution of the sublexical route will be larger. In contrast, the lexical

route will be more important in recognizing exception words, as the application

of grapheme-phoneme correspondence rules will not lead to the correct pronunci-

ation of such a word (Coltheart et al., 2001). The distinction between exception

words and pseudowords is very relevant in studying word-recognition processes

in languages with inconsistent orthographies like English (see also Section 1.1).

However, in languages with more transparent orthographies, like Dutch, it is more

relevant to distinguish between unfamiliar and familiar words (Share, 2008).

1.3.1 Sublexical processes in word recognition: Which are the

functional units of print?

The lion’s share of the current thesis (Chapters 2 to 5) focuses on sublexical pro-

cesses in word recognition in normal and dyslexic readers. Important issues con-

cern the size of the functional units in word recognition, whether the use and size

of these units change during reading development, and potential differences be-

tween normal and dyslexic readers in the use of these units.

Within monosyllabic words, three different units can be distinguished. Firstly,

sublexical clusters, units larger than one letter, but smaller than a word like con-

sonant clusters (e.g., st in stop or spl in split), bodies (e.g., sto in stop), and rimes

(e.g., op in stop). Secondly, graphemes, referring to all letters and letter combi-

nations that represent a phoneme, including digraphs, such as f, ph, and gh for

the phoneme /f /. Finally, the letters, representing the smallest units. Below, I will
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elaborate on how differences in the use of these different units might account for

the word-recognition problems in dyslexic children and outline how the use of

these different clusters will be examined in the current thesis.

The use of sublexical clusters in reading: Consonantal onset clusters and rimes

Examining the use of sublexical clusters in the reading development in normal

reading and dyslexic children is important from both theoretical and practical

perspectives. Firstly, the profound difficulties dyslexic children experience in

developing reading speed might be partly explained by a failure to use larger letter

clusters as functional units in reading. In terms of Ehri’s phase theory (Ehri, 1992,

1998), this would mean that children with dyslexia do not reach the consolidated-

alphabetic phase. In response to this assumption a large number of studies have

been conducted, using several techniques to improve the use of larger letter clus-

ters in poor and dyslexic readers (Das-Smaal, Klapwijk, & van der Leij, 1996;

Hintikka, Landerl, Aro, & Lyytinen, 2008; Huemer, Landerl, Aro, & Lyytinen,

2008; Levy, 2001; Thaler, Ebner, Wimmer, & Landerl, 2004; van Daal, Reitsma,

& van der Leij, 1994). Unfortunately, however, the effects of such interventions

have been rather small. This finding might implicate that an increasing ability

to use sublexical clusters is not the underlying mechanism behind the develop-

ment of reading speed. However, it might also be the case that the proper way of

stimulating the use of sublexical clusters in reading has not been found yet.

Secondly, studying the use of sublexical clusters is of theoretical interest as

the assumptions of current computational models of word recognition differ in

their treatment of these units. In most connectionist single-route models sublexi-

cal clusters have been explicitly built into the model or are an emergent property

of the learning of a distributed network (Harm & Seidenberg, 1999; Plaut, Mc-

Clelland, Seidenberg, & Patterson, 1996). In contrast, sublexical clusters are not

represented in the Dual-Route Cascaded model (Coltheart et al., 2001).

However, with the exception of the computational-modelling work of Harm

and Seidenberg (1999), possible differences in learning to use sublexical clusters

in reading between normal and dyslexic readers have not yet been implemented in

computational models of reading. This is surprising, because less use of sublexi-

cal clusters might not only form a plausible explanation for the slower reading of

dyslexic children, but also for the finding that they respond more strongly to two

important marker effects. These marker effects are the Lexicality effect, the find-

ing that it takes longer to read unfamiliar than familiar words, and the Length ef-

fect, the observation that longer words and pseudowords are read more slowly and

less accurately than shorter words and pseudowords (Martens & de Jong, 2006;

Rack, Snowling, & Olson, 1992; Ziegler et al., 2003; Zoccolotti et al., 2005).

The latter effect tends to be especially strong for pseudowords (Balota, Cortese,

Sergent-Marshall, & Spieler, 2004). If dyslexic children make less use of sublexi-
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cal clusters, then indeed the slowing down in their reading speed is predicted to be

stronger for pseudowords, especially longer pseudowords, than for words, which

in turn explains their more pronounced Lexicality and Length effects.

Despite the practical and theoretical relevance, studies investigating the use of

sublexical clusters in children, and especially dyslexic children, are scarce. In this

thesis the use of sublexical clusters will be examined in both normal and dyslexic

readers by using different experimental paradigms. The question whether dyslexic

children are less proficient in using consonantal onset clusters (e.g., st in stop)

and rimes (e.g., op in stop) during word recognition than normal reading children

will be addressed in Chapter 2. The use of these clusters in normal reading and

dyslexic children was examined with naming and lexical decision tasks in which

the consonantal onset and rime clusters of the target words and pseudowords were

visually distorted with a hash (e.g., s#top). To further examine the role of the

use of consonantal onset clusters in the development of word-recognition speed,

an intervention study was conducted. A novel training was developed in which

the use of consonantal onset clusters as blended units was explicitly trained. This

training study is presented in Chapter 5.

The use of graphemes: Are digraphs perceptual units in reading?

As described earlier, graphemes are defined as all letters and letter combinations

representing a phoneme. Since there are more phonemes than letters in the al-

phabet, there are also a large number of graphemes that consist of two or even

more letters (Borgwaldt, Hellwig, & de Groot, 2004). A grapheme that consists

of two letters is called a digraph. Digraphs are a high-frequent phenomenon in

Germanic languages like English and Dutch. For example, in Dutch 50% of all

monosyllabic words contain one or more digraphs (Baayen, Piepenbrock, & van

Rijn, 1993). Digraphs (and trigraphs) can be considered a special category within

the larger family of sublexical clusters because, in contrast to for instance onset

clusters and rimes, there are more letters mapping onto one sound.

Previous studies showed that words containing digraphs are more difficult for

beginning readers than words consisting of single-letter graphemes only (Elbro,

1996). This is probably due to the fact that a child has to become used to mapping

one sound onto two letters that were previously taught as having different letter-

sound mappings when encountered in isolation, that is, outside of the context of a

digraph. Compare, for instance, the pronunciation of the /o/ in stop and the /u/ in

stuff to their joint pronunciation in soup.

Because beginning and dyslexic readers are known to use more serial letter-by-

letter reading strategies (Zoccolotti et al., 1999), it is conceivable that an encounter

with a digraph may slow down their reading speed. One way to solve the incon-

sistency of a digraph is to process the two letters as a perceptual unit. It might be

that beginning readers and dyslexic children are less proficient in processing di-
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graphs as perceptual units, which in turn may form an explanation for their slower

reading speed.

The question whether digraphs are processed as perceptual units and whether

dyslexic readers are less proficient in doing so, is not only interesting in explaining

reading speed differences between normal and dyslexic readers, but also impor-

tant from a theoretical point of view. Within the Dual-Route Cascaded model,

perceptual processing (i.e., before the sounds are mapped onto the letters) strictly

pertains to the letter level. The inconsistency of a digraph is not resolved until

the sounds are mapped onto the separate letters (Coltheart et al., 2001). In con-

trast, the CDP+ model postulates a graphemic-buffer layer in which words are

parsed into graphemes (and not into letters) before the sounds are mapped onto

the graphemes.

In the present thesis, the processing of digraphs in normal and dyslexic readers

is examined in three different studies. Two studies will focus on perceptual pro-

cessing by using a segmentation paradigm (Chapter 2) and a visual letter-detection

paradigm (Chapter 3). Finally, in Chapter 4, I will examine whether the presence

of a digraph slowed down word and pseudoword naming speed and whether this

effect was more pronounced in dyslexic children.

Zooming in on the length effect: Is it letter based or grapheme based?

The issue whether digraphs are visually parsed before the sounds are mapped onto

the graphemes is inextricably connected to the question whether the Length effect

is based on the number of letters or number of graphemes. Similarly, it is also

related to one of the previously raised questions about the nature of phonologi-

cal recoding (Share, 1995). Do children recode familiar words letter by letter or

grapheme by grapheme?

The Length effect has been thoroughly investigated in both normal and dyslexic

readers (Balota et al., 2004; Martens & de Jong, 2006; Spinelli et al., 2005;

Weekes, 1997). As mentioned in Section 1.3.2, dyslexic children have typically

been found to respond more slowly and less accurately to longer words and pseu-

dowords than to shorter words and pseudowords compared with normal readers.

However, it should be noted that these earlier studies selected their stimuli based

on number of letters only, without taking the presence of digraphs into account

(e.g., Martens & de Jong, 2006; Ziegler et al., 2003). As a result, it is still un-

clear whether the word-length effect is based on number of letters or number of

graphemes. Compare for instance the words stop and soup. The first word consists

of four letters and four graphemes, whereas the second, because of the presence

of the digraph, consists of four letters and three graphemes. In addition, none of

the Italian studies, comparing word-length effects in normal and dyslexic readers

(e.g., Spinelli et al., 2005, Zoccolotti et al., 1999), controlled for the influence of

syllable length.
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To resolve the question whether the Length effect and the more pronounced

Length effects in dyslexic children are based on number of letters or number of

graphemes, a naming study was conducted. In this study, which is presented in

detail in Chapter 4, only monosyllabic words were included to avoid possible

confounds with syllable length.

1.3.2 Lexical processes in word recognition: Sensitivity to neigh-

bourhood size

Within the self-teaching hypothesis (Share, 1995); (Section 1.2.2), phonological

recoding is described as an umbrella term for the process of print-to-sound conver-

sion. In the previous sections, phonological recoding was linked to the sublexical

route. However, within the definition of the self-teaching hypothesis, words and

pseudowords can also be recoded by analogy with familiar words, that is, via lex-

ical instead of sublexical processing.

Lexical processing involves the retrieval of a whole-word pronunciation from

a knowledge base of such pronunciations (Jackson & Coltheart, 2001b). The first

four studies in the present thesis all focus on differences in sublexical reading

processes between normal and dyslexic readers. However, it might also be the case

that the reading-speed deficit of dyslexic readers results from deficits in lexical

processing. For instance, Barca et al. (2006) argued that the persistent letter-by-

letter reading strategy of dyslexic readers might be a consequence of an inability to

use or build up lexical knowledge. In addition, studying word recognition from the

perspective of the self-teaching hypothesis, a number of studies have found that

dyslexic children experience difficulties in building up orthographic knowledge

(Ehri & Saltmarsh, 1995; Manis, 1985; Reitsma, 1983).

Therefore, in the final study in Chapter 6, two different marker effects were

used to compare lexical processing between normal reading and dyslexic children,

namely sensitivity to orthographic neighbourhood size (N-size) and sensitivity to

the presence of a high-frequent neighbour. Previous research with skilled readers

has shown that words and pseudowords with many neighbours, like cat (which

has several neighbours including cap, bat and cut), are read faster and more accu-

rately than words with fewer neighbours (Andrews, 1997). The only earlier study

investigating N-size effects in dyslexic children is a study of Ziegler et al. (2003).

However, this study focused on the body neighbourhood. In contrast to general

N-size, body N-size is the sum of words that can be formed by changing only the

first letter of a target word (e.g., neighbours of hit are bit and lit, but not hip). It

was found that dyslexic children showed normal facilitatory body N-size effects.

Comparing the influence of the presence of a high-frequent neighbour on word-

recognition speed in normal and dyslexic readers has not been done before and

can therefore be considered a novel approach to investigate differences in lexical

structuring and processing in normal and dyslexic readers.
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1.4 Summary of the focus and outline of this thesis

The current thesis aims to examine differences between the normal and dyslexic

reading system in order to find explanations for the slow and laborious reading

of dyslexic readers. Following computational models of reading (Coltheart et al.,

2001; Perry et al., 2007), a distinction is made between sublexical and lexical

processes in the reading system. The majority of the studies in the present thesis

(Chapters 2 to 5) focuses on sublexical processing. The main aim of these studies

is to identify the functional units of print and whether normal and dyslexic readers

differ in their ability to use these units. Finally, in Chapter 6, potential differences

in lexical processing will be examined.





Chapter 2

The use of sublexical clusters in

normal and dyslexic readers∗

Abstract

The current study examined the use of sublexical clusters in normal and dyslexic

readers. We focused primarily on onset consonantal clusters, but the use of rimes

and digraphs was also considered. A segmentation paradigm, the separation of

two adjacent letters in a word by a nonletter symbol, was used. We hypothesized

that the effect of this distortion on reading would be larger if two adjacent letters

functioned as a cluster. In the first study, naming and lexical decision tasks were

administered to 24 normal reading and 24 dyslexic grade-4 children. In a second

study, the same tasks were administered to 24 skilled adult readers. The results

did not support the use of consonantal onsets and rimes during reading. However,

we did find that digraphs were used, because their distortion had a relatively large

effect on reading speed. This effect was similar in normal and dyslexic readers.

∗Marinus, E. & de Jong, P. F. (2008). The use of sublexical clusters in normal and dyslexic readers.

Scientific Studies of Reading, 12, 253-280.

13
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2.1 Introduction

Sublexical clusters are units that are larger than one letter, but smaller than a word.

They pertain to any combination of letters including digraphs, consonant clusters,

codas, and rimes. In the study presented here, we examined whether such clus-

ters are acquired during reading acquisition. This issue is of both theoretical and

practical importance.

Current models of skilled reading differ in the extent and ways in which they

represent sublexical clusters. In several connectionist models, sublexical clusters

have been explicitly built into the model, or are an emergent property of the (sta-

tistical) learning of a distributed network (Harm & Seidenberg, 1999; Plaut, Mc-

Clelland, Seidenberg, & Patterson, 1996). In contrast, in the Dual Route Cascaded

(DRC) model (Coltheart, Rastle, Perry, Langdon, & Ziegler, 2001) the decoding

of a letter string is by default based on the input of the separate letters of the pre-

sented letter string. The DRC model features context sensitive rules when more

letters are needed to determine the specific pronunciation, for example, in case

the letter string contains an inconsistency like a digraph. In this case, the letters

are temporarily treated as a unit, but not stored as a sublexical cluster. When the

DRC model later encounters a (pseudo)word containing the same letter combina-

tion, it will reactivate the context sensitive rules, and will not directly recognize

the letters as unit. In addition, the DRC model will only process more letters at

once when an inconsistency has to be resolved, whereas connectionist models also

learn sublexical clusters with consistent pronunciations.

Several developmental theories of reading also assume that children learn to

use sublexical clusters. In the last phase of Ehri’s phase theory of reading acqui-

sition, the so-called consolidated alphabetic phase, associations are established

between multiletter units and their corresponding phonological segments in spo-

ken words (Ehri, 1992; 1998). According to the Psycholinguistic Grain Size The-

ory (Ziegler & Goswami, 2005) on the other hand, the emergence of sublexical

units is not linked to the phase of reading acquisition, but is assumed to depend

on the consistency of the grapheme to phoneme mappings of the orthography.

Accordingly, in English, for example, with its numerous inconsistent grapheme-

to-phoneme associations, readers will use sublexical units, whereas in more con-

sistent orthographies, such as Dutch, Greek or German, they will not.

Several interventions, designed to improve the reading fluency of beginning

and dyslexic reader, have explicitly focused on the use of sublexical clusters (Das-

Smaal, Klapwijk, & van der Leij, 1996; van Daal, Reitsma, & van der Leij, 1994).

The general idea behind these interventions is that the use of sublexical units by

dyslexic readers will increase their reading speed of both familiar and novel words.

Unfortunately, however, the effects of such interventions seem to be small. One

explanation for these findings might be that the correct method to stimulate the

use of sublexical clusters has not yet been found. Up until now, researchers have
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mainly stimulated the use of sublexical clusters by visual manipulations within the

word, such as by highlighting the target clusters with a color or by printing clusters

in bold letter type (Levy, 2001; Thaler, Ebner, Wimmer, & Landerl, 2004), or have

enhanced the saliency of target clusters by grouping words with the same cluster

in word family lists (Levy, 2001; Reitsma, 1988). However, another explana-

tion might be that the assumption that skilled readers use sublexical clusters, and

dyslexic readers do not is simply wrong. The latter possibility is the focus of our

study. More specifically, we will examine whether normal reading and dyslexic

children, learning to read in Dutch, use sublexical clusters during reading.

As evident from the former description, both models of skilled reading and

developmental theories of reading make different predictions about the use of

sublexical clusters by normal readers. This is also the case for dyslexic readers.

At first sight, the predictions for dyslexic readers might be further complicated

by the fact that dyslexics form a heterogeneous group. For example, based on

the DRC model, a distinction has been made between phonological and surface

dyslexics (Castles & Coltheart, 1993). However, the relevance of this distinc-

tion for children learning to read a regular orthography is not yet clear and might

be difficult to support as irregular words are, by definition, rare and pseudoword

reading is fairly accurate (e.g., de Jong & van der Leij, 2003). Indeed, espe-

cially in relatively transparent alphabetic orthographies, impairments in reading

fluency, and not accuracy, have been regarded as an important characteristic of

dyslexia (de Jong & van der Leij, 2003; Landerl, Wimmer, & Frith, 1997; Torge-

sen, 2005). Impairments in reading speed have been associated with a lack of

both sublexical and lexical knowledge. This is also revealed by larger effects of

word length in dyslexic readers which are thought to reflect an abundant use of

a serial letter-by-letter phonological-recoding strategy (Martens & de Jong, 2006;

Zoccolotti et al., 2005). Therefore, our predictions for the Dutch dyslexic readers

were straightforward. From the DRC model (Coltheart et al., 2001) and the Psy-

cholinguistic Grain Size Theory (Ziegler & Goswami, 2005) we did not expect

differences between normal reading and dyslexic children in the use of sublexi-

cal clusters. Because, according to these models, such clusters are not learned or

represented at all. On the other hand, connectionist models (Harm & Seidenberg,

1999) and Ehri’s (1992, 1998) phase theory predict a difference between normal

reading and dyslexic children. For example, according to Harm and Seidenberg’s

model dyslexic children are less able to use sublexical clusters in reading. Their

impaired model (modeling dyslexic reading) did not develop overlapping repre-

sentations for words with the same letter clusters, whereas an unimpaired model

(modeling normal reading) had a clear preference for the development of this

kind of representations. It is interesting to note that Harm and Seidenberg used

different methods to create impairments in their model in order to simulate pho-

nological and surface dyslexia. However, for both simulations the result was the

same, namely less use of sublexical clusters.
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In earlier studies, a visual segmentation paradigm has been regularly employed

to demonstrate the use of sublexical clusters in skilled adult readers (Bowey, 1996;

Martensen, Maris, & Dijkstra, 2003). In this paradigm, the written form of a word

is distorted by inserting one or more nonletter symbols between two letters (e.g.,

s//top), or by presenting two adjacent letters in a different case (case alternation:

sTOP). The straightforward prediction is that the effect of this visual distortion

on reading is larger if during reading these two letters are used as a sublexical

cluster than when they are not. By using the segmentation paradigm, some stud-

ies have found evidence for the rime as a functional unit in skilled adult readers

in lexical decision and anagram tasks (Treiman & Chafetz, 1987; van den Bosch,

1991). However, this finding has not always been replicated in naming experi-

ments (Bowey, 1996; van den Bosch, 1991).

For a number of reasons, we focused in this study primarily on consonantal

onset clusters. First, consonantal onset clusters are very frequent in Germanic

languages. For example, approximately 35% of the Dutch monosyllabic words in

the CELEX database (Baayen, Piepenbrock, & van Rijn, 1993) start with a con-

sonant cluster. However, only 11 different consonantal onset clusters are found

in about 55% of these words. Thus, from a statistical point of view and given

the finding that children are also sensitive to the statistical regularities of an or-

thography (Pacton, Perruchet, Fayol, & Cleeremans, 2001), it can be expected

that these consonantal onset clusters will be formed. Furthermore, the complex

linguistic structure of consonant clusters has been shown to be especially difficult

for dyslexic children (Bruck & Treiman, 1990). Finally, as said, in transparent or-

thographies young readers and dyslexic children often are assumed to use a serial

recoding strategy. With such a strategy the consonant onset cluster is the first unit

a reader encounters while reading a word.

To date, only a few studies have focused on the use of consonantal onset clus-

ters. Levitt, Healy, and Fendrich (1991) did not find an indication for the use of

consonantal onset clusters by adult readers in naming and lexical decision. Us-

ing another segmentation paradigm, Bowey (1996) found evidence for the use of

consonantal onset clusters in a first study, but could not replicate this finding in a

subsequent study. In the only study that we know of in which the use of conso-

nantal onset clusters in children was examined, van den Bosch (1991) did not find

a difference for first graders between the reading of consonant-consonant-vowel-

consonant (CCVC) and CVCC pseudowords that were segmented either within or

outside the consonant cluster. However, these children only had 8 months of read-

ing instruction, which might not have been sufficient to acquire sublexical clusters

(Ehri, 1992, 1998). In sum, the evidence for the use of onset consonant clusters

as functional units in reading seems inconclusive. Moreover, studies about dif-

ferences in the use of consonantal onset clusters by normal and dyslexic children

are scarce, despite the fact that several intervention studies have aimed to enhance

their use.
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In our study, we administered naming and lexical decision tasks to normal and

dyslexic grade-4 children (Study 1). In one condition, the consonantal onset clus-

ter was segmented by inserting a hash within the cluster (e.g., s#top). In another

condition the segmentation was between onset and rime (e.g., st#op). All conso-

nantal onset clusters were consistent. If these clusters are used in reading, like

the connectionist models and Ehri’s phase model predict, the segmentation of the

onset cluster should lead to a relatively larger decrease in reading speed than the

segmentation between onset and rime in which the onset cluster remains intact.

However, an alternative interpretation of a larger effect of the segmentation of

a consonant onset cluster than the segmentation between onset and rime is that the

position of the former segmentation (s#top) is more in the beginning of the word

than the position of the latter (st#op). To examine this alternative interpretation,

we included CVCC words and pseudowords. These words were segmented in the

same positions as the CCVC (pseudo)words—that is, after the first and the second

letter—but in CVCC structures these segmentations were between onset and rime

(e.g., t#est) and within the rime (te#st), respectively. A comparison of the C#CVC

and the C#VCC condition will rule out the possibility that a difference between

the C#CVC and the CC#VC condition is merely a positional effect. An additional

advantage of the inclusion of CVCC (pseudo)words was that the use of the rime

cluster could also be pursued.

Given the viability of the hypothesis that consonantal onset clusters are not

used as functional units in reading, we ran the risk to obtain a null-result. For a

better interpretation of such a result, we added two features to our study. First,

we included a naming task with words with both consonantal onset clusters and

vowel digraphs. In contrast to onset clusters, both letters of a digraph map onto

one phoneme and, consequently, both letters need to be considered to establish the

correct mapping. If the segmentation paradigm is effective, then a segmentation

of a vowel digraph within a word (e.g., blo#em [flower]) should lead to a larger

decrease in naming speed as compared to the segmentation of the consonantal

onset and rime. Martensen et al. (2003) already demonstrated this effect in Dutch

adult readers. Finally, we administered the naming and lexical decision tasks to

adult readers (Study 2) to rule out the possibility that even the normal reading

children were not yet proficient enough to use the consonantal onset clusters as a

functional unit in reading.

2.2 Study 1: Children

The first study that we conducted, focuses on the use of sublexical clusters in

normal reading and dyslexic children. Below, we describe the method, present the

results and discuss the outcome.
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2.2.1 Method

Participants

Twenty-four dyslexic grade-4 children (11 boys, 13 girls) and 24 normal reading

children (11 boys, 13 girls) participated in the study. All children attended regular

education and had normal, or corrected to normal, vision. The characteristics of

the two groups are presented in Table 2.1.

The dyslexic and normal reading children were selected from a group of 498

grade-4 children of 15 different schools in the area of Purmerend (The Nether-

lands). Normal word reading ability was defined to range from 3 months below to

3 months above the average reading level of grade-4 students. The dyslexic chil-

dren had a reading lag of at least 1.5 years. The dyslexic children were individ-

ually matched with the normal reading group on receptive vocabulary, nonverbal

intelligence, age, and gender.

Table 2.1

Study 1: Descriptive statistics of the characteristics of the dyslexic and normal reading

children: mean (M) and standard deviation (SD).

Dyslexic Normal

Variable M SD M SD

Age (years) 9.9 0.4 9.9 0.4

Reading level (standard score) 62.8 5.1 99.6 2.0

Vocabulary score 45.3 3.2 45.6 4.5

Nonverbal reasoning score 36.4 7.4 37.0 6.5

Word reading ability was assessed with the Dutch One-minute test (Brus &

Voeten, 1995), which was administered individually. This test is commonly used

to determine the reading level of children in Dutch primary schools. The test

consists of 116 unrelated words of increasing length and difficulty, and has got

an A and a B version. All children read both versions of the test. The score was

the number of words that were read correctly. On the basis of this raw score a

standardized score was computed (M = 100, SD = 15). The final score was the

average of the standard scores of the two versions.

Receptive vocabulary of the children was measured with the subtest Vocab-

ulary of the RAKIT, a Dutch intelligence test battery for children (Bleichrodt,

Drenth, Zaal, & Resing, 1987). The test consists of 60 words of increasing dif-

ficulty. For each word, the children had to choose the corresponding picture out

of four alternatives. When a child made four errors in a row, the administration

of the test was stopped. The score was the number of correct answers. Finally,

nonverbal reasoning was assessed with the Raven Standard Progressive Matrices

(Raven, Court, & Raven, 1986). The Raven consists of 60 items. On each item,

the children had to choose a pattern from a set of answer options to complete a

series of patterns. The score was the number of correct answers.
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Tasks

CCVC/ CVCC Naming Task We identified high-frequency consonant clusters

with a bigram frequency list, based on a corpus of youth literature (Bakker, 1990;

Staphorsius, Krom, & de Geus, 1988). Eleven different consonantal onset clusters

and 10 different consonantal coda clusters were selected that were both frequent

in general and frequent for the onset and coda positions, respectively. Next, we se-

lected 30 high-frequent regular CCVC and 30 high-frequent regular CVCC words

starting (e.g., stop), or ending (e.g., test), with the target onset and coda clusters

from the CELEX database (Baayen et al., 1993).

Pseudowords were derived from the words by exchanging the first two letters

with the first two letters of another word. This procedure was done separately

for the CCVC and the CVCC words. As a result, the naming task consisted of

120 items. The word and pseudoword sets are presented in Appendix A.1.

We chose to insert a hash (#) to invoke the segmentation (C#CVC). The hash

sign is a new stimulus for most children; it covers a relatively large body of space

(thus the segmentation effect is probably enhanced) and cannot be confused with

other letters or signs. (Pseudo)words were administered in three segmentation

conditions: (a) segmentation after the first letter; (b) segmentation after the sec-

ond letter; or (c) no segmentation. Notice that the two segmentation conditions

had different implications for the CCVC and CVCC items. In a CCVC word, seg-

mentation after the first letter distorted the consonantal onset cluster. In contrast,

in a CVCC word it did not distort a cluster, because it was between the onset and

the rime. In a CVCC word, segmentation after the second letter distorted the rime

cluster. However, such a distortion in a CCVC word leaves all clusters intact.

Each word and pseudoword occurred in every segmentation condition. As a

result, voice key differences between conditions were completely controlled for

(Kessler, Treiman, & Mullennix, 2002). However, every child read each word and

pseudoword only once. As a result, there were three different versions of the word

and pseudoword reading tasks. The children were randomly assigned to one of the

three versions.

The words and pseudowords were administered in two separate blocks, and

the words and pseudowords within a block were presented in random order. Half

of the children started with the word block, whereas the other half first read the

pseudoword block.

Vowel-Digraph Naming Task We used the same procedure to identify 15 high-

frequency onset clusters (general and position specific) as for the CCVC words.

After this, we selected 40 high-frequent CCVVC words starting with the target on-

sets (e.g., bloem [flower]) from the CELEX database (Baayen et al., 1993). Only

words with heterogeneous vowel digraph clusters (e.g., oe, ui, eu) were selected.

The word set is presented in Appendix A.2. The vowel-digraph naming task did
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not contain pseudowords.

The words were administered in four different conditions: (a) segmentation

with consonant cluster distorted (C#CVVC); (b) segmentation with vowel digraph

distorted (CCV#VC); (c) segmentation with rime distorted (CCVV#C); or (d) no

segmentation (#CCVVC).

On this task all children also read each word once, although each word oc-

curred in every segmentation condition. As a consequence, four different versions

of the word reading task were constructed. The children were randomly assigned

to one of the four versions of the task. The words in each version were presented

in random order.

CCVC/ CVCC Lexical Decision Task The word and pseudoword sets of the

CCVC/ CVCC naming task were used to develop a parallel lexical decision task.

The items were mixed and divided into two blocks of 60 trials. Words and pseu-

dowords, and CCVC and CVCC structure items, were evenly distributed between

the blocks.

The words and pseudowords were administered in the same three conditions

as in the CCVC/ CVCC naming task: (a) distortion after the first letter, (b) dis-

tortion after the second letter, or (c) no distortion. The children were randomly

assigned to one of the three versions of the lexical decision task. The words and

pseudowords were randomly presented within the blocks.

Procedure and Apparatus

The tasks were administered during school time in two individual sessions of

30 minutes. The CCVC/ CVCC naming task (words and pseudowords) was ad-

ministered during the first session. To avoid priming effects because of the use of

identical word sets, the lexical decision task and the vowel digraph naming task

were administered 3 weeks after the CCVC/ CVCC naming task. The children

were told that there would be “special signs” inserted into the words, and were

instructed to ignore the signs and read (naming tasks) or respond to (lexical de-

cision task) the words as quickly as possible, without making errors. Each block

was preceded by 10 practice trials. The words and pseudowords were presented

in the middle of a 14.1-inch XGA LCD screen of a D600 Pentium-M 1.3-GHz

computer. The words were printed in 46-point lowercase, black Arial font on a

white background. A fixation point (+) was projected in the middle of the screen,

and 750 ms later a (pseudo)word appeared. For the naming tasks, the voice key

registered latencies and the test assistant recorded accuracy. The latencies were

defined as the time between the appearance of the word or pseudoword on the

screen and the onset of the voice key. The (pseudo)words disappeared as soon as

the voice key was triggered. For the lexical decision task, the latencies were de-

fined as the time between the appearance of a word or pseudoword on the screen
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and the moment the child pushed a button. The M key on the keyboard was cov-

ered by a green sticker, and the C key was covered by a red sticker. The children

were instructed to push the green button when they read a word, and the red button

when they read a pseudoword. The results on the naming and on the lexical deci-

sion tasks are presented in separate sections. First, however, we give a description

of the planned statistical analyses.

2.2.2 Results

Scoring and Statistical Analyses

For each child, a mean latency score was computed for each word type by seg-

mentation condition. Mean latency scores were calculated over correct trials only.

With some exceptions (less than 3%), mean latency scores were based on at least

5 of the total of 10 trials in a condition.

Error scores and mean latency scores for each word type (CCVC, CVCC,

and CCVVC) were subjected to a multivariate analysis of variance (MANOVA)

for repeated measures, with reading group (dyslexic or normal) as a between-

subjects factor, and position of segmentation and lexicality (word or pseudoword)

as within-subjects factors. In each case, two analyses were conducted; one across

participants (collapsing over items), and another across items (collapsing over

participants). The outcomes for both types of analysis were in generally similar.

For brevity, we only report the outcomes across participants. Moreover, when

experiments are designed in such a way that each stimulus appears in each condi-

tion, the proper F test is the participant analysis (Raaijmakers, Schrijnemakers, &

Gremmen, 1999).

To test the hypothesis that, compared to between cluster segmentation, within

cluster segmentation has a larger effect on latencies and possibly on errors, several

contrasts were specified on the position of segmentation factor. The first contrast

concerned the effect of segmentation as such, and is further denoted as the Seg-

mentation contrast. With this contrast, the conditions in which the hash was placed

within the word were compared with the no segmentation condition (i.e., a hash

before the word). The other, and more important, contrasts were specified to com-

pare the various segmentation positions within a (pseudo)word. These contrasts

will be referred to as Cluster contrasts. The particular Cluster contrasts differed

between the word types. For both contrasts (Segmentation and Cluster), a signif-

icant main effect indicated a mean score difference between the conditions that

were compared, whereas a significant Contrast × Reading Group interaction im-

plied that the magnitude of this difference varied between the two reading groups.

A major hypothesis of this study concerned the Reading Group × Cluster

interaction. However, if larger mean latency differences are found between the

two reading groups—which can be expected—the interpretation of the Reading
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Group by Cluster interaction is not straightforward. In this case, a significant

interaction might merely reflect a proportional difference between the groups in

the effect of the other factor, cluster, segmentation, or lexicality. This means that

a differential increase between the groups from one condition to another is just a

function of the difference that was observed in the first condition. However, an

absolute interaction effect implies that the increase of naming latency is stronger

for one of the groups, irrespective of the difference that was already found in the

first condition.

To check whether a significant interaction reflects a proportional effect, we

subjected the scores to a logarithmic transformation (Levine, 1993; van der Sluis,

de Jong, & van der Leij, 2004) and performed the MANOVA on the transformed

scores. If the interaction effect disappears in the analysis on the transformed

scores, then the original interaction effect is proportional. However, if the inter-

action effect remains, it is safe to conclude that the reading groups are differently

affected by the experimental manipulation, cluster, segmentation, or lexicality.

Naming

The percentage of invalid latencies that were attributable to premature responses,

voice key errors, and outliers was 6.4% for CCVC (pseudo)words and 7.2% for

CVCC (pseudo)words. For the CCVCC words, this percentage was 10%. The

results are presented separately for each word type.

CCVC Words and Pseudowords For each condition, the mean error percentages

and mean latency scores for both reading groups are presented in the upper part

of Table 2.2.

Errors. The mean error percentages for the normal readers were well below

10%. For the dyslexic children, the mean percentages of errors on words were

around 10%, whereas for the reading of pseudowords the mean percentages were

about 20%. The analysis of the mean error percentages was restricted to the pseu-

dowords, because of floor effects for the words. For pseudoword naming, the

mean error percentage of the dyslexic children was higher than the mean error

percentage of the normal readers, F (1, 46) = 9.10, p < .01, η2

p = .17. No other

effects were significant.

Latencies. There were main effects for reading group, F (1, 46) = 67.11,

p < .001, η2

p = .59; lexicality, F (1, 46) = 51.11, p < .001, η2

p = .53; and position

of segmentation, F (2, 45) = 13.79, p < .001, η2

p = .38. These main effects were

qualified by significant Lexicality×Reading Group interaction, F (1, 46) = 31.92,

p < .001, η2

p = .41; and Position of Segmentation × Reading Group interaction,

F (2, 45) = 3.76, p < .05, η2

p = .14. The Lexicality × Reading Group interaction

was not proportional, as it remained significant after a logarithmic transformation

of the latency scores, F (1, 45) = 20.76, p < .001, η2

p = .31. No other effects were
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Table 2.2

Study 1: Mean latency scores and mean error percentages on the two word structures in the

different segmentation positions of the naming task for dyslexic and normal reading children.

Words Pseudowords

Item type Dyslexics Normal Dyslexics Normal

CCVC Latencies

#CCVC 1087 (344) 726 (270) 1696 (557) 749 (132)

C#CVC 1283 (365) 751 (230) 1985 (643) 879 (243)

CC#VC 1279 (325) 783 (309) 1926 (724) 862 (220)

CCVC Errors (%)

#CCVC 7.31 (8.89) 1.34 (4.89) 16.00 (9.43) 9.59 (10.31)

C#CVC 7.47 (10.23) 1.76 (4.02) 21.93 (16.96) 7.95 (10.92)

CC#VC 11.08(11.17) 0.94 (3.20) 17.13 (13.08) 8.37 (14.69)

CVCC Latencies

#CVCC 1181 (360) 728 (195) 1799 (594) 757 (122)

C#VCC 1309 (402) 828 (312) 2153 (758) 901 (255)

CV#CC 1370 (376) 815 (284) 2107 (681) 891 (237)

CVCC Errors (%)

#CVCC 15.16 (12.87) 3.53 (5.12) 21.05 (12.46) 5.61 (6.07)

C#VCC 8.56 (9.12) 3.06 (6.57) 22.61 (20.73) 8.90 (11.56)

CV#CC 11.79 (11.43) 0.88 (2.98) 21.47 (20.96) 4.21 (6.59)

Note. Standard deviations are in parentheses.

significant. Latency scores were larger for dyslexic than for normal readers, and

larger for pseudowords than for words, but the difference between the mean word

naming latency score and the mean pseudoword naming latency score was larger

for the dyslexic than for the normal reading children.

The position of segmentation effects were examined with follow-up contrasts.

The Segmentation contrast, comparing the no segmentation condition with the two

within-word segmentation conditions, F (1, 46) = 22.70, p < .001, η2

p = .33; and

Segmentation × Reading Group interaction, F (1, 46) = 5.05, p < .05, η2

p = .10,

were significant. However, the interaction effect was proportionally similar for

dyslexic and normal reading children. The Cluster contrast, comparing segmen-

tation within the consonantal onset cluster and the condition with segmentation

between onset and rime, was not significant, and neither was the Cluster × Read-

ing Group interaction.

In sum, children of both groups were faster in naming intact than segmented

CCVC (pseudo)words. However, the mean naming latencies for (pseudo)words

with a segmented consonant onset cluster (C#CVC) did not differ from the mean

latencies for (pseudo)words segmented on the onset-rime boundary (CC#VC).

CVCC Words and Pseudowords For each condition, the mean error percentages

and mean latency scores for both groups are given in the lower part of Table 2.2.

Errors. As found for the naming of the CCVC words and pseudowords, the
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mean error percentage for the normal readers was low (less than 9%), and in sev-

eral conditions floor effects were observed. Therefore, the MANOVA on the mean

error percentage was restricted to the pseudowords. The dyslexic children made

significantly more errors in pseudoword reading than the normal reading children,

F (1, 46) = 74.97, p < .001, η2

p = .62. No other effects were significant.

Latencies. There were main effects for reading group, F (1, 46) = 85.42,

p < .001, η2

p = .65; lexicality, F (1, 46) = 46.84, p < .001, η2

p = .51; and

position of segmentation, F (2, 45) = 16.83, p < .001, η2

p = .43. These main

effects were qualified by a significant Lexicality × Reading Group interaction,

F (1, 46) = 33.91, p < .001, η2

p = .42. This interaction was not proportional, as

it remained significant in the analysis of the logarithmically transformed scores,

F (1, 46) = 23.17, p < .001, η2

p = .34. No other effects were significant. La-

tency scores were larger for dyslexic than for normal readers, and larger for pseu-

dowords than for words, but the difference between the mean word and pseu-

doword latency score was larger for the dyslexic than for the normal readers.

The position of segmentation effect was examined with follow-up contrasts.

The Segmentation contrast was significant, F (1, 46) = 34.19, p < .001, η2

p = .43,

whereas the main effect for Cluster (rime) was not.

In sum, children of both groups were faster in naming intact than segmented

CVCC (pseudo)words. However, the mean naming latencies for (pseudo)words

with a segmented rime cluster (CV#CC) did not differ from the mean latencies for

segmentation on the onset-rime boundary (C#VCC).

CCVVC Words The mean error percentages and mean latency scores for the

two reading groups in the various segmentation conditions are presented in Table

2.3. The main interest of this naming task concerned a comparison between the

segmentation of a cluster and the segmentation of a vowel digraph. Therefore,

in the analyses reported next, a Digraph contrast was specified to compare the

consonantal onset cluster segmentation (located before the vowel digraph) plus

the rime segmentation (located after the vowel digraph) with the segmentation of

the vowel digraph.

Errors. The statistical analysis of the mean error percentage was restricted

to the dyslexic children because of floor effects. The main effect of position of

segmentation was significant, F (3, 21) = 3.19, p < .05, η2

p = .31. Follow-up

contrasts were specified to examine the nature of this effect.

The Segmentation contrast was significant, F (1, 23) = 6.75, p < .05, η2

p = .23.

Dyslexic children made more errors in distorted than in intact words. The Digraph

contrast approached significance, F (1, 23) = 2.99, p = .097, η2

p = .16. There was

a trend for the dyslexic children to make more errors in the vowel digraph distor-

tion condition than in the consonantal onset cluster distorted and rime distorted

conditions. Finally, the Cluster Type contrast was not significant. For the dyslexic
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Table 2.3

Study 1: Mean latency scores and mean error percentages on the CCVVC words in the different

segmentation positions of the digraph-naming task for dyslexic and normal reading children.

Reading group Item type Latencies Errors (%)

Normal #CCVVC 773 (391) 0.83 (2.82)

C#CVVC 776 (302) 1.40 (3.80)

CCV#VC 965 (492) 3.77 (6.38)

CCVV#C 819 (391) 2.03(4.63)

Dyslexic #CCVVC 1491 (442) 3.00 (6.48)

C#CVVC 1741 (520) 6.20 (9.11)

CCV#VC 2183 (645) 13.51 (15.30)

CCVV#C 1729 (512) 9.35 (10.68)

Note. Standard deviations are in parentheses.

children, the amount of errors in the distorted consonantal onset did not differ

from the amount of errors in the distorted rime cluster condition.

Latencies. Significant effects were found for reading group, F (1, 46) = 59.62,

p < .001, η2

p = .56, and position of segmentation, F (3, 44) = 22.77, p < .001,

η2

p = .61. These main effects were qualified by a significant Position of Segmen-

tation × Reading Group interaction, F (3, 44) = 9.25, p < .001, η2

p = .39. No

other results were significant.

The position of segmentation effects were examined with follow-up contrasts.

The Segmentation contrast was significant, F (1, 46) = 13.67, p = .01, η2

p = .23.

This effect was qualified by a significant Segmentation × Reading Group interac-

tion, F (1, 46) = 9.06, p < .01, η2

p = .16, and this interaction was not a propor-

tional effect, F (1, 46) = 6.01, p < .05, η2

p = .12. The Digraph contrast was also

significant, F (1, 46) = 43.87, p < .001, η2

p = .49. In addition, we found a signif-

icant Digraph × Reading Group interaction for participant data, F (1, 46) = 9.13,

p < .01, η2

p = .17. However, this interaction effect disappeared when a logarith-

mic transformation of the latency scores were applied, indicating that it reflected

a proportional effect.

In sum, it was found that the mean latency score of the dyslexic children was

larger than the mean latency score of the normal reading children, and that this

difference was larger for segmented than for intact words. For both groups, the

mean latency score was larger when the distortion was within the vowel digraph

than when the distortion was outside the vowel digraph. Finally the increase in

the naming latency in reaction to segmentation of a consonant onset cluster or a

rime did not differ between normal reading and dyslexic children.

Lexical Decision

We noticed that some children had high error rates. To verify whether this was

because these children were using a guessing strategy instead of making well-
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considered lexical decisions, we defined the critical value for the guessing chance

per lexicality (60 words, 60 pseudowords). To correct for the chance of making a

Type I error, we used the Bonferroni correction to calculate the appropriate level

of significance (α/n = 0.05/48 = .001). The critical value for this chance was

43. This means that a child was considered as “not guessing” when it responded

correctly to at least 43 of the 60 words or pseudowords. Four children (two normal

readers and two dyslexic children) were excluded from the analyses. The removal

of these participants did not influence the matching of the two reading groups.

For the remaining children, the percentage of invalid latencies that were caused

by premature responses and outliers was 1.5% for CCVC and 0.9% for CVCC

(pseudo)words. The responses to one CCVC structure word (blos [blush]) were

excluded from the analyses, because the majority of the children categorized this

word as a pseudoword. The results are presented separately for each word type.

CCVC Words and Pseudowords For each condition, the mean error percentages

and mean latency scores for both reading groups are presented in the upper part of

Table 2.4. An error in the word condition indicates that a word was identified as a

pseudoword, and an error in the pseudoword condition indicates the opposite.

Errors. Overall, the mean error percentages ranged from 8% to 15%. The

main effect for lexicality was significant, F (1, 42) = 5.24, p < .05, η2

p = .11. The

children made more errors on words than on pseudowords. The Position of Seg-

mentation × Group interaction effect was marginally significant, F (2, 41) = 3.17,

p = .053, η2

p = .13. No other effects were found. Follow-up contrasts were spec-

ified to examine the nature of this interaction effect. We found that the Segmenta-

tion×Reading Group interaction was also marginally significant, F (1, 42) = 3.82,

p = .057, η2

p = .083. The dyslexic children tended to make more errors on the

segmented (pseudo)words than the normal reading children.

Latencies. There were main effects for reading group, F (1, 42) = 113.17,

p < .001, η2

p = .73; lexicality, F (1, 42) = 133.57, p < .001, η2

p = .76; and position

of segmentation, F (2, 41) = 27.90, p < .001, η2

p = .58. These main effects

were qualified by a significant Lexicality × Reading Group, F (1, 42) = 32.35,

p < .001, η2

p = .44, and a marginally significant Position of Segmentation ×

Reading Group interaction effect, F (2, 41) = 3.01, p = .060, η2

p = .13. The

Lexicality × Reading Group interaction was not proportional, F (1, 42) = 9.04,

p < .01, η2

p = .18. However, the Position of Segmentation × Reading Group

interaction effect lost significance when the logarithmically transformed latency

scores were used. No other effects were significant. Latency scores were larger for

dyslexic than for normal readers, and larger for pseudowords than for words, but

the difference between the mean word decision latency and the mean pseudoword

decision latency was larger for the dyslexic than for the normal readers.

The position of segmentation effect was examined with follow-up contrasts.
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Table 2.4

Study 1: Mean latency scores and mean error percentages on the two word structures in the

different segmentation positions of the lexical decision task for dyslexic and normal readers.

Words Pseudowords

Item type Dyslexics Normal Dyslexics Normal

CCVC Latencies

#CCVC 1698 (403) 940 (190) 2598 (438) 1261 (373)

C#CVC 1967 (342) 1103 (289) 2979 (731) 1371 (521)

CC#VC 1994 (477) 1120 (366) 2700 (549) 1422 (505)

CCVC Errors (%)

#CCVC 8.18 (7.95) 13.59 (9.68) 9.09 (11.92) 9.14 (11.52)

C#CVC 15.76 (13.11) 14.95 (13.56) 7.73 (9.73) 8.38 (8.71)

CC#VC 14.80 (11.63) 11.21 (9.43) 13.74 (12.90) 8.69 (9.91)

CVCC Latencies

#CVCC 1780 (374) 1045 (265) 2724 (628) 1217 (492)

C#VCC 2018 (394) 1129 (362) 2875 (518) 1347 (471)

CV#CC 2124 (371) 1087 (313) 2945 (705) 1362 (558)

CVCC Errors (%)

#CVCC 14.70 (11.48) 15.51 (12.22) 10.05 (10.24) 5.00 (8.01)

C#VCC 15.96 (14.47) 17.78 (12.29) 11.46 (11.34) 5.91 (8.54)

CV#CC 15.66 (11.02) 21.01 (13.42 13.23 (14.92) 8.23 (10.98)

Note. Standard deviations are in parentheses.

The Segmentation contrast was significant, F (1, 42) = 56.55, p < .001, η2

p = .57.

The Cluster contrast was not significant.

In sum, children of both groups were faster in making lexical decisions about

intact than about segmented CCVC (pseudo)words. However, for both groups

the mean decision latencies for (pseudo)words with a segmented consonant onset

cluster (C#CVC) did not differ from the mean decision latencies for (pseudo)words

segmented on the onset-rime boundary (CC#VC).

CVCC Words and Pseudowords For each condition, the mean error percentages

and mean latency scores for both normal and dyslexic readers are presented in the

lower part of Table 2.4.

Errors. The mean error percentage for both the normal and dyslexic readers

was about 14 to 22% for words and 5 to 14% for pseudowords. There was a main

effect for lexicality, F (1, 42) = 19.82, p < .001, η2

p = .32, and a marginally

significant main effect for position of segmentation, F (2, 41) = 3.05, p = .058,

η2

p = .13. The first main effect was qualified by a significant interaction with

reading group, F (1, 42) = 5.05, p < .05, η2

p = .11. No other effects were signifi-

cant. Overall, children of both groups made more lexical decision errors for words

than for pseudowords; however, the dyslexic children made more errors than the

normal reading children in the pseudoword condition. The marginally significant

position of segmentation effect was examined with follow-up contrasts. The Seg-
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mentation contrast was significant, F (1, 42) = 4.64, p < .05, η2

p = .10. The

Cluster contrast was not significant. Thus, for both normal and dyslexic children,

the mean error percentage for segmented (pseudo)words was significantly larger

than for intact (pseudo)words, but the mean error percentage between a segmen-

tation within the rime cluster, and a segmentation between onset and rime was not

significantly different.

Latencies. There were main effects for reading group, F (1, 42) = 124.62,

p < .001, η2

p = .75; lexicality, F (1, 42) = 73.03, p < .001, η2

p = .64; and

position of segmentation, F (2, 41) = 9.08, p < .01, η2

p = .31. These main

effects were qualified by a significant Lexicality × Reading Group interaction,

F (1, 42) = 25.91, p < .001, η2

p = .38. This interaction was not proportional,

F (1, 42) = 11.79, p < .01, η2

p = .22. No other effects were significant. La-

tency scores were larger for dyslexic than for normal reading children, and larger

for pseudowords than for words, but the difference between the mean word and

pseudoword latency score was larger for the dyslexic than for the normal readers.

The position of segmentation effect was examined with follow-up contrasts.

The Segmentation contrast was significant, F (1, 42) = 18.53, p < .001, η2

p = .31.

However, the Cluster contrast was not significant.

In sum, children of both groups were faster in making lexical decisions about

intact than about segmented CVCC (pseudo)words. However, for both groups,

the mean decision latencies for (pseudo)words with a segmented rime cluster

(CV#CC) did not differ from the mean decision latencies for (pseudo)words seg-

mented on the onset-rime boundary (C#VCC).

Additional analyses for effects of grapheme complexity

The analyses of the CCVVC words have shown that normal and dyslexic children

were equally affected by the segmentation of a vowel digraph. However, as can

be seen in Tables 2.2 and 2.3, where dyslexic children were slower than the nor-

mal readers in their performance on the CCVC structure words, this difference in

performance was much larger for the CCVVC structure words.

To examine this trend, we subjected the mean latencies of the intact CCVC and

CCVVC words to a MANOVA for repeated measures, with reading group (normal

or dyslexic) as a between-subjects factor, and grapheme complexity (CCVC or

CCVVC) as a within-subjects factor. Main effects were found for reading group,

F (1, 46) = 32.88, p < .001, η2

p = .42, and grapheme complexity, F (1, 46) = 21.65,

p < .001, η2

p = .32. The main effects were qualified by a significant Reading

Group × Grapheme interaction complexity, F (1, 46) = 13.59, p < .01, η2

p = .23.

This interaction effect remained significant when the MANOVA for repeated mea-

sures was applied to a logarithmic transformation of the mean latency scores,

F (1, 46) = 11.44, p < .01, η2

p = .20. Simple effects revealed that for dyslexic chil-

dren the mean latency score of words with vowel digraphs was significantly larger
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than the mean latency score for words without vowel digraphs, F (1, 23) = 22.86,

p < .01, η2

p = .50, whereas for normal reading children the mean latency scores

of the different word types did not differ.

2.2.3 Discussion

The main finding of this study was that the segmentation of a consonantal onset

or rime cluster was equally disruptive as a segmentation between the onset and

the rime cluster. Importantly, the reading latencies (both in naming and in lexical

decision) of normal reading and dyslexic children were similarly affected. This

suggests that, in both normal reading and dyslexic children, consonantal onset and

rime clusters are not used as functional units in reading. However, the children

of both reading groups were more hampered by the distortion of a vowel digraph

cluster than by any other segmentation in a word. This effect was proportionally

similar for the dyslexic and normal reading children. Accordingly, both normal

reading and dyslexic children seem to use vowel digraph clusters during reading.

As expected, the dyslexic readers were slower than the normal readers in nam-

ing and lexical decision. In accordance with many other studies, words were read

faster than pseudowords, and this difference was larger in dyslexic readers (Rack,

Snowling, & Olson, 1992). Furthermore, the results showed that both reading

groups performed worse in naming and lexical decision in the segmentation con-

ditions than in the intact condition.

Finally, we found that, although the normal and dyslexic children were equally

affected by the segmentation of a vowel digraph, the dyslexic children were slower

in naming intact words with a vowel digraph (e.g., #bloem) than words without

a vowel digraph (e.g., #stok). The normal reading children did not differ in the

naming of these word types. We elaborate on this issue in Section 2.4.

2.3 Study 2: Adult readers

In the first study, we did not find any evidence that children use consonantal onset

and rime clusters as functional units in reading. To exclude the possibility that

these clusters had not yet developed in our children, we replicated this study with

skilled adult readers.

2.3.1 Method

Participants

Twenty-four students of the University of Amsterdam participated in the CCVC/

CVCC naming experiments. One of them did not return for the CCVVC naming

and lexical decision task. The ages of the students ranged from 18 years 11 months
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to 26 years 8 months. The mean age was 22 years 1 month. All participants were

native speakers of Dutch, had normal or corrected to normal vision, and were not

dyslexic. The participants were paid for their participation in the experiment.

Tasks and Apparatus

The design, materials and apparatus were the same as in Study 1. These were

described in Section 2.2.1.

Procedure

The students were individually tested in a quiet room. The two sessions were

separated by 2 to 3 weeks.

We applied the same data cleaning procedures and statistical analyses to the

adult data as we used for the children. Because of floor effects, the mean error per-

centage scores were not analyzed. The results on the naming and lexical decision

tasks are presented in separate sections.

2.3.2 Results

Naming

The percentage of invalid latencies that were attributable to premature responses

and outliers was 2.6% for CCVC (pseudo)words, 6% for CVCC (pseudo)words,

and 3% for CCVVC words. The mean error percentage was 1.3% for CCVC

(pseudo)words, 3.2% for CVCC (pseudo)words, and 0.8% for CCVVC words.

The latency analyses were restricted to the valid and correct trials.

CCVC Words and Pseudowords For each condition, the mean error percentages

and mean latency scores are presented in the upper part of Table 2.5. There were

significant effects for lexicality, F (1, 23) = 38.13, p < .001, η2

p = .62; words were

read faster than pseudowords; and position of segmentation, F (2, 22) = 16.91,

p < .001, η2

p = .61. No other effects were significant.

The position of segmentation effect was examined with follow-up contrasts.

The Segmentation contrast was significant, F (1, 23) = 19.31, p < .001, η2

p = .46;

adults readers were faster in naming intact than segmented (pseudo)words. The

Cluster contrast was marginally significant, F (1, 23) = 4.23, p = .051, η2

p = .16.

This effect was qualified by a marginally significant Lexicality × Cluster inter-

action effect, F (1, 23) = 4.15, p = .053, η2

p = .15. Contrary to our expecta-

tions, adult readers tended to name (pseudo)words that were segmented inside

the consonant onset cluster (C#CVC) faster than (pseudo)words that were seg-

mented on the onset-rime boundary (CC#VC), and this effect tended to be more
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pronounced for the pseudowords. Simple effects showed that the difference be-

tween the C#CVC and CC#VC words conditions was not significant, whereas

the C#CVC pseudowords were read significantly faster than the CC#VC pseu-

dowords, F (1, 23) = 6.40, p < .05, η2

p = .22.

Table 2.5

Study 2: Mean latency scores and mean error percentages on the two word structures in the

different segmentation positions of the CCVC/ CVCC naming task for adults.

Latencies Errors (%)

Item type Words Pseudowords Words Pseudowords

CCVC

#CCVC 503 (48) 544 (57) 0.42 (2.04) 1.25 (4.48)

C#CVC 518 (71) 552 (73) 0.42 (2.04) 3.38 (5.71)

CC#VC 522 (64) 570 (60) 0.42 (2.04) 1.67 (4.82)

CVCC

#CVCC 500 (56) 529 (48) 0.83 (2.82) 0.88 (2.98)

C#VCC 512 (60) 551 (58) 0.83 (2.82) 1.81 (4.13)

CV#CC 516 (59) 551 (73) 1.25 (4.48) 4.21 (7.22)

Note. Standard deviations are in parentheses.

CVCC Words and Pseudowords For each condition, the mean error percentages

and mean latency scores are presented in the lower part of Table 2.5. There were

significant effects for lexicality, F (1, 23) = 21.96, p < .001, η2

p = .49; words were

read faster than pseudowords; and position of segmentation, F (2, 22) = 18.08,

p < .001, η2

p = .62. No other effects were significant.

The position of segmentation effect was examined with follow-up contrasts.

The Segmentation contrast was significant, F (1, 23) = 37.78, p < .001, η2

p = .62.

The adult readers were found to be faster in naming intact than segmented CVCC

(pseudo)words. The Cluster contrast was not significant. The mean naming la-

tencies for (pseudo)words with a segmented rime cluster (CV#CC) did not signif-

icantly differ from the mean latencies for (pseudo)words segmented on the onset-

rime boundary (C#VCC).

CCVVC Words Mean error percentages and mean latency scores in the different

segmentation conditions are presented in Table 2.6.

We found a significant effect for position of segmentation, F (3, 20) = 14.06,

p < .001, η2

p = .68. The position of segmentation effect was examined with

follow-up contrasts. The Segmentation contrast was significant, F (1, 22) = 4.38,

p < .05, η2

p = .17. The mean naming latency score of the adult readers was

significantly higher for segmented than for intact words. The Digraph contrast was

also significant, F (1, 22) = 41.42, p < .001, η2

p = .65. The latency scores were

larger for words that were segmented inside than for words that were segmented

outside the vowel digraph.
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Table 2.6

Study 2: Mean latency scores and mean error percentages on the CCVVC words in the different

segmentation positions of the digraph naming task for adults.

Item type Latencies Errors (%)

#CCVVC 519 (59) 0.43 (2.09)

C#CVVC 526 (54) 0.43 (2.09)

CCV#VC 585 (83) 1.35 (3.58)

CCVV#C 537 (65) 0.87 (2.88)

Note. Standard deviations are in parentheses.

Lexical Decision

The percentage of invalid latencies due to premature responses and outliers was

3.3% for CCVC (pseudo)words and 3.8% for CVCC (pseudo)words. The mean

error percentage was 4.2% for CCVC and 5.5% for CVCC (pseudo)words. The

results are presented separately for each word type. The latency analyses were

restricted to the valid and correct trials.

CCVC Words and Pseudowords For each condition, the mean error percentages

and mean latency scores are presented in the upper part of Table 2.7. There were

significant main effects for lexicality, F (1, 22) = 18.33, p < .001, η2

p = .46; words

were read faster than pseudowords. There also was a significant main effect for the

position of segmentation, F (2, 21) = 16.86, p < .001, η2

p = .62. In addition we

found a marginally significant Lexicality × Position of Segmentation interaction

effect, F (2, 21) = 3.42, p = .052, η2

p = .25. For adult readers, the decision speed

for CCVC words tended to be more influenced by segmentation than the decision

speed for CCVC pseudowords.

The position of segmentation effects were examined with follow-up contrasts.

The Segmentation contrast was significant, F (1, 22) = 23.69, p < .001, η2

p = .52.

This effect was qualified by a marginally significant Lexicality × Segmentation

interaction, F (2, 21) = 3.42, p = .052, η2

p = .25. The mean decision latency

was larger for segmented (pseudo)words than for intact (pseudo)words. However,

this effect tended to be more pronounced for words than for pseudowords. The

Cluster contrast was also significant, F (2, 21) = 8.79, p < .01, η2

p = .29. The

adult readers responded faster when the segmentation was inside the consonant

onset cluster (C#CVC) than when the segmentation was between onset and rime

(CC#VC). The Cluster × Lexicality interaction was not significant; the effect was

similar for words and pseudowords. Like the results of the CCVC naming task,

this finding is contrary to our expectation that segmentation within the consonantal

onset cluster would lead to a larger decrease in lexical decision performance than

segmentation between the onset and rime.
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CVCC Words and Pseudowords For each condition, the mean error percentages

and mean latency scores are presented in the lower part of Table 2.7. We found a

marginal main effect for lexicality, F (1, 22) = 3.34, p = .081, η2

p = .13, responses

to pseudowords tended to be slower than responses to words; and a significant

main effect for position of segmentation, F (2, 21) = 18.07, p < .001, η2

p = .63.

No other effects were significant.

Table 2.7

Study 2: Mean latency scores and mean error percentages on the two word structures in the

different segmentation positions of the lexical decision task for adults.

Latencies Errors (%)

Item type Words Pseudowords Words Pseudowords

CCVC

#CCVC 623 (63) 709 (92) 2.61 (5.41) 4.21 (5.45)

C#CVC 672 (90) 727 (110) 6.34 (9.17) 4.88 (8.53)

CC#VC 707 (83) 741 (90) 4.06 (6.87) 3.14 (5.72)

CVCC

#CVCC 649 (63) 692 (88) 6.28 (7.49) 1.40 (3.70)

C#VCC 704 (74) 719 (102) 12.55 (12.94) 3.25 (5.88)

CV#CC 720 (71) 739 (120) 7.87 (9.04) 1.79 (3.99)

Note. Standard deviations are in parentheses.

The position of segmentation effect was examined with follow-up contrasts.

The Segmentation contrast was significant, F (1, 22) = 37.16, p < .001, η2

p = .63.

The mean decision latencies were found to be larger for segmented than for intact

(pseudo)words. The Cluster contrast was marginally significant, F (1, 22) = 3.83,

p = .063, η2

p = .15, the adult readers tended to respond faster when the segmen-

tation was on the onset-rime boundary (C#VCC) than when the segmentation was

inside the rime (CV#CC).

2.3.3 Discussion

We found that the reading latencies of skilled adult readers did not decrease more

when a (pseudo)word was segmentated within a consonantal onset cluster than

when the segmentation between onset and rime. Contrary to our prediction, and

unlike the findings in children, we found the opposite pattern: the segmentation of

a consonantal onset cluster had a smaller negative effect on reading latencies than

segmentation outside the cluster, that is, between onset and rime. This effect was

found in naming and lexical decision tasks, although in the naming task the effect

was mainly because of the pseudowords.

With respect to the rime cluster, only a small and nonsignificant trend was

found in lexical decision toward a faster responding to (pseudo)words with intact

rimes than to (pseudo)words with a distorted rime. For naming, the effect of a

distortion between onset and rime was similar to a distortion within the rime clus-
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ter. As in the first study with children, the results do not provide evidence for the

use of consonantal onset and rime clusters as functional units in reading. The pat-

tern of results on the CCVC and CVCC (pseudo)words seems better compatible

with the hypothesis that reading is hampered more if a segmentation appears more

toward the end of the word. We will elaborate on this issue below.

Finally, as the younger readers in the first study, the skilled adult readers were

more hampered when a vowel digraph cluster was segmented than by segmenta-

tion in another position of a word.

2.4 General Discussion

The main aim of our study was to examine the use of consonantal onset clusters

by normal reading and dyslexic children, and by adults. As in previous studies

(Bowey, 1996; Levitt et al., 1991; van den Bosch, 1991), the insertion of a nonlet-

ter symbol between the two letters of the consonantal onset cluster did not hamper

reading more than if this segmentation was between the onset and the rime of a

word. Given this segmentation paradigm, the results therefore provide little ev-

idence for the use of these clusters as functional units in the reading of children

and adults. Unexpectedly, the adult readers were even faster in reading words with

segmented onsets compared to (pseudo)words that were segmented on the onset

rime boundary.

We also examined the use of the rime cluster. For both normal reading and

dyslexic children, the segmentation within the rime cluster had a similar effect as

the segmentation outside the rime cluster, that is, between onset and rime. This re-

sult suggests that children do not use rime clusters during reading. On the naming

tasks, the adult data showed the same pattern as for the children, converging with

the earlier findings of van den Bosch (1991), but the lexical decision speed of the

adult readers was somewhat slower when the rime cluster was distorted than when

the rime cluster was left intact. Treiman and Chafetz (1987) and van den Bosch

(1991) found similar results for lexical decision performance in adult readers.

Although the findings in these studies and our study might provide some sup-

port for the use of the rime cluster in reading, these findings can also reflect a

position of segmentation effect, as the distortion of the rime cluster is more to-

ward the end of the word than a segmentation between onset and rime. Such a

position of segmentation effect can also explain our unexpected finding that the

segmentation of the onset consonant cluster in (the beginning of) CCVC words

and pseudowords had a smaller effect on reading latencies than a segmentation be-

tween onset and rime that was relatively more toward the end of the word. Given

these equivocal results in lexical decision and the absence of an effect in naming,

the current evidence does not seem to provide support for the use of the rime as

a functional unit in adult reading. Although word reading was not specifically
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affected by the segmentation of the consonantal onset or rime cluster, we did find

that both children and skilled adult readers were affected by the distortion of a

digraph. A similar finding was reported by van den Bosch (1991) with grade-1

readers and by Martensen et al. (2003) in skilled adult readers. This specific sta-

tus of digraphs is also in accordance with the results of Rey, Ziegler, & Jacobs

(2000). Using a letter detection paradigm, Rey et al. found that vowel detection

was slower when the target vowel was embedded within a digraph unit (e.g., e

in peach) than when the vowel corresponded to a single letter grapheme (e.g., e

in bench). In addition to previous studies, we found that dyslexic readers were

equally able as normal readers in processing digraphs as units, as the distortion of

a digraph within a word had a similar effect on both reading groups.

Martensen et al. (2003) hypothesized that the segmentation of a digraph dis-

rupts a visual parsing process of the letters in a word takes place before ortho-

graphic units are mapped onto phonological units. Following the PDP model of

Plaut et al. (1996), Martensen et al. also hypothesized that onsets and codas are

formed by visual parsing, and thus should be susceptible to segmentation as well.

However, the results of our study provide little support for this latter hypothesis,

because we found no segmentation effect for consonantal onset and rime clusters.

Of interest, the parsing of letters into graphemes has been implemented in a

recent computational model of reading, the Connectionist Dual Processing Model

(CDP+) of Perry, Ziegler, and Zorzi (2007). The model involves a graphemic

buffer (see Figure 4 on p. 280). According to the model, the letters of a word

are parsed or translated into graphemes, which in turn are connected to phono-

logical units. However, the specific mechanism by which letters are parsed into

graphemes is not yet fully understood. In addition, the assumption that only letters

are parsed that map onto a grapheme needs further study, as it should be noted that,

at least in Dutch education, children are explicitly instructed to decode digraphs

as a unit. The possibility remains, therefore, that consonantal onset clusters and

rimes might also become to function as perceptual units in reading if these clusters

are explicitly taught as a unit.

The dyslexic readers of our study were equally affected by the segmentation of

a digraph as their normal reading peers. From the assumption that such a segmen-

tation disrupts visual parsing, it follows that dyslexic readers do not seem to have

particular problems with this early visual process. However, we did find a differ-

ence between the two reading groups in the reading of intact words. Normal read-

ing children were equally fast in reading intact words containing a digraph (e.g.,

#stoel [chair]) and reading intact words without a digraph (e.g., #stop). Also, the

skilled adult readers in our second study were not affected by a digraph, as was

previously found by Martensen et al. (2003). In contrast, the naming speed of

dyslexic children was slower for words with than for words without a digraph.

Similarly, Elbro (2005) found that, across orthographies, beginning readers need

more time to learn pseudowords with a digraph. Thus, digraphs might pose spe-
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cific problems for beginning and dyslexic readers. However, the latter assertion

should be regarded with considerable caution. In our study, the words with di-

graphs were also longer, and dyslexic children have been regularly found to be

extra affected by additional letters in a word (e.g., Ziegler et al., 2003; Zoccolotti

et al., 2005).

The results of our study are also relevant for current computational and devel-

opmental theories of reading. The results are partially in line with the predictions

of the DRC model (Coltheart et al., 2001). In this model, letters are the functional

units of reading and consonantal onset and rime clusters are not involved. The

latter was also found in our study. However, our finding that vowel digraphs are

vulnerable to segmentation, and therefore seem to function as a perceptual unit, is

clearly not in accordance with the DRC model. In contrast, connectionist models

(Plaut et al., 1996; Taft, 1991) do predict that vowel digraphs are used as units

during reading. However, connectionist models also predict that sublexical clus-

ters emerge as a result of the learning of a distributed network, and this was not

found in our study.

With respect to developmental theories of reading, the current results provide

little evidence for Ehri’s (1992; 1998) consolidated alphabetic phase in which

associations are acquired between multiletter units and their corresponding pho-

nological segments in spoken words. Our findings seem to converge with PGS

theory (Ziegler & Goswami, 2005). According to PGS, the use of sublexical units

is primarily dependent on the consistency of the grapheme to phoneme mappings

of the orthography. As Dutch is a relatively regular orthography, PGS would pre-

dict that consonantal onset clusters and rimes will not be used, and this is exactly

what was found in our study. However, it should be acknowledged that a true ver-

ification of the PGS theory could only be accomplished by comparing the findings

of our study with the same experiments conducted in an inconsistent orthography,

like English. In this case, the PGS theory would postulate that there would be a

segmentation effect for inconsistent consonantal onset clusters and rimes.

As was argued in the introduction of the article, enhancing the use of sublex-

ical clusters has been the focus of a number of interventions that were meant to

improve the reading fluency of dyslexic readers. In these interventions, the use of

clusters has been stimulated with visual manipulations that aimed to increase the

visual saliency of the target cluster. Evidence suggests that the effects of these vi-

sual manipulations tend to be small. This seems understandable, as in our study it

was not possible to demonstrate with a visual manipulation (i.e., the segmentation

paradigm) that the reading of normal readers (children and adults) was specifically

hampered when a presumed cluster (onset or rime) was disrupted. Of course, this

finding does not necessarily imply that interventions aimed to stimulate the use

of sublexical clusters should be abandoned. But it does suggest that it might be

better to shift focus from an emphasis on the visual saliency of letter clusters to

methods that enhance the link between orthographic and phonological clusters.



Chapter 3

Children use vowel digraphs as

perceptual units in reading:

Evidence from dyslexic and

normal readers∗

Abstract

Digraphs are graphemes that are composed of two letters like the ou in soup.

We hypothesized that the serial-reading strategy of dyslexic readers might inter-

fere with the processing of digraphs. We used a letter-detection task to compare

the processing of vowel digraphs in dyslexic and normal reading children. Both

groups were found to be slower in detecting a letter within a vowel digraph than

in detecting a letter of a single-letter grapheme. In addition, the dyslexic children

were slowed down to a similar degree as the normal readers when detecting a

letter embedded in a digraph. Finally, we found that the slower response to target

letters embedded in a digraph was position independent in both groups. These

results indicate that normal reading and dyslexic children process vowel digraphs

as perceptual units.

∗Marinus, E., & de Jong, P. F. (in revision). Children use vowel digraphs as perceptual units in reading:

Evidence from dyslexic and normal readers.
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3.1 Introduction

In alphabetic orthographies, graphemes are the orthographic counterpart of pho-

nemes (Rey & Schiller, 2005). The word stop for example, consists of four dif-

ferent single-letter graphemes (s/t/o/p). However, most languages consist of more

phonemes than letters to represent them. Therefore alphabetic orthographies of-

ten use two or more letters to express a single phoneme (Borgwaldt, Hellwig, &

de Groot, 2004). The word soup for instance has also four letters, but only three

graphemes (s/ou/p). The ou is an example of a digraph: two letters map onto

one sound. There are two different kinds of digraphs. The first kind, the homo-

geneous digraph, consists of two equal letters (e.g., oo). The second kind, the

heterogeneous digraph, is formed by two different letters (e.g., ou or ch).

The digraph forms an inconsistency that has to be resolved during reading.

One way to solve this inconsistency is by processing the digraph as a perceptual

unit instead of as two separate letters. Processing the digraph as a unit before

the sound is linked to the orthographic form is an effective way to suppress the

phonemes that are linked to the separate letters of the digraph (e.g., the o and u

of ou in soup). The idea that skilled adult readers resolve the inconsistency of

a digraph by processing it as a perceptual unit is also in line with the finding of

Rey, Ziegler and Jacobs (2000) that graphemes, and not letters, are the functional

reading units in alphabetic writing systems.

The issue of digraphs is also of interest to computational models of reading.

In a recent computational model, the Connectionist Dual Process model (CDP+,

Perry, Ziegler, & Zorzi, 2007), letter strings are visually parsed into graphemes

before each of them is linked to their corresponding sound. However, according

to the Dual Route Cascaded model (DRC, Coltheart, Rastle, Perry, Langdon, &

Ziegler, 2001) letters and not graphemes are the functional units in the reading

system. In contrast to the CDP+ model, the DRC model postulates a print-to-

sound conversion system in which each letter is processed one by one. Whenever

a word or pseudoword contains a grapheme that is spelled by a sequence of two

letters, the phoneme belonging to the first letter of the digraph will be activated

during the period that there is access to the first letter. Only at the time that the

second letter of the grapheme comes into the view, the phoneme that belongs to

the digraph begins to be activated (Jackson & Coltheart, 2001). It takes some

time before the digraph phoneme has overruled the activation of the phoneme of

the first letter. The delay caused by this activation was denoted as the “whammy

effect” (Rastle & Coltheart, 1998).

Research on the processing of digraphs has mainly focused on skilled adult

readers. Some of these studies used a letter-detection paradigm (Brand, Giroux,

Puijalon, & Rey, 2007; Rey et al., 2000) or a phoneme-detection paradigm (Peere-

man, Brand, & Rey, 2006) to examine whether digraphs are processed as percep-

tual units. The rationale behind the detection paradigm is that, if the reading
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system processes certain letter clusters as a unit, detection of a target letter is rela-

tively hard if the letter is embedded in a cluster (Gross, Treiman, & Inman, 2000;

Healy, 1994). For example, the a in class should be easier to detect than the a in

peach, because in the first case the letter corresponds to a single-letter grapheme

whereas in the latter case the letter is embedded within a digraph. Thus far, all

detection studies have showed that skilled adult readers are slower in detecting a

letter when the target letter was embedded within a digraph than when it mapped

on a single-letter grapheme thereby providing evidence for the use of digraphs as

perceptual units by skilled adult readers.

Although digraphs seem to be treated as perceptual units, naming studies with

skilled adult readers have demonstrated that the presence of digraphs nevertheless

produces a processing cost relative to single-letter graphemes (Andrews, Wool-

lams, & Bond, 2005; Rastle & Coltheart, 1998; Rey & Schiller, 2005). Rastle and

Colthart argued that this delay is due to the letter-by-letter processing of the sep-

arate letters of a digraph (the whammy effect). Such a letter-by-letter processing

hypothesis seems to be at odds with the findings of the detection studies.

In addition, the results of the letter-detection studies are not entirely consistent.

Brand et al. (2007) found some evidence for the serial reading of the letters in a

digraph. Brand et al. showed that the slower detection of a letter in a digraph was

restricted to the letter on the second position. The detection speed of skilled adult

readers for the first letter of a digraph did not differ from the detection speed for

the same letter as a single-letter grapheme in the same position in another word

of similar length. However, the detection speed for the second letter of a digraph

was slower than for its single-letter grapheme counterpart in a matched word. This

response pattern is not in accordance with the view that digraphs are processed as

perceptual units and supports a serial letter-by-letter process as postulated by the

DRC model (Coltheart et al., 2001). In contrast, results of a study by Peereman

et al. (2006) provided evidence for digraphs as perceptual units. Peereman et

al. found that it was equally difficult for skilled adult readers to give a NO response

to the phoneme belonging to the first letter as to the phoneme belonging to the

second letter of a heterogeneous vowel digraph. This finding is at odds with the

predictions of the DRC model, as the phoneme belonging to the second letter of

the digraph should never become activated in the serial letter-by-letter processing

mechanism. Peereman et al.suggested that during the processing of a digraph the

phonological codes corresponding to both the single letters and the letter cluster

are activated in the phoneme system. In terms of treating digraphs as perceptual

units this would mean that, although there is a preference for the reading system to

treat digraphs as a unit, the sounds belonging to the separate letters of the digraph

are still causing interference.

The few digraph studies that have been conducted with children show that

words containing digraphs are challenging for beginning readers across differ-

ent orthographies. Elbro (2005) examined the acquisition of consonant digraphs
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in Danish, English and German children (grade 1 to 4). It was found that the

beginning readers made more errors in pseudowords with complex consonant

graphemes than in pseudowords consisting of single-letter graphemes only. In

addition, research with English children (Davis & Bryant, 2006) has shown that

seven year old children had little difficulty in reading or spelling short vowel

CVC words, but made many mistakes with words containing digraphs. Davis

and Bryant did find a developmental change in the children’s appropriate use of

split digraphs (e.g., the a-e in fate) over two years, however, there was a lack of

progression in the use of non-split digraphs (e.g., the oa in goat).

Beginning readers’ difficulties with the processing of digraphs might be ex-

plained by their use of a letter-by-letter strategy to decode words (Zoccolotti et

al., 2005). Such serial reading strategies have also been found in dyslexic readers

(Martens & de Jong, 2006; Spinelli et al., 2005; Zoccolotti et al., 2005). It could

be that digraphs pose a challenge for beginning and dyslexic readers because their

letter-by-letter reading strategy interferes with the processing of digraphs as per-

ceptual units. However, Marinus and de Jong (2008) recently found that normal

and dyslexic readers were equally hampered by the visual distortion of a digraph.

Although the general reading speed of the dyslexic children was slower than that

of the normal readers, they were slowed down to the same degree when a digraph

unit was visually distorted.

The aim of the current study was to replicate the finding that both normal

and dyslexic readers process digraphs as perceptual units with the letter-detection

paradigm. To our knowledge, this is the first study examining unification pro-

cesses in normal reading and dyslexic children by means of a letter-detection task.

In a naming task, Bosman, Leerdam, and de Gelder (2000) found Dutch normal

reading and dyslexic children to be faster in naming the first letter of a three-letter

pseudoword when the letter corresponded to a single-letter grapheme (e.g., the a

in arg) than when the letter corresponded to a digraph (e.g., the a in aug). Based

on their findings and the findings of previous studies with skilled adult readers

(Brand et al., 2007; Rey et al., 2000), we predicted that both normal reading and

dyslexic children would be slower in detecting a letter within a digraph as com-

pared to a letter corresponding to a single-letter grapheme. If dyslexic children

have difficulties in processing digraphs as perceptual units, we expected that this

delay would be less strong for the dyslexic children. However, if dyslexic children

are equally proficient in processing digraphs as perceptual units, a similar delay

should be expected in normal and dyslexic readers.

The current study was conducted with Dutch normal reading and dyslexic chil-

dren. Dutch is an interesting orthography to examine the processing of digraphs.

Firstly, digraphs are a highly frequent phenomenon in the Dutch language. Ac-

cording to the CELEX database, half of the Dutch monosyllabic words contains a

digraph (Baayen, Piepenbrock, & van Rijn, 1993), making it a highly salient unit

from a statistical point of view (Pacton, Perruchet, Fayol, & Cleeremans, 2001).
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Secondly, the pronunciation of Dutch digraphs is very consistent. Whereas the

ea digraph in English can be pronounced in several ways (compare, for instance,

steak and heal), Dutch digraphs are always pronounced the same. Thirdly, in

Dutch educational methods digraphs are explicitly taught as blended units. To-

gether these three factors make it highly plausible that the reading system of Dutch

children processes digraphs as perceptual units.

For the current study we used three and four-letter words with and without

heterogeneous vowel digraphs. We had two reasons to restrict the study to het-

erogeneous vowel digraphs. Firstly, the pronunciation of Dutch homogenous di-

graphs is similar to the name of the target letter. Secondly, heterogeneous vowel

digraphs seem to pose the largest problems to beginning readers. We decided to

focus on heterogeneous vowel and not on heterogeneous consonant digraphs. In

Dutch vowel digraphs are more numerous and diverse, making it easier to select a

representative sample of target words. In the original letter-detection experiment

of Rey et al. (2000) the digraph presence and absent conditions were matched for

number of letters. We also added three letter words without a digraph to match for

number of phonemes.

3.2 Method

3.2.1 Participants

Twenty-four dyslexic grade-4 children (11 boys and 13 girls) and 24 normal read-

ing children (11 boys and 13 girls) were selected for participation. All children

attended regular education and had normal or corrected to normal vision. The

ages of the dyslexic children ranged from 9 years and 2 months to 10 years and

11 months, with a mean age of 9 years and 11 months. The ages of the normal

reading children ranged from 9 years and 4 months to 10 years and 7 months,

with a mean age of 9 years and 11 months. The dyslexic children were individu-

ally matched with the normal reading children on receptive vocabulary, non-verbal

intelligence, age and gender.

The dyslexic and normal reading children were selected from a group of 498

grade-4 children of 15 different schools in the area of Purmerend (The Nether-

lands). Normal word reading ability was defined to range from three months be-

low to three months above the average reading level. For the dyslexic group,

children with a reading lag of at least 1.5 years were selected. As a consequence,

their reading level equaled the level of normal reading children in the beginning of

or halfway grade 2. The characteristics of the groups are presented in Table 3.1.

Word reading ability was assessed with the Dutch One-minute test (Brus &

Voeten, 1995), a speeded test for single-word reading. This test is commonly

used to determine the reading level of children in Dutch primary schools. The test

consists of 116 words of increasing difficulty. The children were instructed to read
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the words aloud as quickly as possible, without making errors. The score is the

number of words read correctly within one minute. This score was transformed

into a norm score expressing the reading age of the child in months. All children

read both the A and the B version of the test. The final score was the average of

the norm scores of the two versions.

Table 3.1

Descriptive statistics of the characteristics of the dyslexic and normal readers: mean (M) and

standard deviation (SD).

Dyslexic Normal

Variable M SD M SD

Age (years) 9.9 0.4 9.9 0.4

Reading level (standard score) 62.8 5.1 99.6 2.0

Vocabulary score 45.3 3.2 45.6 4.5

Nonverbal reasoning score 36.4 7.4 37.0 6.5

Receptive vocabulary of the children was measured with the subtest Vocab-

ulary of the RAKIT, a Dutch intelligence test battery for children (Bleichrodt,

Drenth, Zaal, & Resing, 1987). This test consists of 60 words of increasing diffi-

culty. For each word the children had to choose the corresponding picture out of

four alternatives. When a child made four errors in a row, the administration of

the test was stopped. The score was the number of correct answers.

Finally, nonverbal reasoning was assessed with the Raven Standard Progres-

sive Matrices (Raven, Court, & Raven, 1986). This test consists of 60 items. On

each item the children had to choose a pattern from a set of answer options to

complete a series of patterns. The score was the number of correct answers.

3.2.2 Materials and design

Sixty target-presence words, containing the target letter, and 60 target-absent words

were selected. The target-present and target-absent words consisted of three types

of words: 20 three-letter words with three graphemes (3L3G, e.g., mes [knife]), 20

four-letter words with three graphemes (4L3G, e.g., voet [foot]) and 20 four-letter

words with four graphemes (4L4G, e.g., fles [bottle]). The 4L3G and 4L4G words

were pair-wisely matched for position of target vowel. For instance, in both fles

[bottle] and voet [foot] the target letter e occurs in the third position. We did not

match the different word conditions for word frequency because Rey et al. (2000)

demonstrated that letter detection latencies are unaffected by the frequency of the

target word. However, the majority of the words were highly frequent (Baayen

et al., 1993) and familiar to grade-4 children (Schrooten & Vermeer, 1994). The

words are presented in Appendix B.

The 120 words were divided into four blocks in which the target letter differed

(e, i, o and u). Each block consisted of an equal number of target-present and
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target-absent words and an equal number of each word type (3L3G, 4L3G and

4L4G). We only selected words with the following heterogeneous vowel digraphs

as a nucleus: oe, ie, eu, ei, ui and ou. The digraph ie has the same pronunciation

as the letter name i. It might therefore be expected that it is easier to detect the i

in ie than in ei of ui. To avoid such facilitating phonemic similarity effects (see

also Rey et al., 2000), we did not present words with an ie digraph in the block

in which i was the target letter. Finally, the Dutch pronunciation of the single-

letter vowels (a, e, i, o, u) differs from the sound of the letter names of the vowel.

Therefore, possible advantages in letter-detection speed for target letters in single-

letter grapheme words cannot be attributed to phonemic similarity effects.

3.2.3 Procedure

The letter-detection task was administered during school hours. There were four

versions of the letter-detection task in which the order of the different blocks with

different target letters was systematically varied. The normal and dyslexic readers

were randomly assigned to one of the four versions of the task.

The c key of the keyboard was covered by a red sticker and the m key was

covered by a green sticker. For left-handed children the stickers were reversed.

The children were instructed to push the green button when the target letter oc-

curred in the word they saw on the screen and to push the red button when the

target letter was absent. Before each block the children were asked to write down

the target letter to make sure that they knew the target letter and to minimize con-

fusion which letter was the target in the block at hand. The words within a block

were presented in random order. Each block was preceded by five practice trials.

The words were presented one by one in the middle of a 14.1-inch XGA LCD

screen of a D600 Pentium-M 1.3-GHz computer. The words were printed in 46-

point lower-case black Arial font, on a white background. A fixation point (+)

was projected in the middle of the screen and the word appeared 750 ms later.

The computer registered latencies and responses. The latencies were defined

as the time between the appearance of the stimulus and the moment that the child

hit one of the keys. The stimuli disappeared as soon as the child touched one of

the keys.

3.3 Results

Trials with response times below 325 ms (premature responses) and outliers were

omitted. An outlier was defined as a latency that differed by more than three

standard deviations from a child’s mean. Outliers were calculated separately for

the target-present and target-absent trials and the different word types.

For each child, a mean latency score was computed for each word type by
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target-present/ target-absent condition. Mean latencies were calculated over cor-

rect trials only. On average mean latency scores were based on 92.4% (SD = 3.8)

of the total of twenty trials in a condition.

The error percentages and mean latencies for the dyslexic and normal reading

children in each word condition are presented in Table 3.2. Both groups showed

the highest error percentage in the digraph condition. However, because of ceiling

effects (accuracy scores were higher than 90% for all conditions), we did not

further analyze the error percentages. In addition, we only analyzed the responses

to target-present trials (see Rey et al., 2000).

Table 3.2

Mean correct response times (in ms) and percentage of errors in the different conditions for the

normal reading and dyslexic children.

Latency Percentage of Errors

L3G3 L4G3 L4G4 L3G3 L4G3 L4G4

Normal 708 805 734 3.3 8.2 4.4

(123) (157) (153) (4.1) (8.9) (4.6)

Dyslexic 746 830 757 2.1 4.6 4.0

(127) (176) (116) (2.9) (3.3) (4.0)

Note. Standard deviations are in parentheses.

The mean latencies of the target-present trials were separately subjected to

a multivariate analyses of variance for repeated measures with Reading Group

(dyslexic or normal) as a between-subjects factor, and Condition (three-letters-no-

digraph, four- letters-digraph and four-letters-no-digraph) as the within-subjects

factor. To test the hypothesis that the children were slower in detecting a target

letter within a digraph, two contrasts were specified on the Condition factor. The

first concerned the comparison of the three-letter and four-letter words without a

digraph. The aim of this contrast was to determine whether it was more difficult

to find a target letter in a three-letter as compared to a four-letter word and to ex-

amine whether the baseline letter-detection effects were position dependent. This

contrast will further be denoted as the “Length contrast”. The second, and most

important, contrast compared the responses to the four-letter words with a digraph

with the four-letter words without a digraph. This contrast will be referred to as

“Digraph contrast”. For all contrasts, a significant main effect indicated a mean

score difference between the conditions that were compared, whereas a signif-

icant contrast by Reading Group interaction implied that the magnitude of this

difference varied between the dyslexic and normal reading children.

There was no significant main effect for Reading Group in the analysis across

groups, F1 < 1, ns. However, across items the main effect for Reading Group

did reach significance, F2 (1, 57) = 12.18, p < .01, η2

p = .18. These different

outcomes were probably due to the larger power of the item analysis. The main

effect for Condition was also significant, F1 (2, 45) = 20.41, p < .001, η2

p = .48,
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F2 (2, 57) = 18.78, p < .001, η2

p = .40. Follow-up contrasts were specified to

further examine this effect.

We did not find a significant effect for the Length contrast, F1 (1, 46) = 1.86,

p > .10, F2 (1, 57) = 1.32, p > .10, nor did we find a significant interaction

of Length and Reading Group, F1 < 1, ns, F2 < 1, ns. The detection speed

did not differ for letters embedded in a three-letter or four-letter word without

a digraph and this effect did not differ between the groups. In all three-letter

words, the target letter was always on the second position in the word (e.g., mes

[knife]). In the four-letter words the target letter could be either on the second

or the third position (e.g., best vs. fles [bottle]). To further examine whether the

detection speed was position independent, we specified an additional contrast on

the four-letter words, comparing the words with the target letter on the second

position (e.g., best) and third position (e.g., fles [bottle]). The position effect nor

the interaction with Reading group was significant, F1 < 1, ns, F2 < 1, ns.

The Digraph contrast was significant, F1 (1, 46) = 27.53, p < .001, η2

p = .37,

F2 (1, 57) = 21.52, p < .001, η2

p = .27. The children were significantly slower

in detecting a target letter within a digraph unit than detecting a target letter in

a word with an equal amount of letters but without a digraph. The Digraph by

Reading Group interaction was not significant, F1 < 1, ns, F2 < 1, ns. The effect

did not differ for the normal reading and dyslexic children.

Following Brand et al. (2007), we conducted an additional analysis to inves-

tigate whether the slower response to a target letter embedded in a digraph was

position dependent. Two separate mean latency scores for position 2 (based on

nine trials for both the digraph and single-letter grapheme words) and two sepa-

rate mean latency scores for position 3 (based on eleven trials for both the digraph

and single-letter grapheme words), were computed (see Table 3.3).

Table 3.3

Mean response times (in ms) for the normal reading and dyslexic children in the different posi-

tion and word-type conditions of the four-letter words.

Position 2 Position 3

Single-letter Digraph Single-letter Digraph

Normal 721 (127) 839 (208) 743 (197) 781 (148)

Dyslexic 776 (127) 847 (158) 737 (127) 816 (210)

Note. Standard deviations are in parentheses.

As reported by Brand et al., we specified two contrasts. The first contrast

examined the digraph effect for the first position and the second contrast for the

second position. In contrast to Brand et al. we found slower responses to target

letters in both the first, F1 (1, 46) = 25.97, p < .001, η2

p = .36, F2 (1, 36) = 15.15,

p < .001, η2

p = .30, and the second position of the digraph, F1 (1, 46) = 9.06,

p < .01, η2

p = .17, F2 (1, 36) = 6.34, p < .05, η2

p = .15. Although the effects

seemed to be stronger for the first position, the two position effects did not differ
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significantly, F1 (1, 46) = 2.09, p > .10, F2 (1, 36) = 1.44, p > .10. No significant

Position by Reading Group interaction effects were found, F1 < 1, ns, F2 < 1, ns.

3.4 Discussion

The aim of the current study was to examine whether normal reading and dyslexic

children process digraphs as perceptual units. Following Rey et al. (2000), we

used a letter-detection task. The critical question in this paradigm is whether the

children are faster in detecting a target letter in a word corresponding to a single-

letter grapheme (e.g., e in best) as compared to detecting a target letter that was

embedded within a digraph unit (e.g., e in boek [book]). Slower reaction times

in the digraph condition would indicate that the children were processing the di-

graph as a perceptual unit. If dyslexic children were having difficulties processing

digraphs as perceptual units, this delay should be less strong for the dyslexic chil-

dren. However, it was found that both groups were slower in detecting target let-

ters in digraphs and that this effect was equally strong for the normal and dyslexic

children. It was therefore concluded that both normal reading and dyslexic chil-

dren process digraphs as perceptual units. This conclusion is in line with the find-

ing that the reading of normal reading children is hampered to a similar degree by

the visual distortion of a digraph (Marinus & de Jong, 2008).

In addition, we found that the slower response to target letters embedded in

a digraph was position independent, lending further support that digraphs are not

processed letter-by-letter. This outcome is in contrast to what was reported by

Brand et al. (2007). Brand et al. found that the unitization effect was restricted to

the second letter of a digraph and interpreted these results as evidence for the serial

letter-by-letter processing mechanism as postulated by the DRC model (Coltheart

et al., 2001). However, and in line with the naming results of Bosman et al. (2000),

we also found a unitization effect for the first letter of a digraph for the normal

reading and dyslexic children in our study. The different outcomes might be ex-

plained by differences in language and educational background of the participants.

In the Introduction we explained that Dutch digraphs are both highly frequent and

consistent in terms of print-to-sound correspondences, making it practically and

statistically highly salient units (Pacton et al., 2001). Moreover, in Dutch edu-

cation, children are explicitly taught to decode digraphs as units. We therefore

assume that the reading system of Dutch children is strongly attuned to process-

ing digraphs as perceptual units. Finally, it might be that the mode of stimulus

presentation influenced the unitization process. Brand et al. presented the digraph

and single-letter grapheme words in separate lists, whereas in the current study

the different word types were presented in mixed lists.

In the CDP+ model (Perry et al., 2007), the parsing of letters into graphemes

has been implemented as a serial process. However, in the current study it was
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found that the children were equally fast in detecting a letter in a three-phoneme

as in a four-phoneme word. In addition, we demonstrated that the detection speed

did not differ for letters matching on single-letter graphemes of the second or third

position in a word (e.g., e in best vs. e in fles [bottle]). In terms of computational

modeling, these findings suggest that the grapheme buffer parses all graphemes of

a word in parallel instead of in a serial way.

Surprisingly, we found very little differences in overall detection speed be-

tween the normal and dyslexic readers. This finding is at odds with the results

of a number of studies showing that dyslexic children perform weaker on visual-

processing tasks than normal reading children (Hawelka, Huber, & Wimmer, 2006;

Hawelka & Wimmer, 2005; Valdois, Bosse, & Tainturier, 2004). However, in all

these studies dyslexic readers had to give a verbal response to a presented stim-

ulus. Recently, Hawelka and Wimmer (2008) demonstrated that on a visual task

that did not require a verbal response, dyslexic readers did not differ from normal

readers. The negligible differences that we found thus may be a consequence of

the fact that our letter-detection task did not involve verbal responses either. The

lack of influence of frequency effects on detection latencies as found by Rey et

al. (2000) can also be interpreted as evidence that the letter-detection paradigm

taps preverbal or prelexical processes, which in the current study were found to

be intact in dyslexic readers.

However, when a verbal response is required then differences in the process-

ing of a digraph between normal and dyslexic children might become apparent.

Indeed, Marinus and de Jong (submitted) recently found in a study with dyslexic

children and normal readers that pseudowords with a digraph were named more

slowly than pseudowords without a digraph. In contrast to adult readers (Andrews

et al., 2005; Rastle & Coltheart, 1998; Rey & Schiller, 2005), however, the nam-

ing delay in these children was found to be on top of the grapheme-length instead

of on top of the letter-length effect. Interestingly, this effect was stronger in begin-

ning grade-2 and dyslexic readers than in normal grade-4 readers. The findings of

the current study suggest that, as long as dyslexic children do not have to link the

sounds to the presented letter or letter string, their processing of digraphs does not

differ from their normal reading peers. However, as soon as a naming response is

required, the differences become apparent.





Chapter 4

Variability in the word-reading

performance of dyslexic

readers: Effects of letter length,

phoneme length and digraph

presence∗

Abstract

The marked word-length effect in dyslexic children suggests the use of a letter-by-

letter reading strategy. Such a strategy should make it more difficult to infer the

sound of digraphs. Our main aim was to disentangle length and digraph-presence

effects in word and pseudoword reading. In addition, we examined differences in

intra-individual variability between dyslexic and normal readers. Naming tasks

were administered to 24 dyslexic readers individually matched to chronological-

age and reading-age controls. As expected, dyslexic and younger children showed

stronger length effects. In contrast to our expectations, the dyslexic and younger

children were faster in reading (pseudo)words with a digraph than in reading

(pseudo)word of similar letter length but without a digraph. Normal readers were

equally fast on both types of (pseudo)words. However, considering phoneme-

length effects, digraph-presence caused an additional delay in all reading groups,

but only for pseudowords. In addition, this effect was stronger for the dyslexic and

younger readers. Finally, dyslexic readers’ intra-individual variability in reading

was larger than the variability in normal readers, especially for short words.

∗Marinus, E., & de Jong, P. F. (in press). Variability in the word-reading performance of dyslexic

readers: Effects of letter length, phoneme length and digraph presence. Cortex.
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4.1 Introduction

Earlier studies have demonstrated important differences in the word-recognition

processes of children with and without dyslexia. Obviously, children with dyslexia

are much slower and make more errors than their normal reading counterparts

(Vellutino, Fletcher, Snowling, & Scanlon, 2004). However, more specific dif-

ferences in word-recognition processes have also been observed. The most noted

difference is the stronger lexicality effect that is commonly found in dyslexic chil-

dren. The lexicality effect refers to the finding that words are generally read faster

and more accurately than comparable pseudowords. Interestingly, it has been re-

peatedly found that this effect is more pronounced in children with dyslexia (Mar-

inus & de Jong, 2008; Martens & de Jong, 2006; Rack, Snowling, & Olson, 1992;

Ziegler et al., 2003; Zoccolotti et al., 1999; Barca, Burani, di Filippo & Zoccolotti,

2006, but see di Filippo, de Luca, Judica, Spinelli, & Zoccolotti, 2006; Zoccolotti,

de Luca, Judica, & Spinelli, 2008). The difficulty that dyslexic children experi-

ence in the reading of pseudowords has typically been interpreted as a marker of

a phonological deficit (Rack et al., 1992).

Another notable difference between normal reading and dyslexic children is

their sensitivity to the length of both words and pseudowords. Several studies

found that dyslexic children respond relatively slower to longer words and pseu-

dowords than to shorter ones. (Martens & de Jong, 2006; Ziegler et al., 2003;

Zoccolotti et al., 2005). The stronger length effect in dyslexic children is often

hypothesized to reflect the dyslexic readers’ impairment to apply lexical reading

strategies (Coltheart, Rastle, Perry, Langdon, & Ziegler, 2001) or “use of ortho-

graphic knowledge” to process more or even all the letters of a target word in

parallel. Instead, dyslexic readers are thought to persist in using a more labori-

ous serial, letter-by-letter, decoding strategy (Zoccolotti et al., 2005). Evidence

for dyslexic children’s persistent use of a letter-by-letter reading strategy is also

provided by studies in which dyslexic children were found to make more eye-

movements per word than normal readers (de Luca, Borelli, Judica, Spinelli, &

Zoccolotti, 2002; Hutzler & Wimmer, 2004).

The purpose of the current study is twofold. Firstly, the nature of the word-

length effect in dyslexic and normal reading children is studied in more detail.

More specifically, we examined whether the presence of a digraph causes an addi-

tional delay on top of the letter-length effect. Digraphs are two-letter graphemes,

such as, the ou in soup, and are a common phenomenon in Germanic languages

like English, German and Dutch. Up until now most studies examining the length

effect in normal reading and dyslexic children, have not controlled for the pres-

ence of digraphs (Martens & de Jong, 2006; Ziegler et al., 2003). As a result

it is difficult to conclude that the stronger length effect in younger and dyslexic

children reflects a pure letter-by-letter reading strategy. It might as well reflect

a grapheme-by-grapheme reading strategy in which the processing of a digraph
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causes an additional delay. Disentangling length and digraph effects is also of

theoretical relevance as theories of visual word recognition differ in their imple-

mentation of how digraphs are processed during reading. Theories and research

regarding length effects and the processing of digraphs will be discussed in the

next section of the introduction.

The second aim of this study is to examine and explicitly model the variability

in the naming latencies of normal reading, dyslexic and younger readers. Thus

far, most studies have been concerned with mean differences in reading speed

and accuracy between normal and dyslexic readers. However, everyone who has

ever examined word recognition skills of normal readers and dyslexics will agree

that the reading performance of dyslexics is much more variable than that of nor-

mal readers. Besides that the word reading of dyslexics is more variable in very

easy tasks, like for instance three letter word naming (Marinus & de Jong, 2008;

Martens & de Jong, 2006; Ziegler et al., 2003), its variability also seems to in-

crease more in response to word characteristics (such as lexicality (pseudowords

or words), orthographic complexity and word length). Why and how to model the

higher variability of dyslexic children will be discussed in more detail after we

have elaborated on word length and digraph effects.

4.1.1 Word length and digraph effects

It is often assumed that length effects reflect the serial processing of words and

pseudowords (Zoccolotti et al., 2005). Length effects are found in both children

and adult readers in naming tasks and lexical decision (Balota, Cortese, Sergent-

Marshall, & Spieler, 2004; Martens & de Jong, 2006). Serial processing is one

of the core assumptions of the Dual Route Cascaded (DRC) Model (Coltheart et

al., 2001) and is also incorporated in the Connectionist Dual Route Processing

(CDP+) Model (Perry, Ziegler, & Zorzi, 2007). According to these models ev-

ery letter string enters the reading system letter-by-letter, starting from the first.

Shortly after the serial processing of letters has started, the lexical route (or lexical

network) is activated. The lexical route processes letter strings in parallel and is

able to map the orthographic input directly to a code in the phonological lexicon

that directly activates the pronunciation of whole words. As a result, this route

considerably speeds up the word recognition process. It follows from the DRC

and CDP+ models that the length effect will be larger for pseudowords than for

words. A lot of studies indeed found this lexicality by length interaction effect in

both naming and lexical decision tasks (Balota et al., 2004; Weekes, 1997, Spinelli

et al, 2005).

Whereas the DRC and CDP+ postulate that the length effect results from the

serial processing of the letters of the stimuli some connectionist models (Seiden-

berg & McClelland, 1989) assume that the effect of word length is a mere con-

sequence of neighbourhood effects. In general shorter words and pseudowords
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have a larger neighbourhood size than longer ones, which might form an alterna-

tive explanation for the finding that shorter words are read faster than their longer

counterparts. However, this is not in line with the recent findings of Balota et

al. (2004) that length and neighbourhood seem to have an independent influence

on (pseudo) word recognition speed in adult readers.

Most alphabetic orthographies consist of more phonemes than there are letters

to denote the phonemes. Therefore, languages often use two or more letters to

express a single phoneme (Borgwaldt, Hellwig, & de Groot, 2004). The term “di-

graph” refers to a two-letter grapheme. Digraphs are an interesting phenomenon

in the context of the length effect because it is not possible for a reader to tackle

the digraph ambiguity by using a mere serial letter-by-letter reading strategy. Ac-

cording to the DRC Model (Coltheart et al., 2001), digraphs are not processed as

perceptual units during the first level of processing. The nonlexical route of the

model initially activates an incorrect phoneme for the first letter of the digraph.

When the second letter of the digraph comes into view the correct phoneme, cor-

responding to the digraph, begins to be activated. However, initially the wrong

phoneme has been activated. As a result more time is needed to reach the thresh-

old for the pronunciation of the correct digraph phoneme. Therefore, the DRC

model predicts that, given an equal number of letters, it will take longer to read

words with digraphs than words without (Jackson & Coltheart, 2001b).

Rastle and Coltheart (1998) investigated the role of digraphs in pseudoword

reading by asking adult readers of English to read pseudowords consisting of five

letters. Half of the pseudowords did not have a digraph (e.g., breps), the other half

of the words contained two digraphs (e.g., doaph). Rastle and Coltheart found that

the adult readers were faster on the pseudowords without than on the pseudowords

with digraphs. The finding that five letter pseudowords with two digraphs were

read slower than five letter pseudowords without digraphs was hypothesized to

be a result of the delay that is caused by the letter-by-letter processing of the

two digraphs within the pseudowords. Rastle and Coltheart denoted this delay,

due to a digraph, as the “whammy effect”. The effect has also been found for

words (Rey, Jacobs, Schmidt-Weigand, & Ziegler, 1998). However, just like in

the pseudowords of Rastle and Coltheart, a significant whammy effect was only

found when five letter words with two digraphs were contrasted with five letter

words without digraphs. One digraph did increase the response latencies, however

it did not cause enough delay to yield a significant difference.

In the CDP+ Model (Perry et al., 2007), the letters of a (pseudo)word also

enter the system one by one, but in contrast to the DRC Model, the letters are

visually parsed and segmented into graphemes before they are mapped onto the

corresponding phonemes. The contention that graphemes and not letters are the

perceptual reading units is supported by the results of letter detection experiments

(Rey, Ziegler, & Jacobs, 2000). The reasoning behind these experiments is that if

the reading system processes digraphs as a reading unit, then it should be harder
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to detect a target letter when it is embedded in a digraph (e.g., the a in peach) than

when it corresponds to a single letter (e.g., the a in class). Rey et al. indeed found

that letter detection latencies were larger if the target letter was embedded within a

digraph. Other support that the letters of digraphs are processed in parallel before

the mapping onto the phoneme occurs, comes from a phoneme detection study

of Peereman, Brand and Rey (2006). Peereman et al. argued that if the sound

of the first letter of a digraph is activated before the parsing of the digraph, that

it should be easier to make decisions about the presence of the phoneme of the

first than about the presence of the phoneme of the second letter of the digraph.

Because, according to the DRC model, the phoneme of the second letter will not

be activated at all. In contrast, however, Peereman et al. found that it was equally

difficult to decide that the target phoneme was not present when it matched the

phonological code of the first letter of the digraph as when it matched the phono-

logical code of the second letter. This finding also contradicts the assumption that

the sound of the first letter is activated before the digraph is parsed.

To conclude, the DRC and CDP+ models differ in their assumptions about

the initial processing of digraphs during reading. According to the DRC model

the separate letters will enter the system one-by-one and hence the presence of a

digraph will cause a delay in the word recognition process. Empirical data for this

are provided by pseudoword and word naming experiments in which skilled adult

readers have to read five letter (pseudo)words with at least two digraphs (Rastle

& Coltheart, 1998). In contrast the CDP+ model features a graphemic buffer in

which digraphs are visually parsed and directly mapped onto their corresponding

sound without further delays. Indirect support for this contention is found in letter

and phoneme detection experiments (Rey et al., 2000, Peereman et al., 2006).

Although the DRC and CDP+ models are developed to represent skilled adult

reading, they are also useful as a framework for making predictions about the pro-

cessing of digraphs in normal reading, dyslexic and younger reading children. We

reasoned that the serial letter-by-letter decoding strategies of dyslexic and younger

readers might lead to difficulties in the processing of digraphs. We predict that this

effect will cause an additional delay or an “enlarged whammy effect”, as described

in the DRC model, when children, especially younger and dyslexic readers, read

words and pseudowords with digraphs. If this is not the case, the conclusion might

be that digraphs are visually parsed in an earlier stage, as described by the CDP+

model. Theories on reading development, like Ehri’s phase theory (1992; 1998)

and Elbro’s reading acquisition model (2005) agree that complex associations like

digraphs are learned later than reliable grapheme-phoneme associations. How-

ever, both theories do not describe how children process digraphs during word

recognition and whether there is development in how digraphs are processed. It is

not surprising that developmental theories do not make more specific predictions,

because research investigating the processing of digraphs in children, especially

in dyslexic children, is scarce.
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4.1.2 Variability in reading

The influence of word characteristics, such as lexicality and word length, on the

word recognition of normal reading and dyslexic children is usually investigated

in terms of mean differences in accuracy and reading speed between these groups.

However, especially with respect to speed, the variance of the dyslexics is usu-

ally larger, even in the reading of relatively simple three letter words, and tends to

increases even more in response to word characteristics such as word length and

lexicality (e.g., Marinus & de Jong, 2008; Martens & de Jong, 2006, Ziegler et al.,

2003). One reason for a larger variability among dyslexic readers is probably due

to the selection procedure. A cut-off criterion, for example at least one standard

deviation below the mean, is often used to select the dyslexic children, whereas

the performance of the control groups on reading selection tasks typically falls

within a restricted ability range encompassing often minus one to plus one stan-

dard deviation from the mean. Thus, the performance range is less restricted for

the dyslexic children and, as a result, there can be more variability among children

in a dyslexic sample than among children in a control sample. This kind of vari-

ability is commonly referred to as between subjects or inter-individual variability.

However, the focus in the present study is on the variability of word reading at

the individual level of normal and dyslexic readers. Williams, Hultsch, Strauss,

Hunter, and Tannock (2005) refer to this phenomenon as intra-individual variabil-

ity. Intra-individual variability has been examined in some other developmen-

tal disorders, such as in ADHD (Geurts et al., 2008) and in aging (Williams et

al., 2005). However, to our knowledge, intra-individual variability of reading in

dyslexic readers has not yet been explicitly addressed.

Given a variety of words (e.g., words that vary in length and orthographic com-

plexity), it is likely that the intra-individual variability of dyslexic readers will be

larger than that of normal readers. As dyslexic children respond stronger to word

characteristics such as word length, there will be automatically more variability in

their word reading speed of a set words of varying length. However, the question

remains whether these differences in intra-individual variability are fully a func-

tion of the response of dyslexic children to longer and more complex words or

whether their reading is already more variable at the shortest three-letter words.

In the current study we explicitly examined and modeled differences in the

intra-individual variability of normal reading and dyslexic children. We expected

this variability to be influenced by word characteristics. To study intra-individual

variability, we used hierarchical-regression models or multilevel models (Richter,

2006). In these models responses to individual words (or pseudowords) instead

of mean scores over words per condition are analyzed. As the individual words

are considered as repeated measures within a person, inter-individual and intra-

individual variability are easy to compute. An additional advantage of using this

type of modeling is that the influence of word and pseudoword characteristics,
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that are hard to match for the different length and digraphs conditions, can be

controlled. In the current study we controlled for the influence of phonological-

neighbourhood size as differences in neighbourhood size can, according to some

computational models of reading (Seidenberg & McClelland, 1989), account for

the effects of length on word reading.

4.1.3 Outline of the study

To examine the effect of digraph presence on the length effect and to examine

the variability of the different reading groups, we administered a word and a

pseudoword naming task to grade-4 normal reading and dyslexic children and to

younger grade-2 normal readers. The reading performance of the younger read-

ers, the reading age control group, was at a similar level as the dyslexic children.

The children read words and pseudowords of varying length with and without di-

graphs. We investigated the contribution of word length and digraph presence on

the mean reading speed and whether these effects were influenced by phonologi-

cal neighbourhood size and word frequency. Finally, we compared the response

variability of the normal reading, younger and dyslexic readers.

4.2 Method

4.2.1 Participants

Twenty-four dyslexic grade-4 children (9 boys, 15 girls), 24 normal reading grade-

4 children and 24 normal reading grade-2 children were selected for participation.

All children attended regular education and had normal or corrected to normal

vision. The dyslexic children were individually matched in receptive vocabulary,

non-verbal intelligence, age and gender to the normal reading children from grade

4 (the chronological age controls) and in gender and reading level to the normal

reading children from grade 2 (the reading age controls).

The children were selected from a group of 240 grade 2 and 501 grade 4 chil-

dren of 16 different schools in the area of Purmerend and Zaanstad (The Nether-

lands). Normal word reading ability was defined to range from three months be-

low to three months above the average reading level. For the dyslexic group,

children with a reading lag of at least 1.5 years were selected. As a consequence,

their reading level equalled the level of normal reading children in the younger

or halfway grade 2. The descriptive statistics of the three reading groups can be

found in Table 4.1.

Word-reading ability was assessed with the B version of the Dutch One-minute

test (Brus & Voeten, 1995), a speeded test for single-word reading. This test

is commonly used to determine the reading level of children in Dutch primary

schools. The test consists of 116 words of increasing difficulty. The children



56 CHAPTER 4. VARIABILITY IN WORD-READING PERFORMANCE

Table 4.1

Descriptive statistics of the dyslexic, younger and normal reading children: mean (M) and

standard deviation (SD).

Dyslexic Younger Normal

Variable M SD M SD M SD

Age (years) 9.9 0.4 7.8 0.5 9.9 0.4

Reading level (standard score) 67.3 6.8 103.9 4.3 102.3 5.1

Vocabulary score 47.3 3.8 40.6 3.6 47.0 3.8

Nonverbal reasoning score 38.0 5.0 25.5 4.3 38.0 5.7

were instructed to read the words aloud as quickly as possible, without making

errors. The score is the number of words read correctly within one minute. On

the basis of this raw score, a standardized score was computed, with a mean of

100 and a standard deviation of 15 (van den Bos, lutje Spelberg, Scheepstra, & de

Vries, 1994). Word reading ability was measured twice, before the matching of

the groups and approximately four weeks later, just before the experimental test

session. Table 4.1 displays the reading level at the time of the administration of

the experimental reading tasks.

Receptive vocabulary of the children was measured with the subtest Vocab-

ulary of the RAKIT, a Dutch intelligence test battery for children (Bleichrodt,

Drenth, Zaal, & Resing, 1987). This test consists of 60 words of increasing diffi-

culty. For each word the children had to choose the corresponding picture out of

four alternatives. When a child made four errors in a row, the administration of

the test was stopped. The score was the number of correct answers.

Finally, nonverbal reasoning was assessed with the Raven Standard Progres-

sive Matrices (Raven, Court, & Raven, 1986). This test consists of 60 items. On

each item the children had to choose a pattern from a set of answer options to

complete a series of patterns. The score was the number of correct answers.

4.2.2 Materials and design

The stimulus set included 105 high frequent words and 105 pseudowords. The

items varied in length from three (CVC) to five (CCVCC) letters. In addition,

there were four and five letter words without digraphs (CCVC, CCVCC), with

a homogenous vowel digraph and with a heterogeneous vowel digraph (CVVC,

CCVVC). As a result there were seven different conditions, each consisting of

15 words and 15 pseudowords. The words were selected from a word corpus of

child literature (Schrooten & Vermeer, 1994) and were all high frequent. The

conditions were matched on mean word frequency and, to avoid voice key bias

(Kessler, Treiman, & Mullennix, 2002), on the first letter. The CCVC, CCVVC

and CCVCC condition words were also matched on consonant onset cluster. Be-

cause there are only a few (words with) consonantal digraphs in Dutch, we decided
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to use words with vowel digraphs only.

As explained in the previous paragraph, we selected words with two different

types of vowel digraphs: homogeneous (e.g., the ee in leek) and heterogeneous

(e.g., the ou in soup). However, for the current study we only analyzed the words

with heterogeneous digraphs. In Dutch the name of the first (and second) letter of

all homogeneous digraphs is the same as the pronunciation of the digraph itself.

Since one of our main research questions concerned the effect of serial processing

of digraphs we reasoned that it made no sense, to include words with digraphs of

which the first letter gives enough information to produce the pronunciation of the

digraph. Besides we were concerned that the inclusion of an additional digraph

condition would make the analyses unnecessarily complex.

In addition, we would like to underline that the pronunciation of Dutch vowel

digraphs is very consistent, in contrast to English vowel digraphs like ea (compare

for instance leak and bread), they are always pronounced the same. In contrast to

Rastle and Coltheart (1998) we did not include words or pseudowords with two

digraphs. Dutch monosyllabic words with two digraphs are scarce, especially high

frequent words, making it impossible to match for frequency, length and number

of digraphs. In addition, our study also concerned the reading of dyslexic and

younger grade-2 children. We expected that the reading of monosyllabic words,

and especially pseudowords, with two digraphs would result in too many errors in

these groups.

Pseudowords were constructed by mixing the onsets, nuclei and codas of the

words. With a few exceptions it was possible to form all the pseudowords by this

procedure (sometimes one letter had to be substituted to produce a pseudoword).

Overall, the pseudowords contained the same graphemes, digraphs and conso-

nantal onset clusters as the words. All words and pseudowords are presented in

Appendix C.

As mentioned in the Introduction section it is often difficult, if not impossi-

ble, to match experimental conditions on both word frequency and neighbourhood

size. As described above we matched the different word conditions for frequency,

but as a consequence, not for neighbourhood size. This is a serious problem, be-

cause, for example, an alternative explanation for length effects might be the fact

that smaller words have in general more neighbours than larger words. However,

in the statistical model that we applied to analyze the data, differences in neigh-

bourhood size across conditions differing in length and the presence of a digraph

can be controlled statistically (see below).

In reading research two kinds of neighbourhood sizes are distinguished. Pho-

nological neighbourhood size refers to the number of words that can be formed

from a word or pseudoword by changing only one phoneme. Orthographic neigh-

bourhood size is defined as the number of words that may be formed from a word

or pseudoword by replacing one letter (Coltheart, Davelaar, Jonasson, & Besner,

1977). Recently, Adelman and Brown (2007) found unique facilitatory phono-
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logical neighbourhood effects in word naming data, along with an absence of

facilitatory orthographic neighbourhood effects. Keeping this in mind, especially

because 40% of our stimuli consisted of words and pseudowords with digraphs,

we decided to statistically control for phonological and not for orthographic neigh-

bourhood size in our analyses.

4.2.3 Procedure

The words and pseudowords were administered in two separate blocks and within

a block the items were presented in random order. Half of the children first read

the word block; the other half first read the pseudoword block. In each block a

short break (less than one minute) was given after every 40th trial. Each block

was preceded by six practice trials. Between the two blocks was a break of ten

minutes, in which the children performed an unrelated computer task.

The tasks were programmed in E-Prime 1.0 (Schneider, Eschman, & Zuc-

colotto, 2002). The words and pseudowords were presented one by one in the

middle of a 14.1-inch XGA LCD screen of a D600 Pentium-M 1.3-GHz com-

puter. The stimuli were printed in 46-point lower-case black Arial font, on a white

background. A fixation point (+) was projected in the middle of the screen and

750 ms later the stimulus appeared.

The computer registered latencies and responses. The latencies were defined

as the time between the appearance of the stimulus on the screen and the onset of

the voice key. The (non)words disappeared as soon as the voice key was triggered.

4.2.4 Method of data analysis

The data were analyzed with hierarchical-regression or multilevel models. In

word-recognition experiments like the current study, reaction times can be con-

sidered as embedded in a two-level hierarchical structure (Richter, 2006). The

repeated (pseudo)word reading observations (level 1) are considered as nested

under individuals (level 2). Several tutorials on the use of multilevel models

for the analysis of repeated measures like this are currently available (Hoffman

& Rovine, 2007; Maas & Snijders, 2003; Quené & van den Bergh, 2004). In

the present study we closely followed the model specification for repeated mea-

sures by Quené and van den Bergh (2004). On the first level we modeled the

word recognition speed for separate words and pseudowords within a child (intra-

individual or within-subjects variance). Variation among the scores across the

children (inter or between-subjects variance) was modeled at the second level, the

level of the child.

In contrast to standard multivariate analyses for repeated measures, which are

conducted on the mean latency scores per condition, multilevel regression analy-

ses are performed on the latency scores of all separate items. Such an approach
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offers four important advantages. As mentioned in the Introduction section, it

enables control for the influence of word characteristics, like phonological neigh-

bourhood size and word frequency. By adding these two variables as level-1 pre-

dictors to the model they function as a covariate as the latency score of each word

(or pseudoword) is corrected for the effects of word frequency and phonological

neighbourhood size.

In addition, multilevel analysis offers a more elegant solution when there is

no orthogonal manipulation of, in this case, length and absence/ presence of a

digraph. To examine the letter-length and phoneme-length effect, two separate

multivariate analyses for repeated measures would have been needed. However,

with multilevel analyses both effects can be tested within one model.

Third, multilevel models can also be applied if the data are not fully complete.

As some missing data are inevitable in reaction time experiments with children,

mean reaction times being usually based on correct and valid trials only, this is an

important advantage.

Finally, one of the research aims was to examine differences in intra(within)-

subjects variances between the dyslexic and normal-reading children. Therefore,

the variances needed to be split into between and within-subjects variances, which

is only possible with multilevel analysis. Moreover, the multilevel approach en-

ables us to test whether the differences in variances between reading groups are

significant (Quené & van den Berg, 2004).

The analyses were conducted with MLwiN 2.02 (Rasbash, Steele, Browne, &

Prosser, 2004). In this program differences between parameter estimates can be

tested with a Chi-square test. In addition, the inverse fit or deviance (defined as

-2 log likelihood, Snijders & Bosker, 1999) of each model can be defined. An

improvement in fit of a more complex model indicates that the model can explain

more of the variance of the data in comparison to a simpler model (Quené & van

den Berg, 2004).

To examine the contribution of number of letters and the presence of a digraph

on the mean latency scores and variances we specified a “Length-Digraph” model.

In this model, there were five variables per reading group, representing the mean

latency scores (in ms) of all length and digraph conditions. As a result the model

consisted of fifteen variables. Several contrasts were specified to test mean dif-

ferences in latency scores between the groups. The contrasts will be described in

more detail in the separate sections. As the five condition variables within each

reading group were highly correlated, we also estimated the covariances to ob-

tain more reliable estimates of the mean reaction times, and the between-subjects

and within-subjects variability. The estimated between-subjects variances, within-

subjects variances and covariances can be obtained from the first author.

The results are presented in three sections. In the first section we present the

results concerning the mean latency scores in the different length and digraph-

presence conditions. Next, the first (item) level variables frequency and phonolo-
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gical neighbourhood size were added to the “Length-Digraph” model to examine

whether the length and digraph-presence results were influenced by these vari-

ables. In addition, it was tested whether the frequency and neighbourhood effects

differed for the three reading groups. The final section focuses on differences in

variability between normal and dyslexic readers in response to the different length

and digraph-presence conditions.

4.3 Results

4.3.1 Data cleaning and error percentages

The analyses were conducted on valid and correct trials only. Latencies were

considered invalid when the response was premature (< 325 ms), longer than 6000

ms, in case of a voice key error and when the response deviated more than three

standard deviations from a child’s individual mean score. The deviation scores

were calculated per length and lexicality condition.

The percentage of invalid latencies was 5.1% (4.4% words, 5.8% pseudowords)

for the normal reading children, 8.3% (8.1% words, 8.6% pseudowords) for the

dyslexic children and 9.8% (9.4% words, 10.2% pseudowords) for the younger

readers. The error percentages over the valid trials per condition for each read-

ing group are presented in Table 4.2. In general the normal reading children made

fewer errors than the dyslexic and younger readers. All children made more errors

on longer (pseudo)words than on shorter ones and more errors on pseudowords

than on words. As can be seen in Table 4.2, the standard deviations of the mean

error percentages were very high, sometimes even higher than the mean error per-

centage itself. In addition there were floor effects for the normal reading readers.

Because of the high variability and these floor effects we considered it inappropri-

ate and unreliable to analyze the error percentages and therefore we will conduct

analyses on the mean reaction times only.

4.3.2 Disentangling length and digraph effects

As there were 15 variables per lexicality condition, we specified separate mod-

els for words and pseudowords to simplify the analyses and presentation of the

results. The mean latency scores per length and digraph-presence condition for

each reading group are presented in Figure 4.1 and 4.2.

Before we focused on the length and digraph-presence effects, we considered

whether there was an overall main effect of reading group. To this end two orthog-

onal contrasts were specified. First, we compared the normal with the younger and

dyslexic readers. We found a significant difference in mean reading speed for both

words and pseudowords, χ2 (1) = 63.22, p < .001, χ2 (1) = 81.76, p < .001. A

second contrast was specified to compare the dyslexic and younger readers. The
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Table 4.2

Mean error percentages in the different length and digraph conditions for words and pseu-

dowords for the dyslexic, normal and younger readers.

Words

Reading group Dyslexic Younger Normal

Condition Errors (%)

3 letters 5.46 (5.39) 5.81 (8.72) 2.11 (3.37)

4 letters + digraph 8.03 (10.54) 6.18 (6.63) 2.02 (3.85)

4 letters 15.55 (10.22) 9.41 (9.41) 1.45 (2.90)

5 letters + digraph 10.51 (9.88) 9.29 (9.38) 3.55 (4.59)

5 letters 11.39 (8.61) 11.35 (8.67) 1.48 (2.96)

Pseudowords

Reading group Dyslexic Younger Normal

Condition Errors (%)

3 letters 15.86 (16.28) 10.52 (7.450) 2.44 (4.31)

4 letters + digraph 17.11 (13.50) 18.21 (14.31) 8.55 (8.04)

4 letters 23.30 (16.39) 16.19 (12.21) 5.39 (7.35)

5 letters + digraph 20.12 (12.28) 16.19 (9.52) 7.41 (7.06)

5 letters 19.49 (14.54) 20.42 (11.63) 8.46 (8.83)

Note. Standard deviations are in parentheses.

mean reading speed for words and for pseudowords did not differ significantly.

Next, we specified three different contrasts to test for length and digraph-presence

effects and their interactions with reading group.

Results Length Contrast

The first contrast concerned the pure length effect, denoted as the “Length” con-

trast. With this contrast we tested for the length effect on the words and pseu-

dowords without digraphs. The Length contrast was further divided into the length

effect between three and four letter (pseudo)words and the length effect between

four and five letter (pseudo)words.

The main effect of length from three to four letters was significant for both

words, χ2 (1) = 47.06, p < .001 and pseudowords, χ2 (1) = 45.48, p < .001.

The main effect of length from four to five letters was also significant for both

words, χ2 (1) = 8.99, p < .01 and pseudowords, χ2 (1) = 34.95, p < .001. These

main effects were qualified by a number of interaction effects with reading group.

The length effect from three to four letters was larger for the younger and dyslexic

than for the normal readers. This was found for both words, χ2 (1) = 36.46,

p < .001 and pseudowords, χ2 (1) = 32.44, p < .001. Also, the length effect

from four to five letter for both words, χ2 (1) = 6.49, p < .05 and pseudowords,

χ2 (1) = 13.63, p < .001 was stronger for the younger and dyslexic readers. We

found no significant differences in the effect of length between the younger and

dyslexic readers.
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Figure 4.1

Mean latency scores for the letter-length and digraph-presence conditions per reading group

for words. Error bars represent standard errors; ‘di’ refers to the presence of a digraph.
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Figure 4.2

Mean latency scores for the letter-length and digraph-presence conditions per reading group

for pseudowords. Error bars represent standard errors; ‘di’ refers to the presence of a digraph.

The results show that the normal readers have smaller length effects than the

dyslexic and younger readers. To examine whether the normal readers were sen-

sitive to word length at all, we tested the contrasts in this group separately. These

contrasts revealed that the length effect for words was not significant. The length



4.3. RESULTS 63

effect of the normal readers for pseudowords was significant, χ2 (1) = 21.66,

p < .001 (between three and four letters) and χ2 (1) = 11.25, p < .001 (between

four and five letters).

Results Whammy Contrast

The second contrast concerned the “whammy” effect. In this contrast the mean

latency scores of the four and five letter (pseudo)words with a digraph were com-

pared with the mean latencies for the four and five letter (pseudo)words without

a digraph. The prediction of the whammy effect is that the mean latencies scores

will be faster for four and five letter (pseudo)words without a digraph than for

four and five letter (pseudo)words with a digraph (Rastle & Coltheart, 1998).

However, we found that the children responded slower to four and five let-

ter words and pseudowords without a digraph than to four and five letter words

and pseudowords with a digraph, χ2 (1) = 17.16, p < .001, and χ2 (1) = 15.66,

p < .001, respectively. In addition, we found that this effect was larger for dyslexic

and younger readers than for normal reading children for both words and pseu-

dowords, χ2 (1) = 15.90, p < .001, χ2 (1) = 13.91, p < .001. The mean latencies

of the younger and dyslexic readers did not differ. Note that these findings contra-

dict the hypothesis that the serial reading strategy of younger and dyslexic readers

might interfere with the processing of digraphs. To examine whether four and

five-letter (pseudo)words with a digraph were also easier for the normal readers

than the four and five- letter (pseudo)words without digraphs, we specified sepa-

rate contrasts for the normal readers. However, for the normal readers differences

between these conditions were not significant.

The only observation that might indicate a whammy effect for the normal read-

ers was found between the four-letter pseudowords with and without digraphs.

However, a single contrast for the normal reading children between the four let-

ter pseudowords with and without a digraph showed that this difference was not

significant either, χ2 (1) = 1.25, p > .10.

Results Phoneme-Length Contrast

In the previous paragraph it was reported that digraphs do not cause an addi-

tional delay on top of the effect of word length. On the contrary, the dyslexic

and younger readers were even faster on digraph (pseudo)words as compared to

(pseudo)words with the same number of letters but without a digraph. This might

be due to the fact that the latter (pseudo)words have the same number of letters but

contain one phoneme less. If digraph presence does not cause an additional delay

this might suggest that length effects depend on the number of phonemes and not

on the number of letters. To test for this possibility we compared (pseudo)words

that were equal in their number of phonemes but differed in the number of di-
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graphs (one vs. none). In other words, we specified a contrast to compare the

three-letter and four-letter (pseudo)words without a digraph with the four-letter

and five-letter (pseudo)words with a digraph. Note that the three-letter and four-

letter (pseudo)words without a digraph had an equal number of phonemes as,

respectively, the four and five letter (pseudo)words with digraphs. This contrast

was called the “Phoneme-Length” contrast.

The mean latency scores for words did not differ. However, all reading groups

responded faster to three and four-phoneme pseudowords without digraphs than

to three and four phoneme pseudowords with digraphs, χ2 (1) = 40.81, p < .001.

Thus, the presence of a digraph had an additional effect, on top of the phoneme-

length effect, but only for pseudowords. In addition, we found that this effect was

stronger for the dyslexic and younger than for the normal readers, χ2 (1) = 12.16,

p < .001. The effects of the younger and dyslexic readers did not differ signif-

icantly. We specified a separate contrast to examine whether the effect was also

significant for the normal readers. It was found that the normal readers were also

slower on three and four-phoneme pseudowords with a digraph than on compara-

ble pseudowords without digraphs, χ2 (1) = 15.88, p < .001.

4.3.3 Frequency and phonological neighbourhood size effects

The “Length-Digraph” model was extended by adding frequency and phonologi-

cal neighbourhood size in order to verify whether the length and digraph-presence

effects were still present after controlling for these variables. Before the variables

were inserted into the model, we converted the raw frequency and phonological-

neighbourhood values into their natural-logarithmic values. As it is impossible

to perform logarithmic transformations on zero values, we first added +1 to each

phonological neighbourhood size variable (Adelman, Brown, & Quesada, 2006).

This was not necessary for the frequency measure since all word frequencies were

above zero. Note that we matched all length and digraph conditions for word

frequency. Therefore, we did not expect frequency to account for the length and

digraph effects. However, we think that it is still relevant to examine whether

one of the reading groups responds more strongly to the frequency of the words.

To be able to examine and compare the influence of phonological neighbourhood

size and frequency for the three groups a separate coefficient was specified for

each reading group.

To start with, we examined whether the outcomes of the Length-digraph model

were influenced by the addition of the frequency and phonological neighbour-

hood size variables. The results of the “Length” contrast differed in two respects.

Firstly, in the Length-Digraph model, the normal readers did display a length

effect for pseudowords. However, when controlling for phonological neighbour-

hood size, this effect was no longer significant. We will elaborate on this finding

in the Discussion. Secondly, the main effect of length between four to five let-
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ters for words was no longer significant. In addition, this effect was no longer

significantly stronger for dyslexic and younger readers than it was for the normal

readers. The results of the “Whammy” and “Phoneme-Length” contrasts did not

alter in response to the statistical control for frequency and phonological neigh-

bourhood size.

Next, we examined the frequency and phonological neighbourhood size coeffi-

cients per reading group. All reading groups responded significantly faster to more

frequent words, z = 1.70, p < .05 (normal readers), z = 6.33, p < .001 (dyslex-

ics), z = 3.81, p < .001 (younger readers). For the word reading of the normal

and dyslexic readers no significant effect of phonological neighbourhood size was

found. However, we did find a marginal significant effect for the younger readers,

z = -1.44, p = .075. These readers tended to be faster on words with larger pho-

nological neighbourhood sizes. For pseudoword reading we found phonological

neighbourhood size effects for all reading groups. The normal and dyslexic read-

ers were significantly faster on pseudowords with larger phonological neighbour-

hood sizes, z = -3.25, p < .001, z = -4.21, p < .001. A comparable, but marginally

significant effect was found for the younger readers, z = -1.49, p = .068.

Two orthogonal contrasts were specified in order to test for differences be-

tween the frequency and phonological neighbourhood size effects between the

three reading groups. First, we compared the normal reading children with the

younger and dyslexic readers. We found significant differences for the frequency

effect, χ2 (1) = 40.32, p < .001. The normal reading children were less influ-

enced by the frequency effect than the younger and dyslexic readers. The effect

of phonological neighbourhood on word reading did not differ. However, for the

pseudowords we found a significant difference in the effect of phonological neigh-

bourhood size, χ2 (1) = 8.64, p < .01. The younger and dyslexic readers were

more strongly affected by the phonological neighbourhood size of pseudowords

than the normal reading children. Next, the dyslexic and younger readers were

contrasted. It was found that the word frequency effect was more pronounced

for the dyslexic than it was for the younger readers, χ2 (1) = 8.01, p < .01. In

addition, we found that the dyslexic readers were also more influenced by pho-

nological neighbourhood size in pseudoword reading than the younger readers,

χ2 (1) = 4.84, p < .05.

4.3.4 Variability differences in normal and dyslexic readers

The mean within-subject standard deviations of the three reading groups for all

length and digraph-presence conditions are presented in Figures 4.3 and 4.4. These

standard deviations were derived from the within-subjects variability as estimated

in MLwiN. As for the mean latency scores, we specified two orthogonal contrasts

to compare differences in variability between the three reading groups. First,

we compared the normal reading children with the younger and dyslexic read-
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ers. We found a significant difference in the within-subjects variability for words,

χ2 (1) = 944.44, p < .001 and pseudowords, χ2 (1) = 925.78, p < .001. Accord-

ingly, the dyslexic and younger readers were significantly more variable in word

and pseudoword reading than the normal reading children. Second, we compared

the dyslexic and younger readers. The within-subject variability of the dyslexic

children was significantly larger than that of the younger readers, for both words

χ2 (1) = 39.90, p < .001 and pseudowords, χ2 (1) = 28.08, p < .001. This

means that, although the dyslexic and younger readers were equally fast in gen-

eral word and pseudoword reading, on the intra-individual level, dyslexic children

were significantly more variable in their responses than the younger readers.

In addition, two findings are worth mentioning. Firstly, even for the shortest

words in our word sets, the three-letter words and three-letter pseudowords, the

variability of the dyslexic children and younger readers was found to be signifi-

cantly larger than that of the normal reading children χ2 (1) = 183.19, p < .001,

χ2 (1) = 226.98, p < .001. For the dyslexic readers the within-subjects stan-

dard deviation was 3.5 times larger for three-letter words and 4.7 times larger for

three-letter pseudowords than the within-subjects standard deviation of the normal

readers (see Figure 4.3). The within-subjects standard deviations of the younger

readers were 2.1 times larger than the normal readers for three-letter words, and

4.0 times larger for three-letter pseudowords (see Figure 4.4).

Secondly, the within-subjects variability of the dyslexic readers was larger than

the variability of the younger readers for both three-letter words and pseudowords,

χ2 (1) = 51.79, p < .001, χ2 (1) = 6.77, p < .01, respectively. The within-

subjects standard deviation for three-letter pseudowords was about 1.2 times larger

(an increase of 20%) for the dyslexic children than for the younger readers. Even

more impressive was the difference in within-subjects standard deviation for three-

letter words, which was 1.6 times larger (an increase of 60%) for the dyslexic

children than for the younger readers.

Another interesting finding was that we observed hardly any differences in

within-subjects variability for the normal reading children between the five differ-

ent word and pseudoword conditions (this effect is visible in Figures 4.3 and 4.4).

The variance of the dyslexic children, on the other hand, drastically increased in

response to additional letters and the presence of a digraph. The younger readers

showed another pattern. For three-phoneme words, their variance was quite low,

more like that of the normal reading children. However, in response to more chal-

lenging word characteristics like consonantal onset clusters (the four-phoneme

and five-phoneme words), within-subject variance of the younger readers started

to increase as well and their variability on five-letter words resembled those of the

dyslexic readers. The younger readers showed an overall high variability for the

pseudowords, except for the smallest three-letter pseudowords. For pseudowords

the variability of their reading latencies was somewhere between the normal read-

ing and dyslexic children.
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Figure 4.3

Mean within-subjects standard deviations for the letter-length and digraph-presence conditions

per reading group for words. Error bars represent standard errors; ‘di’ refers to the presence

of a digraph.
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Figure 4.4

Mean within-subjects standard deviations for the letter-length and digraph-presence conditions

per reading group for pseudowords. Error bars represent standard errors; ‘di’ refers to the

presence of a digraph.
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4.4 Discussion

The aim of the current study was twofold. Firstly, we examined the separate

influences of length and digraph presence on the word reading of normal, dyslexic

and younger readers. In line with the findings of earlier studies (Martens & de

Jong, 2006; Ziegler et al., 2003; Zoccolotti et al., 2005) we predicted that the

younger and dyslexic readers would be more susceptible to the number of letters

in a (pseudo)word than the normal reading children. In addition, the letter-by-

letter reading strategy of the younger and dyslexic readers was expected to lead to

an extra delay in the processing of digraph, on top of the stronger length effect.

The second aim was to examine differences in the variability of reading in normal,

dyslexic and younger readers. Although dyslexic children are often assumed to be

more variable in reading, intra-individual differences in naming have not been

addressed before. We examined to what extent the variability of dyslexic children

is due to (pseudo)word length and the presence of a digraph.

4.4.1 Word length and digraph effects

In line with previous studies (Martens, 2006; Ziegler et al., 2003; Zoccolotti et

al., 2005), we found that dyslexic and younger readers were more sensitive to the

number of letters of words and pseudowords. This probably reflects their stronger

reliance on a letter-by-letter reading strategy and less efficient use or a lack of

orthographic knowledge. In contrast to earlier studies with dyslexic and younger

readers, we controlled for phonological neighbourhood size. Hence, we can safely

conclude that the length effects in the dyslexic and younger readers were not

caused by differences in neighbourhood size between the various word length

conditions. The reading speed of the normal readers was unaffected by length,

indicating that they were able to process words in parallel or used more efficient

lexical reading strategies (Coltheart et al., 2001). After correction for phonologi-

cal neighbourhood size, even the normal readers’ length effect for pseudowords

disappeared. Apparently, the relatively small length effect for pseudowords in

the normal readers was a neighbourhood size effect in disguise. This finding is

in line with the assumption of some connectionist models that length effects are

primarily caused by differences in neighbourhood size between the word length

conditions (Seidenberg & McClelland, 1989). However, although the length ef-

fects of the dyslexic and younger readers decreased somewhat after controlling

for phonological neighbourhood size, they clearly did not disappear.

Balota et al. (2004) reported that in skilled readers length and neighbourhood

independently affected word (and pseudoword) recognition. This is in line with

our findings for the dyslexic and younger readers. In contrast, the better readers

were not influenced by length after controlling for phonological neighbourhood

size. The discrepancy between the normal readers of the current study and the
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adult readers in the study by Balota et al. might be due to the strength of the

length manipulation. In the current study we only used three to five letter words

and in this range length effects might be absent in skilled readers. Similarly,

Spinelli et al. (2005) found that proficient readers do not display length effects

for words with five or less letters. In contrast, Balota et al. used a larger variety

of length including words and pseudowords ranging from two to eight letters.

Possibly, length effects in skilled readers can be found if word length exceeds five

or six letters (see Spinelli et al.) and therefore Balota et al. might have found

independent effects of length and neighbourhood size on (pseudo)word reading.

After the pure length effects were examined, we studied the effect of digraph

presence on the length effect. Based on the predictions of the Dual Route Cas-

caded model (Jackson & Coltheart, 2001b; Rastle & Coltheart, 1998) and the

more serial reading strategies that are observed in children (Martens & de Jong,

2006; Ziegler et al., 2003; Zoccolotti et al., 2005), we hypothesized that the pres-

ence of a digraph would cause an additional delay in the word and pseudoword

reading speed of all groups. We also predicted that this effect would be more pro-

nounced for younger and dyslexic readers as they are known to rely even more

strongly on letter-by-letter reading strategies, as reflected by their stronger re-

sponse to the length of words and pseudowords. Contrary to these predictions,

the dyslexic and younger readers appeared to be even faster on four and five-letter

(pseudo)words with digraphs than on four and five-letter (pseudo)words without.

The normal reading children were equally fast in both conditions. Although the

presence of a digraph did not cause an additional delay in the processing of words

and pseudowords of the same number of letters, we did find that it caused an ad-

ditional delay on top of the phoneme length effect for pseudowords in all reading

groups. That is words with a digraph were read more slowly than words with an

equal number of phonemes but without a digraph. This effect was stronger for the

younger and dyslexic readers.

As said, the empirical findings regarding the impact of digraphs on the length

effect are not in line with the predictions of the DRC model (Coltheart et al.,

2001). However, the observation that there is not an effect of digraph on top of the

phoneme length effect in words does fit into the assumptions of the CDP+ frame-

work (Perry et al., 2007). The CDP+ model assumes that the letters of a word are

visually parsed into graphemes before they are mapped onto the phoneme units.

Therefore, the CDP+ model does not predict that the presence of a digraph causes

an additional delay. Actually, the CDP+ model would only predict a phoneme-

length effect, as was found for words for the dyslexic and younger readers. In

line with these findings, Marinus and de Jong (2008) recently found that normal

reading and dyslexic children were equally hampered in their word-naming speed

by the visual distortion of a digraph unit. Both results support the conclusion that

normal readers and even dyslexic children visually parse digraphs in words before

they map them onto their corresponding sounds.
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However, this conclusion only explains the results for the words. For pseu-

dowords, on the other hand, the digraph did cause an additional delay on top of the

phoneme-length effect for all reading groups. In addition, this effect was stronger

for the younger and dyslexic readers. Note that these empirical findings cannot be

accommodated in the CDP+ model. A possible explanation for this observation

might be that, although the children do not have problems with the visual-parsing

process, they still might run into a little bit of a delay when the grapheme has to be

mapped onto the corresponding phoneme. The fact that vowel digraphs in Dutch

are generally less frequent than one-letter graphemes might underlie this pattern

as the reading system of the children might still be developing into becoming

more efficient in the grapheme to sound mapping process for the more complex

graphemes. This hypothesis could also explain why the effect is stronger for the

younger readers, who have less experience with grapheme-phoneme mappings,

and the dyslexic readers, who are typically found to have difficulties mapping

graphemes onto phonemes.

The dyslexic children clearly displayed sensitivity to the effects of length,

which is considered a marker effect for the use of a serial-reading strategy. How-

ever, we did not find that the dyslexic children had impairments on markers of

lexical processing like sensitivity to phonological neighbourhood size or word

frequency. These results add to a growing amount of evidence that dyslexic chil-

dren do not have specific problems in the processing of lexical information (Barca

et al., 2006; Ziegler et al., 2008; Ziegler et al., 2003).

4.4.2 Variability in reading

We found, as expected, that the intra-individual variability in reading latencies of

the dyslexic children was larger than the variability of their normal reading peers.

This larger intra-individual variability of the dyslexic readers might, however, be

a straightforward function of their slower mean reading speed. In this respect the

finding that the dyslexic readers also displayed larger intra-individual variability

in reading latencies than the younger readers is important. As the dyslexic and

younger readers showed the same effects of length and digraph presence, and had

a similar mean reading speed, the larger variability of the dyslexic children cannot

be due completely to their overall lower reading speed. According, the present

study suggests that, in addition to slow reading, a larger variability in word reading

is another characteristic of the dyslexic reading system.

Interestingly, in comparison to the younger readers, the reading of the dyslexic

children was relatively most variable for the shortest words. On the three-letter

words they were 60% more variable than the younger normal readers and on the

four-letter words with a digraph they were 50% more variable. In contrast, the

younger readers were somewhat more variable on the longer five-letter words. For

pseudowords, the dyslexics were systematically more variable than the younger
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readers, ranging from 10% to 30% over the various length and digraph condi-

tions. The largest difference in intra-individual variability between the younger

and dyslexic readers appeared to be located on the shortest, three- phoneme words.

That the largest differences in variability between dyslexic and younger read-

ers concern the shortest words seems somewhat surprising. However, from a de-

velopmental perspective, stabilization of performance can be considered as a char-

acteristic of the acquisition of a skill. In this respect it might be expected that the

reading of shorter words will stabilize more rapidly. As, evidently, younger nor-

mal readers are better equipped to acquire reading it might not come as a surprise

that differences with dyslexic readers become most visible on words which read-

ing stabilizes relatively early. Indeed, the intra-individual variability in the three-

phoneme word reading of the younger readers seemed already to be developing

towards the level of variability of the more advanced grade-4 normal readers.

The reading system of these normal readers had stabilized almost completely

as their intra-individual word reading variability was hardly affected by length or

the presence of a digraph. As said, the variability of the dyslexic readers was

already high for three phoneme words but, in addition, increased as word length

increased. The younger readers displayed relatively low intra-individual variabil-

ity in response to the easiest (three phoneme) conditions but their reading system

had clearly not stabilized as their variability increased in response to the longer

and more complex (pseudo)words

The finding of a relatively larger intra-individual variability in the reading of

dyslexic children is not easy to explain. However, as mentioned in the Intro-

duction, intra-individual variability has been examined in some other develop-

mental disorders, e.g., ADHD (Geurts et al., 2008) and in aging (Williams et al.,

2005). For ADHD and aging it has been suggested that the relatively large intra-

individual variability might be a nonspecific characteristic of brain pathology.

Based on the particular form of the response latency distributions in these groups,

the hypothesis has been proposed that their higher intra-individual variability is

caused by lapses of attention. This cause, however, does not seem very likely for

the dyslexic children in the current study. If the higher intra-individual variability

of the dyslexic readers was caused by lapses of attention than the dyslexic readers

would be equally more variable than the younger readers in all length and digraph

conditions. Instead, we found a highly specific pattern across length and digraph

conditions with a main difference in variability between dyslexic and normal read-

ers on short words. Therefore, it seems more likely that the higher variability of

the dyslexic readers is caused by difficulties that are specific to reading, such as in-

stability in the retrieval of orthographic knowledge, and is not due to a nonspecific

characteristic of brain pathology such as lapses of attention.

In the current study, we demonstrated that the dyslexic readers were more

variable in their word reading speed than the younger readers. However, many

issues remain to be examined in future research. One issue concerns the nature of
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or processes that underlie this larger variability. In this respect it might be fruitful

to consider the distribution of the response latencies of dyslexic readers. Given

that latency distributions are often positively skewed, especially the size of the

right tail of these distributions might be of interest (see for example Geurts et al.,

2008, Williams et al., 2005). Another issue is whether the larger intra-individual

variability of dyslexics is specific to their reading or concerns a more general

characteristic that results in a larger variability in other skill domains as well.



Chapter 5

Increasing word-reading

fluency in poor readers: No

additional benefits of explicit

letter-cluster training∗

Abstract

Enhancing the use of larger letter clusters has been a popular method to increase

reading fluency in poor readers. However, the results of such interventions tend to

be limited. Thus far, relatively implicit approaches have been adopted to stimulate

the use of clusters in reading, such as word family lists and highlight techniques.

In the current study, we examine a new intervention that explicitly trains the use

of consonantal-onset clusters as blended units. Participants were 99 poor reading

grade-2 children, who were randomly assigned to a cluster-training (n = 34), a

parallel letter-training (n = 33) or a no-training control condition (n = 32). The

cluster-training showed larger short-term and long-term gains on the rapid nam-

ing of trained and untrained clusters than the letter-training. However, compared

to the no-training condition, both training groups showed similar short-term and

long-term gains on trained words and pseudowords, marginally larger short-term

gains on untrained pseudowords and marginally larger long-term gains on a

reading-fluency task. The results suggest that the explicit training of letter clusters

is equally effective as focusing on the separate letters of these clusters.

∗Marinus, E., de Jong, P. F. & van der Leij, A. (in revision). Increasing word-reading fluency in poor

readers: No additional benefits of explicit letter-cluster training.

73



74 CHAPTER 5. INCREASING WORD-READING FLUENCY

5.1 Introduction

One of the major aims of reading research is to discover how the reading accuracy

and fluency of poor readers can be improved, or even better, normalized. With an

intensive remedial instruction program Torgesen et al. (2001) almost normalized

reading accuracy and comprehension of a substantial number of children with

severe reading disabilities. In addition, these improvements were stable over a

2-year follow-up period. However, the children showed virtually no improvement

in reading speed (see also Torgesen, Rashotte, & Alexander, 2001). This lack of

improvement in reading speed is remarkable as the remediation program was very

intensive (one-to-one in two 50-minute sessions per day for 8 weeks).

This persistent slow reading speed of dyslexic and poor readers poses an im-

portant challenge to developers of remediation programs and interventions. This

challenge is perhaps even more apparent for the remediation of poor readers learn-

ing to read in a language with a transparent orthography (like German, Dutch and

Finnish) as reading accuracy in these poor readers is relatively intact (de Jong &

van der Leij, 2003; Wimmer, 1993).

It has been proposed that the slow reading speed of poor and dyslexic children,

learning to read in languages with a transparent orthography, might be a result of a

persistent letter-by-letter reading strategy (Barca, Burani, di Filippo, & Zoccolotti,

2006; Zoccolotti et al., 2005). Indeed, several studies have found dyslexic readers

to be more sensitive to the number of letters in a word than normal readers, indi-

cating the use of more sublexical instead of parallel reading strategies (Martens &

de Jong, 2006; Ziegler et al., 2003).

Researchers have tried different techniques to enhance the reading speed and

the use of more efficient reading strategies in poor readers. These techniques in-

clude repeated reading (e.g., Meyer & Felton, 1999), limited exposure duration

(e.g., van den Bosch, van Bon, & Schreuder, 1995) and training the use of letter

clusters (e.g., Thaler, Ebner, Wimmer, & Landerl, 2004). The first technique, re-

peated reading of words or texts, is probably the most familiar and thoroughly

investigated method (Meyer & Felton, 1999). Although repeated reading im-

proves the reading speed of poor readers, this improvement is typically restricted

to trained words or text. There is no generalization to novel texts or words (Chard,

Vaughn, & Tyler, 2002; Meyer & Felton, 1999). In addition, the improvement of

reading speed for trained words and texts does not seem to be a result of the use

of a more parallel reading strategy. Martens and de Jong (2008) recently showed

that, despite significant improvements in reading speed, dyslexic readers remain

sensitive to the length of trained words and pseudowords, indicating that they still

apply serial reading strategies.

The rationale behind the second technique, limited exposure duration (LED),

is that the brief presentation of a word or pseudoword should force poor readers

to use more efficient reading strategies (Berends & Reitsma, 2005), for example,
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by using larger letter clusters (LaBerge & Samuels, 1974). In addition, these

clusters can be used when novel (pseudo)words containing the same clusters are

encountered. In line with these predictions, van den Bosch et al. (1995) found

that LED training was more effective than training poor readers (ages 7;8–12;8)

without time pressure. Reading speed increased on trained pseudowords and this

increase also generalized to untrained words. However, Berends and Reitsma

(2005) did not find any beneficial influence of LED. The poor grade-2 and grade-

3 readers in their study only improved on trained words, there was no transfer to

untrained words. An explanation for the contrasting results might be that there

is more to gain in improving reading speed of pseudowords as even poor readers

are able to learn to use knowledge about whole word forms in decoding familiar

words (Reitsma, 1983).

Note, however, that it remains unclear whether the improvement in reading

speed for novel words in the study of van den Bosch et al. (1995) was a result of

an increased use of letter clusters. Such a question can only be answered by stud-

ies that directly stimulate the use of letter clusters (the “third” technique). Several

researchers developed instructional methods aiming to enhance the recognition

and use of letter clusters in reading. Different approaches have tried to make letter

clusters more salient by repeated reading of (limited exposure duration presenta-

tions of) the target clusters with or without auditory support (Hintikka, Landerl,

Aro, & Lyytinen, 2008; Huemer, Landerl, Aro, & Lyytinen, 2008; Yap & van

der Leij, 1993), by highlighting the target clusters with a color or bold letter type

(Levy, 2001; Thaler et al., 2004; Wise, 1992) or by grouping words with the same

letter clusters in word family lists (Levy, 2001; Reitsma, 1988; Struiksma, Van

der Leij, & Stoel, 2009; van Daal, Reitsma, & van der Leij, 1994). Yet another

approach is to practice visual recognition of specific letter clusters in words with

cluster-detection tasks (Das-Smaal, Klapwijk, & van der Leij, 1996). Unfortu-

nately, the transfer effect of these interventions appeared to be small. Children

usually became faster in reading the words and pseudowords that were practiced

during training. However, the increase in word reading speed barely generalized

to novel words and pseudowords containing the trained clusters.

Up until now, enhancing the use of letter clusters has not proven to be a suc-

cessful means to increase reading speed in poor readers. There are two ways to

explain this finding. Firstly, the assumption that the reading speed of normal read-

ers is due to the use of larger letter clusters might be wrong. For instance, Marinus

and de Jong (2008) found that Dutch normal and dyslexic readers do not use con-

sonantal onset clusters (e.g., st in stop) and rimes (e.g., op in stop) during word

and pseudoword recognition. However, both normal and dyslexic children used

digraphs clusters as perceptual units (e.g., the ou in soup).

Secondly, it might be that the effective way to stimulate the use of letter clus-

ters in reading has yet to be found. Thus far all methods have been rather implicit

in a way that the letter clusters were never explicitly taught as a blended unit, as is
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normally done with digraph clusters in Dutch education. This “explicit unit train-

ing” assumption could also form an explanation for the finding of Marinus and

de Jong (2008) that digraph clusters were the only letter clusters that were used

during word recognition.

Therefore, the aim of the current study was to examine the efficacy of an inter-

vention in which the use of letter clusters was explicitly trained. The intervention

had a systematic five-step build-up in which the recognition and naming of the

letter clusters was explicitly trained and accelerated. Firstly, the children were

made aware of the clusters in words and explicitly told why it would be useful

to use these clusters in reading. Next, the recognition of the visual and phono-

logical form and the pronunciation of the blend of the two letters of each cluster

was trained. Subsequently, the pronunciation and recognition of the clusters were

accelerated. And finally, the trained “cluster skills” were linked to the reading of

cluster words.

The intervention was developed for poor grade-2 readers. The intervention

consisted of eight 20-minute sessions in which the use of four high-frequent con-

sonantal clusters (st, gr, bl and tr) was trained. The reason for focusing on conso-

nantal clusters was that these clusters are highly frequent in Germanic languages

like Dutch, English and German (Baayen, Piepenbrock, & van Rijn, 1993). In

addition, consonantal clusters are known to be one of the first stumbling blocks

for children learning to read in Dutch (Struiksma, 2003; Struiksma et al., 2009)

and are also known to be challenging for children learning to read in French (Rey,

de Martino, Espesser, & Habib, 2002) and English (Bruck & Treiman, 1990).

To exclude alternative explanations for progress in reading speed we included

two control conditions. We added a no-training condition to control for matu-

ration and retest effects and we developed a letter-training intervention to con-

trol for the effects of intensified one-to-one reading instruction. In addition, the

letter-training intervention controls for the possibility that improvements in read-

ing speed of the cluster-training condition are merely a result of exposure to the

separate letters of the four target clusters instead of a consequence of the “explicit

unit training”. Such a control is not possible when the alternative training con-

dition encompasses, for example, a math-training intervention (Das-Smaal et al.,

1996; de Jong & Vrielink, 2004).

Besides its function as a control condition, the letter-training condition is also

interesting from a theoretical point of view as the rapid naming of letters and letter

sounds has repeatedly been found to be associated with reading acquisition (Wolf

& Bowers, 1999). However, to our knowledge, thus far only one intervention

study has been reported in which it was tried to enhance reading fluency by prac-

ticing the rapid naming of letters. In this study, de Jong and Vrielink (2004) found

no beneficial effects of training the rapid naming of letter sounds on word-reading

fluency. Interestingly, even the rapid naming of the trained letter sounds itself did

not improve. However, the study of de Jong and Vrielink concerned normal be-
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ginning readers. The inclusion of a parallel letter-training condition in the current

study provides an opportunity to examine whether it is also hard to improve the

rapid naming of letter sounds in poor readers and how this (lack of) improvement

relates to gains in reading speed.

5.2 Method

5.2.1 Participants

Poor readers were selected from 562 grade-2 children from 13 schools in The

Netherlands. The reading ability of the children was assessed individually with

the Dutch One-minute test (Brus & Voeten, 1995). This test is commonly used

to determine the reading level of children in Dutch primary schools. The test

consists of 116 unrelated words of increasing length and difficulty and has an A

and B version. All children read both versions of the test. The score was the

number of words read correctly within one minute. Based on this raw score, a

standardized score was computed, with a mean of 100 and a standard deviation of

15. The final score was the average of the standard scores of the two versions.

Based on these standard scores, 102 poor reading children (weakest 20%,

51 boys, 51 girls, age range: 7.13–9.18 years) were selected. The children were

matched in trios on age, reading ability, sex and primary school. Next the chil-

dren from each trio were randomly assigned to one of the three training conditions

(cluster training, letter training and no training). The characteristics of the training

groups are presented in Table 5.1.

Table 5.1

Descriptive statistics of the three training conditions.

Training condition Cluster Letter No training

(n = 34) (n = 34) (n = 34)

Mean age (years) 7.99 (0.38) 7.95 (0.54) 8.08 (0.54)

Mean reading level (standard score) 6.71 (1.54) 6.79 (1.52) 6.71 (1.59)

Note. Standard deviations are in parentheses.

5.2.2 Training

The aim of the cluster training was to explicitly train four consonantal onset clus-

ters as a blended unit. To this end the children were made aware of the target

clusters, practiced the fast recognition and naming of the clusters and finally prac-

ticed the reading of words and pseudowords starting with the target clusters. Over

all training sessions there were 266 encounters with each target cluster. In at least

100 of these encounters, the child had to articulate the target cluster as a blended

unit. We put a special effort in accelerating the pronunciation of the clusters by
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means of flash and RAN tasks. In addition, each child read at least 100 words

(and pseudowords) starting with each target cluster. The remaining 66 encounters

existed of listening to the blended articulation as produced by the test assistant,

the visual recognition of clusters, writing down the target clusters and repeating or

producing a word starting with the target cluster. The materials and the specifica-

tion of the training activities in the cluster-training and letter-training conditions

are specified in the paragraphs below. A schematic overview of the training activ-

ities is presented in Table 5.2.

Training materials

Based on a corpus of youth literature and an accompanying bigram frequency

count (Bakker, 1990; Staphorsius, Krom, & de Geus, 1988), we selected four

highly frequent consonantal onset clusters (st, gr, bl and tr) and four accompany-

ing high-frequent sight words: ster [star], gras [grass], bloem [flower] and trap

[staircase] which introduced the cluster onset for the cluster-training condition.

For the letter-training condition six high-frequent sight words were used starting

with the separate letters of the four target clusters: sok [sock], teen [toe], geit

[goat], rat [rat], bank [couch] and lamp [lamp]. Each sight word was printed on a

separate A4 portrait paper under a picture of a star, sock, toe, etc. The target clus-

ters and letters were underlined. The sight-words were also presented on so-called

“structure strips”. A structure strip is a piece of paper with a target word that can

be folded in a way that the letters or clusters of a word are presented one by one

to the child. On the cluster-training structure strips the target clusters of the sight

words were left intact (e.g., st-e-r), whereas on the letter training structure strips

all graphemes were separated (e.g., s-o-k, t-ee-n).

Table 5.2

Training activities per session and training type. Each session consisted of five activities for

both the cluster training and letter training.

Session Cluster-training activities Letter-training activities

1.1 Explain why it is useful to use clusters

in reading

Practice with sight word and structure

strip (st, ster [star])

-

Practice with sight words and structure

strips (s, sok [sock] and t, teen [toe])

1.2 Ask child to generate as much words as

possible starting with st in one minute

Ask child to generate words starting

with s and t (one minute per letter)

1.3 Ask child to circle pictures starting

with st

Visual st detection computer task

Ask child to circle pictures starting

with s and with t

Visual s and t detection computer task
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Session Cluster-training activities Letter-training activities

1.4 Grapheme flash task with st 1000 ms Grapheme flash task with s and t

1000 ms

1.5 CCVC (pseudo)word reading, st before

version

CCVC (pseudo)word reading

CCVC (pseudo)word reading, s and t

before version

CCVC (pseudo)word reading

2.1 Ask/ explain why it is useful to use

clusters in reading

Practice with sight word and structure

strip (gr, gras [grass])

-

Practice with sight words and structure

strips (g, geit [goat] and r, rat)

2.2 Ask child to generate as much words as

possible starting with gr in one minute

Ask child to generate words starting

with g and r (one minute per letter)

2.3 Ask child to circle pictures starting

with gr

Visual gr detection computer task

Ask child to circle pictures starting

with g and with r

Visual g and r detection computer task

2.4 Grapheme flash task with gr 1000 ms Grapheme flash task with g and r

1000 ms

2.5 CCVC (pseudo)word reading, gr be-

fore version

CCVC (pseudo)word reading

CCVC (pseudo)word reading, g and r

before version

CCVC (pseudo)word reading

3.1 Ask/ explain why it is useful to use

clusters in reading

Repeat sight words st and gr

-

Repeat sight words s, t, g and r

3.2 Ask the child to write down the st and

gr clusters.

Ask the child to read the st and gr

words that he/ she generated during

session 1 and 2

Ask the child to write down the s, t, g

and r.

Ask the child to read the s, t, g and

r words that he/ she generated during

session 1 and 2

3.3 Circle st and gr clusters in printed

words

Visual st and gr detection computer

tasks

Circle s, t, g and r in printed words

Visual s, t and g detection computer

tasks

3.4 Grapheme flash task with st and gr

500 ms

Grapheme flash task with s, t, g and r

500 ms

3.5 CCVC (pseudo)word reading, st and gr

after version

CCVC (pseudo)word reading

CCVC (pseudo)word reading, s and t,

g and r after version

CCVC (pseudo)word reading

4.1 Ask/ explain why it is useful to use

clusters in reading

Practice with sight word and structure

strip (bl, bloem [flower])

-

Practice with sight words and structure

strips (b, bank [couch] and l, lamp)
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Session Cluster-training activities Letter-training activities

4.2 Ask child to generate as much words as

possible starting with bl in one minute

Ask child to generate words starting

with b and l (one minute per letter)

4.3 Ask child to circle pictures starting

with bl

Visual bl detection computer task

Ask child to circle pictures starting

with b and with l

Visual b and l detection computer task

4.4 Grapheme flash task with bl 1000 ms Grapheme flash task with b and l

1000 ms

4.5 CCVC (pseudo)word reading, bl before

version

CCVC (pseudo)word reading

CCVC (pseudo)word reading, b and l

before version

CCVC (pseudo)word reading

5.1 Ask/ explain why it is useful to use

clusters in reading

Practice with sight word and structure

strip (tr, trap [staircase])

-

Practice with sight words and structure

strips (t, teen [toe] and r, rat)

5.2 Ask child to generate as much words as

possible starting with tr in one minute

Ask child to generate words starting

with t and r (one minute per letter)

5.3 Ask child to circle pictures starting

with tr

Visual tr detection computer task

Ask child to circle pictures starting

with t and with r

Visual t and r detection computer task

5.4 Grapheme flash task with tr 1000 ms Grapheme flash task with t and r

1000 ms

5.5 CCVC (pseudo)word reading, tr before

version

CCVC (pseudo)word reading

CCVC (pseudo)word reading, t and r

before version

CCVC (pseudo)word reading

6.1 Ask/ explain why it is useful to use

clusters in reading

Repeat sight words bl and tr

-

Repeat sight words b, l, t and r

6.2 Ask the child to write down the bl and

tr clusters.

Ask the child to read the bl and tr words

that he/ she generated during session 4

and 5

Ask the child to write down the b, l, t

and r.

Ask the child to read the b, l, t and

r words that he/ she generated during

session 4 and 5

6.3 Circle bl and tr clusters in printed

words

Visual bl and tr detection computer

tasks

Circle b, l and r in printed words

Visual b, l and r detection computer

tasks

6.4 Grapheme flash task with bl and tr

500 ms

Grapheme flash task with b, l, t and r

500 ms

6.5 CCVC (pseudo)word reading, bl and tr

after version

CCVC (pseudo)word reading

CCVC (pseudo)word reading, b and l, t

and r after version

CCVC (pseudo)word reading
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Session Cluster-training activities Letter-training activities

7.1 Ask/ explain why it is useful to use

clusters in reading

Repeat all cluster sight words

-

Repeat all letter sight words

7.2 Ask child to write down the st, gr, bl

and tr (2x)

Ask child to write down the s, t, g, r, b

and l (2x)

7.3 - -

7.4 Grapheme flash task with st, gr, bl and

tr 200 ms

Practice cluster RAN

Grapheme flash task with s, t, g, r, b

and l 200 ms

Practice letter RAN

7.5 CCVC (pseudo)word reading CCVC (pseudo)word cluster

8.1 Ask/ explain why it is useful to use

clusters in reading

Repeat all cluster sight words

-

Repeat all letter sight words

8.2 Ask child to write down the st, gr, bl

and tr (2x)

Ask child to write down the s, t, g, r, b

and l (2x)

8.3 - -

8.4 Grapheme flash task with st, gr, bl and

tr 200 ms

Practice cluster RAN

Grapheme flash task with s, t, g, r, b

and l 200 ms

Practice letter RAN

8.5 CCVC (pseudo)word reading CCVC (pseudo)word cluster

Note. Each session was divided into subtasks: #.1 = make aware of clusters/ letters in words,

#.2 = generate cluster/ letter words, #.3 = practice recognition of clusters/ letters in words,

#.4 = speed up cluster/ letter naming, #.5 = train the use of cluster/ letter knowledge in reading.

Training content and build-up

The st cluster was trained in the first session and the gr cluster was trained in

the second session. In session three, the st and gr clusters were trained together.

In session four and five, the bl and tr were respectively trained. In session six,

the bl and tr were trained together. Finally, session seven and eight consisted of

the repetition of all four clusters. The letters in the letter-training sessions were

presented in the same order as the clusters in the cluster-training sessions. For

example, while the cluster-training children trained the st cluster, the children in

the letter-training condition practiced with both s and t.

Table 5.2 reflects the systematic build-up of the training (make aware, gener-

ate, recognize, speed up, and use cluster/ letter knowledge in reading). Firstly,

at the start of each cluster-training session, the children were explicitly told (and

later asked) why it would be useful to use these letter clusters in reading. Obvi-

ously this element was not included in the letter training. In addition, the children

were made aware of the target clusters (or letters) within words with the aid of the

sight words and structure strips (see activity 1 in Table 5.2).

Secondly, the children were asked to generate words starting with the target
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cluster or letter (session 1, 2, 4 and 5). The children were given one minute per

cluster or letter. If a child generated less than five words, the test assistant helped

the child. In session 3 and 6 the child was asked to read out loud the previously

generated words. In these sessions the children were also asked to write down the

clusters or separate letters (see activity 2 in Table 5.2).

Thirdly, the children were trained to recognize the clusters (or letters) within

words (see activity 3 in Table 5.2). First, the children were asked to circle pictures

starting with the target clusters (or letters). In later training sessions, the children

in the cluster group practiced visual recognition of the cluster by circling the clus-

ters in printed words and with cluster (or letter) detection tasks. Instead of training

the recognition of the whole cluster (e.g., st), the children in the letter condition

separately practiced the recognition of the s and t.

Next, the naming of the clusters (or letters) was speeded up by computerized

word-flash tasks (see activity 4 in Table 5.2). During the flash task the target

clusters (letters) were presented several times, embedded in a sequence of Dutch

graphemes, including digraphs (e.g., ou). The graphemes and target clusters were

presented one by one in the middle of the screen. The children were asked to pro-

duce the blended sound of the clusters, graphemes and digraphs. By presenting

the target clusters among digraphs and graphemes the children were given an ad-

ditional boost to treat the target clusters as a unit instead of as two separate letters.

In the sessions in which new clusters (letters) were introduced (Sessions 1, 2, 4

and 5), the flash time was 1000 ms. In the sessions in which two clusters (letters)

were repeated (Sessions 3 and 6) the flash time was 500 ms. Finally, in the overall

repetition sessions (Sessions 7 and 8) the graphemes and clusters (or letters) were

presented 200 ms. Speeding up the naming of the clusters (or letters) was also

trained with a computerized rapid naming (RAN) task in Session 7 and 8. The

clusters (or letters) were presented in a single row of ten items on the computer

screen. As soon as the child had articulated all the clusters (or letters) of the row,

the experimenter pushed a button and the next row appeared. During each session

the child completed five rows.

Finally the children were trained to use their cluster (letter) knowledge in word

reading (see activity 5 in Table 5.2). There were two different tasks. For the first

task the cluster (or letters) were presented on the screen, followed or preceded by a

CCVC (pseudo)word. The version of the task in which the children had to produce

the blended sound of the cluster (letters) before the word appeared was denoted the

“before version” and the version in which the children had to read the word before

they sounded out the cluster (letters) was denoted the “after version”. The second

task was a reading task, consisting of 40 CCV(V)C words and pseudowords (20

of each), starting with the target clusters (st, gr, bl, tr). These (pseudo)words were

denoted the “trained” (pseudo)words. This task was completed at the end of every

training session. In each session it was randomly determined whether the children

started with the word or pseudoword block.
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5.2.3 Pretest, posttest and follow-up measures

Four tasks were administrated to evaluate the short-term and long-term effects of

the cluster and letter training. The tasks were directly linked to the skills that were

practiced during training, namely rapid naming of letter-cluster sounds, visual de-

tection (recognition) of clusters, naming of cluster words and pseudowords and

general word-reading fluency. We also included a letter-sound RAN task to ex-

amine the influence of the letter training on the improvement of rapid naming of

letter-sounds.

Rapid naming

The RAN tasks measured the children’s serial naming speed of clusters and letters.

There were four different rapid naming tasks: the naming of trained clusters (st,

gr, bl, tr), untrained clusters (zw, dr, kl, vr), trained letters (s, g, b, t) and untrained

letters (z, d, k, v). The trained clusters were matched for bigram frequency to the

untrained clusters (Bakker, 1990; Staphorsius et al., 1988).

All tasks consisted of five rows of 10 clusters or letters. There were ten practice

items (one row) on the other side of each card. Ten practice items preceded each

task. The children were asked to produce the blended sounds of the clusters and

the sounds of the letters as fast as they could without making errors. The order

of administration of the four different tasks was systematically varied between the

children. For all cards we measured the time (in seconds) to produce the sound of

all the clusters or letters.

Visual letter-cluster detection task

We developed a letter-cluster detection task to measure the children’s visual detec-

tion speed of consonantal onset clusters. To shorten the test session, we developed

two different versions of the task each consisting of four blocks. Half of the chil-

dren were randomly assigned to version 1, the other half was given version 2.

In two of the blocks the children had to detect a trained (experimental) cluster

whereas in the other two blocks an untrained (control) cluster had to be detected.

Each block consisted of 32 words. The words were selected from the corpus

of Schrooten and Vermeer (1994). The words are presented in Appendix D.1. In

version 1 the target clusters of the four separate blocks were st and tr (experimen-

tal clusters) and dr and kl (control clusters). In version 2 the target clusters for

each of the separate four blocks were gr and bl (experimental clusters) and zw and

vr (control clusters). The computer program randomly determined the order of

presentation of the blocks. The target onset cluster (e.g., st for trained and dr for

untrained) was present in 50% of the trials of each block. To make sure that the

children were paying attention to the whole clusters instead of paying attention

to the first letter only, half of the target-absent words started with a consonantal
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onset cluster that differed only by the second letter from the target cluster (e.g., sl

vs. st). The other word onset clusters differed on both letters from the target onset

cluster (e.g., pl).

The words were presented in the middle of a 14.1-inch XGA LCD screen of a

D600 Pentium-M 1.3-GHz computer. The words were printed in 46-point lower-

case black Arial font on a white background. A fixation point (+) was projected in

the middle of the screen and 750 ms later the word appeared. The detection speed

was defined as the time between the appearance of a word on the screen and the

moment the child pushed a button. The ‘m’-key on the keyboard was covered with

a green sticker and the ‘c’-key was covered with a red sticker. The children were

instructed to push the green button when the word contained the target cluster and

the red button when the target cluster was absent. To reduce confusion which

cluster had to be detected, the children were asked to write down the target cluster

before the start of each block. In addition, each test block was preceded by four

practice items.

Word and pseudoword naming task

The CCV(V)C (pseudo)words naming task measures the children’s reading speed

and accuracy for CCV(V)C (pseudo)words. From the word corpus of Schrooten

and Vermeer (1994), 60 one syllable CCV(V)C structure words were selected. Of

these words, 40 started with a trained cluster (st, gr, bl, tr). Half of these words

were repeatedly presented and practiced during both the cluster and letter training.

These words will be denoted the “trained” words. The other 20 words were not

presented during the training. These words are the “transfer” words. Finally there

were 20 “control” words starting with untrained clusters (zw, dr, kl, vr).

Pseudowords were derived from the words by exchanging the first two letters

with the first two letters of another word. If this did not result in a pseudoword,

we also exchanged the vowel. As a result the naming task consisted of 120 items.

The word and pseudoword sets are presented in Appendix D.2.

The words and pseudowords were administered in two separate blocks and the

words and pseudowords within a block were presented in random order. Half of

the children started with the word block whereas the other half first read the pseu-

doword block. The (pseudo)words were presented in the middle of a 14.1-inch

XGA LCD screen of a D600 Pentium-M 1.3-GHz computer. The (pseudo)words

were printed in 46-point lower-case black Arial font on a white background. A

fixation point (+) was projected in the middle of the screen and 750 ms later a

(pseudo)word appeared. A voice key registered latencies and the test assistant

recorded accuracy. The latencies were defined as the time between the appear-

ance of the (pseudo)word on the screen and the onset of the voice key. The

(pseudo)words disappeared as soon as the voice key was triggered.
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Word-reading fluency

We administered the B version of the second card of the Three-minute test (Verho-

even, 1995). This card consists of complex one-syllable words, words with at least

one consonant cluster. Note that in contrast to the word and pseudoword read-

ing task, the Three-minute test (2B) also includes cluster words like test (CVCC

structure) and sport (CCVCC). The critical measure was the number of words that

could be read correctly in one minute.

5.2.4 Procedure

Figure 5.1 gives a schematic overview of the total intervention study. The screen-

ing took place in the beginning of January and lasted about 5 minutes per child.

Based on this screening 34 poor readers were assigned to each of the three training

conditions (cluster training, letter training, no training).

Next, all children completed the four training evaluation tasks in the following

sequence: Word-reading fluency, word and pseudoword naming, letter-cluster-

detection task and finally the rapid-naming tasks. The pretest session lasted about

40 minutes per child.

Within one week after the administration of the pretest, the cluster and letter

training were started. Both interventions consisted of eight 20-minute sessions

that were completed within three weeks. The children were individually trained

by test assistants in a quiet room in the school of the child. To avoid trainer and

school effects, all test assistants gave both types of training within a school. The

training programs were written down in protocols.

Within one week after the final training session had taken place, the posttest

tasks were administered. The follow-up measurements were conducted another

three weeks later.

5.3 Results

Four tasks were administered to evaluate the effects of the cluster and letter train-

ing: rapid naming, letter-cluster detection, (pseudo)word reading and a standard-

ized word-reading task. In the sections below the improvements in the three train-

ing conditions on these four tasks will be compared. For each task we consider the

gain score between pretest and posttest (short-term effect) and the improvement

between pretest and follow-up (long-term effect).

The data of three children were omitted from the analyses. One child in the

no-training condition was barely at school when the training took place. Another

child of the no-training condition was unwilling to complete the tasks during the

post-test. Finally, one child from the letter-training condition appeared to have a
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Follow−up

Measure long−term effect of training;

after a period of 3 weeks

Measure short−term effect of training;

Posttest

within 1 week after final training session

562 grade−2 students

Screening

13 primary schools

Pretest

Selection of 99 poor readers

Training

8 sessions within 3 weeks

Participants subdivided in 3 groups:

Letter training

(n = 33)

Cluster training

(n = 34) (n = 32)

No training

Figure 5.1

Design of the intervention study. Five phases can be distinguished: screening, pretest, training,

posttest, and follow-up.

diagnosis of PDD-nos. The removal of these three children did not influence the

matching of the three training conditions.

5.3.1 Rapid Naming

There were two rapid-naming tasks with clusters, one with trained clusters and

one with untrained clusters. In addition, two rapid-naming tasks with letters were

presented, containing the same letters as in the two cluster tasks. The score on

trained-cluster RAN of one letter-training participant was excluded from the anal-

yses because she was distracted during the administration of the task.

We expected a larger improvement in performance on rapid naming of trained

clusters in the cluster-training condition. However, the improvement in letter nam-
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ing was expected to be larger for the letter-training condition.

Because of skewed distributions, we transformed the latency time per RAN

(in seconds) to the number of clusters or letters named per second. Next, we

computed two difference scores on each RAN task for each Training condition.

One score represented the mean gain between pretest and posttest, the other score

the mean gain between the pretest and follow-up. The mean pretest-posttest and

pretest-follow-up gain scores per training condition on each task are presented in

Figures 5.2 and 5.3, respectively.

The gain scores were subjected to a multivariate analysis of variance for re-

peated measures with Training condition (cluster, letter and no-training condi-

tion) as a between-subjects variable and RAN type (trained cluster, control clus-

ter, trained letter and control letter) as a within-subjects factor. Pair-wise analyses

were done to compare the mean gain scores between the three training conditions

on the four RAN tasks. The pretest-posttest and pretest-follow-up gain scores

were analyzed separately.

The intercept of the between-subjects effects was significant for both the pretest-

posttest and pretest-follow-up gain scores. This implies that there was a signifi-

cant overall gain in RAN speed between pretest and posttest, F (1, 95) = 280.71,

p < .001, η2

p = .75 and between pretest and follow-up, F (1, 95) = 378.08,

p < .001, η2

p = .80.

Next, we conducted pair-wise comparisons between the three different training

conditions. As expected, the mean gain score on rapid naming of trained clusters

between pretest and posttest was significantly larger in the cluster-training condi-

tion than in the letter-training condition, F (1, 95) = 24.60, p < .001, η2

p = .21 and

the no-training condition, F (1, 95) = 19.13, p < .001, η2

p = .17. The gain scores

between pretest and follow-up were also found to be significant, F (1, 95) = 7.91,

p < .01, η2

p = .077, F (1, 95) = 12.64, p < .01, η2

p = .12. The mean gain score

of the letter condition and no-training condition on rapid-naming for trained clus-

ters did not differ significantly, neither between pretest and posttest measure nor

between pretest and follow-up measure.

For rapid naming of control clusters, the mean gain score between pretest and

posttest was significantly larger in the cluster training than in the letter-training

condition, F (1, 95) = 6.14, p < .05, η2

p = .061. The gain score in the no-training

condition did not differ significantly from the gain score in the other two con-

ditions. Between pretest and follow-up the results were slightly different. The

gain score in the cluster training on the control cluster card was now significantly

larger than both the gain score in the letter training, F (1, 95) = 5.47, p < .05,

η2

p = .054, and the gain score in the no-training condition, F (1, 95) = 6.70,

p < .05, η2

p = .066. The mean gain score in the letter and no-training-control did

not differ significantly.

As expected, the mean gain score in the letter-training condition on the rapid

naming with trained letters was significantly larger than in the cluster-training
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Figure 5.2

Pretest-posttest improvement on the four different cluster and letter RAN tasks for the

cluster-training, letter-training, and no-training (control) conditions.

condition, F (1, 95) = 8.72, p < .01, η2

p = .084 and the no-training condition,

F (1, 95) = 4.04, p < .05, η2

p = .041. The mean gain scores in the cluster and the

no-training condition did not differ significantly. Between pretest and follow-up

the results were different. Unexpectedly, the mean gain score in both the cluster

training and letter-training conditions on the trained letters was larger than that of

the no-training condition, F (1, 95) = 4.34, p < .05, η2

p = .044, F (1, 95) = 6.73,

p < .05, η2

p = .066. The mean gain scores in the letter training and cluster-training

conditions did not differ. As can be seen in Figure 5.3, this effect should not be

interpreted as a significant improvement in rapid naming of trained letters in the

cluster and letter-training condition. Taking into account the earlier gains between

pretest and posttest and the gains on the naming of untrained letters, these results

seem to reflect a relatively and unexpectedly low gain score in the no-training

condition on the trained-letter card. There were no significant differences between

the training conditions in mean gain score on rapid naming of untrained letters,

neither between pretest and posttest, nor between pretest and follow-up.

In sum, the cluster-training condition showed larger short-term (pretest to

posttest) gain scores on rapid naming of trained clusters than the letter training and

no-training condition. In addition, the cluster-training condition showed larger

long-term (pretest to follow-up) gain scores on rapid naming of trained and un-

trained clusters than the letter training and no-training condition. Finally, the letter
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Figure 5.3

Pretest-posttest improvement on the four different cluster and letter RAN tasks for the

cluster-training, letter-training, and no-training (control) conditions.

training condition showed larger short-term mean gain scores of RAN on trained

letters than the cluster training and no-training condition. The long term mean

gain scores of the letter and cluster training on rapid naming of trained letters did

not differ significantly.

5.3.2 Detection

With the detection task we measured the children’s visual detection speed of con-

sonantal onset clusters in words. We examined the detection speed of both trained

and untrained clusters.

Trials with response latencies below 325 ms (premature responses) and out-

liers were omitted. An outlier was defined as a latency differing more than three

standard deviations from a child’s overall mean. Outliers were separately com-

puted for target-present and target-absent conditions. For each child a mean la-

tency score was computed for each Familiarity (words starting with a trained or

untrained cluster) by Cluster Presence (target cluster absent or present) condition.

Mean latency scores were computed over correct trials only. The mean detection

latency scores of the three training conditions on pretest, posttest and follow-up

are presented in Table 5.3. At pretest, the detection accuracy was already around

95% for target present and around 90% for target absent trials. As there was not
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much to improve in terms of accuracy, we did not analyze the error percentages.

The cluster-training condition was expected to show larger gains in decision

speed (i.e., to become faster) for trained than for untrained clusters as compared to

the letter training and no-training condition. To examine this prediction, we com-

puted two difference scores in each Familiarity by Cluster Presence by Training

condition. One represented the mean gain score between pretest and posttest, the

other the mean gain score between pretest and follow-up. The mean gain scores

were subjected to a multivariate analysis of variance for repeated measures with

training condition (cluster, letter and no-training condition) as a between-subjects

factor, and Familiarity (trained cluster or control cluster) and Cluster Presence

(target present or target absent) as within-subject factors.

The intercept of the between-subjects effect was significant for both the pretest-

posttest and pretest-follow-up mean gain scores, implying that there was a signifi-

cant overall gain in detection speed between pretest and posttest, F (1, 96) = 8.80,

p < .01, η2

p = .084 and between pretest and follow-up, F (1, 96) = 48.90, p < .001,

η2

p = .34. Between pretest and posttest there were no effects of Familiarity, Clus-

ter Presence or Training condition for the mean gain scores in detection speed.

This means that, between pretest and posttest, the overall gain in detection speed

did not differ for trained and untrained clusters or target present and absent tri-

als. Moreover, and in contrast to our predictions, between pretest and posttest the

mean gain in detection speed did not differ between the three training conditions.

The children did show a main effect for Cluster Presence in their improvement

of detection speed between the pretest and follow-up, F (1, 96) = 14.45, p < .001,

η2

p = .13. Between pretest and follow-up the mean gain in detection speed was

larger for target-absent trials than for target-present trials. In addition, there was a

significant Familiarity by Training condition interaction effect, F (2, 96) = 4.31,

p < .05, η2

p = .082. No other effects were significant.

To examine the Familiarity by Training condition interaction, follow-up con-

trasts were specified on the within-subjects factor Familiarity and the between-

subjects factor Training condition. The contrast on the within-subjects factor Fa-

miliarity compared the gain in detection speed of trained and untrained clusters.

The two contrasts on the between-subjects factor Training condition respectively

compared the mean gain score in the cluster and letter-training conditions with the

mean gain score in the no-training condition (Training contrast) and the mean gain

score in the cluster with the mean gain score in the letter-training condition (Train-

ing Type contrast). Only the second contrast was significant, F (1, 96) = 7.65,

p < .01, η2

p = .074, implying that between pretest and follow-up, the difference

of the gain between trained and untrained clusters was larger in the letter-training

condition than in the cluster-training condition. Remember that this finding is op-

posite to our prediction that the cluster-training condition would show stronger

gains on trained clusters than on untrained clusters as compared to the other two

training conditions.
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Table 5.3

Mean detection latency scores of the three training conditions on pretest, posttest and follow-up

for trained/ untrained and target present/ absent conditions.

Trained

Cluster training Letter training No training

Present Absent Present Absent Present Absent

Pretest 1319 1623 1361 1626 1328 1684

(380) (500) (382) (522) (394) (746)

Posttest 1161 1354 1309 1550 1221 1473

(395) (495) (540) (641) (391) (519)

Follow-up 1102 1239 1044 1235 1119 1302

(406) (483) (272) (309) (298) (441)

Untrained

Cluster training Letter training No training

Present Absent Present Absent Present Absent

Pretest 1391 1688 1265 1566 1451 1787

(493) (629) (353) (410) (517) (839)

Posttest 1177 1350 1243 1558 1179 1507

(443) (574) (459) (581) (376) (513)

Follow-up 1015 1216 1050 1310 1143 1343

(281) (386) (343) (397) (427) (505)

Note. Standard deviations are in parentheses.

Finally, the results in Table 5.3 seem to indicate that the development of de-

tection speed of the cluster and no-training conditions follows a different pattern

than that of the letter-training condition. The letter training seems to show min-

imal improvement between pretest and posttest and seems to catch up at follow-

up. However, follow-up analyses showed that this effect was not significant,

F (1, 96) = 2.57, p > .10.

5.3.3 Word and pseudoword naming

The naming task involved trained, transfer and control words and pseudowords.

Trained words and pseudowords were trained during the intervention. Transfer

words and pseudowords were unfamiliar, but started with the four consonantal on-

set clusters that were practiced during the cluster training. Finally, control words

and pseudowords started with untrained consonantal onset clusters.

We expected a larger gain in reading accuracy and speed in the cluster and let-

ter training for the trained words and pseudowords as compared to the no-training

control condition, as these words were explicitly practiced during training. We

also expected the cluster training to show larger gains on the transfer words and

pseudowords than both the letter and no-training control condition, as these words

started with the clusters that were practiced during the cluster training. However,

it might also be the case that the training of the four target clusters (st, gr, bl, tr)
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generalized to other clusters (zw, dr, kl, vr). If this were true, the cluster-training

condition would be expected to show larger gains for the control words and pseu-

dowords as well.

Data cleaning procedures were similar as for the detection task. In addition,

trials with voice-key errors were omitted. For each child a mean latency score

was computed for each Lexicality (word, pseudoword) by Word type (trained,

transfer and control) condition and time of measurement (pretest, posttest and

follow-up). Mean latency scores were computed over correct trials only. The

mean error percentages and mean latency scores of the three training conditions

on pretest, posttest and follow-up are presented in Tables 5.4 and 5.5. In addition,

we computed two difference scores for each Lexicality by Word type by Training

condition. One represented the mean gain score between pretest and posttest and

the other the mean gain score between pretest and follow-up.

Errors

The accuracy gain scores were subjected to a multivariate analysis of variance for

repeated measures with Training condition (cluster, letter and no-training condi-

tion) as a between-subjects factor, and Lexicality (word, pseudoword) and Word

type (trained, transfer and control) as within-subject factors. The pretest-posttest

and pretest-follow-up accuracy gain scores were analyzed separately.

The intercept of the between subjects effect was significant for both the pretest-

posttest, F (1, 96) = 39.85, p < .001, η2

p = .29 and pretest-follow-up gain scores,

F (1, 96) = 18.99, p < .001, η2

p = .17. This implies that there was a sig-

nificant overall gain in word and pseudoword naming accuracy between both

pretest and posttest, and pretest and follow-up. In addition, there were main ef-

fects of Word type for both the pretest-posttest and pretest-follow-up gain scores,

F (2, 95) = 17.07, p < .001, η2

p = .15, F (2, 95) = 9.08, p < .001, η2

p = .086.

These effects were qualified by significant Lexicality by Word type interaction ef-

fects, F (2, 95) = 5.85, p < .01, η2

p = .057, F (2, 95) = 5.25, p < .01, η2

p = .052.

This implies that the difference in gains in reading accuracy between words and

pseudowords differed between the three different Word types. Finally, the Word

type and Training condition interaction was significant, but only for the pretest-

follow-up gain score, F (4, 192) = 3.61, p < .01, η2

p = .070.

To interpret the Word type by Training condition interaction effect, follow-

up contrasts were specified on the within-subjects factor Word type. In the first

contrast, denoted “Practice contrast”, the mean accuracy gain score of the trained

items was compared with the mean gain score of the novel (transfer and control)

items. The second contrast, denoted “Transfer contrast”, tested whether the mean

accuracy gain score was larger for transfer than for control items. Simultaneously,

contrasts were specified on the between-subjects factor. First, the mean accuracy

gain scores of the training conditions were compared with the mean accuracy gain
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score of the no-training condition (Training contrast). For the mean gain score be-

tween pretest and posttest, a marginally significant Practiced by Training interac-

tion effect was found, F (1, 96) = 3.77, p = .055, η2

p = .038. Between pretest and

follow-up the effect was significant, F (1, 96) = 5.41, p < .05, η2

p = .053. This in-

teraction effect implies that the difference between the training conditions and the

no-training control condition was larger for the accuracy gain score of trained than

for the accuracy gain score of novel (transfer and control) items. Next, we con-

ducted two complementary simple analyses to examine whether the separate mean

accuracy gain scores between pretest and posttest on trained and novel (transfer

and control) items were larger in the trained conditions than in the no-training con-

dition. As expected, the mean gain score for trained items was larger in the trained

conditions than in the no-training condition. This difference was marginally sig-

nificant between pre-test and posttest, F (1, 96) = 3.10, p = .081, η2

p = .031 and

significant between pretest and follow-up, F (1, 96) = 4.20, p < .05, η2

p = .042.

The differences for novel items were not significant.

The Transfer by Training interaction effect was not significant. The difference

in accuracy gain score between transfer and control items did not differ between

the trained conditions and the no-training condition. Finally, the mean accuracy

gain scores of the cluster and letter training were contrasted (Training Type con-

trast). The Practiced by Training Type and Transfer by Training Type interaction

effects were not significant. The cluster and letter-training conditions did not dif-

fer in their mean accuracy gain scores.

Latencies

The mean latency gain scores were subjected to a multivariate analysis of variance

for repeated measures with Training condition (cluster, letter and no-training con-

dition) as a between-subjects factor, and Lexicality (word, pseudoword) and Word

type (trained, transfer and control) as within-subject factors. The pretest-posttest

and pretest-follow-up gain scores were analyzed separately.

There was a significant overall gain in word and pseudoword naming speed

between pretest and posttest, F (1, 96) = 15.10, p < .001, η2

p = .14 and between

pretest and follow-up, F (1, 96) = 33.48, p < .001, η2

p = .26. In addition, there

was a significant main effect for Lexicality, but only for the pretest-posttest gain

score, F (1, 96) = 6.41, p < .05, η2

p = .063, implying that the overall gain in

word reading speed was larger for pseudowords than for words. Finally, there

was a main effect of Word type for both the pretest-posttest and pretest-follow-up

gain scores, F (2, 95) = 11.24, p < .001, η2

p = .11, F (2, 95) = 5.53, p < .01,

η2

p = .054. For the pretest-posttest gain score, this effect was qualified by a sig-

nificant Word type by Training condition interaction effect, F (4, 192) = 2.61,

p < .05, η2

p = .051.

To interpret the Word type by Training condition interaction effect, the same



94 CHAPTER 5. INCREASING WORD-READING FLUENCY

T
a
b

le
5
.4

W
o
rd

s:
M

ea
n

n
a
m

in
g

a
ccu

ra
cy

a
n
d

la
ten

cy
sco

res
o
f

th
e

th
ree

tra
in

in
g

co
n
d
itio

n
s

o
n

p
retest,

p
o
sttest

a
n
d

fo
llo

w
-u

p
fo

r
th

e
d
ifferen

t
w

o
rd

typ
e

a
n
d

lexica
lity

co
n
d
itio

n
s.

W
o
rd

s

E
rro

r
P

ercen
tag

es

C
lu

ster
train

in
g

L
etter

train
in

g
N

o
train

in
g

T
rain

ed
T

ran
sfer

C
o
n
tro

l
T

rain
ed

T
ran

sfer
C

o
n
tro

l
T

rain
ed

T
ran

sfer
C

o
n
tro

l

P
retest

9
.8

5
1
5
.0

6
1
1
.5

1
9
.4

9
1
1
.8

1
1
2
.2

1
9
.6

6
1
4
.6

2
1
0
.5

0

(9
.2

5
)

(1
2
.9

1
)

(8
.9

0
)

(1
0
.8

1
)

(9
.3

7
)

(1
0
.3

6
)

(9
.6

5
)

(1
2
.8

4
)

(1
0
.6

1
)

P
o
sttest

4
.3

3
9
.1

0
1
0
.8

3
3
.1

1
9
.3

0
1
0
.5

5
5
.2

2
7
.7

7
8
.2

6

(5
.6

4
)

(8
.1

5
)

(9
.4

6
)

(4
.3

0
)

(7
.7

9
)

(8
.0

3
)

(7
.8

7
)

(8
.3

0
)

(9
.1

4
)

F
o
llo

w
-u

p
3
.8

1
9
.4

7
1
0
.5

9
3
.2

9
7
.6

7
6
.6

1
7
.7

8
8
.2

5
8
.3

3

(5
.3

1
)

(9
.3

7
)

(9
.6

8
)

(5
.7

4
)

(7
.2

6
)

(6
.3

9
)

(8
.6

8
)

(1
0
.4

2
)

(7
.6

9
)

L
aten

cies

C
lu

ster
train

in
g

L
etter

train
in

g
N

o
train

in
g

T
rain

ed
T

ran
sfer

C
o
n
tro

l
T

rain
ed

T
ran

sfer
C

o
n
tro

l
T

rain
ed

T
ran

sfer
C

o
n
tro

l

P
retest

1
6
2
9

1
7
1
4

1
6
7
0

1
6
3
6

1
6
4
9

1
6
0
5

1
7
3
4

1
7
7
5

1
7
1
4

(7
4
5
)

(8
6
4
)

(8
0
0
)

(9
1
5
)

(9
2
9
)

(9
2
5
)

(9
2
0
)

(9
5
6
)

(9
2
2
)

P
o
sttest

1
2
5
5

1
5
5
1

1
4
1
3

1
3
4
3

1
5
8
6

1
5
8
3

1
6
6
3

1
6
3
1

1
6
2
7

(5
7
9
)

(8
9
9
)

(8
3
1
)

(6
3
1
)

(8
4
3
)

(7
8
1
)

(1
0
2
1
)

(9
6
5
)

(9
2
5
)

F
o
llo

w
-u

p
1
1
8
4

1
3
0
3

1
3
5
0

1
2
8
4

1
3
3
5

1
2
9
8

1
5
4
0

1
5
3
9

1
5
6
1

(4
6
6
)

(5
7
3
)

(5
8
4
)

(7
1
9
)

(7
4
0
)

(6
8
5
)

(9
5
0
)

(9
1
9
)

(9
4
4
)

N
o
te.

S
tan

d
ard

d
ev

iatio
n
s

are
in

p
aren

th
eses.



5.3. RESULTS 95

T
a
b

le
5
.5

P
se

u
d
o
w

o
rd

s:
M

ea
n

n
a
m

in
g

a
cc

u
ra

cy
a
n
d

la
te

n
cy

sc
o
re

s
o
f

th
e

th
re

e
tr

a
in

in
g

co
n
d
it

io
n
s

o
n

p
re

te
st

,
p
o
st

te
st

a
n
d

fo
ll

o
w

-u
p

fo
r

th
e

d
if

fe
re

n
t

w
o
rd

ty
p
e

a
n
d

le
xi

ca
li

ty
co

n
d
it

io
n
s.

P
se

u
d
o
w

o
rd

s

E
rr

o
r

P
er

ce
n
ta

g
es

C
lu

st
er

tr
ai

n
in

g
L

et
te

r
tr

ai
n
in

g
N

o
tr

ai
n
in

g

T
ra

in
ed

T
ra

n
sf

er
C

o
n
tr

o
l

T
ra

in
ed

T
ra

n
sf

er
C

o
n
tr

o
l

T
ra

in
ed

T
ra

n
sf

er
C

o
n
tr

o
l

P
re

te
st

2
1
.5

2
1
9
.2

1
2
1
.4

1
2
1
.5

6
1
5
.7

4
2
2
.0

4
2
0
.7

9
1
7
.3

6
1
7
.9

0

(1
6
.9

9
)

(1
3
.9

8
)

(1
4
.2

3
)

(1
3
.5

2
)

(1
3
.8

9
)

(1
3
.2

5
)

(1
2
.9

1
)

(1
4
.6

1
)

(1
5
.0

6
)

P
o
st

te
st

7
.6

9
1
5
.9

5
2
1
.1

4
9
.9

8
1
4
.1

3
1
9
.7

4
1
3
.7

9
1
2
.2

6
1
9
.1

8

(7
.4

4
)

(1
2
.2

0
)

(1
5
.3

5
)

(1
0
.6

1
)

(1
1
.9

0
)

(1
7
.1

7
)

(1
1
.6

4
)

(1
2
.7

5
)

(1
4
.3

5
)

F
o
ll

o
w

-u
p

1
1
.5

6
1
8
.5

7
2
0
.8

0
1
1
.4

7
1
5
.7

4
1
8
.7

4
1
6
.2

8
1
2
.7

8
2
0
.1

5

(1
1
.2

7
)

(1
5
.2

0
)

(1
4
.3

8
)

(1
0
.2

3
)

(1
3
.7

8
)

(1
1
.9

3
)

(1
3
.3

7
)

(1
1
.6

0
)

(1
6
.2

7
)

L
at

en
ci

es

C
lu

st
er

tr
ai

n
in

g
L

et
te

r
tr

ai
n
in

g
N

o
tr

ai
n
in

g

T
ra

in
ed

T
ra

n
sf

er
C

o
n
tr

o
l

T
ra

in
ed

T
ra

n
sf

er
C

o
n
tr

o
l

T
ra

in
ed

T
ra

n
sf

er
C

o
n
tr

o
l

P
re

te
st

2
1
7
3

2
2
2
0

2
2
0
6

2
1
6
3

2
2
9
1

2
2
3
5

2
3
0
7

2
1
9
5

2
2
6
5

(1
0
0
1
)

(1
0
4
3
)

(1
0
3
1
)

(1
0
4
0
)

(1
1
1
1
)

(1
1
1
5
)

(1
2
0
8
)

(1
0
2
6
)

(1
1
8
5
)

P
o
st

te
st

1
6
1
9

1
7
7
0

1
8
1
1

1
6
8
7

2
0
1
0

1
9
7
8

2
1
6
8

2
1
9
0

2
1
4
9

(7
2
5
)

(8
3
1
)

(7
8
6
)

(8
1
5
)

(1
0
1
4
)

(9
1
4
)

(1
0
2
3
)

(1
0
8
2
)

(1
0
3
2
)

F
o
ll

o
w

-u
p

1
5
5
5

1
7
3
4

1
7
3
3

1
6
2
6

1
8
5
6

1
8
4
2

1
9
9
9

2
0
4
4

2
0
5
5

(7
5
8
)

(9
2
2
)

(8
6
8
)

(1
0
0
3
)

(1
0
1
7
)

(1
1
5
2
)

(1
0
1
2
)

(1
1
8
1
)

(1
1
4
6
)

N
o
te

.
S

ta
n
d
ar

d
d
ev

ia
ti

o
n
s

ar
e

in
p
ar

en
th

es
es

.



96 CHAPTER 5. INCREASING WORD-READING FLUENCY

follow-up contrasts as in the error analyses were specified on the within-subjects

factor Word type (Practice and Transfer) and the between-subjects factor Training

condition (Training and Training Type). Only the Practice by Training interac-

tion was significant, F (1, 96) = 8.63, p < .01, η2

p = .083, implying that the

difference between the training conditions and the no-training control condition

was larger for the gain score of trained than for the gain score of novel (transfer

and control) items. This interaction effect was not significant between pretest and

follow-up. Apparently, the children of no-training control condition caught up

with the training conditions between posttest and follow-up. Next, we conducted

two complementary simple analyses to examine whether the separate mean gain

scores between pretest and posttest on trained and novel (transfer and control)

items were larger in the trained conditions than in the no-training condition.

As expected, the mean gain score for trained items was larger in the trained

conditions than in the no-training condition, F (1, 96) = 6.13, p < .05, η2

p = .060.

For novel items the effect was not significant. However, the results in Figure 5.4

suggest that there might be an effect for novel pseudowords only. Indeed for the

novel words and pseudowords, a significant Lexicality by Training interaction ef-

fect was found, F (1, 96) = 6.12, p < .05, η2

p = .060. The difference in gain score

between novel (transfer and control) items was larger for the trained conditions

than in the no-training control condition. As expected, follow-up analyses showed

that effect was indeed not significant for words. The effect for pseudowords was

marginally significant, F (1, 96) = 3.29, p = .073, η2

p = .033. The short term

(between pretest and posttest) mean gain scores for novel pseudowords tended to

be larger in the training conditions than in the no-training condition.

5.3.4 Word reading

To examine whether the explicit training of consonantal onset clusters generalized

to gains in reading speed we administered a standardized list reading task. Figure

5.5 depicts the mean reading speed in words per minute for each training condition

at pretest, posttest and follow-up.

We computed two difference scores for each Training condition. One rep-

resented the mean gain in reading speed between pretest and posttest, the other

the mean gain between pretest and follow-up. The mean gain scores were sub-

jected to an ANOVA for repeated measures with Training condition (cluster, let-

ter and no-training condition) as a between-subjects factor. There was a signif-

icant overall gain in word and pseudoword naming speed between pretest and

posttest, F (1, 96) = 76.59, p < .001, η2

p = .44 and between pretest and follow-

up, F (1, 96) = 169.72, p < .001, η2

p = .64. Follow-up contrasts were specified on

the between-subjects factor to examine whether the gain scores differed between

the training conditions. First, the mean gain scores of the training conditions were

compared with the mean gain score of the no-training condition (Training con-
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Figure 5.4

Mean reading speed gain for trained and novel words and pseudowords for the cluster-training,

letter-training, and no-training (control) conditions.

trast). Between pretest and posttest the mean gain scores of the trained conditions

did not differ from the mean gain score of the untrained condition. However,

between pretest and follow-up the mean gain scores of the trained conditions

were marginally larger than the mean gain score of the no-training condition,

F (1, 96) = 3.29, p = .073, η2

p = .033. Second, the mean gain scores of the

cluster and letter training were contrasted (Training Type contrast). No significant

differences were found. The mean gain score of the cluster and letter-training

condition did not differ.
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Mean reading speed on word-reading fluency on pretest, posttest and follow-up for the cluster-

training, letter-training, and no-training (control) conditions.

5.4 Discussion

The aim of the present study was to examine the efficacy of an intervention in

which the use of letter clusters was explicitly trained. Rapid-naming tasks with

clusters were administered to examine whether the link between the orthogra-

phy and phonology of the trained clusters had become more automatized. As

expected, the children in the cluster-training condition had become faster in the

rapid naming of trained clusters than the children in the control conditions and

this effect appeared to be long term. Apparently, the cluster-training interven-

tion had succeeded in establishing a more efficient link between the visual form

and the pronunciation of the four trained clusters in the cluster-training condition.

Similar short term effects for trained consonantal-onset clusters with a vowel (kra,

fle, stro, schlei) were reported by Hintikka et al. (2008).

Interestingly, besides superior gains on trained clusters, the children in the

cluster-training condition of the present study also showed larger long-term gains

in the rapid naming of untrained clusters. We had not expected such an effect, as

the pronunciation of the untrained consonantal-onset clusters was never explicitly

practiced. Nevertheless, the children seemed to have generalized the capability to

blend the trained clusters to other consonantal letter clusters.

The children in the letter-training condition showed larger short-term gains for

the rapid naming of trained letter sounds than the children in the cluster-training
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and no-training conditions. However, this rapid-naming effect was short-term

only. At follow-up, the children from the cluster-training and no-training con-

dition had caught up. In addition, none of the groups showed a transfer effect to

untrained letters. In an earlier study, de Jong and Vrielink (2004) did not find any

short-term rapid-naming advantages in their rapid-letter naming group as com-

pared to a group of children that had received a math-training intervention. The

different outcomes of the study of de Jong and Vrielink and the current study

might seem surprising as the first training exclusively focused on the training of

letter-sound RAN and was longer than the training in the current study. However,

there are at least two differences between the studies that might account for the

divergent results. Firstly, the rapid-naming training by de Jong and Vrielink was

conducted with normal reading grade-1 children whereas the present focused on

poor reading grade-2 children. Possibly, there is simply more to gain in the rapid-

naming performance of poor readers. Secondly, in the current letter training the

rapid naming of the letter sounds was linked to word reading itself. According to

the Phonological Linkage theory (Hatcher, Hulme, & Ellis, 1994), phonological

skills need to be integrated with the teaching of reading if they are to be max-

imally effective in improving literacy. Similarly, it could be that rapid naming

can only be enhanced in combination with the application of the trained letters in

word and pseudoword reading. Evidence for such a reciprocal relation between

rapid naming performance and reading level is provided by a longitudinal study of

Compton (2003). In this study it was found that children’s performance on rapid

naming tasks improved in response to formal reading instruction.

We did not find an effect of training on detection speed. This finding is not in

accordance with the results of a study by Das-Smaal et al. (1996). However, com-

paring the content of the intervention in the current study and the cluster-detection

intervention of Das-Smaal et al., these different outcomes should not come as a

surprise. In the current intervention, visual cluster detection was only practiced

for a few minutes in six of the eight sessions. In total, visual recognition was

practiced 26 times per cluster. This is a negligible number of times as compared

to the cluster-detection intervention of Das-Smaal et al. in which the children ex-

clusively practiced with visual-cluster detection tasks for a total of twelve hours.

Our finding of a general improvement across training conditions probably reflects

a test-retest effect. During pretest, posttest and follow-up the children had to per-

form 32 trials of visual cluster-detection that might have been sufficient to improve

their visual-detection speed.

To evaluate the effect of the training on reading speed we used a computer-

ized naming task congruent to the word reading task in the training program. In

addition, we administered a standard word-fluency reading task to evaluate more

general effects of the training. We will first discuss the results of the computerized

naming task.

As expected and in line with the results of earlier studies, both the cluster and
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letter-training conditions became more accurate and faster on words and pseu-

dowords that were trained during the intervention as compared to the no-training

condition. For accuracy, the effect remained stable until follow-up, three weeks

after the intervention. However, in terms of reading speed the no-training condi-

tion had caught up with the other two conditions at the follow-up measure.

In this study, a reliable generalization effect was defined as a larger increase

in naming speed for novel words and/or pseudowords in the cluster and/or letter-

training condition than in the no-training condition. Two types of generalization

were examined. Firstly, we looked at generalization to words and pseudowords

starting with a trained cluster (the “transfer” items). Secondly, generalization to

novel CCVC words and pseudowords (the “control” items) was examined.

Neither the cluster-training nor the letter-training condition showed any accu-

racy or reading speed generalization effect for words. However, in comparison

to the children in the no-training condition, the children of both the cluster and

letter-training condition became faster on novel pseudowords. In addition, the ef-

fect was equally strong for transfer and control pseudowords. Unfortunately, just

as for the trained words, the no-training condition had caught up with the other

two conditions at the follow-up measure three weeks later.

The results of the present study are partly in line with the findings of Thaler

et al. (2004). Thaler et al. also did not find short-term generalization effects for

words. Surprisingly, however, a small long-term generalization effect was found,

three weeks after the posttest. The generalization effect was based on a signifi-

cant difference between transfer words (starting with a trained cluster) and control

words (starting with an untrained cluster). As described earlier, we used a stricter

criterion to measure generalization effects and found no generalization effects for

words. However, as can be derived from the means in Tables 5.4 and 5.5, between

pretest and follow-up, the children in our cluster-training condition also showed

larger gains in reading speed for the transfer than for the control words. In con-

trast to Thaler et al., however, the difference did not reach significance (p = .15).

Unfortunately, Thaler et al. did not include pseudowords in their study.

Our findings were not in accordance with the results of Hintikka et al. (2008).

Firstly, Hintikka et al. found larger short-term generalization effects for words

for the children in their cluster-training condition than for the children in their

no-training condition. The larger generalization effect for words in the cluster-

training condition was based on transfer words only, as Hintikka et al. did not in-

clude control words and pseudowords starting with untrained clusters. Secondly,

Hintikka et al. found no transfer effects for pseudowords. There are two factors

that might explain the opposite pattern of results. Firstly, the four and five letter

words that were used in the current study were probably of higher frequency than

the words in the study by Hintikka et al. A consequence of using high frequent

words is that the children might have developed word specific representations of

the transfer and control words during reading tasks outside the training. As these
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representations can be used to recognize the words by sight, other decoding strate-

gies including the use of letter clusters, will become of less importance. A second

reason might be that the trained clusters in the study of Hintikka covered a rela-

tively large part, often a whole syllable, of the transfer words (three to five letters,

e.g., kra in Kralle, schla in Schlamm). In the current study, the trained clusters

showed a maximum overlap of 50% with the transfer words and never covered a

whole syllable (e.g., st in stop). In addition, the transfer pseudowords in the study

by Hintikka et al. were longer than their transfer words (mean length of 7.3 let-

ters versus mean length of 6.5 letters). As a result there was less overlap with the

trained clusters and the transfer pseudowords than with the trained clusters and

the words, which might explain why Hintikka et al. did not find transfer effects

for pseudowords.

In addition to the short-term gains for pseudowords, we found a marginal gen-

eralization effect on the standard word-reading fluency task three weeks after the

training. Again, the reading speed gains of both the cluster and letter-training con-

ditions were slightly (3 words per minute) larger than the reading speed gain of

the no-training condition. Results from earlier studies showed that it is more dif-

ficult to find generalization effects for tasks that are more distant to the format of

the tasks that were used during the intervention. In earlier studies (Das-Smaal et

al., 1996; Hintikka et al., 2008; Huemer et al., 2008) there were no generalization

effects of letter-cluster training to word-fluency reading tasks. In contrast to these

studies, however, we used a word-reading fluency task that consisted of words

with consonantal clusters only. In former studies word-fluency reading tasks were

used with a larger variety of word structures, making it more difficult to find gen-

eralization effects.

However, Das-Smaal et al. did find larger gains for the cluster-detection con-

dition on a non standard flash-word reading task as compared to a math-training

control condition. However, contrary to the current study, Das-Smaal et al. did

not include a letter-detection condition. It therefore remains unclear whether the

improvement on the flash-word reading task was a direct effect of improved clus-

ter-detection speed or a more general effect of improvement in reaction speed in

response to words. This is highly relevant, as speed is a prominent element in

flash-word reading performance. Finally, we would like to repeat that, probably

due to a weak manipulation, we found no differences between the three training

conditions in terms of detection speed improvement. However, this also suggests

that the stronger gains in reading speed in the cluster-training and letter-training

condition that were found in the current study, were not a result of superior gains

in visual cluster detection speed.

An important finding of the current study was that, although the training ef-

fects were only small, they were equally strong for the children in the cluster

and letter training condition. The two training conditions did not differ in their

reading speed gains for trained words and pseudowords, novel pseudowords and
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performance gain on a standard word-reading fluency task. These results suggest

that it is not necessary to explicitly teach consonantal onset clusters as (blended)

units. Exposing children to CCVC structure words and pseudowords while focus-

ing on the separate letters turned out to be equally effective. However, the explicit

training of consonant clusters as blended units did have an effect on the rapid

naming of the clusters. It was found that the children in the cluster-training condi-

tion had become faster in the rapid naming of trained clusters as compared to the

children in the letter-training condition. Nevertheless, the superior improvement

in rapid-naming speed of trained letter clusters was not accompanied by superior

and especially lasting gains in word reading speed.

The results of the current study are also of consequence for the theory that

serial rapid naming proficiency is important in learning to read. According to

Wolf and Bowers (1999), there is a causal relationship between rapid naming

task performance and the acquisition of orthographic knowledge. As both the

cluster-training and letter-training condition showed larger gains on one of the

rapid-naming tasks as well as larger gains on different measures of word reading

between pretest and posttest, it might be suggested that the findings are in line

with the predictions of Wolf and Bowers. However, the results appear to be less

straightforward. Firstly, the superior gain in rapid naming of the cluster-training

condition was found for clusters only whereas the superior rapid naming gain of

the children in the letter-training condition was restricted to trained letters. It may

be that an improvement in rapid naming of letter sounds has a similar impact on

the development of reading speed as the improvement of rapid naming of letter

cluster sounds. However, then the prediction would be that the increase in read-

ing speed between pretest and follow-up would be larger for the children in the

cluster-training than for the children in the letter-training condition, as only the

gains in rapid naming of clusters in the cluster-training condition appeared to be

long-term. In contrast, between pretest and follow-up, there were no differences

between the reading gains in the cluster-training and letter-training condition. Sec-

ondly, if the influence of improved rapid naming of clusters sounds on reading

acquisition is qualitatively different from the influence of improved rapid naming

of letter sounds and that only the improvement of letter sound RAN is related

to improvements in reading speed, then we never would have found equal im-

provement on the different measures of word reading between pretest and posttest

for the cluster-training and letter-training condition. Therefore, it should be con-

cluded that the current study does not provide evidence for a causal relationship

between rapid naming performance and the acquisition of reading speed.

The results of the present study add to a growing body of evidence that the

training of subsyllabic letter clusters is not a very effective method to increase

reading speed in beginning and poor readers. In Section 5.1, we raised the pos-

sibility that the assumption that children learn to use such letter clusters during

reading might be wrong. It may be that the development of reading speed in nor-
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mal reading children is caused by another factor than an increasing ability to use

subsyllabic letter clusters in reading. Especially in more transparent languages,

like German, Dutch and Finnish, in which it is not necessary to use letter clus-

ters to resolve inconsistencies on the sublexical level (Marinus & de Jong, 2008;

Ziegler & Goswami, 2005).

According to the Psycholinguistic Grain size Theory (2005), the critical unit

used in visual-word recognition depends on the orthography of the language. In

a deep orthography like English, subsyllabic letter clusters have to be learned to

tackle the inconsistencies of the orthography. However, Ziegler and Goswami

(2006) also underlined that empirical evidence is needed to find out whether chil-

dren learning to read in transparent orthographies would benefit from direct teach-

ing of larger grain sizes like onset clusters, rimes and syllables. Note that the un-

derlying rationale for training the use of larger letter clusters is different for deep

and transparent orthographies. In English, children need to learn to use subsyl-

labic letter clusters, especially rime clusters, to improve both their reading accu-

racy and speed. In transparent languages the main rationale would be to increase

reading speed as the use of subsyllabic letter clusters is not necessary to accurately

decode a word. Ziegler and Goswami did not make specific predictions whether

teaching at complementary grain sizes in transparent languages should occur at the

subsyllabic or syllabic level. However, based on the results of the current study

and previous letter-cluster training studies with German and Dutch children, it can

be concluded that the training of subsyllabic letter clusters, like consonantal onset

clusters (current study, Thaler et al., 2004, Reitsma, 1988, Struiksma et al., 2009,

van Daal et al, 1994), rimes (Das-Smaal et al., 1996, Reitsma, 1988), and conso-

nantal onset cluster plus nucleus vowel units (Hintikka et al., 2008) does not lead

to substantial increases in word-recognition speed.

A more promising grain size to focus on in enhancing reading speed of chil-

dren learning to read in a transparent language may be the syllable or morpheme

level. Results of studies in Italian (Tressoldi, Vio, & Iozzino, 2007), Dutch

(Wentink, Van Bon, & Schreuder, 1997), French (Ecalle, Magnan, & Calmus,

2009), Danish (Elbro & Arnbak, 1996) and Finnish (Huemer, Aro, Landerl, &

Lyytinen, in press) are encouraging. In addition, it has already been demonstrated

that normal reading children can identify morphemes within poly-syllabic words

and, in addition, are able to use this knowledge to activate their corresponding

pronunciations (Verhoeven, Schreuder, & Baayen, 2003). However, to be able

to draw firm conclusions whether syllable or morpheme training forms the key

to improve reading speed in poor and dyslexic readers, more empirical studies,

preferably with no-training and parallel-training conditions are needed.





Chapter 6

Size does not matter, frequency

does matter: Sensitivity to

orthographic neighbours in

normal and dyslexic readers∗

Abstract

The current study examined the influence of the number of orthographically sim-

ilar candidates, neighbourhood size, on the word and pseudoword naming per-

formance of normal, dyslexic and beginning readers. Participants were 23 Dutch

dyslexic grade-4 children, matched to 23 grade-4 chronological age controls and

17 grade-2 reading age controls. Unexpectedly, neighbourhood size had similar

effects in all groups: It did not affect word naming and facilitated the naming of

pseudowords. However, the presence of a high frequency neighbour had differ-

ent effects. In contrast to normal readers, beginning and dyslexic readers were

slower in naming words with a high-frequent neighbour. These findings suggest a

dissociation between global and specific effects of neighbour words. Nevertheless,

both findings seem compatible with the view that orthographic representations of

beginning and dyslexic children are not (yet) sufficiently specified.

∗Marinus, E., & de Jong, P. F. (in revision). Size does not matter, frequency does: Sensitivity to ortho-

graphic neighbours in normal and dyslexic readers.
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6.1 Introduction

The main characteristic of skilled word reading is the ability to recognize words

instantly and effortlessly. There is consensus that such fast and efficient process-

ing of words is supported by orthographic knowledge, a system of associations

between phonology and orthography (Ehri, 1992; Perfetti, 1992). In contrast to

normal readers, the reading of dyslexic children remains slow and effortful. Pre-

vious studies have shown that these children need many more exposures to words

than normal readers to acquire similar levels of orthographic knowledge (Ehri &

Saltmarsh, 1995; Reitsma, 1983; Share & Shalev, 2004).

According to the self-teaching hypothesis (Jorm, Share, Maclean, & Matthews,

1984; Share, 1999), difficulties in building up word specific orthographic know-

ledge should primarily be attributed to an insufficient ability to phonologically re-

code words. Phonological recoding refers to the translation of unfamiliar printed

words into their spoken equivalents by using letter-sound knowledge. As dyslexic

children are known to have specific impairments in the representation, storage

and retrieval of speech sounds (Snowling, 2000), it is conceivable that this leads

to difficulties with phonological recoding, which in turn might hamper their de-

velopment of orthographic knowledge.

However, phonological decoding of dyslexic children learning to read trans-

parent orthographies, like Italian, Dutch and German, seems relatively intact as

their reading is typically found to be quite accurate (Barca, Burani, di Filippo, &

Zoccolotti, 2006; Martens & de Jong, 2006; Ziegler & Goswami, 2005). Appar-

ently, if grapheme-phoneme correspondences are consistent, then even dyslexic

children are able to map printed words onto their spoken forms (Landerl, Wim-

mer, & Frith, 1997). Nevertheless, the reading of these children continues to

be slow. One explanation for this overarching slowness is that dyslexic readers

persist in using an inefficient, sublexical, decoding strategy (de Luca, Borelli,

Judica, Spinelli, & Zoccolotti, 2002; Hutzler & Wimmer, 2004; Spinelli et al.,

2005), instead of progressing towards a reliance on more efficient parallel word

recognition strategies, as happens in normal reading development. The predom-

inant use of such a sublexical reading procedure is supported by the outcomes

of studies that examined word-length effects. The word-length effect refers to

the observation that longer words take more time to read than shorter ones. In

normal reading development the effect has been found to decrease over the years

and is absent, at least for monosyllabic words, in skilled readers (Balota, Cortese,

Sergent-Marshall, & Spieler, 2004; Spinelli et al., 2005). However, the reading

speed of dyslexic readers remains to be affected by the length of a word (Marinus

& de Jong, in press; Spinelli et al., 2005; Ziegler et al., 2003). This seems to

reflect continued reliance on decoding.

Thus far, most approaches to illuminate dyslexic’s impairments in reading

speed have focused on the (word specific) knowledge and strategies (sublexical
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or parallel) that are used to identify a particular (target) word. However, it is

generally believed that in the process of identifying a particular word also other

orthographically similar words are being activated (Wagenmakers & Raaijmakers,

2006). In the current study, we will examine the effect of orthographically sim-

ilar words on the recognition of a target word and specifically consider whether

such similar words hamper or facilitate the rapid identification of target words in

normal and dyslexic readers.

Castles, Davis, Cavalot, and Forster (2007) have recently taken a somewhat

similar approach. Using a masked form-priming task they examined the influence

of the activation of orthographically similar words on visual word recognition in

grade-3 and grade-5 children. In a masked form-priming task the presentation

of the target word is preceded by a briefly presented letter string (the prime) that

is very similar to the target word (e.g., rlay → PLAY). It was found that begin-

ning readers in grade 3 were sensitive to form-priming of highly frequent words

with a high neighbourhood size. However, two years later the same children no

longer showed such priming effects. Castles et al. interpreted these effects as sup-

port for their Lexical Tuning Hypothesis. The orthographic representations of the

high frequency words in the children in their study had become more finely tuned

and as a result the identification speed of these words was no longer sensitive to

form-priming effects. Thus, this hypothesis suggests that the priming effect is

dependent on the specificity of the orthographic knowledge of the target word.

In the present study we examined the influence of orthographically similar

candidates in the orthographic lexicon in word naming. We were particularly

interested whether the differences in the number of orthographically similar words

had a different effect on normal and dyslexic readers. A useful metric for the

number of such candidates is orthographic neighbourhood size, or N-size. The

orthographic neighbourhood of a given word represents all the existing words that

can be created by replacing one of its letters for another one (Coltheart, Davelaar,

Jonasson, & Besner, 1977). Examples of orthographic neighbours of sand are

land, hand, but also send, said and sang. In skilled readers, the joint activation of

these visually similar words in the orthographic lexicon generally speeds up the

reading of a target word (Andrews, 1997).

The influence of orthographic neighbourhood size has been frequently studied

in the context of computational modeling of reading. Below we will describe how

neighbourhood effects are anchored in two influential classes of models: interac-

tive activation and competition (IAC) and parallel-distributed processing (PDP)

models. IAC models of visual word recognition (e.g., McClelland & Rumelhart,

1981) usually assume that there is lateral inhibition among the activated word

neighbours. Therefore, the empirical finding that the presence of orthographic

neighbours speeds up word recognition might seem somewhat surprising (Lavi-

dor, Johnston, & Snowling, 2006). However, depending on the parameter settings

that are used and the larger context in which the interactive activation network is
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embedded, the model is also able to produce facilitating effects (Andrews, 1997).

For instance, in the Dual Route Cascaded model (Coltheart, Rastle, Perry, Lang-

don, & Ziegler, 2001), which is partly based on the IAC model of McClelland

and Rumelhart, cascaded processing allows a word stimulus to activate the ortho-

graphic representations of neighbour words. These orthographic representations

in turn facilitate the activation of the phonological representations, which finally

have a facilitating effect on the activation of the phonemes in the output system.

In PDP models (Plaut, McClelland, Seidenberg, & Patterson, 1996), there

are no word-specific orthographic representations. Instead, knowledge of words

is represented as distributed patterns of activity in an associative network. In

these models, orthographic N-size effects cannot be interpreted apart from con-

sistency effects. The magnitude of the consistency effect for a given word is the

weighted outcome of the summed frequency of friends and enemies of the target

word (Jared, McRae, & Seidenberg, 1990). A friend is a word (e.g., lint) that

has the same pronunciation as the target word (e.g., mint) whereas an enemy is

pronounced differently (e.g., pint). Friends and enemies are both orthographic

neighbours of the target word. However, whereas the friends have a facilitating

effect on word recognition, an enemy will inhibit the recognition process. This

joint interplay of inhibitory and facilitating effects of enemy and friendly neigh-

bours is especially prominent in English. Note, however, that in languages with

a more transparent orthography, like Dutch and German, most neighbours will be

“friends” with the target word.

Although different underlying mechanisms are assumed, the PDP and DRC

models are both able to reproduce the empirical finding that words from large

orthographic neighbourhoods are read faster than words from small orthographic

neighbourhoods. In addition, both computational models replicate the observa-

tion that the orthographic N-size effect is more pronounced for pseudowords than

for words and is even absent for high-frequency words (Andrews, 1989, 1997;

Coltheart et al., 2001; Peereman & Content, 1995; Plaut et al., 1996). In local-

ist models, like the DRC model, the weaker or even absent orthographic N-size

effects for high-frequent words can be interpreted in terms of their higher resting

activation levels in the orthographic lexicon. Due to these higher resting levels,

the threshold for target-word recognition will be reached more quickly and as a

result the facilitating effect of orthographic neighbours will be of less influence

(Andrews, 1989; Peereman & Content, 1995). In PDP models it is assumed that if

either the frequency or the consistency of a set of words is sufficiently high on its

own to produce fast naming speed, increasing the other factor will yield little fur-

ther improvement. Simply put, if a word is highly frequent, the additional effect

of the neighbours will be negligible.

The N-size effect in skilled adult readers and its interactions with lexicality

and frequency have been thoroughly investigated. Most studies have used lexical-

decision and focused on words only. In general, it was found that N-size facilitates
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lexical decisions for low-frequency words (Andrews, 1997; Sears, Hino, & Lup-

ker, 1995). This facilitating effect diminishes as a function of word frequency and

is not significant for high-frequent words (Andrews, 1989). The effect of ortho-

graphic N-size for lexical decisions about pseudowords is less well studied and

the results are less consistent. Until now, both inhibitory effects (Coltheart et al.,

1977) and null effects (Arduino & Burani, 2004) have been found.

The effects of N-size on naming are more straightforward. Skilled adult read-

ers respond faster and more accurately to both words and pseudowords with many

neighbours than to words and pseudowords with few neighbours (Andrews, 1997;

Arduino & Burani, 2004; Peereman & Content, 1995). As for lexical decisions, it

has been found that the facilitating effect of orthographic N-size is not present in

the naming of high-frequent words (Andrews, 1989; Peereman & Content, 1995).

N-size effects in skilled adults readers were mainly investigated to learn more

about lexical access processes in the mature reading system. However, examining

sensitivity to N-size and differences in sensitivity to the N-size for words in pseu-

dowords in normal, beginning and dyslexic readers can also be used as a means

to track the growth of orthographic knowledge in the developing reading system.

For instance, less sensitivity to N-size in dyslexic and beginning readers would

indicate that these children have or make less use of lexical knowledge, which

in turn might explain their persistent use of a sublexical reading strategy (Barca

et al., 2006). In addition, it is also interesting to investigate whether the finding

that N-size effects are absent in high-frequency words also holds for children and

especially for beginning and dyslexic children. Although both beginning readers

and dyslexic children have been found to be sensitive to word frequency (Barca

et al., 2006), it is conceivable that the (high-frequent) words in their orthographic

lexicon are not as highly pre-activated as in a skilled reading system. As a re-

sult, the recognition of these words might still be facilitated by the presence of

neighbours. Indeed, in a recent Spanish study, examining the development of sen-

sitivity to orthographic N-size in children from first to sixth grade with a lexical

decision task (Duñabeitia & Vidal-Abarca, 2008), evidence was found for a de-

velopmental pattern in which sensitivity to neighbourhood size of high-frequent

words diminished as a function of reading experience.

In contrast to Duñabeitia and Vidal-Abarca (2008), we used a naming task

to investigate sensitivity to N-size in normal and dyslexic readers. In addition,

the focus will not be restricted to sensitivity to N-size in words, but we will also

examine sensitivity to N-size in pseudowords. Furthermore, most of the earlier

naming studies on N-size effects in children have investigated reading accuracy

only. In these studies it was found that even children with less than two years of

reading experience were already responding more accurately to words and pseu-

dowords with a high N-size as compared to words and pseudowords with a low N-

size (Laxon, Gallagher, & Masterson, 2002; Laxon, Masterson, & Moran, 1994;

Laxon, Smith, & Masterson, 1995). In addition and in line with skilled adult read-



110 CHAPTER 6. SENSITIVITY TO ORTHOGRAPHIC NEIGHBOURS

ers (e.g., Peereman & Content, 1995), Laxon and colleagues (2002) found that

the facilitating N-size effect tended to be higher for pseudowords than for words.

Interestingly, and converging with our predictions, and the finding of Duñabeitia

and Vidal-Abarca (2008) regarding beginning readers, Laxon, Coltheart and Keat-

ing (1988) also found poor readers to show larger orthographic N-size effects for

words than good readers.

To our knowledge, there are only two studies that have addressed orthographic

N-size effects in dyslexic readers. Lavidor, Johnston and Snowling (2006) found

that adult dyslexic readers were more sensitive to the facilitating effects of or-

thographic N-size in a lexical decision task than normal readers. However, this

effect only occurred when the words were presented in the left visual field. When

the words were presented in the right visual field, orthographic N-size had an in-

hibitory effect on their lexical decisions, whereas the lexical decision speed and

accuracy of normal readers were still facilitated. Ziegler et al. (2003) have been

the first and only to compare orthographic N-size effects in normal reading and

dyslexic children. In contrast to Laxon and colleagues, Ziegler et al. not only

measured reading accuracy but also reading speed. However, in contrast to all the

previously described studies, Ziegler et al. focused on sensitivity to orthographic

body N-size. Body N-size is a more restricted measure than (general) N-size in

that it only counts words that share the same orthographic rime (i.e., body), such

as hand, sand and land, with the target word. Ziegler et al. found body N-size

to have a facilitating effect on word and pseudoword reading speed in all reading

groups. In addition, the body N-size effect was stronger for pseudowords than

for words. Ziegler et al. also examined whether the body N-size effect differed

between normal reading and dyslexic children. Interestingly, the overall body N-

size effect (summed over words and pseudowords) was marginally stronger for

the dyslexic readers.

The current study aimed to examine differences in the use of orthographic

knowledge between normal, beginning and dyslexic readers. Sensitivity to or-

thographic neighbourhood size was used as a marker effect. Dyslexic grade-4

children were matched to normal grade-4 and grade-2 readers. The children were

learning to read in Dutch, a language with a relatively transparent orthography.

All children completed a word and a pseudoword-naming task.

Based on the results of earlier studies, we expected all children to respond

faster and more accurately to words and pseudowords from a high orthographic

neighbourhood than to words and pseudowords from a small orthographic neigh-

bourhood. In addition, we expected the orthographic N-size effect to be more

pronounced for pseudowords than for words. Following the results of Duñabeitia

and Vidal-Abarca (2008) we expected the N-size effects for words to be stronger

in the beginning and dyslexic readers than in the normal grade-4 children. Be-

cause only high-frequency words were included, it was anticipated that the nor-

mal readers would not display N-size effects in the word-naming task at all. Such
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an outcome would indicate that the word-specific orthographic representations of

normal reading grade-4 children reading in a transparent orthography have already

reached activation levels similar to those in a skilled adult reading system.

6.2 Method

6.2.1 Time frame of data collection

The data were collected within a larger project on word recognition processes in

children. This project encompassed three different times of measurement. Screen-

ing for dyslexia took place at the beginning of the school year, from October until

the beginning of December. The first round of testing was conducted from the sec-

ond half of January until the beginning of February. The second round of testing

was conducted in the second half of February and the beginning of March. The

neighbourhood tasks that were used in the current study were administered in the

second round.

6.2.2 Screening

Participants of the present study were 240 grade-2 and 501 grade-4 children of

16 different schools for regular education, in the area of Purmerend and Zaanstad

(The Netherlands). All children were screened for word-reading speed, passive

vocabulary and nonverbal reasoning.

Word reading ability was assessed with the B version of the Dutch One-minute

test (Brus & Voeten, 1995), which was administered individually. This test is

commonly used in Dutch education to determine children’s reading level. The test

consists of 116 words of increasing difficulty. The score was the number of words

read correctly. Word reading ability was measured twice, before the matching of

the groups and approximately four weeks later.

Receptive vocabulary of the children was measured with the subtest Vocab-

ulary of the RAKIT, a Dutch intelligence test battery for children (Bleichrodt,

Drenth, Zaal, & Resing, 1987). This test consists of 60 words of increasing diffi-

culty. For each word the children had to choose the corresponding picture out of

four alternatives. When a child made four errors in a row, the administration of

the test was stopped. The score was the number of correct answers.

Finally, nonverbal reasoning was assessed with the Raven Standard Progres-

sive Matrices (Raven, Court, & Raven, 1986). This test consists of 60 items. On

each item the children had to choose a pattern from a set of answer options to

complete a series of patterns. The score was the number of correct answers.

Based on this screening, 24 dyslexic grade-4 children (9 boys, 15 girls), 24 nor-

mal reading grade-4 children (9 boys, 15 girls) and 24 normal reading grade-2

children (9 boys, 15 girls) were selected for participation. All children had normal
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or corrected to normal vision. Normal word reading ability was defined to range

from three months below to three months above the average reading grade level.

The dyslexic children had a reading lag of at least 1.5 years. As a consequence,

their reading level equaled the level of normal reading grade-2 children. The

dyslexic children were individually matched in receptive vocabulary, non-verbal

intelligence, age and gender to the normal reading grade-4 children (the chrono-

logical age controls) and in gender to the normal reading grade-2 children (the

reading age controls). To anticipate that the reading age controls would progress

faster in their reading ability than the dyslexic readers, we selected grade-2 chil-

dren with a slightly lower reading ability than the dyslexic readers.

6.2.3 Participants of the current study

In order to examine whether the reading age controls had caught up with the

dyslexic readers, the word reading ability of all children was retested during the

first round of testing. Based on these results, it was decided to remove one child

from the reading age control group, because her reading level had not progressed

between the first and second measurement. The mean raw scores (words per

minute) of the normal reading, dyslexic and beginning readers during the first test

session halfway January are presented in Table 6.1. The neighbourhood task was

administered another three weeks later. The reading of Dutch beginning readers

is known to speed up considerably, even within a few weeks and this development

of fluent word reading typically emerges halfway through grade 2. Therefore,

we calculated an overall mean score for every child across all conditions of the

neighbourhood-naming task. The overall mean latency score of five children from

the reading age control group fell within one standard deviation of the normal

(two year older) readers. Therefore, these younger children were excluded from

the analyses.1

In addition, we excluded three children (one from each group), because their

General Means were three standard deviations higher than those of the other mem-

bers of their reading group. Hence, for the current study, we used the data of

23 dyslexic, 23 normal reading and 17 reading age controls. Post-hoc analyses

(Tukey’s HSD) demonstrated that the reading age controls and dyslexic readers

did not differ significantly on their General Mean score, t(1) = 146.98, p > .10.

6.2.4 Materials

We selected 30 four letter and 30 five letter high frequency words from a word

corpus of child literature (Schrooten & Vermeer, 1994). All words consisted of

1The results of the analyses over the complete sample were virtually identical. The only difference was

that the overall mean latencies of the dyslexic readers were now significantly slower than the latencies of the

beginning readers, which was to be expected because of the faster reading speed latencies of these particular

five beginning readers
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Table 6.1

Descriptive statistics of the dyslexic, beginning and normal readers: mean (M) and standard

deviation (SD).

Dyslexic Beginning Normal

Variable M SD M SD M SD

Age (years) 9.9 0.4 7.8 0.5 9.9 0.4

Reading ability (words/min) 39.96 4.61 36.09 3.37 66.33 4.52

Vocabulary 47.25 3.78 40.61 3.67 46.96 3.84

Nonverbal reasoning 38.04 4.98 25.39 4.33 37.96 5.72

four phonemes and had a CCVC, CVCC, CCVVC or CVVCC structure. Half of

the words had many (8–16) orthographic neighbours; the other half with few (1–

4) orthographic neighbours. The words were matched on word structure, mean

word frequency and mean frequency of the neighbours. The orthographic neigh-

bourhood sizes and the mean frequencies of the neighbours were derived from the

CELEX database (Baayen, Piepenbrock, & van Rijn, 1993).

It was not possible to create a parallel pseudoword set by mixing the onsets,

nuclei and codas of the word set because this would result in pseudowords with

other neighbourhood sizes than in the original word set. Therefore, the pseu-

dowords were constructed by replacing the letters in the middle of the words by

a legitimate Dutch bigram or trigram with the same structure. In a few cases we

also had to change the final letter. As a result the words and pseudowords of both

N-size conditions were matched on word structure, first letter and, in general, on

final letter as well. However, the different N-size conditions could not be matched

on first letter. The lists of stimuli are presented in Appendix E and the descriptive

statistics of the lists are presented in Table 6.2.

Table 6.2

Descriptive statistics of the words and pseudowords of the neighbourhood task.

Words Pseudowords

High N-size Low N-size High N-size Low N-size

Mean word freq 218 (290) 221 (254) - -

Mean n-size 10.5 [8–16] 2.5 [1–4] 9.3 [8–18] 2.7 [1–4]
Mean n frequency 937 (742) 930 (960) 880 (725) 838 (728)

Note. Standard deviations are in parentheses. Ranges are in square brackets.

6.2.5 Administration of reading tasks

The children were individually tested in a quiet room at school. The words and

pseudowords were presented in two separate blocks and within a block the items

were presented in random order. Half of the children were randomly selected

to read the word block first; the other half started with the pseudoword block.

Each block was preceded by six practice trials and within each block short breaks
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were inserted (less than one minute) after every 40th trial. Between the word and

pseudoword block was a break of ten minutes, which was filled with an unrelated

computer task. The children were instructed to read the (pseudo)words as fast as

they could without making errors.

The tasks were programmed in E-Prime version 1.0 (Schneider, Eschman, &

Zuccolotto, 2002). The words and pseudowords were presented one by one in

the middle of a 14.1-inch XGA LCD screen of a D600 Pentium-M 1.3-GHz com-

puter. The stimuli were printed in 46-point lower-case black Arial font, on a white

background. A fixation point (+) was projected in the middle of the screen and

750 ms later the stimulus appeared.

The computer registered latencies and responses. The latencies were defined

as the time between the appearance of the stimulus and the onset of the voice key.

The (non)words disappeared as soon as the voice key was triggered.

6.2.6 Statistical analyses

In word recognition experiments like the current study, latencies and error percent-

ages can be considered as embedded in a two-level hierarchical structure (Richter,

2006). The repeated word and pseudoword reading observations (level 1) are

nested under individuals (level 2). Several tutorials on the use of multilevel mod-

els for the analysis of repeated measures like this are currently available (Hoffman

& Rovine, 2007; Maas & Snijders, 2003; Quené & van den Bergh, 2004). In the

present study we closely followed the model specification for repeated measures

by Quené and van den Bergh (2004). We specified two separate models for the

latency and error data. In each model within-subjects variance of accuracy (or

latency) scores was modeled on the first and between-subjects variance was mod-

eled on the second level.

Conceptually, the approach to analyze the data is similar to a multivariate anal-

ysis of the mean reaction times with dummy variables denoting group member-

ship, lexicality and orthographic neighbourhood size condition.2 In the multilevel

models accuracy and latency scores were predicted by four dummy variables per

reading group. Each dummy variable represented a lexicality by N-size condition,

for example, mean reading speed of the normal readers for high N-size words. Due

to the separate specification of these dummy variables and in contrast to univariate

and multivariate analyses, the variances of the three different reading groups can

be separately estimated in the multilevel model. Because dyslexic and beginning

readers typically show larger variances in their responses than normal reading

children this is an important issue (Quené & van den Bergh, 2004). Another ad-

vantage of multilevel analysis is that it can also be applied if the data are not fully

complete. This is not possible in a regular multivariate analysis. As some missing

2The subsequent specification of contrasts on these measures to test for differences between the reading

groups is comparable to the L-MATRIX that can be used in the General Linear Model approach in SPSS.
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data are inevitable in reaction time experiments with children (see data cleaning

section below), mean reaction times being usually based on correct and valid trials

only, this is also an important advantage.

As the error and latency data are respectively binomially and normally dis-

tributed, different estimation and model specifications were needed. For the la-

tency data we estimated a model within the default multilevel procedure for nor-

mally distributed data. In such models, the regression parameters of the dummy

variables are equivalent to the latency means of each N-size and lexicality con-

dition per reading group. To be able to correctly model and test the binomially

distributed accuracy data, we used multilevel logistic regression analyses. In con-

trast to the latency analyses, the fixed effects in such models do not directly reflect

the accuracy scores, but have to be converted first. These converted scores are

similar to the descriptive means as obtained in SPSS.

The analyses were conducted with MLwiN 2.02 (Rasbash, Steele, Browne, &

Prosser, 2004). In this program differences between parameter estimates (fixed

and random effects) can be tested with a Chi-square test.

6.3 Results

6.3.1 Data cleaning

Invalid and incorrect responses were not included in the analyses. Latencies were

considered invalid when the response was premature (< 325 ms), longer than

6000 ms, in case of a voice key error and when deviating more than three stan-

dard deviations from a child’s individual mean score. The deviation scores were

calculated per orthographic neighbourhood and lexicality condition. The percent-

age of invalid latencies for the normal reading children was 6.67% for words and

5.22% for pseudowords, for the dyslexic children 5.29% for words and 5.79% for

pseudowords, and for the beginning readers 6.57% for words and 6.57% for pseu-

dowords. The mean error percentages over the valid trials per condition for each

reading group are presented in Table 6.3. In general, the normal reading children

made fewer errors than the dyslexic and beginning readers.

6.3.2 Effects of neighbourhood density

Error percentages. Mean differences between the conditions were tested with

multilevel analyses (see Statistical Analysis in the Method section). These analy-

ses are based on all individual word and pseudoword error scores that, in turn, are

considered to be nested under individuals.

Two orthogonal contrasts were specified in order to compare differences in

mean error percentage between the three reading groups. Firstly, we compared

the normal reading children with the beginning and dyslexic readers. We found a
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Table 6.3

Mean error percentages and latency scores in the different neighbourhood conditions for words

and pseudowords for the dyslexic, beginning and normal readers.

Words Pseudowords

High N-size Low N-size High N-size Low N-size

Mean error percentage

DYS 9.90 (6.77) 7.74 (5.36) 11.63 (6.05) 22.19 (15.52)

RA 9.41 (6.84) 6.89 (5.23) 8.39 (5.10) 16.93 (11.58)

CA 1.43 (2.35) 0.53 (1.42) 3.79 (5.41) 6.54 (5.60)

Mean latency scores (ms)

DYS 1092 (309) 1076 (243) 1532 (482) 1670 (556)

RA 984 (217) 967 (186) 1361 (225) 1470 (393)

CA 605 (86) 606 (77) 664 (108) 724 (150)

Note. Standard deviations are in parentheses. DYS = dyslexic readers, RA = beginning readers

(reading age control), CA = normal readers (chronological age control).

significant difference in accuracy score, χ2 (1) = 60.47, p < .001. Overall, nor-

mal readers made fewer errors compared to the beginning and dyslexic readers.

The accuracy of the dyslexic and beginning readers did not differ. In addition,

we found a main effect for lexicality, χ2 (1) = 54.15, p < .001. The responses

to pseudowords were less accurate compared to the responses to words and this

effect was stronger in the dyslexic and beginning reader groups than in the normal

reader group, χ2 (1) = 12.33, p < .001. The effect did not differ between the be-

ginning and the dyslexic readers. There was no main effect for N-size. However,

we did find a significant N-size by lexicality interaction effect, χ2 (1) = 21.42,

p < .001. Follow-up analyses showed significant N-size effects for both words,

χ2 (1) = 5.31, p < .05 and pseudowords, χ2 (1) = 22.50, p < .001. These ef-

fects were similar for all three reading groups. Closer inspection of Table 6.3

reveals that children performed more accurately on high N-size pseudowords than

on low N-size pseudowords. Interestingly, the opposite pattern was found for

words. Namely, the children responded less accurately to high N-size words than

to low N-size words.

Latencies. For each child a mean latency score was computed for each lexical-

ity by N-size condition. Mean latency scores were calculated over correct trials

only. The mean latency scores per condition and reading group are presented in

the lower part of Table 6.3. Mean differences between the conditions were tested

with multilevel analyses (see Statistical Analysis in the Method section). These

analyses are based on all individual word and pseudoword latency scores that, in

turn, are considered to be nested under individuals.

As for the error percentages, we found a significant difference in mean reading

speed between the groups, χ2 (1) = 161.11, p < .001. Overall, the normal readers

were significantly faster than the beginning and dyslexic readers. The reading

speed of the dyslexic and beginning children did not differ. In addition, we found
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a main effect for lexicality, χ2 (1) = 114.91, p < .001. The children responded

faster to words than to pseudowords. This effect was stronger for the dyslexic

and beginning readers than for the normal readers, χ2 (1) = 55.14, p < .001.

The effect did not differ between the beginning and dyslexic readers. The main

effect of N-size was also significant, χ2 (1) = 9.14, p < .01, but was qualified

by a significant interaction with lexicality, χ2 (1) = 14.39, p < .001. Follow-up

analyses showed that the children responded significantly faster to high N-size

pseudowords than to low N-size pseudowords, χ2 (1) = 15.14, p < .001, whereas

for words the effect of N-size was not significant. The interaction of reader group

and N-size was not significant. All groups were similarly influenced by N-size.

In sum, we found that the normal readers were faster and more accurately

than the beginning and dyslexic readers. The reading speed and accuracy scores

of the beginning and dyslexic readers did not differ. We also found a significant

lexicality effect for all groups which was more pronounced for the dyslexic and

beginning readers. In addition, all groups responded faster and more accurate to

pseudowords with a high N-size as compared to pseudowords with a small N-

size. However, none of the groups displayed differences in speed between the low

and high N-size words. Moreover, and in contrast to earlier studies investigating

orthographic density effects in adults and children, we found that the children

were less accurate on high N-size words than on low N-size words.

6.3.3 Supplementary analysis on the effects of high frequent neigh-

bours on word reading

Although we did match our low and high N-size word and pseudoword sets on

the mean frequency of the neighbours (see Table 6.2), the word sets were not

matched on the presence of a high frequent neighbour (i.e., a neighbour with

a higher word frequency than the target word). Carreiras, Perea, and Grainger

(1997) found that the presence of a high-frequent neighbour speeds up naming

latencies in high N-size words. A closer look at our experimental words revealed

that a large proportion of the high N-size words, namely 21 out of 30, had a high-

frequent neighbour. Moreover, the opposite was true for the low N-size words

of which only 10 out of 30 words had a high-frequent neighbour. Therefore, it

could be that the higher error percentage that was found in high N-size words

was merely a result of the higher incidence of high-frequency neighbours. To in-

vestigate this hypothesis we reanalyzed the word data while controlling for the

presence of a high-frequent neighbour. We did not reanalyze the pseudoword data

as the concept of “high-frequent neighbour” does not apply for pseudowords as

all the neighbours of pseudowords are by default more frequent than the target

pseudoword itself.

As predicted, we found that the effect of N-size on word reading accuracy was

no longer significant after controlling for the presence of a high-frequent neigh-
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bour, χ2 (1) = 1.63, p > .10. In addition, the presence (or absence) of a high-

frequency neighbour was significant for both the accuracy, z = 4.31, p < .001 and

latency data, z = 2.98, p < .001.

To examine whether the presence of a high-frequent neighbour had a different

impact on the reading speed and accuracy of the three reading groups, we specified

a separate model to disentangle the effects of neighbourhood size and presence of

a high-frequent neighbour. We specified four variables per group, representing all

N-size and presence/ absence-of-a-high-frequent-neighbour conditions.

Obviously, the design was not perfectly balanced in number of items per con-

dition as it concerned a post-hoc analysis to shed light on an unexpected finding.

The high N-size by high-frequent neighbour absent condition was calculated over

nine items per child, the high N-size by high-frequent neighbour present condition

was calculated over 21 items per child, the low-N-size by high-frequent neighbour

present condition was calculated over ten items per child and the low-N-size by

high-frequent neighbour absent condition was calculated over 20 items per child.

In addition, the high-frequent neighbour present and absent conditions were

not matched for word length (four or five letters) and word frequency. There-

fore, we added two level-1 predictors to our two-level model (loge of the word

frequency and a dummy variable for length) to control for possible confounding

effects. Both predictors were not significant for the latency data model, z = 0.38,

p > .10, z = -0.85, p > .10. However, in the error data model we found a sig-

nificant effect for word frequency, z = 3.64, p < .001, but not for word length,

z = -0.57, p > .10.

Error percentages. The error percentages are presented in the upper part of

Table 6.4. We found a main effect for presence of a high-frequency neighbour,

χ2 (1) = 4.94, p < .05. However, the effect disappeared when we controlled for

word frequency, χ2 (1) = 0.41, p > .10. No other effects were significant.

Latencies. The mean naming latencies are presented in the lower part of Ta-

ble 6.4. There was a main effect for presence of a high-frequency neighbour,

χ2 (1) = 28.20, p < .001. Overall, words with a high-frequency neighbour were

named slower than words without a high-frequency neighbour. A follow-up con-

trast showed that this effect was stronger for the beginning and dyslexic readers

than for the normal readers, χ2 (1) = 21.28, p < .001. This effect did not differ

for the beginning and dyslexic readers. Interestingly, a single contrast for the nor-

mal reading children showed that their reading speed was actually not influenced

by the presence of a high-frequent neighbour, χ2 (1) = 0.49, p > .10. The main

effect for N-size in words and the N-size by presence of high-frequency neighbour

interaction effect were not significant.

Although the word frequency and length predictors were not significant for

the latency data, we specified the same contrasts for a model that included the two

control variables to test the robustness of the high-frequent neighbourhood effect.

As expected, the outcomes were the same as for the uncontrolled model.
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Table 6.4

Mean error percentages and latency scores in the different neighbourhood conditions for words

with (pres) and without (abs) a high-frequent (HF) neighbour for the dyslexic, beginning and

normal readers.

High N-size words Low N-size words

HF neigh pres HF neigh abs HF neigh pres HF neigh abs

Mean error percentage

DYS 11.74 (9.04) 5.65 (7.71) 11.77 (7.13) 5.40 (6.57)

RA 10.92 (9.04) 5.72 (8.85) 8.16 (7.07) 6.26 (4.77)

CA 1.90 (3.10) 0.54 (2.61) 0.40 (1.90) 0.67 (2.25)

Mean latency scores (ms)

DYS 1125 (334) 1014 (289) 1102 (293) 1065 (259)

RA 1010 (235) 913 (222) 1082 (278) 908 (162)

CA 603 (93) 607 (88) 615 (77) 600 (83)

Note. Standard deviations are in parentheses. DYS = dyslexic readers, RA = beginning readers

(reading age control), CA = normal readers (chronological age control).

6.4 Discussion

The aim of the present study was to examine the influence of orthographically

similar candidates on the word naming accuracy and speed of children. We were

particularly interested whether differences in the number of orthographically sim-

ilar words had a different effect on normal and dyslexic readers as this might

provide information about differences in the build-up of orthographic knowledge

between these groups. Sensitivity to orthographic neighbourhood size (N-size)

was used as a marker effect.

In line with the results of earlier studies, it was found that the children were

faster (Ziegler et al., 2003) and more accurate (e.g., Laxon et al., 1995; 2002)

in naming pseudowords with a high N-size than in naming pseudowords with a

low N-size. In addition, and in line with the outcomes of previous studies with

skilled adult readers (e.g., Andrews, 1989; Peereman & Content, 1995), the chil-

dren responded equally fast to high-frequency words with a high N-size as to

high-frequency words with a low N-size. However, it was also found that the chil-

dren responded less accurate to high N-size words. Finally, and in contrast to our

predictions, it was found that dyslexic and normal reading children did not differ

in their sensitivity to N-size.

As mentioned above, the children followed the expected pattern of being more

accurate in naming pseudowords from a high N-size than from a low N-size. How-

ever, the children were also less accurate in naming words from a large as com-

pared to words from a small N-size. This result contrasts with findings of earlier

naming studies, which typically found facilitating effects of N-size on word read-

ing accuracy (e.g., Laxon et al., 1994; 2002). It should be noted, however, that

compared to studies examining N-size effects in English children (e.g., Laxon et
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al., 1994; 2002; Ziegler et al., 2003), the accuracy scores for words in the present

study with Dutch children were high: more than 90% correct for the beginning

and dyslexic readers and even more than 98% correct for the normal readers. This

observation is in accordance with the findings of earlier research that it is easier

to learn to read in languages with a transparent orthography (Seymour, Aro, &

Erskine, 2003) and the observation that dyslexic children in such languages are

mainly characterized by impaired reading speed and not so much by inaccurate

reading (de Jong & van der Leij, 2003; Spinelli et al., 2005; Wimmer, 1993). Be-

cause of these low error percentages in the word naming conditions, accompanied

with large standard deviations, the word accuracy scores must be interpreted with

caution. In addition, after controlling for the presence of a high-frequent neigh-

bour (i.e., a neighbour with a higher word frequency than the target word), the

word naming accuracy score between the high and low N-size conditions did no

longer differ. However, the absence of a neighbourhood size effect for accuracy

for words still differs from what was found by Laxon et al. (1994; 2002), but is

perfectly in line with our finding of an absence of a neighbourhood size effect for

word reading speed.

In addition, there are two other reasons that might account for the different

findings of the current study and the earlier studies of Laxon and colleagues (1994;

2002). Firstly, the selected words in the current study were of higher frequency.

As earlier studies with skilled adult readers showed (Peereman & Content, 1995)

that the N-size effect diminishes as a function of word frequency, the fact that we

used words of higher frequency than Laxon and colleagues might account for the

finding that we did not find a difference whereas Laxon and colleagues did find

facilitating effects. Secondly, the children in the study of Laxon et al. (2002) were

on average almost a year younger and had less reading experience than the begin-

ning readers in the current study. Duñabeitia and Vidal-Abarca (2008) recently

showed that sensitivity to orthographic neighbourhood size in words diminished

as a function of reading experience. It might well be the case that even our be-

ginning readers already had enough reading experience not to be affected by the

orthographic neighbourbood size of words.

The outcomes of the current study regarding the facilitating effect of ortho-

graphic N-size in pseudoword reading and the absence of a N-size effect for high-

frequent words nicely fit into the predictions of both the PDP (Plaut et al., 1996)

and DRC model (Coltheart et al., 2001). In the DRC model, these predictions

all concern the behaviour of a skilled adult reading system, as there are no ex-

plicit predictions about or simulation of the normal and deviant development of

orthographic representations. However, based on the PDP framework, Harm and

Seidenberg (1999) implemented the development of a normal and dyslexic reading

system. Phonological dyslexia was simulated by impairing the representations of

phonological information before training the model to read. Results showed that

in the normal reading system neighbour words like meat, treat and eat showed
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only small differences in their activation patterns, indicating that they are sim-

ilarly represented in hidden unit space. However, the phonologically impaired

reading system had formed overly divergent representations for neighbour words.

As a result, it is conceivable that the dyslexic reader would show less sensitivity

to orthographic neighbourhood effects. Interestingly, this was neither found in

the current study for general neighbourhood size, nor by Ziegler et al. (2003) for

orthographic body neighbourhood size.

Although the DRC model does not make explicit predictions about the nor-

mal and deviant development of sensitivity to orthographic N-size, differences in

sensitivity to orthographic N-size can also be interpreted as a measure of the func-

tioning of the lexical route. It has been proposed that specific deficits in lexical

processing might explain dyslexic children’s tendency to persist in a letter-by-

letter recoding strategy (Barca et al., 2006; Coltheart et al., 2001). Several marker

effects, like sensitivity to word-frequency effects (Barca et al., 2006), sensitivity

to body N-size (Ziegler et al., 2003) and the word superiority effect (Ziegler et

al., 2008), have already been used to examine whether dyslexic children show

specific deficits in the lexical route. However, as in the current study, thus far no

differences between normal reading and dyslexic children on such marker effects

of lexical processing have been found. In sum, the finding of the current study that

dyslexic readers show similar sensitivity to orthographic N-size as normal readers

does not seem to be in accordance with the simulations of the PDP model and is

not compatible with the contention of the DRC model that dyslexic readers have

specific deficits in the lexical route.

Besides its relevance for the modeling of visual word recognition, the results

of the present study might also be of interest for the interpretation of the different

N-size effects that have been reported for written and spoken word recognition.

In contrast to studies on written word recognition, studies on phonological neigh-

bourhood effects in spoken word recognition have typically found inhibitory in-

stead of facilitating effects of neighbourhood size (Allen & Hulme, 2006; Garlock,

Walley, & Metsala, 2001). According to Yates, Locker and Simpson (2004) this

difference might be explained in terms of the serial nature of the input of spoken

words as opposed to the parallel nature of the input of written words. However,

if inhibition is caused by the serial nature of the phonological input of the spoken

word stimulus, then we would also expect inhibitory instead of facilitating N-size

effects for a written word stimulus for dyslexic and beginning readers as the re-

sults of earlier studies (Barca et al., 2006; Marinus & de Jong, in press; Zoccolotti

et al., 1999) suggest that beginning and dyslexic readers use a serial sublexical

processing strategy to decode words. Therefore, the input of both written and

spoken words in these readers will be serial in nature, which according to Yates et

al. (2004) should have led to inhibitory N-size effects. In contrast, the results of

the current study demonstrated that dyslexic and beginning readers, just like nor-

mal readers, showed facilitating N-size effects for written pseudowords and Null
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effects for high-frequent words. We therefore think that the opposing N-size ef-

fects for written and phonological N-size cannot be totally attributed to the serial

versus parallel input formats.

Although orthographic N-size had a similar effect on normal and dyslexic chil-

dren, we did find differences on a more specific measure, namely in sensitivity to

the presence of a high-frequent neighbour. The present study was the first to ad-

dress the influence of a high-frequent neighbour in normal reading and dyslexic

children. Earlier studies with skilled adult readers (e.g., Carreiras et al., 1997;

Sears et al., 1995) found that the presence of a high-frequent neighbour facili-

tated the naming speed for words with a high-neighbourhood size and inhibited

the naming speed of low-neighbourhood size words. The normal reading children

in the current study appeared to follow the same pattern; however, the effects were

not strong enough to yield statistical significance. For the dyslexic and beginning

readers another pattern was found. The presence of a high-frequent neighbour

slowed down the word reading speed and this effect turned out to be indepen-

dent of the orthographic neighbourhood size of the word. After correcting for

word-frequency effects, the presence of a high-frequent neighbour did not influ-

ence word-reading accuracy. However, as discussed earlier, the results regarding

the accuracy scores for words needs to be interpreted with caution as the accuracy

levels were very high and the corresponding standard deviations as well.

Neither the DRC nor the PDP model makes explicit predictions about the in-

fluence of a high-frequent neighbour in word naming. This is not surprising as

computational models usually aim to replicate empirical findings and empirical

data on effects of high-frequent neighbours is scarce, even for skilled adult read-

ers (see as exceptions Arduino and Burani, 2004 and Carreiras et al, 1997 for the

effect of a high-frequent neighbour in naming and Sears et al., 1995, for the ef-

fect of a high-frequent neighbour in lexical decision). Regarding high-frequent

neighbour effects in lexical decision tasks Coltheart et al. (2001) even concluded

that it is premature to consider implementation of the effect of the presence of a

high-frequent neighbour, because the empirical evidence is not conclusive yet.

However, the finding that the word reading of beginning and dyslexic children

was slowed down by the presence of a high frequent neighbour can easily be ac-

commodated within the general belief that (word specific) orthographic represen-

tations become increasingly specified during reading development (e.g., Castles

et al., 2007; Ehri, 1998; Share, 1995; 2008) and also within the idea that dyslexic

children are hampered in the development of such well-specified representations.

If the orthographic representations of these children are not yet sufficiently speci-

fied, then during word reading a more frequent neighbour might initially get more

activation than the target word, resulting in a delay of the naming of the target

word. In contrast, if the word representations are sufficiently detailed, as in nor-

mal readers, then the frequency of neighbours, as their number, is no longer rel-

evant. The finding that the normal readers were more accurate (> 98%) than the
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dyslexic readers (> 90%) in word reading is also in line with the assumption that

their orthographic representations are less well specified.

At first sight, our finding that both dyslexic and beginning readers were un-

affected by neighbourhood size during word reading seemed to suggest the pres-

ence of well-specified orthographic representations, just like in the normal skilled

reading system. For example, both the DRC and the PDP models predict that

thresholds of high frequency words in skilled adult readers will be reached so

quickly that the concurrent activation of neighbour words has a negligible effect.

However, the absence of a neighbourhood size effect for words in dyslexic and

beginning readers might also be explained by relatively weaker contribution to

the activation of both the less well-specified orthographic representations of the

high-frequent target words and their neighbours. Put differently, the threshold of

a high-frequency word might be reached more slowly than in normal reading chil-

dren, but at the same time the activation level of neighbourhood words builds up

more slowly as well and therefore the effect of neighbourhood will also be negli-

gible. Note that in this explanation word frequency is not equivalent to the degree

of specification of orthographic neighbours although both aspects are probably

related. In sum, the current findings suggest a difference in global and specific ef-

fects of neighbour words on the word reading of beginning and dyslexic readers.

However, both effects can be accommodated within the view that the orthographic

representations of these readers are not (yet) sufficiently specified.

Which factors exactly influence the development of well-specified orthographic

representations and how differences between well and less well-specified ortho-

graphic representations should be defined remain intriguing questions. According

to the self-teaching hypothesis (Share, 1995), an important factor in the build-

up of orthographic knowledge is the number of encounters with a word. More

recently, Castles et al. (2007, see also Castles et al., 1999) proposed that ortho-

graphic representations change, or become more finely tuned, as a function of

the growing orthographic lexicon. Increasingly specified orthographic representa-

tions are needed to accurately and rapidly identify words among a growing num-

ber of similar looking candidates. The results of the current study suggest that the

fine-tuning of orthographic representations might not only be of relevance for the

identification of words from a dense neighbourhood, but also for the identification

of words with a high-frequent neighbour.





Chapter 7

General discussion

The main aim of the present thesis was to find possible explanations for the slow

and laborious word recognition that is commonly observed in dyslexic readers.

To address this issue, several experiments were conducted, all aiming to identify

proximal causes that might differentiate the dyslexic from the normal reading sys-

tem. The majority of the studies (Chapters 2 to 5) focused on (differences in)

sublexical processing, dealing with topics like the use and size of functional units

of print. Finally, the study presented in Chapter 6 examined differences in lexi-

cal processing between normal and dyslexic readers. Below, the main outcomes

of the present thesis will be summarized, subsequently the implications of these

findings will be discussed.

7.1 Review of the main findings

Following the outline of the final section of Chapter 1, I will start by summarizing

the findings on sublexical processing. Next the results of the study on lexical

processing will be presented.

7.1.1 Sublexical processes in word recognition: Which are the

functional units of print?

The first study (Chapter 2), focused on the use of sublexical clusters in normal and

dyslexic readers. The use of three different clusters was examined, namely the use

of consonantal onset clusters (e.g., st in stop), rimes (e.g., op in stop) and digraphs

(e.g., ou in soup). A segmentation paradigm was used to investigate whether the

distortion of a target cluster (e.g., s#top) resulted in a larger slowdown in naming

and lexical decision speed than in a condition in which all clusters were left intact

(e.g., st#op). In addition, it was examined whether these segmentation effects

were different for normal and dyslexic readers. If dyslexic readers make less use

125
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of sublexical clusters in word recognition, then the segmentation of a consonantal

onset or rime cluster should have less impact on their naming and lexical decision

speed as compared to normal readers. However, normal and dyslexic children

were equally hampered by the distortion of a word or pseudoword in general and

neither of the groups was found to be more severely hampered when a consonantal

or rime cluster was distorted as compared to a segmentation condition leaving

all clusters intact. On the basis of the results obtained with this specific visual-

segmentation paradigm, it was therefore concluded that sublexical clusters like

onset clusters and rimes are no functional units of print in the word recognition of

children learning to read in a language with a transparent orthography like Dutch.

Therefore, and to return to the main question of the present thesis, the slow reading

speed of dyslexic readers does not seem to be a direct consequence of less use of

consonantal onset clusters and rimes.

However, the visual distortion of a digraph unit (e.g., so#up) did cause an addi-

tional slowdown in the word-recognition speed of both normal and dyslexic read-

ers. This effect appeared to be equally strong for the normal and dyslexic readers,

suggesting that both groups treat digraphs as functional units in reading and are

equally proficient in doing so. However, in the same study it was also found that

the difference in reading speed for words with and without digraphs (e.g., stop

vs. stoep [pavement]) was larger for the dyslexic children than for the normal

readers. It was therefore tentatively concluded that dyslexic children do not seem

to have difficulties with the initial perceptual processing of a digraph. However,

problems do seem to arise when the correct sound (phoneme) has to be linked to

the visually parsed grapheme. To further investigate and possibly validate these

conclusions two additional studies were conducted. The study in Chapter 3 elabo-

rated on differences in the earlier, perceptual, processing of digraphs, whereas the

study in Chapter 4 examined differences in the naming of words and pseudowords

with and without digraphs, hence focusing on possible difficulties in linking the

phoneme of a digraph to its two constituent letters.

For the study in Chapter 3, a letter-detection paradigm was used to further ex-

amine the processing of a digraph as a perceptual unit in the normal and dyslexic

reading system. The rationale behind the letter-detection paradigm is that, if a

letter cluster is treated as a functional unit in reading, then the detection speed of a

separate letter in such a cluster (e.g., the o in soup) will be slower than the detec-

tion speed of a letter that does not belong to a cluster (e.g., the o in soft). Indeed,

both normal and dyslexic children were found to be slower in detecting letters

embedded in digraphs. Interestingly, dyslexic readers were equally hampered as

normal readers. To conclude, this study provided additional evidence that dyslexic

readers do not have problems in processing digraph units as perceptual units. Ap-

parently, this particular early visual processing aspect of word recognition cannot

account for the differences in reading speed between normal and dyslexic readers.

As there were no apparent differences in the earlier processing of digraphs,
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the research focus was shifted towards a later step in the word-recognition process,

namely the linking of the phoneme to the digraph unit. In addition, the assumption

that digraphs are visually parsed as perceptual units before they are mapped onto

their corresponding phonemes is also of relevance to the nature of the Length

effect. As described earlier, the Length effect refers to the finding that longer

words and pseudowords are read more slowly than shorter ones. If digraphs are

treated as perceptual units, then the length effect should be based on grapheme

length instead of letter length. In Chapter 4, a study was presented aiming to

disentangle such effects of length and digraph presence. Normal, beginning and

dyslexic readers completed a word and pseudoword reading task consisting of

items varying in length (3 to 5 letters) and digraph presence. In line with previous

studies, it was found that the dyslexic and younger readers showed stronger length

effects than the normal readers. Interestingly, however, these length effects indeed

seemed to be based on grapheme length, and not on letter length. This implies that

children decode words and pseudowords grapheme by grapheme rather than letter

by letter and provides further support for the assumption that graphemes, and

therefore also digraphs, are the functional units of print.

In addition, digraph presence caused an extra delay on top of the grapheme-

length effect in all reading groups, but only in pseudoword naming. Interest-

ingly, this effect was stronger in the dyslexic and beginning than in the normal

readers. Hence, it was concluded that dyslexic children do experience difficul-

ties in mapping phonemes onto the corresponding digraphes, explaining a small

part of their slow and laborious reading. The effect was only found for unfamiliar

(pseudo)words, suggesting that the effect pertains to sublexical processing and is

no longer relevant when the reader has the opportunity to use lexical knowledge.

The additional effect of a digraph on top of the grapheme length effect in the

dyslexic and younger readers might be caused by a sublexical frequency effect. In

other words, digraphs might not be as familiar to the dyslexic and younger reading

system as to the normal reading system and that this frequency effect slows down

the grapheme-to-phoneme mapping process in these groups.

The series of studies on sublexical processing was concluded with a training

study aiming to improve the reading speed of poor grade-2 readers (Chapter 5).

The training consisted of eight sessions in which four consonantal onset clusters

were explicitly taught as blended units. One of the important rationales behind

this approach was that still a potential alternative explanation for the finding that

the children in the first study (Chapter 2) only seemed to use digraphs, and not

consonantal onset clusters and rimes, had to be ruled out. Specifically, it might

have been the case that consonant clusters are not used as functional units in read-

ing because they are not explicitly taught as units in Dutch education. One way to

rule out this explanation is by training children to use consonantal onset clusters as

functional units in reading. Therefore, 99 poor readers were selected and divided

among three training conditions: a cluster-training condition, a letter-training con-
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dition and a no-training control condition. It was found that, although the children

of the cluster-training condition made significantly more progress on the rapid

naming of the trained consonantal onset clusters than the other two training con-

ditions, their increase in word-recognition speed was not superior to that of the

letter-training condition.

7.1.2 Lexical processes in word recognition: Sensitivity to neigh-

bourhood size and the presence of high-frequent neighbours

Chapter 6 focused on lexical processing in normal and dyslexic readers. Sensi-

tivity to orthographic neighbourhood size was used as a marker effect. In line

with the study in Chapter 4, word and pseudoword naming tasks were presented

to dyslexic grade-4, normal grade-4 and beginning grade-2 readers. In contrast to

the predictions, it was found that the dyslexic readers showed similar sensitivity

to orthographic neighbourhood size as the normal readers, suggesting intact lexi-

cal processing. More specifically, all groups responded less accurately and more

slowly to pseudowords from a low neighbourhood size and equally fast to words

from a low and high neighbourhood size. There were no differences between the

normal and dyslexic readers.

However, it was also found that all reading groups made more errors in words

from a large neighbourhood size than in words from a small one. Post-hoc anal-

yses showed that this unexpected result was due to a confound effect of the pres-

ence of a high-frequent neighbour. To further examine this effect, it was investi-

gated whether the presence of such high-frequent neighbours influenced the read-

ing speed and accuracy of the normal and dyslexic readers equally. Interestingly,

and in contrast to the normal grade-4 readers, it was found that the naming speed

of the dyslexic readers slowed down significantly if a word had a high-frequent

neighbour. These results suggest that the orthographic representations of dyslexic

children are less strongly specified or insufficiently distinct from similar candi-

dates in the mental lexicon. However, the beginning readers were also hampered

by the presence of a high-frequent neighbour and this effect was as strong as in

the dyslexic group. In Section 7.2.2, I will further elaborate on the absence of

differences between the dyslexic and beginning readers.

7.2 Implications

The results of the current thesis are of both theoretical and practical importance. I

will start this section with the implications for theories of reading. Subsequently, I

will focus more specifically on what the results of the present thesis teach us about

the nature of the dyslexic reading system. Finally, the significance of reading

interventions focusing on enhancing the use of larger letter units will be discussed.
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7.2.1 Implication for theories of reading

Below, I will elaborate on the implications for theories of reading. I will start by

discussing the implications for theories on reading development. Next, implica-

tions for computational models of skilled reading will be addressed.

Developmental theories

In Chapter 1, I raised the issue that current theories on reading development are

not sufficiently specific in defining the processes underlying the development of

automatic word recognition. In addition, these theories do not explicitly describe

differences in normal and dyslexic-reading development. Progress in the under-

standing of the development of both the normal and dyslexic reading system can

only be obtained by more specific and explicit theories, defining (falsifiable) hy-

potheses regarding the normal and dyslexic reading development on the one hand

and well conducted experiments aiming to test these hypotheses on the other hand.

Based on the results of the current thesis, at least two aspects of Ehri’s phase the-

ory and the self-teaching hypothesis (Share, 1995) can be more strongly defined.

First, the different phases in Ehri’s theory specifically focus on the forma-

tion of associations between orthography and phonology. However, the results

of several studies in the present thesis underline that the visual-parsing process,

occurring before phonemes are mapped onto the corresponding graphemes, is a

separate and important aspect of the word-recognition process (Chapters 2 and 3).

Interestingly, in both normal and dyslexic children learning to read in Dutch, this

early visual parsing does not pertain to sublexical clusters like consonantal onset

clusters and rimes. However, it does occur in the case of multiletter graphemes,

like digraphs, and the dyslexic reading system does not seem to deviate from the

normal reading system in this respect. In contrast, when it comes to mapping the

digraphs onto their corresponding phonemes (Chapter 4), the dyslexic readers do

seem to be hampered. All in all, it can be concluded that children, at least the ones

learning to read in a language with a transparent orthography like Dutch, do learn

to use digraphs as functional units. In addition, this process, that is, the grapheme-

to-phoneme mapping, seems to be delayed in dyslexic readers. In contrast, letter

clusters, like onset clusters and rimes, are not visually parsed and it will be there-

fore unlikely that they are used as functional units as is postulated to happen in

the consolidated phase of Ehri’s theory (Chapter 2). Even during a letter-cluster

training (Chapter 5), in which the blended sound of consonantal onset clusters was

explicitly linked to the two letters, such associations could not be established for

word reading. As all studies in the current thesis were conducted with monosyl-

labic words, additional research is needed to determine whether children do learn

to use larger letter clusters like syllables and morphemes and whether normal and

dyslexic readers differ in this respect (see also Section 7.3). Verhoeven, Schreuder
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and Baayen (2003) already demonstrated that normal reading Dutch children are

able to identify morphemes within two-syllable words and that they are also able

to subsequently activate the corresponding pronunciations of these units.

Secondly, in the self-teaching hypothesis, phonological recoding is defined

very broadly as an “umbrella term for the process of print to sound conversion by

whatever means this is accomplished” (Share, 2008, page 35). The results of the

current thesis add that this process probably occurs grapheme by grapheme (and

not letter by letter) in both normal and dyslexic children (Chapter 4). However,

as both normal and dyslexic children also displayed sensitivity to orthographic

neighbourhood size for pseudowords (Chapter 6), it can be concluded that pho-

nological recoding of unfamiliar words also depends on more parallel-processing

strategies like reading by analogy. In other words, children not only seem to re-

code unfamiliar words grapheme by grapheme, but also by using their overlap

with other, already familiar words.

Regarding differences in phonological recoding between normal and dyslexic

readers, previous findings (Martens, 2006; Martens & de Jong, 2006; Spinelli

et al., 2005; Ziegler et al., 2003; Zoccolotti et al., 2005) and the results of the

several studies in the current thesis suggest that dyslexic children, learning to read

in transparent orthographies like Dutch, German and Italian, are only marginally

impaired in correctly decoding words and pseudowords, as evidenced by their

relatively high accuracy scores. Their main problem seems to lie in the eventual

build up of orthographic knowledge, allowing them to automatically recognize

words and free them from the more laborious grapheme-by-grapheme decoding

process. As described in Section 7.1.2, the results from Chapter 6 suggest that

the orthographic representations of dyslexic children are less strongly specified or

insufficiently distinct from similar candidates in the mental lexicon. I will further

elaborate on this issue in the third paragraph of Section 7.2.2.

Models of skilled reading

In the discussion sections of Chapters 2 to 6, it has already been described how

the separate results of each study fit into the predictions of computational models

of skilled reading. In these studies, different paradigms were used to investigate

sublexical and lexical processes. In this section, I will try to merge the outcomes

of the separate studies in order to provide a joint picture of the implications of the

current thesis for models of skilled reading.

In the General Introduction, computational models of skilled reading (Colt-

heart, Rastle, Perry, Langdon, & Ziegler, 2001; Perry, Ziegler, & Zorzi, 2007)

were introduced as a framework for studying word-recognition processes in nor-

mal and dyslexic readers. As the majority of the studies of the current thesis

focused on sublexical processing, I will begin by elaborating on what the results

of the current thesis teach us about the functioning of the sublexical route. Since
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only the study presented in Chapter 6 focused on lexical processing and as the

implications for the functioning of the lexical route are so intertwined with the

issue of differences between the normal and dyslexic reading system, this topic

will be reserved for the third paragraph of Section 7.2.2, which elaborates on the

functioning of the lexical route in the dyslexic reading system.

One of the main questions regarding sublexical processing concerned the size

and use of units below the (monosyllabic) word level. Based on the results of the

present thesis, it can be concluded that, for children learning to read in a transpar-

ent language like Dutch, graphemes appear to be the functional, sublexical units of

print. Moreover, normal reading and dyslexic children do not seem to differ in this

respect (see Section 7.2.2). This conclusion is based on the results of studies using

a visual-segmentation paradigm (Chapter 2), a visual-letter-detection paradigm

(Chapter 3) and naming tasks (Chapter 4). The results of all these studies provide

evidence that words and pseudowords are visually parsed into graphemes (and

therefore also digraphs) before the grapheme-phoneme correspondence rules are

applied. This finding is in line with the presence of a graphemic buffer in the sub-

lexical route, as postulated by the CDP+ model (Perry et al., 2007), but not with

the assumption of the DRC model (Coltheart et al., 2001) that the sublexical route

operates letter-by-letter.

In contrast to graphemes, larger letter clusters below the word level like conso-

nantal onset clusters and rimes do not seem to be used as functional units in word

recognition, neither in dyslexic nor in normal readers. The results of Chapter 2

showed that visual distortion of such units did not cause an additional delay, sug-

gesting that monosyllabic words are not visually parsed into (consonantal) onset

clusters and rimes. However, it might still be the case that children do use larger

letter clusters in reading, but that the formation of these clusters occurs at a later

stage in the word-recognition process, after the visual parsing has taken place, for

instance when the graphemes are matched to the corresponding phonemes. The

latter is also postulated by some single-route, or connectionist models of reading

in which sublexical units arise as an emergent property of the learning of a dis-

tributed network (e.g., Harm & Seidenberg, 1999). Therefore, in the intervention

study described in Chapter 5, effort was taken to establish such connections by ex-

plicitly training poor grade-2 readers to pronounce and treat consonantal clusters

as blended units. However, this intervention did not result in superior improve-

ment of their word-recognition speed as compared to poor readers who trained

the separate letters of the cluster. Again, these results suggest that larger letter

clusters, like consonantal onset clusters, are not used as functional units of print.

7.2.2 The dyslexic reading system

The main aim of the present thesis was to find explanations for the slow and labo-

rious word recognition of dyslexic readers. To this end several word-recognition
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processes were examined in both normal and dyslexic children. This section starts

with a short description of the participants. Next, similarities and differences in

respectively sublexical and lexical processing in the dyslexic and normal read-

ing system will be discussed. Finally, a few additional remarks on the findings

regarding the dyslexic reading system will be given.

Participants

In order to pinpoint differences in word-recognition processes in the normal and

dyslexic reading system, both normal and dyslexic readers were included in the

various experimental studies of the current thesis. All dyslexic children had re-

ceived about 3.5 years of reading instruction (grade 4) and had a reading lag of

at least 1.5 years, meaning that they were reading on grade-2 level. In the stud-

ies described in Chapters 2 and 3, the dyslexic children were matched to normal

reading, chronological age control children from grade 4. For the studies in Chap-

ters 4 and 6 a more elaborate design was used. In these studies the dyslexic readers

were not only matched to chronological age controls, but also to reading age con-

trols (beginning readers from grade 2).

Sublexical processing

As mentioned in Section 7.1.1, it is very important to distinguish between earlier

visual processing and later processes in which the graphemes are mapped onto

their corresponding phonemes. The results of several studies in the current thesis

strongly suggest that the problem of dyslexic readers is not located in the early

visual-parsing process. These findings are in line with recent findings of Hawelka

and Wimmer (2008), who also found that dyslexic and normal readers performed

equally well when a task is purely visual, that is, when the mapping of letters, or

graphemes, to sound is not required (see also Chapter 3).

In addition to normal visual-grapheme parsing, there were no differences be-

tween the dyslexic and normal readers in terms of the use of consonantal onset

clusters and rimes (Chapter 2). In sum, it can be concluded that the dyslexic

reading system equals the normal reading system in terms of the (lack of) use of

sublexical clusters and that there are no deficits in the early visual-parsing process.

Hence, these factors can be ruled out as proximal causes of the slow and laborious

reading of dyslexic readers.

However, performance differences between the normal and dyslexic readers

were observed in a task requiring the mapping of digraphs onto the corresponding

phonemes in reading unfamiliar words (Chapter 4). Apparently, the difficulties

dyslexic readers experience in reading novel words with digraphs, is situated in the

process of linking graphemes to their corresponding phonemes and not in earlier

perceptual processes.
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Lexical processing

In line with the results of previous findings (Martens, 2006; Martens & de Jong,

2006; Spinelli et al., 2005; Ziegler et al., 2003), dyslexic readers showed stronger

Length effects than the normal reading grade-4 children. As already described

in the General Introduction, such enlarged Length effects in dyslexic readers are

commonly interpreted as an over-reliance on sublexical processing. A number of

researchers have raised the possibility that such over-reliance might be a direct

consequence of specific deficits in the lexical route (Barca, Burani, Di Filippo, &

Zoccolotti, 2006; Coltheart et al., 2001). In order to test this hypothesis, several

studies were conducted to examine whether normal and dyslexic readers respond

differently to lexical processing markers like sensitivity to word frequency (Barca

et al., 2006), sensitivity to body neighbourhood size (Ziegler et al., 2003) and

word superiority effects (Ziegler et al., 2008). However, to date, no evidence has

been found showing that dyslexic readers respond differently to such markers as

compared with normal readers.

Therefore, the result that the dyslexic readers were equally affected by ortho-

graphic neighbourhood size as the normal reading grade-4 children did not come

as a surprise. However, the dyslexic readers did show stronger sensitivity to the

presence of a high-frequent neighbour than the normal reading children, indicat-

ing a deficit in lexical processing. Interestingly, this deficit seems to pertain to

the specific ability to distinguish among highly similar orthographic representa-

tions. Recently, Bergmann and Wimmer (2008) also demonstrated that dyslexic

readers show specific impairments in their performance on an orthographic lexi-

cal decision task. Just like reading words with high-frequent neighbours, this task

required the normal and dyslexic children to focus on minimal differences be-

tween possible orthographic forms (e.g., taxi versus taksi). In sum, these findings

suggest that the dyslexic reading system is specifically impaired in distinguishing

among minimal differences between orthographic representations (see also Mess-

bauer, 2005). This impairment is probably a direct consequence of a less finely

tuned orthographic lexicon (Castles, Davis, Cavalot, & Forster, 2007) or less well-

specified orthographic representations (Perfetti, 1992).

Comments on the findings regarding the dyslexic reading system

Although specific deficits in word-recognition processes of dyslexic readers were

demonstrated (Chapter 4 and 6), three remarks need to be made. First, it has now

been well documented that dyslexic children are stuck in a more laborious sub-

lexical decoding strategy. In contrast to normal developing readers, they fail to

progress towards using more efficient lexical word-recognition strategies. How-

ever, the finding that the presence of a high-frequent neighbour and the mapping

of digraphs onto the correct phonemes in unfamiliar words slow down the word-
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recognition speed of dyslexic readers can only account for a minor part of the

reading-speed problem. In other words, these underlying causes are interesting,

but still insufficient to account for the striking word-recognition speed problems

that are already evident on the simplest three letter words and pseudowords like

cat and caf (Chapter 4).

Secondly, it should be noted that all the differences in word-recognition pro-

cesses between the normal and dyslexic readers described so far, were absent

in the comparison between the dyslexic and beginning readers. Therefore, the

more pronounced Length and Lexicality effects, the difficulties in attaching the

phoneme to a digraph and the suffering from the presence of a high-frequent

neighbour all seem to reflect a developmental lag instead of a specific problem

in the dyslexic reading system. Such a lack of differences in response pattern be-

tween normal beginning readers and dyslexic children is in line with the results

of previous studies conducted in transparent languages like Italian (Barca et al.,

2006; Spinelli et al., 2005; Zoccolotti et al., 1999) and Dutch (Martens, 2006).

However, in the study of Chapter 4, specific differences between the beginning

grade-2 and dyslexic grade-4 readers in the extent of variability in word-reading

speed were found. Thus far, studies comparing word-recognition performance in

normal and dyslexic readers have mainly been concerned with mean differences in

reading speed and accuracy. However, it has been well established that the read-

ing performance of dyslexics is much more variable than that of normal readers.

Surprisingly, however, this larger variability in dyslexic readers has never been

explicitly examined or modelled before.

As dyslexic children respond more strongly to word characteristics such as

word length, there will automatically be more variability in their word-reading

speed of a set of words of varying length. However, the question remains whether

these differences in variability are fully a function of the response of dyslexic

children to longer and more complex words, or whether their reading is already

more variable when reading very easy three-letter words like cat. As expected,

the word-recognition performance was more variable in dyslexic and beginning

readers than in normal readers. Most importantly, however, the word-recognition

performance of dyslexic readers was also found to be more variable than that

of beginning readers. Interestingly, the differences were largest for the simplest,

three-letter words. It is an important question how these differences in variability

should be explained. In the discussion of Chapter 4, it was argued that it might re-

flect instability in the retrieval of orthographic knowledge (see also Perfetti, 2007).

Finally, it should be stressed that all studies were conducted with children

learning to read in Dutch, a language with a relatively transparent orthography.

Some results, especially concerning the use of the rime as a functional unit and

the influence of neighbour words may be different in children learning to read

in a language with an inconsistent orthography like English. Because of the in-

consistency of the English orthography, the reading system of English readers is
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predicted to be tuned to the use of units of larger grain sizes (Treiman, Mullennix,

Bijeljac-Babic, & Richmond-Welty, 1995; Ziegler & Goswami, 2005) as the use

of such units might help them to resolve the inconsistency of words. Compare for

instance words like steak and steam. In both cases the final consonant is needed

to resolve the inconsistency of the digraph unit. In other words, the whole rime

has to be taken into account to properly decode the word. Note that this con-

trasts to the Dutch orthography, in which all digraphs are always pronounced the

same. In a similar vein the inconsistency of the English orthography puts an addi-

tional dimension on top of the effects of neighbourhood size and neighbourhood

frequency effects. In contrast to Dutch, in English orthographic N-size effects

cannot be interpreted without taking consistency effects into account. The mag-

nitude of the consistency effect for a given word is the weighted outcome of the

summed frequency of friends and enemies of the target word (Jared, McRae, &

Seidenberg, 1990). A friend is a word (e.g., lint) that has the same pronunciation

as the target word (e.g., mint) whereas an enemy is pronounced differently (e.g.,

pint). Friends and enemies are both orthographic neighbours of the target word.

However, whereas friends have a facilitatory effect on word recognition, enemies

will inhibit the recognition process. Therefore, in order to properly investigate

differences in sensitivity to orthographic neighbourhood size effects in children

learning to read in English, future studies must take this additional consistency

dimension into account.

7.2.3 Interventions

Considering the results of Chapters 2 and 5 and previous studies (Das-Smaal,

Klapwijk, & van der Leij, 1996; Hintikka, Landerl, Aro, & Lyytinen, 2008; Hue-

mer, Landerl, Aro, & Lyytinen, 2008; Levy, 2001; Thaler, Ebner, Wimmer, &

Landerl, 2004; van Daal, Reitsma, & van der Leij, 1994), it is tenable to draw

the strong conclusion that stimulating the use of sub-syllabic units is not a fruitful

way to increase word-reading speed in children learning to read in languages with

a transparent orthography. Put differently, the results of these studies indicate that

the use of sub-syllabic units does not seem to be the causal mechanism behind the

development of word recognition speed in transparent orthographies.

Besides this more general conclusion regarding the effectiveness of stimulat-

ing the use of sublexical clusters in order to improve reading speed, the results of

the current thesis also seem to have implications for a more specific intervention

technique, namely for the effect of so-called word family lists. Word family lists

are a popular educational method in Dutch and English classrooms. Word family

lists consist of words that are grouped by, for instance, onset cluster (stop, step,

stuff, still) or rime (ban, fan, pan, ran). One of the assumptions underlying this

practice is that children will implicitly learn to use the blocked clusters and that

this will help them to read novel words with the same clusters. However, Reitsma
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(1988) did not find any differences in word-recognition speed gains between chil-

dren who practiced with random and children who practiced with structured word

lists. More recently, Poole and Levy (2007) even found higher transfer effects

in terms of accuracy when children were required to read words in random as

compared to structured lists. Apparently, if children are offered training materials

organised in such a way as to make multiletter orthographic patterns obvious, they

are less likely to form strong representations of those emphasized patterns. One

way to explain this finding is that children do not have to put in much effort to

decode words in a word family list as compared to a random list, since the overlap

of the words will be present in their short-term memory while reading their way

through the list. However, in the long-term, that is, for the transfer of decoded

units in reading novel words, it would have been more beneficial if they had put

more effort into decoding the words, which is required for words presented in

random lists.

In addition, the finding that both beginning and dyslexic readers are hampered

by the presence of high-frequent neighbours (Chapter 6), also questions the sig-

nificance of practicing words in a context of highly similar words. It might be

that children need to practice highly similar words together in order to fine-tune

their orthographic representations. However, in the case of dyslexic and beginning

readers it might also be the case that the subsequent presentation of highly simi-

lar words interferes with the development of orthographic representations. Note

that this might also explain the finding of Poole and Levy (2007) that random

word lists seem to be more effective in increasing word-recognition accuracy than

structured word lists.

7.3 General conclusion and future directions

The joint results of the studies in the current thesis have pushed our knowledge

about what does and does not explain the slow and laborious reading in dyslexic

readers a bit further. On the one hand, dyslexic readers do not seem to have

specific problems in early visual-parsing processes. In other words, they seem

to be equally proficient as their normal reading peers in processing graphemes as

functional units and just like normal readers they do not seem to use consonantal

onset clusters and rimes as perceptual units in reading. Based on the latter result

and the results of the cluster training study it was concluded that stimulating the

use of sublexical clusters has no additional value in increasing reading speed in

dyslexic readers. In order to improve reading fluency, a more promising unit to

focus on seems to be the syllable or morpheme. Dutch, Italian, French and Finnish

studies (Ecalle, Magnan, & Calmus, 2009; Huemer, Aro, Landerl, & Lyytinen, in

press; Tressoldi, Vio, & Iozzino, 2007; Wentink, Van Bon, & Schreuder, 1997)

showed that training the use of syllables in word recognition increased reading



7.3. GENERAL CONCLUSION AND FUTURE DIRECTIONS 137

speed in both poor and dyslexic readers. However, future studies featuring no-

training control and alternative-training control conditions are needed to replicate

and validate these findings.

On the other hand, dyslexic children do seem to experience specific prob-

lems in mapping parsed graphemes onto their corresponding phonemes. This

finding can partly account for their slower word-recognition speed. In addition,

the finding that dyslexic readers are hampered by the presence of a high-frequent

neighbour and the observation that their word-recognition performance for the

simplest three-letter words is more variable than in normal younger readers both

suggest that their orthographic representations are less stable, less strongly speci-

fied and probably less distinct from similar candidates in the mental lexicon than

in a normal functioning orthographic lexicon. However, more research is needed

to further clarify the causal mechanisms behind the slow reading speed and higher

within-subject variability of dyslexic readers.
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Appendix A

Word and pseudoword sets

Chapter 2: The use of

sublexical clusters

A.1 Onset cluster and rime experiments

Table A.1

CCVC structure word and pseudoword sets.

Words CCVC Pseudowords CCVC

Set 1 Set 2 Set 3 Set 1 Set 2 Set 3

druk stuk vlug stag klaf tras

brug spul plus plam brat plap

bril blik stil brek blem grek

slim trip spin slep trel vler

spel ster plek spik stir slif

trek klem klep trin plim blip

klok bron stof klot drok brof

vlot grot blos dros vlon stot

trap gras slag gruk vlus spuk

vlam draf plat spug stul klug
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Table A.2

CVCC structure word and pseudoword sets.

Words CVCC Pseudowords CVCC

Set 1 Set 2 Set 3 Set 1 Set 2 Set 3

punt zulk rust werm kest belk

kurk muts munt melf bens nerk

rits sint kist sirk kins rilf

list dirk lint dint lirt lirk

wens berg kerk vost bats bans

merk nest berm rolk dant karg

volk zorg golf zurt zost gont

rots bons fort murg bolf fots

bart half darm hats rulk pust

kalf balk gans gant murk kurm

A.2 Digraph experiment

Table A.3

CCVVC structure word sets.

Words CCVVC

Set 1 Set 2 Set 3 Set 4

stier griep brief vlieg

spier sleur griek vries

kleur dreun steun breuk

brein plein trein klein

bruin spuit gruis druif

kruis kluis pruik fluit

droef groep bloem kroeg

ploeg proef stoep broek

vloer kruin sloep troep

stoel vloek groen steil
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Word sets Chapter 3: Digraphs

are perceptual units

Table B.1

Target-present and target-absent 3L3G words.

Block # (target letter) Block 1 (e) Block 2 (i) Block 3 (o) Block 4 (u)

Target-present 3L3G den min rol rug

mes vis lot dun

vel dik rok nul

bek kip pot put

pet rit som zus

Target-absent 3L3G wit zes hek bel

pil pen tim zet

kom zon mis kin

hol hut ruk bos

bus mus nut top

Table B.2

Target-present and target-absent 4L3G words.

Block # (target letter) Block 1 (e) Block 2 (i) Block 3 (o) Block 4 (u)

Target-present 4L3G voet peil soep vuil

poes ruim koel ruit

bier buik zoet heus

keus zeil fout leuk

meid feit woud goud

Target-absent 4L3G tuin boer lief riem

duim doek vies ziek

muis neus reus gier

hout heup heil dier

kous zout wieg reis
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Table B.3

Target-present and target-absent 4L4G words.

Block # (target letter) Block 1 (e) Block 2 (i) Block 3 (o) Block 4 (u)

Target-present 4L4G fles blik dorp durf

stel trip golf hulp

pret stil vork spul

best fris pols druk

helm slim wolk stug

Target-absent 4L4G spin pers zulk lint

knop zorg lust wond

plus trek gids vlek

film snor berg stof

kurk brug verf bril



Appendix C

Word and pseudoword sets

Chapter 4: Letter length,

phoneme length, and digraph

presence

Table C.1

CVC, CVVC, CCVC, CCVVC, and CCVCC structure word sets.

Words

CVC CVVC CCVC CCVVC CCVCC

bak boel blad bloem blind

bes boer bril breuk brand

bol buit brok broer plant

den duif druk druif drank

gat geit graf griep grens

gil geur gram groen grind

god goud grot groet grond

kar koek klas kleur klomp

kin kuil krat kruis krant

sok soep spek spier sport

zak ziek stel stier start

zeg zout stil stoel sterk

zus zeil stip stout storm

tas tuin trap trein trots

vos voet vlag vloer flink
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Table C.2

CVC, CVVC, CCVC, CCVVC, and CCVCC structure pseudoword sets.

Pseudowords

CVC CVVC CCVC CCVVC CCVCC

bog buip blop blier blort

bor bous braf briet bront

bun beik brag breup plits

det doer drak droen drond

gos geut gral griem grank

gik goel grik gruit grent

gan gous grat greik gramp

kal koef kles kloer klart

kes keit kril kroen krond

sek suin spak spoer sparm

zik tuil stul stoef stind

zol vied stim stuil stenk

zas zoel stod stous stans

tad zuik traf troer trind

vas zoer vlet vleur flork
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Word and pseudoword sets

Chapter 5: Letter-cluster

training

D.1 Visual letter-cluster detection task

Table D.1

Experimental and control cluster words: st and bl clusters.

Version 1 Version 2

Experimental Control Experimental Control

Present staan drie blauw zwam

stad drank blad zwaard

stel draad blits zweep

stom drift blies zweeds

steeg draai bluts zweer

stip drein bles zwans

stift draf bliep zwiep

stoof dreef blink zwik

Absent slag braam braam twaalf

sleur brok brok twee

slof bruin bruin twijf

slurf brei brei twist

dwaas fles spaak spel

dwars flink spar spoor

pret knie pret prul

prop knul prop proost
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Table D.2

Experimental and control cluster words: tr and gr clusters.

Version 1 Version 2

Experimental Control Experimental Control

Present tros klein grens vrouw

troost klant greep vracht

trip klas grieks vreugd

tring klok grof vroem

trant klep graaf vriend

troef klik gram vret

tref klont gracht vrat

trim kluif grijns vreet

Absent twaalf kraal glad vlees

twee krent gleuf vlek

twijg krijt gloed vloer

twist kroon glimp vlug

slim spel slim slaap

slot spoor slot slang

dweil prul dweil dwaas

dwerg proost dwerg dwars
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D.2 Word and pseudoword naming task

Table D.3

Experimental, generalization and control words and pseudowords.

Experimental Generalization Control

Words Pseudowords Words Pseudowords Words Pseudowords

stuur staai stok stiel draak draam

stoel stot stout stoen druif dreuk

ster stes stal staam droom drem

stof stoes stem stog drop drauw

stoer stuum step stat druk drus

graai groek griep grok klaar klaai

grom grop groen grout kleur kluip

grijs grijl graag gron klem kloor

gras gral grap grak klauw klog

groep groes grot grel klus klur

bloem blar blij bloor zwak zwees

blik bloek bloei blim zwaar zwoek

bleek blop blok blaap zwijg zwieg

bloot blein blaf blon zwaai zwij

blus blui blaar bler zwem zwaaf

trap troem troon trij vrees vrag

troep trik tril troei vroeg vraaf

trol treef traan trep vrij vrijk

trein troor trom traf vries vraas

trek trup trui traap vraag vrem





Appendix E

Word and pseudoword sets

Chapter 6: Sensitivity to

orthographic neighbours

Table E.1

Four-letter word and pseudoword sets.

Four letters

High N-size Low N-size

Words Pseudowords Words Pseudowords

hard hast niks nols

best belk soms solp

mond mard geld gamd

gras grop vlug vrag

berg bors dorp dilf

wolk wink fles frus

park polk golf gurf

rots rins smal smif

krom klot hemd hild

stel slep zorg zulg

hals hers munt makt

mast malk zalf zorf

kost kert worp wirm

pols pars turf teft

lens lors darm dulm
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Table E.2

Five-letter word and pseudoword sets.

Five letters

High N-size Low N-size

Words Pseudowords Words Pseudowords

groep graak klaar knaaf

stoel steer bloem bloop

graag griel brief blieg

steen stoek buurt boost

stoep snoel vroeg vrool

sloot stoop maand maaft

kaars haars droog droem

kruis kraat spoor spuur

geest boest fruit fluin

graan groes knoop krool

staat slaar zwaan zwoet

speer spees bleek breel

kraag klaak stuur sluus

griep greef snuit spuil

slaag stiek knaap knoeg



Summary

Reading, the ability to convert written into spoken word forms, has become an in-

creasingly crucial prerequisite to functioning adequately in modern society. How-

ever, up to 10% of all school-age children are estimated to experience difficul-

ties in learning to read (Vellutino, Fletcher, Snowling, & Scanlon, 2004). In The

Netherlands, the prevalence of specific reading disabilities, or dyslexia, is esti-

mated to be between 4% to 8% (Blomert, 2005; van der Leij et al., 2004).

Although a century of scientific studies on reading has resulted in a remarkable

accumulation of knowledge (Snowling & Hulme, 2007), the reading process is

still not fully understood, and there is certainly no standard cure for dyslexia.

Therefore, the aim of the current thesis was to further expand the understanding

of visual word-recognition processes in normal and dyslexic readers. In particular,

I focused on the causes that might underlie the slow and laborious reading that is

commonly observed in dyslexic children.

In this thesis, computational models of skilled word-reading (e.g., the Dual-

Route Cascaded (DRC) model, Coltheart et al., 2001, and the Connectionist Dual

Process (CDP+) model, Perry, Ziegler, & Zorzi, 2007) were taken as a framework

for formulating hypotheses about and for examining proximal causes of word-

recognition problems in dyslexic readers. Because, and in contrast to develop-

mental theories like the phase theory of Ehri (1992; 1998) and the self-teaching

hypothesis (Share, 1995), these models are very explicit in describing the pro-

cesses that precede the recognition of a word.

Within the DRC and CDP+ models a distinction is made between a lexical

and sublexical route in word and pseudoword recognition. In the sublexical route,

letters or graphemes are processed one-by-one in a sequential left-to-right fash-

ion. Therefore, extra reading time will be required for each additional letter or

grapheme in a word or pseudoword. In contrast, in the lexical route, all letters of a

word are processed in parallel and immediately trigger the orthographic represen-

tation of the word in the orthographic lexicon. As a result, the number of letters

in a word, or word length, does not affect the reading time.

The lion’s share of the current thesis (Chapters 2 to 5) focused on sublexical

processes in word recognition in normal and dyslexic readers. Important issues
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concerned the size of the functional units in word recognition and potential dif-

ferences between normal and dyslexic readers in the use of these units. Finally, in

Chapter 6, differences in lexical processing were examined. Below I will describe

the separate studies and their outcomes.

The study in Chapter 2 examined the use of sublexical clusters in normal and

dyslexic readers. The main focus was on consonantal-onset clusters (e.g., the

st in stop), however, the use of rimes (e.g., the op in stop) and digraphs (e.g.,

the ou in soup) were also considered. A segmentation paradigm, the separation

of two adjacent letters in a word by a nonletter symbol, was used to investigate

whether children used letter clusters in reading (e.g., s#top). The hypothesis was

that the effect of this distortion on reading would be larger if two adjacent letters

functioned as a cluster. In the first part of the study, naming and lexical decision

tasks were administered to 24 normal reading and 24 dyslexic grade-4 children. In

the second part of the study, the same tasks were administered to 24 skilled adult

readers. The results did not support the use of consonantal onsets and rimes during

reading. However, it was found that digraphs were used, because their distortion

(e.g., so#up) had a relatively large effect on reading speed. This effect was found

to be similar in normal and dyslexic readers.

In Chapter 3, the special status of digraph units and possible differences be-

tween normal and dyslexic readers was further examined with a letter-detection

task. Both normal and dyslexic readers were found to be slower in detecting a

letter within a vowel digraph (e.g. the a in peach) than in detecting a letter of

a single-letter grapheme (e.g. the a in spark). In addition, and in line with the

findings in Chapter 2, the dyslexic children were slowed down to a similar degree

as the normal readers when detecting a letter embedded in a digraph. Finally, the

slower response to target letters embedded in a digraph was position-independent

in both reading groups (i.e., the children were equally fast in detecting an e in

boek or beuk). Together with the findings in Chapter 2, these results indicate that

both normal and dyslexic readers process vowel digraphs as perceptual units.

As there appeared to be no differences between normal and dyslexic readers

in the earlier processing of digraphs, the focus was shifted towards a later step in

the word-recognition process, namely the subsequent linking of the digraph unit

to the corresponding phoneme. The assumption that digraphs are visually parsed

as perceptual units before they are mapped onto their corresponding phonemes,

is also relevant for the nature of the length effect. The length effect refers to the

finding that longer words and pseudowords are read more slowly than shorter ones.

If digraphs are treated as perceptual units, then the length effect should be based

on grapheme length instead of on letter length. This hypothesis was addressed in

the next chapter.

The study in Chapter 4 aimed to disentangle the effects of length and digraph

presence. Normal, beginning and dyslexic readers completed a word and pseu-

doword reading task consisting of items varying in length (3 to 5 letters) with
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and without digraphs. In line with previous studies, it was found that dyslexic

and younger readers showed stronger length effects than normal readers. Inter-

estingly, however, these length effects indeed seemed to be based on the num-

ber of graphemes, and not on the number of letters. This implies that both nor-

mal reading and dyslexic children decode words and pseudowords grapheme by

grapheme and not letter by letter, and provides further support for the assump-

tion that graphemes, and therefore also digraphs, are the functional units of print.

In addition, it was found that the presence of a digraph causes an extra delay on

top of the grapheme-length effect in all reading groups, but only in pseudoword

naming. Interestingly, this effect was stronger in beginning and dyslexic readers

than in normal reading children. Hence, it was concluded that dyslexic children

do experience difficulties in mapping the corresponding phoneme onto a digraph,

explaining, in part, their slower reading speed.

In Chapter 5, the series of studies on sublexical processing was concluded with

a training study that aimed to improve the reading speed of poor grade-2 readers.

The training consisted of eight sessions in which four consonantal onset clusters

(st, gr, bl and tr) were explicitly taught as blended units. The rationale behind

this approach was that still a potential alternative explanation for the finding that

the children in the first study (Chapter 2) only seemed to use digraphs and not

consonantal onset clusters and rimes as functional units in reading had to be ruled

out. Namely, it might have been the case that consonant clusters are not used as

functional units because they are not explicitly taught as units in Dutch education.

Therefore, 99 poor grade-2 readers were selected and divided among three train-

ing conditions: a cluster-training condition, a letter-training condition and a no-

training control condition. Although the children of the cluster-training condition

made significantly more progress on the rapid naming of the trained consonantal

onset clusters than the other two groups, their increase in word-recognition speed

was not superior to that of the letter-training condition. This implies that even

explict training of consonantal onset clusters does not result in faster reading and

provides further evidence that the use of sublexical clusters does not seem to be a

causal mechanism in the development of word recognition speed.

Finally, in Chapter 6, potential differences in lexical processing in normal and

dyslexic readers were examined by measuring the influence of orthographically

similar candidates on word and pseudoword naming performance. A useful metric

for the number of such candidates is orthographic neighbourhood size (N-size).

The orthographic neighbourhood of a given word represents all existing words that

can be created by replacing one of its letters for another one (Coltheart, Davelaar,

Jonasson, & Besner, 1977). Examples of orthographic neighbours of sand are

land, hand, but also send, said and sang. In skilled readers, the joint activation of

these visually similar words in the orthographic lexicon generally speeds up the

reading of a target word.

In the study in Chapter 6 the dyslexic readers were found to be equally sen-
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sitive to orthographic neighbourhood size in both word and pseudoword naming

as the normal readers, that is, they responded less accurately and more slowly to

pseudowords from a low neighbourhood size and equally fast to words from a

low and high neighbourhood size. This finding suggests that lexical processing is

intact in dyslexic readers. However, in contrast to the normal grade-4 readers, it

was also found that the naming speed of the dyslexic and beginning readers was

significantly slowed down if a word had a high-frequent neighbour. These results

suggest that the orthographic representations of dyslexic children are less strongly

specified or insufficiently distinct from similar candidates in the mental lexicon.

Additional evidence for problems in lexical processing was found in Chapter 4.

In this study, dyslexic readers’ intra-individual variability in word recognition was

found to be larger than that of both chronological-age as reading-age controls. In-

terestingly, the largest difference in variability with the normal readers was found

for short words. Such higher intra-individual variability also suggests that the

retrieval of lexical or orthographic knowledge is less stable in dyslexic children.

In Chapter 7, the implications of the results of the current thesis for theories

on reading development and computational models of reading were discussed. In

addition, it was evaluated what the current thesis has taught us about differences

in visual word-recognition processes in normal and dyslexic readers. Finally, it

was stressed that the results of the current thesis are not only of theoretical, but

also of practical importance. Based on the results of the studies in Chapters 2

and 5 as well as previous studies (Das-Smaal, Klapwijk, & van der Leij, 1996;

Hintikka, Landerl, Aro, & Lyytinen, 2008; Huemer, Landerl, Aro, & Lyytinen,

2008; Levy, 2001; Thaler, Ebner, Wimmer, & Landerl, 2004; van Daal, Reitsma,

& van der Leij, 1994), it may be concluded that stimulating the use of sublexical

clusters is not a fruitful way to increase word-reading speed in children learn-

ing to read in languages with a transparent orthography. In addition, the finding

that both beginning and dyslexic readers are hampered by the presence of high-

frequent neighbours (Chapter 6), also questions the feasibility of practicing words

in a context of highly similar words, which is typically done with “word-family

lists”. Word family lists are a popular educational method in Dutch and English

classrooms. Word family lists consist of words that are blocked by, for instance,

onset cluster (e.g., stop, step, stuff, still) or rime (e.g., ban, fan, pan, ran). It might

be that children need to practice highly similar words together in order to finetune

their orthographic representations. However, in the case of dyslexic and beginning

readers it might also be that the subsequent presentation of highly similar words

interferes with the development of orthographic representations.

The joint results of the studies in the current thesis have advanced our know-

ledge about what does and does not explain the slow and laborious reading in

dyslexic readers. On the one hand, dyslexic readers do not seem to have specific

problems in early visual-parsing processes. In other words, they are equally pro-

ficient as their normal reading peers in processing digraphs as perceptual units,
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and just like normal readers they do not use consonantal onset clusters and rimes

as units in reading. Based on the latter result and the results of the cluster train-

ing study it was concluded that stimulating the use of sublexical clusters has no

value in increasing reading speed. On the other hand, dyslexic children do seem to

have specific problems in mapping earlier parsed digraphs onto their correspond-

ing phonemes. This finding may partly account for their slower word-recognition

speed. In addition, dyslexic readers are hampered by the presence of a high-

frequent neighbour and their word-recognition performance for the simplest three-

letter words was found to be more variable than in normal younger readers. These

findings suggest that the orthographic representations of dyslexic readers are less

stable, less strongly specified and probably less distinct from similar candidates

in the orthographic lexicon than in normally developing readers.





Samenvatting

Lezen, de vaardigheid om geschreven woorden om te zetten in de bijbehorende ge-

sproken vorm, is van steeds groter belang om goed te kunnen functioneren in onze

moderne maatschappij. Echter, zo’n 10% van alle schoolgaande kinderen ervaart

problemen met leren lezen (Vellutino, Fletcher, Snowling, & Scanlon, 2004). In

Nederland wordt de prevalentie van specifieke leesproblemen of dyslexie, geschat

tussen de 4% en 8% (Blomert, 2005; van der Leij et al., 2004).

Er wordt al ruim honderd jaar onderzoek gedaan naar lezen en dit heeft al veel

kennis opgeleverd (Snowling & Hulme, 2007). Desalniettemin worden de proces-

sen die ten grondslag liggen aan het lezen nog steeds niet volledig doorgrond en is

er nog beslist geen standaard behandeling voor dyslexie. Het doel van dit proef-

schrift was daarom meer inzicht te krijgen in de processen die een rol spelen als

normale lezers en kinderen met dyslexie een woord lezen. In het bijzonder heb ik

mij gericht op mogelijke oorzaken van trage woordherkenning, hét kenmerk van

kinderen met dyslexie.

In dit proefschift werden hypothesen geformuleerd binnen het kader van com-

putationele leesmodellen (e.g., Dual-Route Cascaded (DRC) model, Coltheart et

al., 2001, Connectionist Dual Process (CDP+) model, Perry, Ziegler, & Zorzi,

2007). Het voordeel van deze modellen is dat zij, in tegenstelling tot ontwikke-

lingsgerichte theorieën zoals de fase theorie van Ehri (1992; 1998) en de self-

teaching hypothese (Share, 1995), meer expliciet zijn in het beschrijven van de

processen die vooraf gaan aan het lezen van een woord.

Binnen de DRC en CDP+ modellen wordt onderscheid gemaakt tussen een

lexicale en een sublexicale route voor het herkennen van woorden en pseudowoor-

den. In de sublexicale route worden letters (of grafemen) één voor één verwerkt

van links naar rechts. Daarom is er extra tijd nodig voor elke bijkomende letter van

een woord of pseudowoord. In de lexicale route daarentegen worden alle letters

van een woord parallel verwerkt. Hiermee wordt onmiddellijk de orthografische

representatie van een woord in het orthografisch lexicon geactiveerd. Als gevolg

van deze directe activatie heeft het aantal letters in een woord, of woordlengte,

geen invloed op hoe snel een woord gelezen wordt.
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Het leeuwendeel van de studies in dit proefschrift (Hoofdstuk 2 t/m 5) richtte

zich op sublexicale processen bij kinderen zonder en met dyslexie. Hierbij werd

vooral gekeken naar de grootte en aard van de functionele eenheden tijdens het

lezen en mogelijke verschillen tussen normale lezers en kinderen met dyslexie.

Tenslotte, in Hoofstuk 6, werden verschillen in lexicale verwerkingsprocessen be-

studeerd. Hieronder zal ik de losse studies en uitkomsten bespreken.

In Hoofdstuk 2 werd het gebruik van sublexicale clusters onderzocht. Er werd

gekeken naar medeklinker clusters aan het begin van een woord (bijvoorbeeld de

st in stop), rijmeenheden (bijvoorbeeld de op in stop) en digrafen (bijvoorbeeld

de oe in soep). Om te onderzoeken of kinderen tijdens het lezen gebruik maken

van deze clusters werd gebruik gemaakt van een segmentatieparadigma. In dit

paradigma worden twee naast elkaar liggende letters gescheiden doormiddel van

een symbool (bijvoorbeeld s#top). De hypothese was dat het leesproces méér ver-

stoord zou worden als de twee aangrenzende letters als eenheid functioneren. In

dit geval zouden kinderen meer moeite moeten hebben met het lezen van s#top

dan met het lezen van st#op. In het eerste deel van de studie werden lees en lexi-

cale decisie taken afgenomen bij 24 normale lezers en 24 dyslectische kinderen

uit groep 6. In het tweede deel van de studie werden dezelfde taken afgenomen bij

volwassenen. In geen van de studies werd ondersteuning gevonden voor het ge-

bruik van medeklinker clusters en rijmeenheden tijdens het lezen: s#top werd net

zo snel gelezen als st#op en te#st net zo snel als t#est. Wat echter wel gevonden

werd was dat de verstoring van een digraaf (so#ep) een relatief groot effect had op

de leessnelheid. Dit effect bleek even groot te zijn voor kinderen met en zonder

dyslexie. Blijkbaar worden digrafen wel als eenheid verwerkt tijdens het lezen.

In Hoofdstuk 3 werd verder onderzoek verricht naar de speciale status van di-

grafen en mogelijke verschillen tussen kinderen met en zonder dyslexie. Hierbij

werd gebruik gemaakt van een letterdetectie taak. Het bleek dat zowel kinderen

met als zonder dyslexie trager waren in het herkennen van een klinker die deel uit-

maakte van een klinker digraaf (bijvoorbeeld de e in soep) dan in het herkennen

van dezelfde klinker wanneer deze niet deel uitmaakte van een digraaf (bijvoor-

beeld de e in step). Net als in Hoofdstuk 2 werden geen verschillen gevonden

tussen de kinderen met en zonder dyslexie. Tenslotte bleek dat het trager herken-

nen van letters in een digraaf onafhankelijk was van de positie van de klinker. De

kinderen waren net zo traag in het herkennen van de e in boek als de e in beuk.

Samen met de bevindingen van Hoofdstuk 2 wijst dit erop dat zowel kinderen met

en zonder dyslexie digrafen als perceptuele eenheden verwerken.

Omdat er geen verschillen tussen kinderen met en zonder dyslexie leken te

zijn in de vroege, perceptuele verwerking van digrafen, werd de focus verplaatst

naar een latere stap in het lezen, namelijk het koppelen van de digraaf aan de bij-

behorende klank. De aanname dat digrafen visueel worden samengevoegd tot een

perceptuele eenheid, voordat zij gekoppeld worden aan de bijbehorende klank, is

ook van belang voor de aard van het woordlengte effect. Het woordlengte effect
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houdt in dat langere woorden en pseudowoorden langzamer gelezen worden dan

kortere woorden en pseudowoorden. Als digrafen als perceptuele eenheden be-

handeld worden, dan zou het lengte effect gebaseerd moeten zijn op het aantal

grafemen en niet op het aantal letters. Deze hypothese werd onderzocht in het

volgende hoofdstuk.

In de studie in Hoofdstuk 4 werden kinderen met en zonder dyslexie gevraagd

woorden en pseudowoorden van verschillende lengte (3 tot 5 letters) te lezen.

Daarnaast lazen zij woorden met en zonder digrafen. Net als in eerdere studies

werd gevonden dat beginnende lezers uit groep 4 en kinderen met dyslexie uit

groep 6 sterkere lengte effecten vertoonden dan gemiddelde lezers uit groep 6.

Deze lengte effecten bleken gebaseerd te zijn op het aantal grafemen en niet op

het aantal letters. Dit betekent dat kinderen woorden grafeem voor grafeem deco-

deren en niet letter voor letter. Daarnaast werd gevonden dat de aanwezigheid van

een digraaf bij het lezen van pseudoworden een extra vertraging oplevert bovenop

het grafeem lengte effect. Dit effect bleek sterker te zijn bij de beginnende en

dyslectische lezers. Daarom werd geconcludeerd dat kinderen met dyslexie pro-

blemen ervaren digrafen aan de bijbehorende klanken te verbinden. Dit specifieke

probleem kan deels hun trage lezen verklaren.

In Hoofdstuk 5 werd de serie van onderzoeken naar sublexicale verwerking

afgesloten met een trainingstudie. Het doel van de training was het verbeteren van

de leessnelheid van zwakke lezers in groep 4. De training bestond uit acht sessies

waarin vier medeklinker clusters (de st, de gr, de bl en de tr) expliciet als eenheid

aangeleerd werden. Het idee achter deze training was dat er nog steeds een alter-

natieve verklaring uitgesloten moest worden voor onze bevinding in Hoofdstuk 2

dat kinderen geen gebruik lijken te maken van medeklinker- en rijmclusters tij-

dens het lezen. Het zou namelijk kunnen zijn dat zulke clusters niet als eenheid

gebruikt worden omdat ze niet expliciet als eenheid aangeleerd worden tijdens het

leesonderwijs. Daarom werden 99 zwakke lezers uit groep 4 geselecteerd en ver-

deeld over drie trainingscondities: een clustertraining conditie, een lettertraining

conditie en een conditie waarin geen training gegeven werd. Hoewel de kinderen

in de clustertraining conditie significant meer vooruitgang lieten zien op het snel

benoemen van de aangeleerde clusters dan de andere twee groepen, was hun lees-

snelheid niet beter geworden dan die van de kinderen in de letter-training conditie.

Dit betekent dat zelfs het expliciet trainen van medeklinkerclusters niet leidt tot

sneller lezen. Daarnaast geeft het nog een extra ondersteuning voor de bevinding

dat het gebruik van sublexicale clusters geen onderliggend mechanisme lijkt te

zijn voor de ontwikkeling van leessnelheid.

Tenslotte werd in Hoofdstuk 6 onderzoek gedaan naar verschillen in lexicale

verwerking tussen kinderen met en zonder dyslexie. Hierbij werd gekeken naar de

invloed van buurwoorden op het lezen van woorden en peudowoorden. Een maat

die veel gebruikt wordt voor dit type onderzoek is “orthographic neighbourhood

size” (N-size). De orthographic neigbourhood van een bepaald woord represen-
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teert alle bestaande woorden die gevormd kunnen woorden door één letter van dit

woord te veranderen (Coltheart, Davelaar, Jonasson, & Besner, 1977). Bijvoor-

beeld, het woord zand heeft de volgende neighbours (buren): land, hand, maar

ook zend en zaad. Bij gevorderde lezers zorgt de gezamelijke activatie van deze

buren ervoor dat het lezen van een woord versneld wordt. In Hoofdstuk 6 werd

gevonden dat dyslectische kinderen net zo gevoelig zijn voor het aantal orthogra-

fische buren als normale lezers uit groep 6. Net als normale lezers maakten ze

meer fouten en waren ze trager in het lezen van pseudowoorden met weinig buren

vergeleken met pseudowoorden met veel buren. Zowel kinderen met als zonder

dyslexie lieten geen verschillen zien in het lezen van woorden met veel en weinig

buren. Deze bevindingen suggereren dat kinderen met dyslexie geen problemen

met lexicale verwerking vertonen. Echter, in tegenstelling tot normale groep 6

lezers, bleek het lezen van beginnende lezers uit groep 4 en dyslectische kinderen

uit groep 6 wel te vertragen als tenminste één van de buurwoorden een hogere

frequentie had dan het te lezen woord. Dit lijkt erop te wijzen dat de orthografi-

sche representaties van kinderen met dyslexie minder sterk gerepresenteerd zijn

waardoor hoogfrequente buren de kans krijgen te interfereren met het leesproces.

In Hoofdstuk 4 werden ook aanwijzingen gevonden voor problemen met lexicale

verwerking. Uit de studie in Hoofdstuk 4 bleek namelijk dat de variabiliteit binnen

proefpersonen tijdens het lezen van soortgelijke woorden groter was voor kinde-

ren met dan zonder dyslexie. De kinderen met dyslexie vertoonden zelfs meer

binnen proefpersoon variabiliteit dan beginnende lezers uit groep 4 en dit verschil

was het grootst voor de kleinste drieletter woorden. Dit wijst er wederom op dat

het ophalen van lexicale, of orthografische kennis minder stabiel is bij kinderen

met dyslexie.

In Hoofdstuk 7 werden de implicaties van de resultaten van de verschillen-

de studies van dit proefschrift voor zowel computationele modellen en ontwikke-

lingsmodellen besproken. Daarnaast werd geëvalueerd wat dit proefschrift ons ge-

leerd heeft over verschillen in het leesproces van kinderen met en zonder dyslexie.

Tenslotte werd benadrukt dat de resultaten niet alleen van theoretisch, maar ook

van praktisch belang zijn. Gebaseerd op de resultaten van de studies in Hoofdstuk

2 en 5 en eerdere studies (Das-Smaal, Klapwijk, & van der Leij, 1996; Hintikka,

Landerl, Aro, & Lyytinen, 2008; Huemer, Landerl, Aro, & Lyytinen, 2008; Levy,

2001; Thaler, Ebner, Wimmer, & Landerl, 2004; van Daal, Reitsma, & van der

Leij, 1994) kan geconcludeerd worden dat het stimuleren van het gebruik van su-

blexicale clusters niet leidt tot het verbeteren van de leessnelheid van kinderen die

leren lezen in meer transparante talen zoals bijvoorbeeld het Nederlands. Daar-

naast trekt de bevinding dat beginnende lezers en kinderen met dyslexie last heb-

ben van de aanwezigheid van hoogfrequente buurwoorden (Hoofdstuk 6) ook in

twijfel of het verstandig is om kinderen woordlezen te laten oefenen in de context

van zeer gelijkende woorden. Dit laatste wordt vaak gedaan, zowel in Nederland

als in Engeland, met zogenaamde wisselrijen. Wisselrijen bestaan uit woorden die
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beginnen of eindigen met hetzelfde lettercluster (bijvoorbeeld stop, step, stil, stuur

of bak, lak, dak, zak). Het zou kunnen zijn dat het oefenen met wisselrijen kin-

deren met een normale leesontwikkeling juist helpt met het ontwikkelen van zeer

specifieke orthografische representaties. In het geval van kinderen met dyslexie

zou het echter ook kunnen zijn dat het opeenvolgend presenteren van zeer gelijke

woorden juist interfereert met de opbouw van orthografische representaties.

De resultaten van dit proefschrift hebben onze kennis over wat wel en niet

verschillen in leessnelheid tussen kinderen met en zonder dyslexie kan verklaren

uitgebreid. Enerzijds lijken kinderen met dyslexie geen specifieke problemen te

ervaren met vroege visuele parsing processen. Net als kinderen met een normale

leesontwikkeling hebben zij geen moeite om digrafen als perceptuele eenheden te

verwerken. Daarnaast gebruiken kinderen met dyslexie, net als normale lezers,

geen medeklinker clusters en rijmeenheden tijdens het lezen. Op basis van deze

laatste bevinding en de resultaten van de cluster training studie werd geconclu-

deerd dat het stimuleren van het gebruik van sublexicale clusters geen invloed

heeft op de ontwikkeling van leessnelheid. Anderzijds lijken kinderen met dys-

lexie wel specifieke problemen te hebben om digrafen te verbinden aan de bijbe-

horende klank. Daarnaast werd gevonden dat kinderen met dyslexie last hebben

van interferentie van hoogfrequente buurwoorden en bleek het lezen van zeer een-

voudige drie letterwoorden variabeler te zijn dan bij normale lezers uit groep 4.

Deze bevindingen suggereren dat de orthografische representaties van kinderen

met dyslexie vergeleken met normale lezers minder stabiel, minder sterk gere-

presenteerd en waarschijnlijk minder goed te onderscheiden zijn van soortgelijke

woorden in hun orthografisch lexicon.
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