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Abstract
This thesis investigated reading and spelling errors in “affected” and “unaffected”
children at-risk of dyslexia (children with a least one parent with literacy problems).
Two goals were attempted to be achieved. Firth, a theoretical model within the
framework of Optimality Theory (McCarthy & Prince, 1993, Prince & Smolensky, 1993,
Kager, 1999) was proposed to account for reading and writing in Dutch. Given the
assumption that reading and spelling relies on the pronunciation (Wester, 1985), a
correspondence relation between the phonetic surface form and the graphemic
surface form is assumed by means of the faithfulness constraint PG-Identity
(Phoneme – Grapheme). A high ranking of this constraint type renders a complete
one-to-one mapping between phonemes and graphemes. In normal development
of reading and writing in Dutch, the PG-constraint needs to be demoted, since
Dutch is a semi-transparent language (it does not fully rely on a complete one-toone mapping). The analysis of the data revealed that “affected” at-risk children
have difficulties with this process; this is mainly supported by errors in spelling with
regard to long and short vowels (i.e. alternations), and final devoicing. Children who
were classified as “unaffected” at-risk children (children without literacy problems
according to literacy measurements), appeared to resemble the control group
(children without a familial history of dyslexia) in terms of reading speed, however,
they seemed to embody a similar error behavior as the “affected” group in reading
and spelling (but to a lesser extent). The results of this study showed that no real
phonological errors surfaced in literacy skills, instead, a deviating phoneme to
grapheme conversion is found. This finding gives more insight into the Phonological
Deficit Hypothesis; mapping phonemes onto graphemes is difficult for poor readers.
Finally, the theoretical model provided linguistic support for this assumption by means
of a description of the grammar of children with poor literacy skills.

3

Contents

Acknowledgements ................................................................................................................2
Abstract .....................................................................................................................................3
Contents ....................................................................................................................................4
0. Preface ..................................................................................................................................6
1. Introduction...........................................................................................................................7
2. Background ........................................................................................................................12
2.1 Dyslexia and the Phonological Deficit Hypothesis...................................................12
2.2 Phonological errors in spelling ....................................................................................17
2.3 Spelling and phonology in Dutch ..............................................................................24
2.3.1 Spelling: Autonomous spelling or Applied Phonology? .......................................25
2.3.2 Diaeresis ......................................................................................................................26
2.3.2. Hyphenation .............................................................................................................29
2.3.3 Alternation..................................................................................................................32
2.4 Optimality Theory..........................................................................................................36
2.4.1 Optimality Theory and language disorders ...........................................................43
3. Research questions and predictions ...............................................................................53
3.1 Research questions ......................................................................................................53
4. Methods...............................................................................................................................56
4.1 Test procedures ............................................................................................................56
4.2 Tasks................................................................................................................................56
4.3 Participants....................................................................................................................58
4.4 Scoring ...........................................................................................................................59
5. Results...................................................................................................................................61
5.1 Comparison of the tasks within groups .....................................................................61
5.2 One-Minute-Test (EMT).................................................................................................62
5.3 Klepel..............................................................................................................................67
4

5.4 Spelling...........................................................................................................................73
5.5 Word reading versus non-word reading and spelling.............................................78
6. General discussion .............................................................................................................82
6.1 Word reading versus non-word reading and spelling.............................................82
6.2 Word reading task ........................................................................................................87
6.2 Non-word reading task................................................................................................92
6.3 Spelling...........................................................................................................................96
Conclusion ............................................................................................................................107
References ............................................................................................................................110
Appendix A: EMT ..................................................................................................................117
Appendix B: Klepel...............................................................................................................118
Appendix C: Dictation.........................................................................................................119

5

0. Preface
The purpose of this thesis is to analyze reading and spelling errors of children at-risk of
dyslexia who have developed literacy difficulties at the age of 8 compared to those
who have not, and compared to controls. Besides setting apart the errors in reading
and spelling tasks, it will also be attempted to capture and motivate the errors in a
linguistic framework. By doing so, a better understanding of the (impaired) linguistic
mechanism that underlies reading and spelling, i.e. phonology, will be obtained.
The reading and spelling tasks originate from a follow-up study of a
longitudinal study “Early language development in specific language impairment
and dyslexia: A prospective and comparative study” that started in 2004 at the
Utrecht Institute of Linguistics OTS. The project started out with two groups of children;
the “baby” group (1;6 – 3;0) and the “toddler” group (3;0 – 5;0). The relevant group
for investigation in this thesis concerns the “baby” group; this group consisted of
normally developing children and children with a familial risk of dyslexia (children
with a dyslexic parent or sibling). Seven to five years ago, children in this
experimental group were tested on speech perception, production and morphology
between the ages of 1;6 – 3;02. As the children have now reached the age of 8
years old, a follow-up study could proceed in order to see whether the at-risk
children have developed problems in reading, writing, and / or other linguistic tasks.
In this thesis, the focus will be drawn on the analysis of a word reading task, a nonword reading task, and a spelling to dictation task.
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1. Introduction

Reading and spelling can be considered as secondary language systems; they are
derived from natural language. Sounds (phonemes) must be mapped onto letters
(graphemes) and skills from several linguistic domains (which must be acquired first)
need to be activated and coordinated, such as semantics, syntax, and phonology.
Furthermore, it is widely claimed that orthography depends on phonology. It seems
plausible that without the mastery of a natural language, literacy skills cannot be
acquired. Indeed, it has been widely attested that children with language difficulties
also show problems in reading and spelling. For instance, children with Specific
Language Impairment1 (SLI) are known to develop difficulties in reading and spelling.
This finding supports the statement that reading and spelling can be regarded as a
secondary language system, because language problems are observed before the
onset of literacy skills.
A less severe language-based disorder where these properties are also
observed is developmental dyslexia. Developmental dyslexia is characterized by
reading and/or spelling difficulties that are unexpected in relation to cognitive
abilities and age (Lyon 1995). It has been shown that children with a familial risk of
dyslexia (children with a dyslexic parent or sibling) show problems in their language
acquisition before the onset of learning to read and write. In particular, difficulties in
phonological acquisition (poor phonological representations) are claimed to be the
main characteristic of dyslexia, and these problems are also observed in children
with SLI but to a more severe extent. So the similarity between SLI and dyslexia is
claimed to be poor literacy skills as a result of a poor phonological system, whereas
(more severe) problems in other linguistic domains in children with SLI might be a
result of some other cognitive deficit2.
The impairment in literacy skills by poor phonological skills is motivated in terms
of the Phonological Deficit Hypothesis (henceforth PDH). In general, the PDH refers to
phonological representations are described as unspecified, insufficient, insufficiently
detailed, of poor detail, or holistic, but further specification at the phonological level
1 Specific language impairment (SLI) is defined as a developmental language disorder where
language acquisition is delayed in receptive and/or expressive language. SLI is diagnosed
when it is not related to other causal factors, such as, hearing loss or acquired brain injury
(Leonard 1998).
2 There are several hypotheses about the relationship between dyslexia and SLI, see for
instance de Bree (2007) for an extensive discussion.
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are not yet described in detail. The empirical question that follows is whether an
impaired phonological system causes difficulties in reading and writing, or whether
deficits in phonological processes are a secondary result of some other cognitive
impairment. It should be noted that (relatively) all hypotheses concerning dyslexia,
acknowledge a deficit in the phonological system. A relation between reading and
phonology must be present in some respect, whether primary or secondary.
In this thesis, the attention will be drawn on whether (phonological) errors in
reading and spelling by at-risk children can be captured within a linguistic
framework. If this is the case, then the phonological system of at-risk children can be
described (or perhaps even explained) in more detail. By analyzing the phonological
grammar of at-risk children, an answer to the empirical question (are difficulties in
reading and writing caused by an impaired phonological system?) could come a bit
closer. If it is possible to capture errors in a linguistic framework, then more insight will
be gained into the underlying mechanism, i.e. the phonological grammar, of people
with (a familial risk of) dyslexia.
Many studies concerning dyslexia examined reading skills, but not writing skills.
The latter aspect should not be ignored, because reading can be compensated by
other linguistic factors (such as semantics), which is much less the case for spelling
(word recognition cannot be a compensation factor). It follows that spelling could
provide a more detailed perspective of phonological representations of people with
dyslexia, especially in more transparent orthographies (i.e. where there is a one-toone mapping of phonemes to graphemes). Therefore, spelling skills will be
investigated in this study as well.
From a theoretical viewpoint, several assumptions have been made about the
relation between spelling and phonology. On the one hand, it has been argued that
spelling is entirely dependent upon phonology (e.g. van Heuven 1980, Booij 1985,
Wester 1985), whereas on the other hand, spelling has been considered
independent of phonology (e.g. Zonneveld 1980, Kerstens 1981). A combined
viewpoint is proposed by Nunn (1998), where it is claimed that spelling is partly
dependent on phonology and partly autonomous. Although several assumptions are
proposed, a relation between phonology and spelling in some respect seems
inevitable, especially since children with problems in their phonology (as mentioned
above) are delayed in their literacy development. The theoretical approach of
spelling and phonology is of importance, because with an understanding of
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phonological theory, the (impaired) phonological representations in literacy skills of
children with dyslexia can be better described. In order to learn to read / write (in
Dutch) the child has to become aware of phonemes and place them into a syllable
structure; furthermore the child has to learn contrasts in vowel length in open or
closed syllables (e.g. Landerl & Reitsma 2005). This aspect is part of phonological
awareness that is hypothesized to be impaired in people with dyslexia (e.g. Rispens &
Been 2007). If there is indeed an impaired phonological system, then phonological
spelling and reading errors are to be expected, such as deletion, insertion, vowel
and consonant alternations. In non-word reading, people with dyslexia are known to
have even more difficulties than in a normal reading task (e.g. Lyytinen et al. 1995),
because no other language skills can be used for compensation. In order to read
non-words, one must be able to correctly convert graphemes into phonemes and
subsequently place them into a (syllable) structure. More errors in word reading are
also expected in this study. This is a difficult task for people with dyslexia. Apart from
the observation that poor phonological representations are present in people with
dyslexia, data from this population have never been attempted to be captured by a
linguistic framework.
Several models that describe the relation between natural language and
literacy skills have been proposed from a psychological viewpoint, however these
models are not able to account for specific (deviating) phonological errors. The
relation between phonology and literacy skills has always been pointed out, but no
description of the phonological grammar, that is hypothesized to be impaired, can
be provided with these models. Analyzing phonological representations within a
linguistic framework is desirable because of three reasons; 1) the phonological
acquisition of children with dyslexia can be better described and predicted, 2) it can
thus be used to further qualify and consolidate the PDH, 3) better insight can be
gained with regard to the diagnoses of dyslexia (potentially, errors can be identified
at an earlier stage). Without a phonological theory, it is difficult to grasp the origin of
the language based deficit, and problems in phonological representations remain to
be solely observations.
The main goal of this thesis is to seek for evidence whether problems in
reading and writing can be captured within a phonological model. If this is the case,
then more insight can be gained in the phonological representations of poor readers
(normal readers).
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The phonological model is based on the linguistic framework of Optimality
Theory (McCarthy & Prince, 1993, Prince & Smolensky, 1993, Kager, 1999, henceforth
OT). This framework has been used in most research related to phonology. OT has
demonstrated its explanatory power by assuming violable constraints instead of
phonological rules (as in the Principles & Parameters framework (Chomsky 1981,
Chomsky 1986a). The central idea of OT is that surface forms of language reflect
resolutions of conflicts between linguistic constraints, which are ranked in a language
specific hierarchy. It can therefore account for language acquisition and variation in
speech production. It has already been shown that OT renders fruitful accounts with
regard to phonological disorders (e.g. Dinnsen & Barlow 1998, Barlow 2001, Gierut &
Morrisette 2005) in (child) speech production in both a theoretical and a practical
viewpoint; for instance it clarifies language learnability and orders of acquisition in
the (phonological) grammar, and it (could) hold(s) clinical relevance for the
assessment and treatment of disordered populations, particularly by the systematic
predictions of learning outcomes. The next step is to investigate whether it is also
possible to analyze other (phonologically related) language-based disorders within
the framework of OT, such as dyslexia.
Reading and spelling data from a follow-up study of a longitudinal study
“Early language development in specific language impairment and dyslexia: A
prospective and comparative study” (2004), carried out at Utrecht University, will be
used to arrive at an analysis within a theoretical model in order to gain more insight
into the phonological representations of children with dyslexia. Both (statistical)
quantitative and qualitative research will be carried out in this thesis. The
experimental group with children at-risk of dyslexia will be divided into “affected”
and “unaffected” children based on literacy measurements. From this starting point,
a number of sub-questions need to be addressed first in order to answer the main
question as described above, namely;

1) Are there differences within groups in:
a. a word reading compared to a non-word reading
b. a word reading compared to a spelling task
2. Are there differences in literacy skills of “affected” children at-risk of dyslexia
compared to normally developing children in reading and writing?
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3. Are there qualitative differences between “affected” and “unaffected” children
at-risk of dyslexia?
4. Can phonological errors in reading and writing be explained within the framework
of Optimality Theory?

It will be expected that phonological errors in reading and spelling will arise in both
the “unaffected” and the “affected” group, such as deletion, insertion, vowel and
consonant alternation. More errors will be expected in the “affected” at-risk group
than in the ”unaffected” group; in particular in vowel length, since this is aspect
relates to syllable structure, which is assumed to be defect. Furthermore, it will be
tested whether the proposed model is correct and in what way in can be applied to
reading and writing.
Summarizing, the aim of this thesis is to analyze (phonological) errors in reading
and writing of children at-risk of dyslexia in comparison with normally developing
children and to clarify the linguistic mechanism (phonology) that underlies reading
and writing. The approach of this study is both experimental and theoretical. The
results of the conducted experiments will contribute to knowledge of phonological
representations of children at-risk of dyslexia (“affected” and “unaffected” children
at-risk of dyslexia); the theoretical analysis of the results within the framework of OT
will further qualify and consolidate the PDH, because more insight will be provided
into the underlying mechanism, i.e. the phonological grammar, of people with (a
familial risk of) dyslexia. From a theoretical perspective, if it is possible to link OT to
language-based disorders, such as dyslexia, then the framework will gain more
explanatory power.
The structure of the thesis is as follows; chapter 2 provides the theoretical
background of dyslexia and its relation to phonology, Dutch orthography and
phonology and an introduction of Optimality Theory. Apart from introducing these
separate aspects, it will be clarified that relating the three topics deserves more
attention. Chapter 3 presents the research questions and predictions. The
experiments with the results are presented in chapters 4 and 5. A general discussion is
given in chapter 6 where a possible OT model of reading and writing will be tested
by means of the data. Chapter 7 summarizes and concludes the thesis with
suggestions for further research.
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2. Background
In this chapter, a theoretical background of (a linguistic approach of) dyslexia will be
sketched and its relation to phonology, also known as the Phonological Deficit
Hypothesis. In section 2.2 it will be clarified that problems in phonological processing
are a main observation in people with dyslexia. Section 2.3 will show that phonology
and spelling are related; an overview of Dutch spelling in terms of phonological rules
will be provided in order to obtain a more detailed image from a theoretical
perspective. This, in turn, is theoretical evidence in favor of literacy problems in
people with dyslexia; namely, spelling (and reading) and phonology are related and
a poor phonological system is assumed in people with dyslexia, which entails poor
literacy skills. In section 2.4, an introduction of OT, phonological acquisition and its
application to phonological disorders will be provided. Finally, a theoretical model
that accounts for (impaired) reading and spelling will be proposed.

2.1 Dyslexia and the Phonological Deficit Hypothesis
A traditional definition of developmental dyslexia was proposed in the late sixties by
the World Federation of Neurology (1968). According to this definition, dyslexia is:

[…] a disorder manifested by difficulty in learning how to read despite conventional
instruction, adequate intelligence and socio-cultural opportunity. It is dependent
upon fundamental cognitive disabilities which are frequently of constitutional origin.

This definition is considered to have served an important function in the field of
dyslexia. However, apart from reading difficulties, it is not clear what characteristics
are associated with this disorder given this traditional definition. Moreover, spelling
difficulties are not acknowledged in the above mentioned definition, although these
difficulties are certainly not to be ignored. In the late seventies and eighties,
researchers shifted from traditional definitions to more language-based theories (e.g.
Vellutino, 1979, Catts, 1989) where a causal link between certain language
processing deficits and the reading and writing problems was suggested. Indeed, a
large number of studies have found that children with developmental dyslexia show
poor performance on a wide range of language tasks next to their difficulties in
reading and writing in both speech perception and production of phonology and
12

morphology and syntax (e.g. Joanisse, Manis, Keating & Seidenberg 2000, Rispens
2004). Several cognitive deficit hypotheses have been proposed to account for the
origin of dyslexia, such as deficiencies in the visual system (e.g. Breitmeyer 1989,
Badcock & Lovegrove 1981, Eden et al. 1996), deficiencies in the semantic and
syntactic components of language (e.g. Vellutino 1979, 1987, Vellutino & Scanlon
1982, Dickinson & Tabors 2001), problems in auditory processing (Tallal 1980), weaker
categorical perception (Werker & Tees 1984, Serniclaes et al. 2004) and deficits in the
phonological system3 (Catts 1989, Ramus 2001, Snowling 2001). Catts (1989) was the
first to define dyslexia as a developmental language disorder where processing of
phonological information is impaired. Catts claimed that dyslexia is already present
from birth and persists into adulthood. The most prominent characteristic of this
language-based disorder is a specific reading disability. This may be the result of
failure of mapping phonemes onto graphemes. A phoneme is a group of slightly
different sounds which are all perceived to have the same function by speakers of
the language in question. A grapheme is defined as the smallest orthographic unit, a
letter or combination of letters (Nunn 1998). In this respect, a problem in the
correspondence between phonemes and graphemes is proposed rather than the
phonology itself. Although different hypotheses (as stated above) are proposed that
try to account for the origin of dyslexia, poor phonological representations are
always acknowledged. Therefore, the PDH will be taken as a starting point.
As described above, the problem in reading and writing seems more likely to
originate from an incorrect correspondence between phonemes and graphemes. A
somewhat different viewpoint is that children and adults with dyslexia are assumed
to have difficulties with the perception, encoding, retrieval and use of phonological
forms. Mostly, their phonological representations are described as unspecified,
insufficient, insufficiently detailed, of poor detail, or holistic, but further specification
at the phonological level are not yet described in detail. This assumption is also
known as the Phonological Deficit Hypothesis (e.g., Ramus 2003, Veluttino et al.
2004). The PDH embodies three main dimensions that have been widely investigated
in the past two decades, namely: a) poor phonological awareness (e.g. phoneme
deletion tasks), b) poor verbal short-term memory (e.g. non word repetition tasks),

There is an overlap between weak categorical perception hypothesis and deficits in the
phonological system. Poor categorical perception could lead to an impaired phonological
system.
3
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and c) slow lexical retrieval (e.g. rapid naming tasks). A deficit in phonological
representations of one or more of the above-mentioned levels may cause problems
in speech perception, speech production, reading and writing (Ramus, 2001).
Problems in speech perception and speech production might seem obvious
as a result of an impaired phonological system, but how does that relate to problems
in the acquisition of literacy? Learning how to read involves the mapping of
phonemes onto graphemes. Phonemic awareness in highly important in this respect,
because the child has to figure out which graphemes correspond to which
phonemes (depending on the transparency of the orthography that is being
acquired). Vice versa, the acquisition of alphabetic systems helps the child to
become more aware of the phonology in her language (Goswami, 2000). Snowling
(2001), among others, claims that poor phonological representations lead to slow
literacy development, poor generalization of word reading skills to non-word
reading, and poor spelling development. This is supported by a study of Bishop and
Clarkson (2003) who claimed that written language is a sensitive index for underlying
language problems. Their results show that children with pure speech difficulties4 did
not have literacy problems, indicating that poor articulation is not causally related to
poor literacy. Children with language impairments, however, did have problems in
written language. They made spelling errors that revealed difficulties in phonological
representations (words that were phonologically inaccurate, e.g. took  tock,
mouth  math) and poor performance on a non-word repetition task (henceforth
NWR). Poor performance on a non-word repetition task indicates a delay in the
verbal short-term memory. This implies that there is a correlation between poor
performance on a NWR and poor literacy. Summarizing, written language could be
considered a “window” into language deficits, because literacy is considered a
secondary language system; it could reflect problems in natural language in terms of
underlying language problems. More specifically, it could show problems in the
phonological grammar of language impaired people. If this is the case, then
phonologically related errors would surface in reading and/or writing, such as
deletions, insertions, and substitutions.
It

could

also

be

the

case

that

“only”

the

phoneme-grapheme

correspondence is impaired in people with dyslexia. The role of transparency is
It is not entirely clear what kind of speech difficulties are dealt with. The criterion of speech
impairment was a score of 85% or fewer consonants correct on the Edinburgh Articulation
Test (Anthony et al. 1971).
4

14

important in this respect; it has been shown that the orthography of transparent
languages (e.g. Italian) is easier to learn than that of opaque languages (e.g.
English). It can thus be inferred that the transparency of a language influences
reading difficulty (Goswami 2000, Paulesu et al. 2001). It follows that atypically
developing children are even slower in the acquisition of opaque languages
compared to typically developing children. The more transparent the orthography,
the

more

phonological

errors

are

expected. In

opaque

languages,

also

morphological and orthographical errors would be present.
A common way to investigate literacy skills and language factors is by
studying the language development of children with (a familial risk of) dyslexia. If
these children, who have not learned to read and write, show difficulties in their
language development, it is possible to shed more light on linguistic precursors of
dyslexia5. Scarborough (1990, 1991) demonstrated that at-risk children between the
ages of 2 and 5 years showed poorer language abilities compared to their age
peers. Within the group that was later specified as poor readers, vocabulary deficits,
poor rhyme recitation skills, and phonemic awareness deficits were observed at the
age of 3 and 4. Furthermore, the poor readers exhibited a less accurate
pronunciation of words at the age of 2 years. These studies concerned AmericanEnglish speaking children; but there is also evidence from Dutch children.
Van Alphen et al. (2004) tested four year old Dutch children with a risk of
dyslexia; it seemed that at-risk children perform significantly worse on a non-wordrepetition task compared to their age-matched controls. Children with SLI performed
significantly more poorly than the at-risk group. A follow-up study of the same
children at eight years old by de Bree et al. (in press) revealed that there is a
correlation between low performance on NWR and poor literacy measures. Both
“affected” and “unaffected” at-risk children (as measured by a composite literacy
score) obtained significantly lower NWR scores compared to the control group6.
These findings suggest that phonological processing is difficult for the entire at-risk
group. The ability to compensate on other language skills will determine whether
literacy difficulties will further develop or not. Gerrits and de Bree (2009) conducted
speech perception and production experiments with three year old Dutch children

Between 30 – 65 % of at-risk children have been found to be diagnosed with dyslexia in
these precursor studies.
6 Results from a NWR task in the follow-up study (2008)of this cohort revealed that the
“affected” at-risk group differed significantly with the controls (p = 0.003).
5
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at-risk of dyslexia. Again, their performance was compared to that of age-matched
children with SLI and typically developing children. It was found that speech
perception and production from the at-risk group was poorer than that of the
controls, and highly similar to the SLI-group. Rispens & Been (2007) tested Dutch
children (mean age 8;6) diagnosed with dyslexia and SLI, compared to typically
children, and found comparable results. Both experimental groups scored more
poorly on tasks tapping phonological awareness and non-word repetition than
typically developing children7. These results indicate that Dutch children with (a
familial risk of) dyslexia indeed have difficulties with phonological processing.
The above discussed literature has shown that there is evidence that children
with (a familial risk of) dyslexia encounter difficulties at the segmental level of
phonology. What about other aspects of phonological representations at the suprasegmental level (prosody), such as stress, intonation, and rhythm? The acquisition of
these aspects in at-risk children has been studied not very often. The perception of
supra-segmental representations was studied by Goswami among others (2002) and
found that at-risk children had more difficulties perceiving these aspects. As for
production, deficiencies at the supra-segmental level are also found in children with
(a risk) of dyslexia; unstressed (weak) syllables are more likely to be omitted by at-risk
children (de Bree & van der Pas 2004). Furthermore, another stress assignment task
revealed that three-year-old at-risk children had more difficulties repeating (highly)
irregular to illegal stress patterns in nonsense words compared to control children,
and at-risk children appeared to make less use of metrical cues (e.g. syllable weight)
in word recognition (de Bree, et al. 2006). Moreover, their phoneme percentage
correct rate was also lower than that of the control group. A replication of the stress
assignment task was conducted with eight-year-old and nine-year-old dyslexic
children and showed similar results. This also suggests a delay at the supra-segmental
level, in particular stress assignment, in children with dyslexia. This finding strengthens
and specifies the PDH, because 1) stress assignment is a pure phonological skill and,
2) stress assignment takes part of the supra-segmental level, so not only the
segmental level is described as impaired. Moreover, given that spelling strongly
depends on syllable structure, a deficient supra-segmental level is an important
observation. Phonemes need to be built up into constituents (the onset and the

Both experimental groups also performed more poorly on a task tapping subject-verb
agreement.
7
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rime); constituents need to be built up into syllables. This aspect of spelling will be
explained in more detail in section 2.3.
Within the assumption that dyslexia (partly) stems from poor phonological
representations, several versions of the PDH have been proposed. Crain and
Shankweiler (1990) argued that an impairment in phonological representations
hampers all linguistic processes (phonology, syntax, morphology). The main cause is
hypothesized to be a deficit in the perception of sounds. Therefore, a deficit in the
phonological system is considered a bottleneck for all language impairments. This
argumentation seems plausible; however it is rather too general. It fails to make
predictions in the language acquisition of people with dyslexia, so a more detailed
model is preferred. Ramus (2001) among others proposed a grammar-like model of
lexical access and also argued that a deficit in phonological awareness causes
problems in literacy development. However, this model does not provide more clarity
about the underlying mechanism of reading and writing, i.e. phonology. Moreover,
in a recent article, Ramus & Szenkovits (2008) claim that a deficit in the phonological
short-term memory causes difficulties in people with dyslexia. The hypotheses that try
to account for a poor phonological system are rather shaky; they do not seem to
deliver a concrete description of how the phonological grammar in people with
dyslexia is built up.
In sum, it remains unclear in what way problems in the (impaired)
phonological grammar of people with dyslexia is expressed in reading and writing.
Therefore, a linguistic model should be introduced in order to clarify the mechanism
that underlies reading and spelling. By doing so, a more detailed description (or
explanation) can be provided in literacy skills of people with dyslexia. Errors in
reading and writing can shed more light into the underlying mechanism of literacy
skills, it is then possible to see what specific (phonological) processes are necessary in
order to read and/or spell. There is little literature about the analysis of phonological
errors in reading and spelling. Some studies with respect to errors in spelling have
been conducted; these will be discussed in the next section.

2.2 Phonological errors in spelling
As already mentioned above, there are not many studies on spelling in people with
dyslexia. In particular, qualitative studies on spelling and also even more on reading
errors are scarce. Since the analysis of reading and spelling errors is the focus of this
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thesis, some literature with regard to phonological spelling errors will be reviewed in
opaque and transparent languages. First, it must be made clear what kind of error is
defined as a phonological error. A phonological error is an error that results (or
perhaps caused by) in an incorrect pronunciation of the target word (e.g. diner for
dinner), whereas an orthographic error, concerns the use of a wrong grapheme (or
the deletion of a certain grapheme), but represents the correct pronunciation (e.g.
to for two). A phonological error can be the result of an impaired phonological
system, or it may have been caused by incorrect perception. This is obviously not the
case in an orthographic error.
Treiman (1997), among others, claimed that people with dyslexia encounter
serious problems in spelling, which are often more severe than reading problems in
both opaque (e.g. English) and (relatively) transparent languages (e.g. Italian,
German). A quite common phonological error that is observed in spelling is difficulties
with vowel length. A German study by Landerl and Wimmer (2000) showed that
errors in spelling reflecting vowel misspellings and place of articulation (POA) were
present in German children with dyslexia (mean age 11;7). The authors, however, did
not count errors on vowel length as phonological errors, whereas they did so with
errors on POA8. Although Landerl and Wimmer did not acknowledge errors on vowel
length as phonological, these errors cannot be dissociated from syllable structure.
Several phonologists (e.g. Leben 1973, Selkirk 1982 among others) have assumed that
length is a phonological property, present at least at the stage of derivation where
syllable structure is assigned. The change in vowel length changes prosodic structure;
in a number of languages, stress is reinforced by vowel length. In Italian for instance,
long vowels always occur on stressed syllables, which are specified as heavy
syllables. In categorical perception studies, it is also reported that infants have
difficulties more discriminating speech sounds within the same phoneme category
than speech sounds belonging to different phoneme categories (e.g. Serniclaes et al
2004). This observation has always been interpreted as an auditory / temporal
problem, and not being of phonological origin. The main argument is that a deficit in
allophonic perception specifically affects the mapping between graphemes and
phonemes.
Vowel length can also have a distinctive role in meaning, as attested in
Finnish. A Finnish study by Richardson et al. (2003) showed that people with dyslexia

8

No explicit examples are provided in their article.

18

have difficulties learning vowel and consonantal duration contrasts from birth to
adulthood in some cases. In Finnish, contrasts in vowel and consonant duration lead
to different meanings (e.g. “tuli” means fire, “tuuli” means wind, and “tulli” means
customs). The question that arises is whether people with dyslexia have problems
acquiring this distinction in vowel and consonantal length (quantity). Lyytinen et al.
(1995) investigated adults diagnosed with dyslexia. One of their main goals was to
examine reading problems in detail and to identity deficits instead of a delay. The
adult group included two sub-groups that showed problems with phonology9 (mean
age not reported); the first group (the phonological deficit group) had most
problems with non-word reading and phonological manipulation (as attested in a
phoneme deletion task); the second group (the hyphenation group) showed most
difficulties with syllabification tasks. It can be said that the first sub-group showed
problems at the segmental level, whereas the second group had difficulties at the
supra-segmental level. A more fine-grained analysis of the phonological errors in a
word reading and a non-word reading task revealed that the most frequently
committed errors by the Finnish adults with dyslexia concerned quantity errors, i.e.
errors with vowel length. In a spelling task, these error types were most prominent
compared to other language tasks. Lyytinen et al. (1995) tested the correlation
between quantity errors and reading related skills (e.g. phonological lexical decision
time, rhyming) and found significant results. This implies that there is indeed a strong
relation between quantity errors and literacy skills.
Caravolas & Volín (2001) investigated spelling performance of Czech children
diagnosed with dyslexia (9 – 12 years), compared to chronological age controls (9 –
12 years) and to spelling ability control groups (7 – 10 years). Given that Czech
spelling is highly consistent and most words can be derived by one-to-one phonemegrapheme mapping, phonological errors in spelling are expected (and for instance
not morphological ones). They compared the group error rates on diacritic errors,
cluster reductions, vowel omissions, and phonological feature errors. Especially,
diacritic errors were of importance, since diacritics on vowels mark vowel duration in
Czech. They found that Czech children with dyslexia in grades 3-5 performed
significantly worse at producing phonologically plausible spellings than their CA
peers and made as many errors as grade 2 children. No significant differences were
found on separate analyses on phonological spelling errors (cluster reductions, vowel
Other subgroups concern an “orthographic subgroup”, an “orthographic-semantic
subgroup”, and a “double deficit group” (both orthographic and phonological).

9
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omissions, and feature errors). The results from this study indicate that children with
dyslexia are delayed in their spelling, but that they do not exhibit a deviant error
profile compared to their CA peers.
In English, phonological errors have also been found in children with dyslexia.
Bourassa & Treiman (2003) found in post hoc analyses that children with dyslexia
(mean age 11;1) performed significantly more errors on vowel omission (no vowel
before r, e.g. dinr for dinner), vowel substitution (C(C)VC with short vowel spelled with
final e, e.g. bate for bat ), and consonant doubling problem (intervocalic consonant
after short stressed vowel spelled with single consonant letter, e.g. super for supper).
English children with dyslexia appear to have difficulties understanding the function
of the silent e, and the function of intervocalic consonant doubling that leads to a
short vowel. From this study it can be concluded that children with dyslexia have
problems with vowel length, as attested by double consonants problems.
Landerl and Reitsema (2005) conducted a study with Dutch and German
children from grades 2, 3, and 4 (mean ages 7;10, 8;9, and 9;9) with respect to vowel
duration in spelling. In Dutch, vowel duration in spelling is phonologically consistent,
but morphologically inconsistent (e.g. paar – paren, pair – pairs). In German, it is the
reverse; it is phonologically inconsistent (Paar – Paare, pair – pairs). The authors
contrasted the two languages in order to examine the role of phonological and
morphological consistency in the acquisition of the same phonological feature.
Word and non-word spelling in singular and plural form was assessed in both groups,
followed by an identification task of the correct spelling of the same non-words. It
appeared that Dutch children were better at word spelling, and that German
children performed at ceiling in the identification task in contrast to Dutch children.
Furthermore, German children performed similarly in spelling of singular and plural
items, whereas Dutch children showed a large discrepancy between the two forms.
This is caused by a vowel alternation rule in Dutch that prohibits double vowels letters
in an open syllable (it is phonologically consistent, but not morphologically). In
German, no such rule is necessary in order to spell a plural form. Thus, it is not
surprising that Dutch children encounter more problems spelling singular and plural
forms from this type of syllable structure (CVVC – CVCVC). In the next section, vowel
alternation will be discussed in more detail from a theoretical perspective.
An explanation for the fact that people with dyslexia have difficulties with
vowels duration comes from Goswami et al. (2002) and Richardson et al. (2004). The
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first demonstrated that syllable level information is primary in early language
acquisition. People with dyslexia have problems extracting syllable level information
(the representation of onset-rime level). Therefore the entire phonological system,
including the onset-rime level and the phoneme-level is impaired. Subsequently, the
impaired phonological system will be reflected in reading and writing. They argue
that it could be plausible that the rime is most severely impaired. Richardson et al.
(2004) support this statement; they showed that a group of dyslexic children (mean
age 8;9) showed significant deficits in rise time tasks compared to age matched
control and reading level matched children (mean age 7;6). Time rise tasks
detection refer to the identification of specific rapid acoustic signals (non-linguistic
sounds), typically occurring around the onset of a vowel. Phonemic awareness tasks,
reading (word and non-word reading) and spelling tasks were also conducted;
multiple regression analyses revealed a relation between the results from the time rise
task and the literacy tasks, but not with the phonemic awareness task. The authors
argue that awareness of larger phonological units is impaired, i.e. the representation
of the syllable (onset-rime). Poor phonological representations affect the acquisition
of literacy skills, following Snowling (2002) among others. Therefore, deficits in the
accurate perception of rise time could affect the development of onset-rime
representation, the most fine-grained level of sub-syllabic representation that must
be attained prior to literacy. In short, according to Richardson et al. (2004) a deficit in
auditory processing leads less complete phonological representations.
Focusing on the more fine-grained aspect of reading, i.e. conversion of
phonemes to graphemes, Cossu et al. (1995) argued that a discrepancy between
reading and spelling is not expected in transparent languages, because there is a
one-to-one mapping between phonemes and graphemes. The opposite is observed
in opaque languages because more processes are involved in the conversion of
phonemes to graphemes, such as morphology. A small discrepancy is expected in
semi-transparent languages, like Dutch and German. In a German study (Wimmer &
Hummer 1990) it was found that normally developing children in first grade were
better in reading than in spelling and that real words were easier to elicit (correctly)
than non-words. German orthography resembles Dutch in terms of transparency; it is
reasonably regular although not as transparent as Italian. In Italian different results
have been found with respect to the dissociation between reading and spelling.
Cossu et al. (1995) conducted a study in which reading and spelling in Italian first and
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second graders was assessed. They found that first graders performed better in
spelling than reading and better in words than in non-words. Second graders
performed well in both tasks; however, an additional variable “word length” was
significantly different in this group. In both reading and spelling, short words were
easier than long words. An impairment in (verbal) short term memory must be
responsible for this difficulty. Reading and spelling errors were also analyzed;
consonants were most frequently subject of being erroneously spelled or read. This
error occurred mostly in word final (coda) position, and more in non-words than in
existing words. There seems to be a preference for CV structure, which is the least
marked universal syllable structure. Furthermore, the coda in a word, is the least
salient component in production; this could explain tasks such as spelling to dictation
(the final consonant is not well perceived or not well pronounced) and oral reading
(the final consonant is not well produced).
In sum, several studies in different languages that differ in transparency have
shown that problems in vowel length are regularly observed in children with dyslexia
(in Czech, German, and English). It is interesting to know whether similar problems
arise in reading as well. If errors in vowel length are phonologically based, then it
would be expected that problems in vowel length will also be expected in reading
as well, since both processes depend (partly) upon phonology. In terms of the PDH,
this refers to an impairment at the supra-segmental level of phonology. However,
Following Treiman (1997) among others, children with dyslexia encounter serious
problems more often in spelling than in reading in both opaque and (relatively)
transparent languages; this leads to the expectation that Dutch children, who have
poor literacy skills, will encounter difficulties with vowel length less frequently in
reading than in spelling.

Summarizing, despite the aforementioned results in favor of the PDH, it is still unclear
what the exact role of phonology is in children with developmental dyslexia. In
particular, it is not clear what the structure is of phonological grammar in children
with dyslexia; do they have problems with phonological processes (at the surpasegmental level) or do they only encounter problems with the conversion of
phonemes to graphemes (at the segmental level). There is no such model that is
able to provide an account for poor performance on phonological phenomena. It
only shows that there is a contribution of phonology to reading and writing. Currently,
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it is only clear that people with dyslexia have difficulties with phonemic awareness,
and there is little evidence that there is also an impairment at the supra-segmental
level, that concerns syllable structure (e.g. problems with vowel length). The latter
aspect is certainly an important factor in reading and spelling, since syllable structure
is reflected in the spelling of many languages to a certain extent. It was already
mentioned that Dutch at-risk children had more problems repeating (highly) irregular
stress patterns; it could be postulated that there is a relation between a deficient
supra-segmental level and problems in reading and spelling. On the other hand, it
could also be the case that phoneme to grapheme conversion is difficult for children
with dyslexia, depending on transparency of the orthography. In that case, a
problem at the segmental level of phonology is responsible for an incorrect
construction of syllable structure, which refers to larger phonological units.
In order to gain more insight into the phonological grammar of children with
(a familial risk of) dyslexia, a linguistic model must be used. As already mentioned
above, phonological representations are solely described as “unspecified” or of
“poor quality” and thus need to be specified by pinpointing specific components
that are deviant in the phonological system of children with dyslexia. Furthermore,
the general assumption made is that phonological representations are the input
required for learning to read and write, however it is not made entirely explicit what
this phonological input is. Therefore the PDH should be grounded in terms of a
linguistic theory in order to make this description more specified. If dyslexia is
characterized

by

poor

phonological

representations,

then

phonological

development should also be more difficult for children with (a risk of) dyslexia than for
normally developing children. More specifically, children with (a risk of) dyslexia
should show more (deviating) phonologically related errors in reading and writing
than children without a familial risk of dyslexia. Before phonological errors in reading
and writing can be analyzed, it must first be clarified in what way (Dutch) spelling is
specifically related to phonology at the supra-segmental level (syllable structure).
Without an understanding of phonological theory, it is difficult to indicate where
children with (a risk of) dyslexia encounter phonological problems in reading and
writing. Therefore in the next section, the relation between phonology, syllable
structure, and spelling will be illustrated.
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2.3 Spelling and phonology in Dutch
Spelling and reading cannot be learned without explicit instructions, in contrast to
natural language. In order to write, skills from several linguistic domains, such as
semantics, syntax, and phonology need to be activated and coordinated.
Furthermore, without learning how to read first, it is not possible to master writing skills.
Spelling and reading are processes that concern the association of phonemes to
graphemes. Depending on the language, whether it is transparent or not, mapping
difficulty could vary. Languages that have a (nearly) one-to-one mapping (e.g.
Spanish) are easier to learn than those that have a many-to many-to-many mapping
(e.g. English)10. This can be caused by the fact that there are simply not enough
letters that can represent each sound, for etymological reasons, or by influence of
loanwords11. In terms of the PDH, one could argue that is has (partly) to do with
phonemic awareness. Dutch does not have a perfect one-to-one correspondence
between sounds and letters, it is semi-transparent (e.g. lachen [x] (to laugh) versus
chocola [S]) (chocolate). It is therefore important for the reader / writer to
understand that there are spelling conventions (rules) that she needs to take into
account. In this section, an outline of Dutch spelling will be illustrated in terms of a
phonological rule-based system. In the 80s spelling was also proposed to be an
independent process of phonology; in section 2.3.1 this counterpart will be briefly
explained, however, this viewpoint will be abandoned in this thesis, since several
spelling processes in Dutch appeared to have a very strong connection to the
(phonological) syllable structure (spelling is connected to phonology). These spelling
processes concern diaeresis placement, hyphenation, and alternation. It must be
noted that the first two spelling phenomena serve uniquely as an illustration of the
relation between phonology and spelling, and thus as an interpretation for the
reason why people with dyslexia encounter difficulties in reading and spelling as
motivated in the PDH. Diaeresis placement and hyphenation will not be discussed
further on in the thesis, because the data is not suitable for an analysis as such. Vowel
alternation, however, will be resumed in chapter 6.

A notorious example of opacity in English is “ghoti” that could be pronounced as “fish” if
the pronunciation is derived from the following words: enough [f], women [I], nation [S].
11 This thesis will not address the spelling of loanwords, but only that of native words.
10
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2.3.1 Spelling: Autonomous spelling or Applied Phonology?
Several models with regard to the relation between spelling and phonology have
been proposed. In the 1980s, two theoretical frameworks with regard to spelling were
prominent in the literature; Autonomous spelling (Zonneveld 1980, Kerstens 1981) and
Applied phonology (Wester, 1985, 1987). The first one, Autonomous spelling (AS)
considered spelling as a process independent of phonological representations, but
operating on abstract morpheme representations. This implies that pronunciation
does not have any influence on spelling. Within the framework of AS, it is assumed
that there is an independent orthographic underlying form that is assigned to several
rules, rendering with the correct orthographic surface form. This process is visualized
in figure 2.

Abstract spelling of morphemes
(no relation with sound representation)

grapheme-to-grapheme rules

spelling of words
Figure 2: Autonomous spelling

The second approach, Applied Phonology (AP), considered the opposite of the
principles of AS, namely that spelling is derived from phonological representations by
abstract phonological rules (e.g. van Heuven 1980, Booij 1985, 1987, 1991, 1995,
Wester 1985, 1987). AP to spelling attempts to clarify the relation between spelling
and pronunciation by a) developing efficient grammatical rules that take spelling as
an underlying structure (form) and pronunciation as a phonological output and b)
by developing efficient grammatical rules that operate in the opposite direction,
namely, taking the pronunciation as an underlying form and subsequently
generating spelling as an output (Wester 1985), as illustrated in figure 3.
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sound representation
phoneme-to-grapheme conversion rules
combined sound-spelling
representation
spelling rules
spelling
Figure 3: Applied phonology

Both frameworks have illustrated their model by means of an analysis of diaeresis
(e.g. zoëven, just now), hyphenation (e.g. on-interessant, uninteresting), alternation
of vowel and consonant letters in Dutch (e.g. aap – apen, monkey – monkeys, mep –
meppen, smack (1st person singular) - to smack). Within these processes, the
phonological syllable structure appeared to be better able to account for these
phenomena as opposed to orthographic syllables. Orthographic syllables obey
morphological structure. It has been shown in the literature that morphological
boundaries can partly explain instances of diaeresis, hyphenation, and alternation,
but need a number of exceptions (see Wester 1985 for an elaborate comparison
between these two frameworks). Therefore, in the following sections, an overview of
Applied Phonology to spelling will be provided in this thesis. This will serve as evidence
to the claim that spelling is phonologically grounded; and that it is thus not surprising
that children with dyslexia, who are claimed to have an impaired phonological
system, encounter problems in the development of literacy skills.

2.3.2 Diaeresis
Dutch spelling is familiar with diaeresis on vowel letters (ä, ë, ï, ö, ü), in particular only
on vowel letters that follow another vowel letter in order to prevent incorrect digraph
interpretations (e.g. <oe>, <ui>, <eu>, au>, <ou>, and <ie>). According to AP,
diaeresis is assigned to words that exhibit a sequence of vowels that can have an
ambiguous meaning, like zoëven (just now) – zoeven (to zoom), but not zoal (kind of
things), or it aims to prevent a possible incorrect pronunciation that could be the
result of a mechanical reading (e.g. geëerd). Consider some examples below:
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3)
a. zoëven

(just now)

b. zo-even

c. zoal

(kind of things)

intuïtie

(intuition)

intu-itie

geuit

(expressed)

geëerd

(honoured)

ge-eerd

geopperd

(proposed)

theorieën

(theories)

theorie-en

groeien

(to grow)

smeuïg

(smooth, vivid)

smeu-ig

koeieuier

(cow udder)

According to these rules, Wester points out that diaeresis is placed in all cases with
two possible readings. An exception is made for cases ending with the suffix –achtig
(-like) such as zebra+achtig (zebra-like), *zebraächtig; this particular suffix is assigned
to a hyphen, zebra-achtig. As for sequences of three or more vowel letters, a more
specific rule is necessary (as in geuit (expressed). Wester (1985) proposes a ranking of
parsing priority of (a sequence of) vowel letters (where “Vi Vi“ denotes aa, ee, oo,
and uu, and “ V“ stands for a, e, i, o, and u).

4) Vi Vi > oei > oe > ei > ui > eu > au > ou > ie > V

The ranking order of vowel letters as stated in (4), predicts that in cases of possible
ambiguous vowel letters, parsing of the left have priority over those on the right (e.g.
in geuit, <ui> has priority over <eu>). Furthermore, she assumes an autosegmental
CV-structure that governs the placement of diaeresis (see ex. 5). This assumption is
phonologically based, since the CV-structure reflects a phonological representation,
i.e. a phonological syllable. More specifically, in an autosegmental CV-structure
(within the framework of Autosegmental Phonology, Goldsmith 1976) the syllable
consists of a hierarchical structure of three layers which are called tiers. The first layer
is the segmental tier, the second layer is the CV-tier, and the third tier in syllable
representation is called the syllable tier. Each tier has its formal properties of the
autosegmental system. The independence of the CV-tier and the segmental tier is
evidenced by the fact that phonological rules could be applied independently to
the member of each tier, or may affect the manner in which the elements of these
two tiers are associated with each other (Clements & Keyser 1983). Example 5 shows
the autosegmental structure of the written word geëerd (where Z stands for syllable).
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Diaeresis is assigned to the second <e> at a syllable boundary. This is in line with the
assumption that pronunciation corresponds to spelling12.

5)

Z

Z

C V

VCC

g

ëer d

e

The hierarchy in (4) is able to account for words like geuit, smeuïg, knieën. However,
Zuidema et al. (1994) remarked that some of the predictions cannot be accounted
for. Cases in which the ranking proposed by Wester predicts an incorrect spelling
form concerns instances with <ee> (e.g. reëel, (realistic), versus reeën, (deers),
feeëriek, (fairich), versus geëigend,(owned). In the latter examples, a sequence of
three similar vowel letters is represented. Given the hierarchy in (4), it is not clear on
which vowel letter diaeresis must be placed. They demonstrated that only the
following rankings hold:

6) trigraphs > digraphs > monographs
ui > eu

(geuit, expressed, smeuïg, smooth, vidid)

ie > ee

(knieën, knees)

ui > ie

(uien, onions)

Zuidema et al. (1994) state that a) diaeresis must be placed to the second of a
sequence of two vowels that can be incorrectly interpreted as a grapheme and, b)
that a diaeresis must be added in a sequence of more than two vowels if the
sequence ee is ambiguous, or if i can be incorrectly combined with a vowel in the
preceding syllable. Nunn (1998), argues that diaeresis placement is determined by
the morphology of the words. The vowel in the suffix is assigned to diaeresis
placement (re + ëel, ree + en, fee + ëriek) , whereas in cases of a prefix, the vowel in
the stem receives a diaeresis (ge + ëigend). However, it seems that the phonological
For a more extensive discussion on diaeresis placement, see for instance Wester (1985), and
its counter analysis Kerstens (1981), and Nunn (1998).

12
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syllable boundary in the latter examples are still involved in the assignment of
diaeresis; this is also illustrated by the examples reëel [re-jel], reeën [re-j´n]. Diaeresis in
the latter examples indicates a phonological boundary; as can be seen in (7) and
(8).

7)

8)

Z

Z

Z

Z

C V

V C

C V

V

C

r

ëe l

r e e

ë

n

e

In conclusion, phonology plays a crucial role in diaeresis assignment and is able to
account for diaeresis placement. In particular, the assignment of syllables is an
important aspect in diaeresis placement. This is a supra-segmental component of
phonology, which is hypothesized to be impaired in children with dyslexia.

2.3.2. Hyphenation
Hyphenation is used in cases where words are too long to fit on a line (as exemplified
in 3b, zo-even). This cannot be done without restrictions, because it is not possible to
place a hyphen on all positions within a word. In the framework of AP, Wester (1985)
argues that the position of the hyphenation is dependent upon phonological syllable
boundaries (e.g. [kri-ul´n] / kri-oelen, to swarm). Consider the formal rule in (9)
defined by Wester (where Ø denotes an empty position, and where Z stands for
syllable).

9) Ø  - / [+seg] ] Z _ Z [[+seg]

The rules in (9) states that hyphens appear at boundaries of phonological syllables.
This is illustrated in (10).
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10) men-sen (people)

Z

Z

CVC

CVC

me n

s e n

Wester argues that:
a) as large as possible syllable trees must be built from right to left that dominate
autosegments of the type (C)VC
b) remaining autosegments must be assigned to the first right aligning syllable from
the autosegment in question13.

Given these formal rules, autosegmental CV-structures can be built as was already
illustrated in examples 5, 7, and 8. The CV-structure reflects a phonological
representation, i.e. a phonological syllable. A phonological syllable can explain
hyphenation instances of the letter “x”. The letter “x” is associated with two
consonantal sounds [ks], this implies, a two-branched structure. In short, hyphenation
is purely phonologically driven.

13

Translated from Wester (1985: 182)
a) Bouw van rechts naar links werkend, zo groot mogelijke S-bomen (syllabe-bomen)
boven autosegmentele sequenties van het type (C)VC Ø
b) Hecht een “overblijvend” autosegment aan aan de eerste S-boom rechts van het
autosegment.
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11)

Z

Z

VCC

CCV

e

t r a

x

By assuming a structure as such, hyphenation in words like extra (extra) can be
explained, because the boundary lies between ex-tra. The same holds for the
graphemic pair <ch> that is associated with the sound [x], and the double vowel
letters <aa>, <ee>, <oo>, <uu> which are associated with one consonantal sound,
but represented by a two-branched structure (see also example 5 where geëerd is
illustrated in a CV structure). Although phonological syllables are able to predict
hyphenation in Dutch, Wester argues that it does not provide a complete account.
She claims that morphology also plays an important role within this process, for
instance in cases of words with prefixes (ex. 12a), but surprisingly this is not the case
with suffixes (ex. 12b).

12)

a. af-eten
(finish eating)

compared to a-fasie b) bloe-dig
(aphasia)
(bloody)

om-armen
(to embrace)

compared to o-ma
(grandmother)

groe-ne
(green)

Wester proposed that in cases of prefixes, a hyphen must be placed at the
morphological boundary after the prefix. In cases of an affix, the phonological rule
must be applied. It is true that in the examples in 11a concern prefixed words,
nonetheless, they do respect phonological boundaries (see 12), they do not undergo
resyllabification, i.e. stem-final consonants are resyllabified into the onset of the first
syllable of the suffix if this suffix starts with a vowel. Van Oostendorp (1994) mentions
that there are no prefixes that are incorporated into a prosodic word (i.e. prefixes
act independently of the syllabic structure of the word), in contrast to most suffixes
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which are adjoint to the stem (or base). Suffixes in Dutch do undergo
resyllabification, except for –achtig and –aard (as was also mentioned in diaeresis
placement). The case of a-fasie can be ascribed to historical reasons (which will not
be elaborately discussed) and are no longer morphologically complex in Dutch
(Booij, 1993).

13)
Z

V

o

Z

C

m

Z

V

C

CVC

a

r

me n

Incorrect predictions by the phonological hyphenation rule are observed by Nunn
(1998) that can only be explained by morphological boundaries, namely;
<aardappel> (potatoe) [ar-dAp´l] / *<aar-dappel>, but <aard-appel>, <waarachtig>
(truly) [wa-rAxt´x] / *<wa-rachtig>, but <waar-achtig>. This indeed raises the question
whether orthographic syllables should be included in the analysis as well. However, it
can be concluded that phonological boundaries are most important in the
assignment of hyphenation, however compound words and prefixes are exceptions
to the phonological interpretation of placing hyphens. So, placement of hyphens is
mostly phonologically grounded. In particular, the assignment of syllables is again an
important aspect in hyphenation. Children with dyslexia could encounter problems
with this spelling phenomenon, since they have to use their supra-segmental
phonological skills, which are hypothesized to be impaired. In the next section,
consonant and vowel alternation will be discussed in the framework of AS and AP.

2.3.3 Alternation
An important aspect of Dutch spelling is the alternation of single vowels and that of
geminate letters (e.g. boom – bomen (tree – trees), bom – bommen (bomb –
bombs). This phenomenon will be of more importance in this thesis than the spelling
phenomena discussed earlier, because reading / spelling errors with respect to this
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vowel length are expected in accordance to the literature on phonological errors in
spelling (see 2.2, in particular Landerl & Reitsma 2005). Within AP, Wester (1985)
proposes that the difference in single and geminate letters corresponds to a
difference in prosodic structure. Booij (1995) claims that geminate letters represent
ambisyllabic consonants14 (e.g. meppen, to smack) and that single consonants after
a schwa (e.g. lepelen, to scoop) are a result of the orthographic representation of
schwa as a long vowel, thus specified as a heavy syllable (Trommelen 1983).
Furthermore, he argues that the variation of single and geminate vowels is described
by context-sensitive spelling rules, which are sensitive to phonological syllables. In
short, the main idea is that spelling rules are derived from sounds and prosodic
structure; this means that spelling is phonologically grounded. Wester (1985) proposes
that letters are derived from a CV-tier that is further built up into syllables, as was
already mentioned in section 2.3.2. With regard to vowel and consonant
(de)gemination, Wester claims that a consonant is geminated after a short vowel
and vowels are degeminated at the end of a syllable (in an open syllable). The rules
proposed by Wester are given in (14) and (15) (where º stands for an empty position,
Z for syllable, and i for a similar consonant letter, C). The singular form is assumed to
be the underlying form15 that undergoes the following alternation rules.

14) Consonant gemination:
º  Ci / V _ ] Z [Z Ci
15) Vowel degemination
Vi  º / Vi _ ] Z [Z 0C

The Dutch word bomen (trees) is derived from the singular form boom. Since a
sequence of two similar vowel letters (oo) would surface at the end of an open
phonological syllable, *boomen, one vowel letter must be deleted, resulting in
bomen. Zonneveld (1980) who claimed the opposite of AP, does not entirely ignore
phonological features. He postulates that the feature [voice] is responsible for

A segment that belongs to two syllables, e.g. the [m] in the English word hammer could be
assigned the coda of the first syllable or the onset of the second syllable (Kahn, 1976).

14

Zonneveld (1980) assumes the plural form to be the underlying form within the
framework of Autonomous Spelling. This assumption leads to problems because it
cannot account for aap – apen (monkey – monkeys). A consonant germination rule
Ci  º / __ Ci #, would predict *ap instead of aap.
15
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alternations of <d> and <t> in past tense suffixes (e.g. spieken – spiekte, copy –
copied, versus draaien – draaide, to turn - turned). A rule that assimilates the initial
voicing of the onset consonant of the past tense to the coda consonant of the stem
accounts for the contrast of spieken-spiekte and draaien-draaide. Nunn (1998) also
mentions briefly the notion of vowel doubling. Vowel doubling takes place when
single vowels (a, e, o, or u) that represent long vowels are doubled before the
diminutive suffix –tje in Dutch (e.g. opa – opaatje, grandfather – little grandfather).
She formalizes this statement in the following rule (Vi refers to the vowels a, e, o, or
u16):

16)
V

V

V V

_ + tje

Vi 

A similar process occurs in cases of syllables which are closed by the addition of a
suffix (e.g. sla –slaan, hit (1st person singular – to hit). The rule in (17) applies to these
phenomena.

17)

V

V

Vi 

V V

Vi Vi / _ + C1 ] Z

As for rule (17), no other earlier rule in the framework of AP has tried to account for
these phenomena. It could be the case that is rule operates autonomously from
phonological rules. The notion of ordered rewrite rules is a common aspect for a rulebased framework. Rewrite rules are proven to be less efficient than, for instance
constraint ranking in the framework of OT.

At this point, it can be inferred that

spelling depends on phonology to a great extent, as has been shown in cases of
diaeresis placement, hyphenation, and alternation, except for prefixes and the
suffixes –aard en -achtig. It appeared that phonological syllables are (mostly)
16

Cases of *taxiitje, or *hobbyytje do not occur.
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responsible for these spelling phenomena. In the final section an OT account will be
proposed for this phenomenon (this will be resumed in the next section). The rulebased account will not be applied to the analysis of the forthcoming data.
Dutch spelling is not a complete one-to-one mapping, as demonstrated for
instance by means of vowel and consonant alternation in this section. The spelling of
Dutch words is submitted to a set of phonological rules (and partly morphological
rules). Depending on the transparency of the orthography that is being acquired, the
relation of phonology and morphology to reading and spelling could vary.
Transparent languages (such as Italian) have a consistent grapheme-phoneme
correspondence, which means that the influence of phonology is very strong. Semitransparent languages (such as Dutch) rely mostly on phonology but also on
morphology (for instance in some cases of suffixes and all cases of prefixes). Opaque
languages (such as English) rely mostly on morphology. Rispens et al. (2008) proposes
that children that start to acquire literacy skills start out relying on their phonology
and then proceed via their morphology. If a child exhibits an impaired phonological
system, then the onset of acquiring literacy skills does not take off as rapidly as it
should and/or difficulties could even remain to exist. From a theoretical viewpoint it
has been showed that reading and spelling in Dutch (mostly) depends on
phonology, so it is therefore not surprising that children with (a risk of) dyslexia have
difficulties acquiring this secondary language system. Therefore, the model that will
be proposed in this thesis will be based on Wester’s model, in which a direct
connection from phonology to spelling is assumed.
sound representation

phoneme-to-grapheme conversion rules
combined sound-spelling
representation
spelling rules
spelling
Figure 3: Applied phonology
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The question remains how disordered reading and writing skills can be described
within a linguistic model. At this point, it has been shown in what manner spelling and
phonology could be related within a rule-based grammar. Nonetheless, it is not
desirable to rewrite rule in order to arrive at the correct output. A different
(phonological) grammar mechanism that is able to make better predictions is
therefore needed. The framework of Optimality Theory proved to be fruitful in this
respect. In the next section, a short introduction to OT will be provided, then a brief
overview of learnability and its relation to phonological disorders will be given. The
latter aspect will serve as a transition towards the main topic in this thesis, reading
and spelling in children with dyslexia. I will also clarify why this theoretical model
should be adopted in the context of literacy problems of children with dyslexia.

2.4 Optimality Theory
Optimality Theory (henceforth OT), emerged in the early 90’s (Prince & Smolensky
1993, McCarthy & Prince 1993a, b) and has been used in most research related to
phonology (the area to which OT was first applied). OT is also applicable to other
subfields of linguistics, such as syntax, semantics). A notorious precursor of OT is
Generative Grammar. This framework attempts to give a set of rules that will correctly
predict which combinations of linguistic elements form a grammatical structure. OT
and Generative Grammar share the notion of universal principles. This means that
the grammars of languages in the world all arise from Universal Grammar
(henceforth UG). UG is assumed to be innate instead of being acquired. This is
important for this thesis, since children with dyslexia are hypothesized to have a
deviant or delayed phonological grammar, and phonology is a property of UG.
However, a striking difference of OT opposed to most generative models is
that universal constraints are violable and not based on parametric settings of
inviolate principles, as in the Principles & Parameters framework. The theory assumes
the existence of both principles and parameters in UG to account for given linguistic
patterns found in natural languages. A parameter can be set in only two values;
parameters are strictly binary choices that are fixed for a given language. A strong
point of OT is the ability to explain a large set of languages in the world, since all
languages share a set of constraints on well-formedness. With the same theory, it is
possible to account for variation between possible human languages (typology) by
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the analysis of optimal forms arising from all possible rankings of constraints instead of
binary values of parameters or rewriting phonological rules.
The same holds for language acquisition. If languages differ in terms of
(universal) constraint ranking, then acquiring a language involves the acquisition of a
language-specific constraint hierarchy. This leads to an elegant way to define
learnability. The language learner will extract the information from the output to rank
the constraints in such a way that eventually the correct (language-specific)
constraint ranking will predict the optimal surface forms. More about this topic needs
to be discussed later in this section. As outlined previously, children with dyslexia have
a rather restricted phonological grammar. OT could be quite useful in this respect,
because their deviant or delayed grammar might be elegantly described by means
of a different constraint hierarchy. By doing so, more insight will be gained into their
phonological grammar. This issue of learnability and phonological disorders will be
explained in more detail in the remaining part of this section.
OT arose out of a connectionist point of view, applied in a more constrained
way to language. It provides an output-oriented analysis by the basic assumption
that grammaticality means optimally satisfying the conflicting demands of violable
constraints (Prince & Smolensky, 1997). So, the central idea of OT is that surface forms
of language reflect resolutions of conflicts between competing constraints. A surface
form (output candidate) is optimal when it violates the least number of constraints
that are ranked in a language specific hierarchy. The hierarchy of a set of violable
constraints represents a specific language. Such rankings are based on a strict
domination; if one constraint outranks another, the higher-ranked constraint has
priority, without taking into consideration the violations of the lower ranked
constraint. In order to obtain the optimal output through competition, OT makes use
of a generator (GEN) and an evaluator (EVAL). The generator relates the input to a
set of logically plausible candidates; the evaluator is the mechanism which selects
the most optimal/ most harmonic candidate from the candidate set created by
GEN, in which it makes use of a ranking of the violable constraints. This competition
process is visualized in a tableau (see tableau 117, Kager, 1999).
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 = the winning candidate, * = a violation of a certain constraint, ! = a crucial violation.
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EVAL
GEN
Input:

C1

C2

a.  candidate a
b.

candidate b

*
*!

Tableau 1

Constraints (CON) are divided into markedness constraints and faithfulness
constraints. Markedness constraints concern limitations on the structural wellformedness of the output form. These limitations could take the form of marked
phonological structures that are prohibited in a given language at the segmental
level, prosodic level, or occurrences of segment types in specific positions (such as
voiced codas). Faithfulness constraints require that the output has to match the input
(underlying lexical form) as much as possible, with the least number of violations. In
contrast to markedness constraints, faithfulness constraints do have access to both
input and output elements. In tableau 1, the winning candidate (candidate a) is
indicated by the pointing finger. The losing candidate can be recognized by the
asterisk followed by an exclamation mark, referring to a crucial violation in the
competition. The violation mark of C2 by candidate a is therefore not relevant
anymore. Thus, candidate a is the optimal output form of the competition. Within the
Correspondence theory (McCarthy & Prince 1995), at least three constraint families
of faithfulness play a leading role, namely;

(1) MAX: Every segment of S1 has a correspondent in S2 (no deletion)
(2) DEP: Every segment of S2 has a correspondent in S1 (no insertion)
(3) IDENT(F): Let α be a segment in S1 and β be any correspondent of α in S2
(corresponding segments are identical in feature F)

Correpondence Theory is a theory of correspondence which includes constraints
requiring identity between elements in pairs of representations.

The faithfulness

constraints MAX, DEP, and IDENT(F) are the three families of constraints that regulate
these

correspondences

between

elements.

The

most

important

pairs

of

representations to which Correspondence Theory is applied to are: input to output
correspondences (I-O), and base to reduplicant correspondences (B-R), where the
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base refers to the stem, and the reduplicant refers to a derived form of the stem. So
by means of MAX, DEP, and IDENT(F), input to output and base to reduplicant
correspondences can be evaluated. Imperfect correspondence relations between
input and output (or base and reduplicant) are a result of markedness constraints
that militate against structural well-formedness of the output. This could concern
deletion of segments, epenthesis, metathesis, feature change, et cetera. An
example of a markedness constraint is *Voiced-Coda. It prevents an output of
having a voiced coda (e.g. [bεt], *[bEd]). In this case, IDENT-IO(voice) regulates the
output having the same voice identity as the input, (e.g. [bεd]). In language that
respect final devoicing, like Dutch, the constraint *Voice-Coda dominates IDENTIO(voice), that results in the correct output form (e.g. [bεt]). In languages that do not
posit the phonological process final devoicing, such as English, the ranking would be
reversed (ranking order: IDENT- IO(voice) >> *Voice-Coda). A base to reduplicant
correspondence from a phonological point of view involves copying segmental
content of the stem to the reduplicative affix. The relation between the two
components is phonological identity. A faithfulness constraint that regulates the
output having (total) reduplication is MAX-BR. An example of total reduplication is
wanita – wanita (woman, plural) in Indonesian. Here, MAX-BR is not dominated by
some markedness constraint. However, reduplicants are likely to have an unmarked
structure, in that case the faithfulness constraint MAX-BR will be dominated by a
markedness constraint, such as NoCoda which prevents an output of having a
coda. An example of partial reduplication is c#i-c#im ((hunting bear) in Nootka, a
Waskashan language. The candidate set consists of an infinite set of possible outputs,
but in a tableau, only the most “relevant” candidates are visualized.
Correspondence Theory could be applied to reading and spelling as well. If
reading and spelling are a secondary language system, i.e. it depends on
phonology, then a certain correspondence relation can be assumed between the
base (the phonological output) and an output from reading or writing, as in the
base-reduplicant correspondence relation. This issue will be discussed in more detail
at the end of this section.
In a nutshell, OT is able to explain a large set of languages in the world by
language-specific constraint rankings and different stages in language acquisition.
The acquisition of a language involves the acquisition of a language-specific
constraint hierarchy. If reading and writing depends on natural language, then it
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should be possible to use this linguistic framework to account for the phonological
grammar (in reading and spelling) of “affected” children at-risk of dyslexia.

How does a child acquire an OT based grammar?
Given the fact that constraints are universal and surface forms are available in GEN,
the empirical question that arises is how the language learner discovers the correct
constraint ranking of the target language (the learning problem). There are several
hypotheses with regard to language acquisition in OT; in classical OT it is assumed
that all constraints are innate and universal (Prince & Smolensky, 1993, McCarthy &
Prince, 1993a) in order to build a grammar, consisting of markedness constraints and
faithfulness constraints as already discussed above. The most common assumption of
the initial state of language acquisition is that markedness constraints outrank
faithfulness constraints (e.g. Gnanadesikan, 2004, but see Hale & Reiss, 1998 for a
different account). This is so because the result of ranking markedness over
faithfulness is an unmarked output structure (less complex than a marked structure,
such as a reduced cluster, CC  C). During the course of language acquisition,
faithfulness constraints will be promoted (or markedness constraints will be demoted)
step by step to come eventually closer to the adult grammar; the child will produce
more and more marked forms. The path of acquisition does not need to be similar for
every child; it could be the case that faithfulness constraints will be promoted (or
markedness constraints demoted) in different orders. Tesar and Smolensky (1998)
have developed a learning algorithm, where re-ranking takes place on an errordriven basis (see also Hayes 2004). Mismatches of the children’s output form and the
adult target form will trigger constraint demotion (Tesar & Smolensky, 2000). A crucial
notion from this algorithm is that constraints which are violated in the optimal output
must be demoted and dominated by some other constraint. Constraint Demotion
(CD) consists of comparing two candidates (winner – loser pair), canceling off any
matching markings (Mark Cancelation), and reducing the ranking of any constraints
which generate the incorrect output candidate. As a result, the algorithm deduces a
constraint hierarchy. This process of constraint demotion continues until the optimal
output form is evaluated. The formal definition of constraint demotion is the following:
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18) Principle of Constraint Demotion (Tesar & Smolensky, 2000: 36)
For any constraint

assessing an uncanceled winner mark, if

a constraint assessing an uncanceled loser mark, demote

is not dominated by
to immediately below

the highest-ranked constraint assessing an uncanceled loser mark.

If a constraint is ranked too high and prefers a loser candidate, then that constraint
must be demoted until the real winning candidate wins. Starting from the initial state,
the algorithm gradually develops a hierarchy by re-ranking constraints. The stages in
which a set of constraints are unranked with respect to another are called a stratum.
This is indicated with curly brackets “{…}”. A hierarchy that consists of one or more
strata is called a stratified hierarchy (see 19).

19) A stratified hierarchy (Kager 1999:299)
{ C1 … Cn}
>>
{ Cn +1 … Cp}
>>
{Cq +1 … Cr}

A problem of this algorithm is that it does not allow variation in the overt forms. CD
assumes to have only one overt form for each underlying form. If this is not the case,
then CD will start an infinite loop, demoting one constraint after another, or the
algorithm will crash if all constraints prefer losers. The optimal candidate, however,
will never be generated as a result of this infinite loop, or the algorithm will crash.
Stochastic OT (Boersma 1997, Boersma & Hayes 2001) provides a solution to this
problem by assuming a continuous ranking scale rather than a set of discrete
rankings. A small noise component is temporarily added to the ranking value of each
constraint, so that the grammar can produce variable outputs if the ranges of
constraint ranking overlap (no variation can be generated with a categorical
ranking of constraints). This is called the Gradual Learning Algorithm (henceforth
GLA, Boersma & Hayes 2001). The learning process is like the CD assumed to be errordriven and re-ranking takes place by canceling off matching markings. Constraints
that are violated in the correct adult’s grammar will be demoted, whereas the
violated constraints in the incorrect learner’s grammar will be promoted. This
demotion and promotion is done by a small value along the ranking scale. The
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grammar makes small steps in order to arrive slowly at the correct grammar that is set
up by the algorithm. The language learner will gradually approach the correct adult
forms. Tableau 2 and 3 illustrate the process of mark cancelation (matching marking
will be removed). The gradual adjustments as a result of mark cancelation are
visualized in tableau 4 (Boersma & Hayes 2001: 52).

Tableau 2: Mismatch between learner’s output and adult form

Tableau 3: Mark cancelation

Tableau 4: Adjustments of the ranking scale

It can be seen that candidate 1 is the correct adult output in tableau 2, 3, and 4,
whereas candidate 2 is the learner’s optimal output. Throughout the exposure of
learning data, the constraints will be adjusted, so that eventually the probability of
generating candidate 2 as most optimal will decrease and candidate 1 will be
generated at a rate of 100%.
Until now, several models have been discussed at the level of reading and
writing, and speech production and perception. This leads to the question whether
these processes can be modeled into one linguistic model, more specifically
Optimality Theory. In the last section, it will briefly be shown how phonological errors
can be described within the framework of OT in order to get an idea of how the
linguistic model copes with the phonological grammar of disordered speech.

42

2.4.1 Optimality Theory and language disorders
In the last decade, phonological acquisition and (functional) phonological disorders
have been addressed from the perspective of OT. Children with phonological
disorders generally follow a normal path of development, except for their acquisition
in the sound system of their native language. Examples of very common error
patterns involve reduction or simplification of the consonantal / vocalic inventory. A
well discussed error pattern of both normally developing and language disordered
children is cluster reduction and substitution (see Fikkert, 1994; Gnanadesikan, 1995;
Barlow & Dinnsen, 1998; Barlow, 2001; Goad & Rose, 2003 for evidence in normal
developing children). Consider some examples of cluster reduction and substitution
by English speaking children.

20) Participant 2418: [dip]
[dwaIv]
19
John :
[wen]
[tIn]
KR20:

“jeep”
“drive”
“rain”
“twin”

In most cases, the remaining segment appears to be less sonorous, thus less marked,
than the target segment21. In the following tableau, the example from KR [tIn] is
visualized by means of an OT grammar. It must be noted that in the following
examples, the child has a perfect underlying representation, i.e. it is adult-like (see
below /twIn/). This, however, does not have to be case per se. It is possible that
speech perception is still developing; this implies that the underlying form is changing
as well.

Input: /twIn/
a.

[twIn]

b.  [tIn]

*Complex

MAX
*!
*

Tableau 5

Tableau 5 shows that candidate a. [twIn] incurs a fatal violation of *Complex (that
militates against complex clusters), because of the consonant cluster /tw-/.
Participant 24, age 5;3 (Barlow and Dinnsen, 1998)
John, age 3:9 (Barlow, 2001)
20 KR, age 3;6 (Barlow, 2000)
21 A simplified sonority scale from most sonorous to least: Glide (e.g. √, j) > Liquid (e.g. l, r) >
Nasal (e.g. m, n) > Fricative (e.g. f, v) > Stop (e.g. p , b) (Blevins 1995).
18
19
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Candidate b, however, only has a singleton /t/ and thus, does not violate *Complex.
The faithfulness constraint MAX (no deletion) is violated by candidate b, but this is not
relevant anymore since candidate a. is already ruled out. The incorrect candidate
(b) is the winning output candidate, which specified with the manual indicator.
From this brief example it can be seen that the ranking of the constraints
describes the (deviating) grammar of the child. This has been done on the basis of
speech production. The development of the child’s grammar can be described in
terms of the Gradual Learning Algorithm, as illustrated in section 2.4. An interesting
question is whether there is also evidence from other language-based disorders. One
case study has been carried out where the spelling of a German dysgraphic child
(age 11) is analyzed within an OT framework. Dysgraphia is a deficiency in the ability
to write, regardless of the ability to read, not due to intellectual impairment (National
Center for Learning Disabilities 2006). The error pattern that was present in the
German child concerned final devoicing22 (feld [fElt], field in German); Stadie and
van de Vijver (2003) claim that the markedness constraint *Voice-Coda dominates
Ident[Voice] in production, while in the writing system, it is reversed (see tableau 6).

/fEld/
a.

[fElt]

IDENT-IO (voice)

*Voice-coda

*!

b.  [fEld]

*

Tableau 6

Stadie and van de Vijver (2003) only discuss the phonological process of final
devoicing in spelling of a dysgraphic person. Surely, this is a process that is very likely
to become subject of spelling errors in both German and Dutch, but many other
(phonological) processes in Dutch spelling (and reading) remain to be tackled, such
as vowel and consonant alternation. Does it suffice to postulate that the ranking of
faithfulness and markedness constraints are reversed in spelling compared to speech
production? If so, then it must be the case that lexical items in speech production
and spelling / reading are derived from the same underlying form. This
argumentation causes problems, because problems in speech production and
reading / writing are not always identical. There could be an asymmetry between
performances in these processes (e.g. the case of dysgraphia). In addition, if reading
22

No other phonological errors were reported in this study.
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and spelling is a secondary process of human language, then it must be derived
from the underlying form in speech production or perception. This is especially the
case in languages with an opaque orthography, because there is a many-to-many
mapping from phonemes onto graphemes.
In section 2.4 the three constraint families were introduced. Apart from the
correspondence relations input-to-output (IO), and base-to-reduplicant (BR), In this
thesis a correspondence relation between Phoneme-Grapheme (P-G) will be
proposed:

21)
IDENT-PG
Let α be a segment in the phonemic form, and β be a correspondent of α in the
graphemic form.
MAX-PG
Every segment of P has a correspondent in G (no deletion)
DEP-PG
Every segment of G has a correspondent in P (no insertion)

The correspondence model of phoneme to grapheme is presented below:

The graphemic surface form (G) is the written output; this form is related to the
surface form of production (the output, O). The surface form is related to the
underlying form (the input, I). Correspondence between the graphemic surface form
G and the surface form in production are evaluated by GP-Identity constraints,
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which lead to similarities between both forms. Correspondence between the
underlying form, the input I, and the surface form, the output O, is evaluated in a
standard way by IO-faithfulness constraints. The relations between these forms, I-O
and P-G, represent a basic correspondence model. In this thesis it is proposed that
the underlying graphemic form accounts for all cases in reading and spelling that
cannot be derived from the surface form, such as morphological affixes in verbs in
the third person singular wordt (becomes). The morphological affix -t cannot be
derived from phonology (from the surface form), therefore, it must be stored in a
separate graphemic lexicon. Cases that can be derived from phonology go via the
surface form to the graphemic surface form and are subsequently stored in the
graphemic underlying form.
Let us take a look at the dysgraphia example, where final devoicing surfaced
as an error in spelling (feld [fElt]) within the model that is proposed above. In order to
satisfy two underlying forms, the constraint IDENT-PG (voice) is adopted to obtain two
winning candidates; one that represents the phonemic surface form and the other
that represents the graphemic surface form. The formal definition of IDENT-PG (voice)
is the following:

22) IDENT-PG (voice): Let α be a segment in the phonemic form, and β be a
correspondent of α in the graphemic form. If α is in a word position and [γ voice],
then β is [γ voice]. “Corresponding segments in the word of the phonemic and the
graphemic form must agree in voicing.
This constraint militates against alternations between the phonemic and graphemic
form with regard to voicing (e.g. *[fεld] - <felt>).

{/fεld/ - <fεld>}

*Voice-Coda

IDENT-IO (voice)

a.  [fεlt] - <feld>
b.

[fεld] - <felt>

c.

[fεlt] - <felt>

d.

[fεld] - <feld>

IDENT-PG (voice)
*

*!

**

*

*!
*!

*

Tableau 7
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As we can see in tableau 7, the constraints *Voice-Coda and IDENT-IO (voice) only
apply to the leftmost output candidate. The constraint IDENT-PG (voice) requires the
rightmost output candidate to match the leftmost output candidate with regard to
voiced features. Candidates a. and b. show one violation (indicated with an asterisk)
of IDENT-PG (voice); [fεlt and <feld> do not share the voiced final consonant.
However, the violation of the constraint IDENT-PG (voice) is not relevant for
candidate a. because the other candidates have been ruled out by *Voice-Coda
and IDENT-IO (voice). Tableau 7 shows the correct output forms, but not the ones
produced by the dysgraphic person. The ranking of the constraints that predicts an
error in final devoicing in spelling is as follows:

23) *Voice-Coda >> IDENT-PG (voice) >> IDENT-IO (voice)

The PG-identity constraint IDENT-PG (voice) militates against distinct voiced segments
between the phonemic output and the graphemic output. If this constraint
dominates IDENT-IO (voice), then the graphemic output has a full correspondence
with the phonemic output with respect to voicing. See tableau 8 below for the
illustration of this error.

{/fεld/ - <feld>}
a.

[fεlt] - <feld>

b.

[fεld] - <felt>

*Voice-Coda

IDENT-PG (voice)
*

*!

*

c.  [fεlt] - <felt>
d.

[fεld] - <feld>

IDENT-IO (voice)

**
*

*!

*

Tableau 8

Another prediction of errors in spelling (and perhaps also in reading) concerns
difficulties in vowel length as was outlined above. The IDENT-PG(Vlength) must be
introduced; it militates against dissimilarity in vowel length between the phonemic
form and the graphemic form. IDENT-PG(vowel length):
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24) IDENT-PG(Vlength): Let α be a segment in the phonemic form, and β be a
correspondent of α in the graphemic form. If α is in a nucleus position and [γ Vlong],
then β is [γ Vlong]. “Corresponding segments in the nucleus position of the phonemic
and the graphemic form must agree in vowel length.

IDENT-PG(Vlength) requires the identical quantity of output segments and their input
correspondence. Since it is a faithfulness constraint, it militates in both directions
(input to output and vice versa) so that lengthening or shortening (in vowel length) is
prohibited. IDENT-PG(Vlength) refers to the phonemic form and the graphemic form,
so that quantity in vowel length is preserved in both forms. Below, it is illustrated how
vowel length is respected between the phonemic and graphemic form. The
following markedness constraint is introduced:

25) *LONGVOWEL: Long vowels are prohibited

/bo:m/ - <boom>

IDENT-PG(Vlength)

IDENT-IO(Vlength)

a.  [bo:m] - <boom>

*

b. [bo:m] - <bom>

*

*!

c. [bOm] - <bom>
d. [bOm] - <boom>

*LONGVOWEL

*!
*!

*

Tableau 9

As it can be observed, IDENT-PG(Vlength) rules out candidates that do not have
similar vowel quantity between the phonemic and the graphemic form. Candidate
b [bo:m]has a long vowel in the phonemic form, whereas the graphemic form only
represents one vowel letter. In general, long vowels are represented with double
vowel letters, and short ones with one vowel letter. Candidate d shows the opposite
of candidate b with respect to vowel length. Candidate c incurs a fatal violation by
IDENT-IO(Vlength), since the output form does not correspond to the input form. Thus,
candidate a is the winning candidate.
It seems that the latter analysis is a plausible account, however, as discussed
in chapter 2.3, vowel alternation is common process in Dutch spelling (e.g. boom –
bomen, tree - trees). The analysis must therefore be reconsidered and perhaps a
different markedness constraint must be active in the grammar in order to account
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for alternations. The following markedness constraint is proposed for spelling (it is a
graphemic markedness constraint):

26) *Vi Vi ] σ : A sequence of two similar vowel letters is prohibited in an open
syllable.

Following Wester (1985), the singular form is assumed to the underlying form , e.g.
boom. The suffix –en is added to the stem to form the plural that results in *boom-en.
However, this not the correct spelled form in Dutch, i.e. the correct form is bomen.
Consider the following tableau that accounts for this example. In the input, the
alternating form is provided; candidates can incur violations in both the singular form
and the plural form.

/bo:m/
/bo:m- ´n/
a.  [bo:m] [bo:m´n]

<boom>
<boom -en>
<boom> <bom-en>

b. [bo:m] [bo:m´n]

<bom> <bomm-en>

c. [bO:m] [bO.m´n]

<bom> <bom-en>

d. [bo:m] [bo:m´n]

<boom> <boom-en>

IDENT-IO
(Vlength)

*Vi Vi ] σ

IDENT-PG
(Vlength)

*
**!
*

*!
*!

Tableau 10

As was discussed by Landerl and Reitsma (2005), a common error in words, such as
bomen, is spelling an incorrect double vowel letter, *boomen. Following the same
reasoning as above; if IDENT-PG(Vlength) is promoted, then the incorrect *boomen
will be evaluated as the winning candidate. Consider tableau 11 below that
illustrates this error.

49

/bo:m/
/bo:m- ´n/
a. [bo:m] [bo:m´n]

<boom>
<boom -en>
<boom> <bom-en>

IDENT-PG
(Vlength)

b. [bo:m] [bo:m´n]

<bom> <bom-men>

*!*

c. [bO:m] [bO.m´n]

<bom> <bom-en>

*!

d.  [bo:m] [bo:m´n]

<boom> <boom-en>

IDENT-IO
(Vlength)

*Vi Vi ] σ

*!

*
*

Tableau 11

It is shown how <boom> - <bomen> can be accounted for, how can this be done for
<bom> - <bommen>? The underlying form of bom - bommen is assumed to be
<bomm> , so that

adding the suffix –en to the stem results in the plural form

bommen. The following graphemic markedness constraint is assumed to be involved
in the process of consonant gemination (based on van Heuven 1980).
27) *Ci Ci ] σ : A double vowel in a closed syllable is prohibited.

/bOm/
/bOm-´n/
a.  [bOm] [bOm´n]

<bomm>
<bomm
en>
<bomm> <bomm-en>

b. [bOm] [bOm´n]

<bom> <bom-en>

c. [bO:m] [bo:m´n]

<boom> <bomm-en>

**!

d. [bo:m] [bo:m´n]

<bom> <bom-en>

**!

IDENT-IO
(Vlength)

*Ci Ci ] σ

IDENT-PG
(Vlength)

*!*

*

*
**

Tableau 12

In tableau 12 it can be seen that candidate a is the winning candidate, since
candidates c and d violate IDENT-IO(Vlength) and candidate b violates *’VCV.
Consonant gemination is a difficult process for children, and it is likely that they will
encounter problems with this phenomenon, i.e. they will spell *bomen for bommen.
50

/bOm/
/bOm-´n/
a. [bOm] [bOm´n]

<bomm>
<bomm -en>
<bomm> <bomm-en>

b.  [bOm] [bOm´n]

<bom> <bom-en>

c. [bO:m] [bo:m´n]

<boom> <bomm-en>

*!

**

d. [bo:m] [bo:m´n]

<bom> <bom-en>

*!*

**

IDENT-PG
(Vlength)

IDENT-IO
(Vlength)

*Ci Ci ] σ

*!*

*

Tableau 13

Once again, promoting the PG-constraint results in an incorrect (expected) spelling
of bom – bommen. The data in this study do not cover instances with consonant
gemination, so this issue will not be resumed in the analysis.

The ranking of IDENT-PG determines the transparency of orthography of a given
language. The higher ranked the PG-constraint, the more transparent the
orthography. A deviating ranking order between markedness, faithfulness, and PGidentity constraints predicts an incorrect spelling. IDENT-PG is necessary to acquire
literacy skills because the child has to become aware of the fact that there is a
relation between phonemes and graphemes. Since Dutch is a semi-transparent
language, the child has to demote IDENT-PG (by means of the GLA) in order to spell
correctly.

28) IO-FAITH, markedness >> PG-constraints

The latter examples all concern spelling, but not reading. As is can be observed in
the model in figure 4, reading is the reversed process of spelling. A graphemic form is
presented that has to be transformed to a surface form (in oral reading). This implies
that the constraint hierarchy in reading mirrors the one in spelling. The PGcorrespondence constraints must be on top of the ranking in order to produce a
correct form given a graphemic input (i.e. a written word).

29) PG-constraints >> IO-FAITH, markedness
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Summarizing, in this chapter the relation between dyslexia and phonology and
spelling was illustrated. The assumption that dyslexia might be caused by an
imperfect phonological system (albeit at the segmental level or at the suprasegmental level) is motivated in terms of the Phonological Deficit Hypothesis. In
spelling, it appeared that problems with vowel duration are very common in children
with dyslexia, but also in normally developing children (see Landerl & Reitsma 2005).
From the literature it is difficult to indicate what phonological errors are specific for
children with dyslexia; it could also be the case that (only) problems in the
conversion of phonemes to graphemes (or vice versa) surface in literacy skills. In this
case, transparency of orthography plays a role. The more transparent the language,
the easier the conversion between graphemes onto phonemes. If children with
dyslexia have problems in their phonological system, then it is expected that
phonological errors (such as deletions, insertions, and substitutions) will surface in their
literacy skills; the phonological syllable appeared to play a dominant role in spelling
rules and phonological errors refer to the syllable level. It is known that a rule-based
framework (the framework from which AP was arisen) is less desirable as opposed to
more recent phonological frameworks; such as Optimality Theory. Therefore, the
latter framework is adopted in this thesis in order to account for (phonological)
problems in literacy skills in children with dyslexia.
In the final section, a model was proposed that tries to account for spelling
(and reading). Notorious examples of spelling errors, such as final devoicing and
vowel / consonant alternation are used to illustrate how the model works. The main
idea is that children that learn to spell go through several developmental stages (as
in natural language acquisition); this learning process can be visualized in terms of
constraints. In the early stages, they have to figure out which phonemes correspond
to which graphemes. In terms of OT, this process is described as a PG-identity
correspondence. In the course of development, they learn that some processes
cannot be derived from a PG correspondence (in Dutch), and that PG-constraints
need to be demoted. In chapter 6 the model will be tested by means of collected
data. In the next section, the research questions and hypotheses will be presented,
followed by the methodology and the results.
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3. Research questions and predictions

Section 3.1 introduces the research questions, the hypotheses and predictions are
presented in 3.2.

3.1 Research questions
The main goal of this thesis is to seek for evidence whether problems in reading and
spelling can be explained within a phonological model. A theoretical model that
accounts for reading and spelling difficulties will be to result of this thesis. In order to
arrive at this stage, several research (sub) questions must be addressed divided into
a quantitative analysis and a qualitative analysis.

Quantitative analysis:
Literacy measurements divided the at-risk group into “affected” and “unaffected”
at-risk children (the literacy measurements will be explained in more detail in chapter
4). The question that arises is whether one task is more difficult than another within
groups and whether there are specific (phonological) error patterns in reading and
writing. The following research questions will be addressed.

1. Is there a quantitative difference in word versus non-word reading within groups?
2. Is there a quantitative difference in word reading and spelling within groups?

Qualitative analysis:
3. Are there qualitative differences in literacy skills of “affected” children at-risk of
dyslexia compared to normally developing children in reading and / or writing?
4. Are there qualitative differences between “affected” and “unaffected” children atrisk of dyslexia or between controls and “unaffected” at-risk children in reading and
/ or writing?

5. Can phonological errors in reading and writing be explained within the framework
of Optimality Theory?
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3.2 Hypotheses and predictions
Three hypotheses arise in this thesis with regard to the research questions in 3.1. First, it
will be hypothesized that “affected” children with a familial risk of dyslexia will
perform more poorly on both word reading and non-word reading, but that they will
perform worse on non-word reading versus word reading. Relying on the PDH,
children with a risk of dyslexia will have problems in phonological processing, hence
difficulties in mapping phonemes onto graphemes and other phonological
processes. Non-word reading heavily relies on mapping graphemes onto phonemes
(more than word reading, because they cannot compensate with semantics), so
they will perform even worse on this task. For “unaffected” children, the same
reasoning holds, although this group will have more access to compensation skills,
such as semantics in the word reading task. More formally:
H0a: “Affected” children at-risk of dyslexia will equally well on non-word reading
compared to word reading.
H1a: “Affected” children at-risk of dyslexia will perform less well on non-word reading
compared to word reading.

H0b: “Unaffected” children at-risk of dyslexia will perform equally well on non-word
reading compared to word reading.
H1b: “Unaffected” children at-risk of dyslexia will perform less well on non-word
reading compared to word reading.

With respect to the third research question, it will be postulated that more
phonological errors will be observed in the spelling task than in the reading task by in
“affected” at-risk group and also in the “unaffected” group. The reason for this
assumption is that in reading, compensation in semantics (activation of lexical items)
could take place (The lexicality effect, see also van IJzendoorn & Bus 1994 for nonword spelling). In writing to dictation, however, the child has to rely entirely on her
spelling skills without making use of compensation in other linguistic domains.
Moreover, Treiman (1997), among others, already claimed that people with dyslexia
encounter serious problems in spelling, which are often more severe than reading
problems in both opaque (English) and (relatively) transparent languages (Italian,
German). If this is the case, then the PDH would be supported. In the control group,
no significant differences are expected.
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H0c: Phonological errors in the spelling task will not surface more frequently than in
the (word) reading task in the “affected” group.
H1c: Phonological errors in the spelling task will surface more frequently than in the
(word) reading task in the “affected” group.

H0d: Phonological errors in the spelling task will not surface more frequently than in
the (word) reading task in the “unaffected” group.
H1d: Phonological errors in the spelling task will surface more frequently than in the
(word) reading task in the “unaffected” group.

In a detailed analysis of the data in the three tasks, phonological errors are expected
to occur more frequently in the “affected” at-risk group. Phonological errors refer to
errors that result in an incorrect pronunciation of the target word. As it has been
shown in section 2.3, Dutch spelling heavily relies on phonological syllables; therefore,
errors with regard to syllable structure are expected. More specifically, errors in
deletion, insertion, and substitution in syllable structure are expected. Following
Treiman (1997), among others, errors on vowel length are expected, as they were
already found in several studies in spelling on Czech, Finnish, and English in children
with dyslexia. Furthermore, following Stadie and van de Vijver (2003), final devoicing
problems are also expected to occur in spelling. This phenomenon is also known to
be complex in orthographic acquisition. An interesting question that will be
addresses is
Are there recurring phonological error types that characterize one group?
Given the assumption that people with dyslexia have a deficit in their phonology, a
deviant error pattern will be expected. The phonological errors will be analyzed by
means of a linguistic theory that aims to clarify the phonological grammar of the
“affected” at-risk children, but also that of the reading and writing system of the
normally developing children and that of “unaffected” at-risk children. If the
“affected” group indeed shows a deviant pattern compared to the control group,
then the PDH is strengthened. This study cannot answer the question whether the
different pattern is a result of a deviating grammar or a delayed developed
grammar. To answer this question, literacy-age controls are needed.
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4. Methods

The follow-up study of the project

“Early language development in specific

language impairment and dyslexia: A prospective and comparative study” (2001)
aimed to clarify whether 8 year old children with a familial risk of dyslexia are more
likely to have developed literacy problems compared to their age matched controls
(children with no family history of dyslexia at all). A test battery of thirteen tasks is
used in order to see whether the at-risk group shows more difficulties in reading and
writing and other linguistic tasks23. This thesis focuses on the analysis of three tasks; a
word reading task (EMT), a non-word reading task (Klepel), and a spelling to
dictation task. However, two additional tasks (AVI, and Orthography 3 choices) were
used to determine the threshold between good and poor readers.

4.1 Test procedures
All children were tested individually in the language acquisition laboratory at the
Utrecht institute of Linguistics OTS (UiL-OTS). Test sessions lasted a maximum of 3,5
hours, including one break of 15 to 20 minutes, unless the experimenter deemed
more than one break necessary. All children were encouraged to complete the
entire test battery, although some of the subjects did not succeed due to tiredness or
degree of difficulty of some tests.

4.2 Tasks
a. One-Minute-Test (EMT, B.Th. Brus, M.J.M. Voeten, 1972)
The EMT is administered to provide a measure of single word recognition (see also
BAS-II Word reading test, Snowling et al. 2003). The test consisted of 116 random
words listed vertically that the child had to read aloud as fast as possible within one
minute. The target words gradually increased in complexity (e.g. syllable structure,
see Appendix A). The experimenter made notes in case of committed errors and
recorded the children’s production on tape. The overall goal of this task concerned
determining the reading level of random (existing) words at a technical level. The
raw score is determined by the total number of correct read words.

For a description of other tasks that were conducted, consider “Internship paper, Satoer
(2009)".
23
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b. Klepel (K.P. van den Bos, H.C. Lutje Spelberg, A.J.M. Scheepstra en J.R. de Vries,
1994)
The Klepel concerned the ability of reading non-words. This test consisted, like the
EMT, of 116 vertically listed pseudo-words that had to be read aloud within two
minutes (see Appendix B). Due to the absence of meaning, a greater demand is
made on the process of mapping graphemes onto phonemes. An important remark
is that the EMT must precede the Klepel since the latter is based on a dual-route
theory. The Dual-Route Theory was constructed to point out the dissociation between
impairments

of

reading

non-words

and

(exception)

words,

by

means

of

incorporating both stimulus types (Monaghan & Shillcock, in press, and see
references therein). The experimenter made notes in case of committed errors and
recorded the children’s production on tape. The goal of this test is to determine the
reading level of non-words at a technical level and word identification. The raw
score is determined by the total number of correct read words.

c. Spelling (CITO, L. van den Bosch, P. Gillijns, R. Krom, F. Moelands, 1993)
The spelling test concerned a dictation of 38 words, embedded in sentences, which
were read aloud by the experimenter. The target words consisted of one syllable
words with the following syllable structures; CCV, CVCC, and CCVVCC (see
Appendix C). The subjects could correct their answers during the task if necessary.
The raw score is determined by the total number of correct written words (divided
into five levels (A to E) based on national standards24).

d. Orthography 3 choices (O3C, Horsley 2005)
The OC3 task concerned judgment of correct spelling. Children were presented with
a booklet in which three words were presented next to each other, spelled slightly
differently (e.g. zoet/soet/zoed, sweet, where zoet is the correct one). Although the
spelling is not identical, pronunciation of these items would not make any difference.
The child was asked to circle the correct spelled word. The task consisted of 70
items. The raw score is determined by the total number of correct circled items.
According to CITO, the national standards are:
A: good / very good (25% of the children with the highest score)
B: sufficient / good (25% above the national mean)
C: moderate / sufficient (25% below the national mean)
D: weak / moderate (15% below the national mean)
E: very weak / weak (10% of the children with the lowest score)

24
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e. Story reading test (AVI, J. Visser, A. van Laarhoven en A. ten Beek, 1994)
The AVI test is used to determine reading level in (small) stories. The test consists of 9
test cards, each displaying a story increasing in difficulty. The test cards (1 to 9)
correspond to “AVI-level” (1 to 9). The child is assessed based on two points of
interests; 1) accuracy, and 2) speed. Each level demands a certain amount of
accuracy and rapidity, increasing in difficulty. By means of total number of errors and
elapsed reading time, the AVI-level can be determined.

4.3 Participants
Subjects were contacted from the baby cohort 2004 with 29 children in the control
group and 68 children in the at-risk group (children with at least one parent with
literacy problems). These children entered the project at 1;6 years old. Not all
children from the original database participated in the follow-up study, due to
personal reasons from parents or due to the inability to track down addresses or
phone numbers. In this follow-up study, participants were 20 children in the control
group and 44 children in the at-risk group with a mean age of 8;2 (sd 0;11)25. An
assembly of 5 tasks (EMT, Klepel, spelling AVI, orthography 3 choices) was used to
determine the threshold of good versus bad reader in the at-risk group. The sum of
the raw scores of the tasks is called the composite score26. One standard deviation
below the mean of the control group (185,45 s.d. 53,45) is used as a criterion to
determine the threshold of good versus poor readers (Snowling et al. 2003). In the atrisk group, 17 out of 44 children (33.5%) performed below the control mean; this is
moderately in accordance with the prediction that 30 – 65 % of at-risk children will
develop problems in reading and writing. In the control group, 4 out of 20 children
performed below the mean (20 %); this percentage rate is quite high, given the
assumption that 2-13% will develop problems in reading and writing27. Consider figure
5 where the distribution of performances for each task per group is provided.

One subject from the at-risk group was removed from the entire analysis due to severe
articulatory problems.
26 In de Bree et al. (in press) reported that the results remained the same when a composite
score based on z-scores was calculated for the literacy skills. Based on this finding, no z-scores
were calculated in this study.
27 These findings are (evidently) also supported by a multivariate analysis of variance,
followed by ANOVAs, and post hoc Tukey´s HSD. Since the statistical analyses are based on
the same literacy tasks, there is no need for further discussion of the results.
25
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Figure 5: Mean scores groups for EMT, Klepel, and spelling.

4.4 Scoring
All tasks were transcribed phonetically using the standard International Phonetic
Alphabet (IPA) and coded by the experimenter. The committed errors were coded
into similar categories of phonological processes for all tasks, namely;

1. No response
2. Deletion (e.g. hamer [ham´r]  hame [ham´])
3. Insertion (e.g. hamer [ham´r]  hamers [ham´rs])
4. Substitution (e.g. hamer [ham´r]  hammer [hAm´r])
5. Metathesis (e.g. hamer [ham´r]  harem [har´m])
6. Lexicalization for non-words (e.g. vas [vAs]  vaas [fas])
7. Other (e.g. reading a syllable from the upper or lower word, different existing /
non-word, problems in handwriting / non-existing grapheme)
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Category 2 – 6 concern phonological processes and category 7 originates from
different processes. Each main error category was divided into sub-categories in
order to specify the locus of the committed error at the syllable level. Some children
committed more than one error within the same word, or a certain error could be
categorized as two types of errors (e.g. the non-word vas [vAs]  vaas [vas] could be
categorized as substitution of vowel length, but also as lexicalization from the
loanword vaas, vase). The following sub-categories were used for each main
category (where C stands for consonant and V for vowel);
0. none

12. Vshort  diphtong

1. C

13. diphtong  Vshort

2. CC

14. diphtong  Vlong

3. CV

15. C  V

4. VC

16. assimilation

5. V

17. reduplication

6. Vlong

18. CVC

7. Vshort

19. other (e.g. deletion of an entire morpheme)

8. diphtong
9. Vlong  Vshort
10. Vshort  Vlong
11. Vlong  diphtong

A deletion error, such as hamer [ham´r]  hame [ham´] was coded as “Deletion + C”,
and a substitution error, such as hamer [ham´r]  hammer [hAm´r] was coded as
“Substitution + Vlong  Vshort” and so forth. Overlapping errors, such as hamer
[ham´r]  ammer [Am´r], were coded as two errors; “Deletion + C”, and “Substitution
+ Vlong  Vshort”. Similar errors that occurred more than once in an item (e.g. two
insertions, e.g. hamer  hamerts) were also coded as two errors.
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5. Results
This chapter presents the results of an from the word reading task (EMT), non-word
reading task (Klepel), and spelling task. In section 5.1, a comparison is presented of
the EMT and the Klepel and of the EMT and the spelling task within groups. Section
5.2 discusses the results from the EMT, the results from the Klepel will be provided in
section 5.3, and 5.4 deals with the results from the spelling task. The final section 5.5
provides a comparison of the obtained results in the three tasks.

5.1 Comparison of the tasks within groups
By means of a paired samples t-test, the results of the three tasks were compared for
each group separately. Below, the mean scores for each task are presented by
group.

Control

“Unaffected”

“Affected”

(N = 20)

(N = 27)

(N = 17)

50 (s.d. 9.2)

53 (s.d. 20.9)

26 (s.d. 9.6)

Klepel

41 (s.d. 13.4)

46 (s.d. 22.7)

18 (s.d. 7.6)

Spelling

32 (s.d. 5.5)

32 (s.d. 6.8)

18 (s.d. 11.2)

EMT

Table 1: Mean scores + standard deviations

First, a comparison was made between the word reading task and the non-word
reading task. All groups performed significantly worse on the non-word reading task
compared to the word reading task (control group: t(27) =5.598, p = 0.000,
“affected” group: t(19) = 4.471, p = 0.000, “unaffected” group: t(15) = 4.882, p=
0.000). It must be noted that both at-risk groups perform significantly worse on the
non-word reading task compared to the word reading task although more time is
provided in the Klepel (2 minutes as opposed to 1 minute).
The same holds for the difference between word reading and spelling; all
groups performed significantly worse on the spelling task compared to the word
reading task (control group: t(27) = 9.214, p =0.000, “unaffected” group: t(19) = 4.454,
p = 0.000, “affected” group: t(15) = 3.535, p = 0.003).
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5.2 One-Minute-Test (EMT)
As shown in chapter 4, the “affected” children at-risk of dyslexia performed
significantly less well on the EMT compared to the “unaffected” at-risk children and
the control group (see also first row in table 1). In turn, the “unaffected” at-risks
performed marginally less well on the EMT compared to the control group, but no
significant differences were found. In order to see in what way the groups are
different from each other in normal word reading, the committed phonological
errors (as presented above) were scored. In order to gain more insight into the data,
X2 tests were performed on all error categories within the “unaffected” and
“affected” group, based on the frequencies of committed errors by the control
group. Table 1 presents the proportions of errors within each group, raw scores and
values of a X2 test.

Control

“Unaffected” at-risk

“Affected” at-risk

(N = 20)

(N = 27)

(N = 17)

Deletion

.11 (13 / 121)

.058 (3 / 51)

.07 (6 / 84)

Insertion

.16 (19 / 121)

.12 (6 / 51)

.21 (18 / 84)

Substitution

.42 (51 / 121)

.51 (26 / 51)

.40 (34 / 84)

Metathesis

.008 (1 / 121)

0

.011 (1 / 84)

Lexicalization

.28 (34 / 121)

.32 (16 / 51)

.26 (22 / 84)

Other

.022 (3 / 121)

0

.035 (3 / 84)

X2 = 2.617, p = 0.455

X2 = 3.471, p = 0.628

X2 test

Table 2: Proportions and phonological errors + x2 test

Table 2 shows that the observed frequencies of total errors are not significantly
different from the expected values (those from the control group) (“unaffected”
group: X2 = 2.617, p = 0.455, “affected” group: X2 = 3.471, p = 0.628).
In all groups, a high proportion of substitution errors can be observed (control:
.42, “unaffected”: .51, and control: .40). Furthermore, lexicalization errors were also
frequent in each group. The “affected” group made only substantially more errors in
the category “insertion”. It must be noted that reading speed also influences the
number of errors in a group, i.e. the “affected” group reads fewer words than the
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control group, which might also be the reason for a lower error rate. Reading less
words could render less errors, which is the case for the”affected” group. The
following figure represents the distribution of error categories for each group.

Figure 6: Phonological errors by group in the EMT

Since insertion errors and substitution errors were remarkable, an analysis of the subcategories is provided below.

Insertion
Insertion errors that have been committed concern consonants (C), vowels (V), VC
sequences, and CVC sequences. Consider table 3, representing proportions of
insertions for each sub-type by group.
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Insertion

Control

“Unaffected” at-risk

“Affected”at-risk

C

.43 (3 / 7)

.67 (12 / 18)

.53 (8 / 15)

V

0

.11 (2 / 18)

.07 (1 / 15)

.57 (4 / 7)

.22

.33 (5 / 15)

0

0

.07 (1 / 15)

VC
CVC

Table 3: Proportions sub-errors insertion

Chi-square tests were not performed due to the small number of sub-errors in each
group.
The following distribution of insertion errors within group can be observed:

Control

: VC > C > V, CVC(none)

“Unaffected”

: C > VC > V > CVC (none)

“Affected”

: C > VC > V, CVC

Despite the lack of statistical power, it can be seen from the proportions that the
“unaffected” at-risk group performs more sub-type errors than the control group and
the “affected” at-risk group, in particular for C-insertion. This difference could be due
to the high mean of words that were read by the “unaffected” at-risk group
compared to the “affected” group. As for C-insertions, an interesting question is
whether C-insertion occurs more frequently in onset or coda position. C-insertion
occurred less frequently in onset position than in coda position, namely 5 out of 23
occurrences (.22). In coda position, 18 out of 23 (.78) instances C-insertion was
applied. It could be the case that C-insertion occurred more often in coda position,
since an additional consonant could have a grammatical function; a suffix, such as –
s to indicate the plural from of a noun. The items under onset position are scored like
this because a novel consonant in onset position is introduced (e.g. l{y.lAk 
l{yl.h
hAk). However, by inserting a novel consonant in the onset of the second
syllable, a coda in the first syllable is also created. Note that insertions leading to
other words are also coded as lexicalization errors (those words are underlined in the
table). The proportions of lexicalization errors were high for all groups. Consider some
example of the items with C-insertion:
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C-insertion Onset

C-insertion Coda

(most frequent to least frequent)

(most frequent to least frequent)

 e.g. l{yl.h
hAk
 e.g. sik.tt´
 e.g. stre.k´n

luilak
zieke
trekken

2
2
1

lapje
doch
hamer
handelaar
min
stelen
voorbij
zijpad

lAm
mp.j´
dOxt
hArr.m´r
hAn.d´.la:rss
mInss
stE.l´ntt
fOr.bEitt
 zEin
n.pAt








6
2
1
1
1
1
1
1

Table 4: Items C-insertion in onset and coda position

Some other examples of insertions of V, VC, and CVC can be found below.
V-insertion

VC-insertion

(most frequent to least

(most

frequent)

frequent)

kruid
houtvlot

 kr{y.d´´
 hAu.t´´.vlOt

1
1

CVC-insertion

frequent

roeping
mak28
proefstuk

to

least

(most

frequent

to

least

frequent)

 ru.pI.N´n
´n
 ma.k´n
´n
 pruf.stø.k´n
´n

2
2
1

proefstuk

 pruf.v´r.støk

1

Table 5: Items V-, VC, and CVC-insertion

Given the examples above, it can be concluded that most insertions (C, V, VC, and
CVC) resulted in another existing word. Insertion errors are therefore not
phonological.

Substitution
Substitution errors were hypothesized to surface in reading and spelling. Indeed, most
frequent committed errors concerned substitution of C and substitution of long
vowels as can be concluded from the proportions in table 6. In this table, proportions
of sub-types, raw scores, and values from a X2 test can be found.

This concerns a double error; namely, VC insertion and substitution of vowel length (Vshort
 Vlong).

28
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Substitution
C
VC
Vlong
Vshort
Diphthong
Vlong  Vshort
Vshort  Vlong
Vshort  Diphthong
Diphthong  Vshort
Diphthong  Vlong
Assimilation
Voicing
Other

Control

“Unaffected” at-risk

.46 (12 / 26)
.04 (1 / 26)
0
0
.04 (1 / 26)
.19 (5 / 26)
.08 (2 / 26)
0
0
0
.04 (1 / 26)
0
.15

.30 (15 / 50)
.04 (2 / 50)
0
.08 (4 / 50)
.02 (1 / 50)
.32 (16 / 50)
.10 (5 / 50)
.04 (2 / 50)
0
.04 (2 / 50)
.04 (2 / 50)
.02 (1 / 50)
0
X2 = 10.554, p = 0.308

X2 test

“Affected” at-risk
.17
.06
.09
.09
.03
.26
.11

(6 / 35)
(2 / 35)
(3 / 35)
(3 / 35)
(1 / 35)
(9 / 35)
(4 / 35)
0
.03 (3 / 35)
0
.03 (1 / 35)
.03 (1 / 35)
.11 (4 / 35)
X2 = 14.029, p =0.172

Table 6: Proportions sub-types substitution

As shown in table 6, X2 tests did not reveal significant differences in produced
substitution errors (observed errors) from the ”affected” group and “unaffected”
group compared to the expected frequencies from the controls (“Unaffected: X2 =
10.554, p = 0.308, “affected”: X2 = 14.029, p =0.172). The table reveals the following
distribution of errors within groups.

Control

: C > Vlong to Vshort > Vshort to Vlong > diphthong,

assimilation
“Unaffected”

: Vlong to Vshort > C > Vshort to Vlong > Vshort > Vshort to
diphthong > diphthong, voicing

“Affected”

: Vlong to Vshort > C > Vshort to Vlong, other > Vlong,
Vshort > VC > diphthong, assimilation, voicing

The most remarkable sub-categories in substitution errors concern C, Vlong to Vshort,
and Vshort to Vlong. These error types occurred in all groups as the three most
frequent sub-categories. Consider some examples of these errors below in table 7.
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C-substitution
(most frequent to least frequent)
doch
min
hand

 dOk
 mIs
 bAnt

8
3
1

kar

 kAn

1

lapje

 hAp.j´

2

Vlong-substitution
(most frequent to least frequent)
waar
heenlopen

Table 7: Items C-substitution

 we:r
 han.lo.p´n

2
1

Table 8: Items Vlong substitution

Vshort to Vlong-substitution
(most frequent to least frequent)
hamer
mak
kar

 hA.mer
 ma:k
 ka:r

9
4
1

trekken

 tre:k´n

1

Table 9: Items Vlong to Vshort

Interestingly, all substitution examples above concern also lexicalization errors.
Similarly as in the category “insertion”, these errors were coded as both error types
(lexicalization and substitution).
Summarizing, the “affected” group had the highest proportion of insertion
errors. Within the category “substitution”, the unaffected group had the highest
proportion of Vlong to Vshort, followed by the “affected” group. It can be
concluded that substitution errors in word reading are not phonologically grounded,
but resulted from a lexicalization effect.

5.3 Klepel
As already pointed out, the “affected” children at-risk of dyslexia performed
significantly less well on the Klepel compared to the “unaffected” at-risk children and
the control group (see also first row in table 4). Similarly as in the EMT, the
“unaffected” at-risks performed significantly less well on the Klepel compared to the
control group. In order to see in what way the groups are different from each other in
non-word reading, the committed phonological errors were scored. Table 4 presents
the mean proportions of correct non-word reading of each group. Consider table 10
with an overview of the proportions of committed errors for each group. In order to
gain more insight into the data, a X2 test was performed on the errors of the
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“affected” and “unaffected” at-risk group, based on the frequencies of committed
errors by the control group.

Control

“Unaffected” at-risk

“Affected” at-risk

(N = 20)

(N = 27)

(N = 17)

Deletion

.09 (20 / 234)

.07 (27 / 381)

.08 (21 / 260)

Insertion

.10 (25 / 234)

.12 (47 / 381)

.09 (24 / 260)

Substitution

.56 (130 / 234)

.56 (212 / 381)

.46 (119 / 260)

Metathesis

.05 (11 / 234)

.05 (21 / 381)

.06 (15 / 260)

Lexicalization

.19 (46 / 234)

.19 (72 / 381)

.24 (63 / 260)

Other29

.01 (2 / 234)

.01 (2 / 381)

.07 (18 / 260)

X2 = 3.055, p =0.692

X2 = 1.205, p = 0.000

X2 test

Table 10: Proportions of phonological errors + X2 test

As it can be seen in table 10, X2 tests revealed a significant difference of all error
categories in both “affected” compared to the (expected) error frequencies of the
controls (X2 = 1.205, p = 0.000). There was no significant difference between the
observed frequencies of the “unaffected” at-risks and the expected frequencies of
the control group (X2 = 3.055, p =0.692). Most errors were found in the category
“substitution” in all groups, followed by lexicalization errors and insertions. Figure 7
shows the distribution of phonological errors by group. Then, a closer look at the
categories “insertion” and “substitution” will be taken in the following section.

Other: reading a syllable from the upper or lower word, different existing / non-word,
problems in handwriting / non-existing grapheme.

29
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Figure 7: Phonological errors by group in the Klepel

Insertion
Insertion errors that have been committed concern consonants (C), vowels (V),
double consonants (CC), CV-sequences, VC sequences, reduplications, and
assimilations. Consider table 11 that represents frequencies of insertions for each subtype by group, raw scores and X2 values.
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Insertion

Control

“Unaffected” at-risk

“Affected”at-risk

C

.69 (20 / 29)

.67 (51 / 76)

.64 (23 / 63)

V

0

.11 (8 / 76)

.14 (5 / 63)

CC

.03 (1 / 29)

0

.03 (1 / 63)

CV

0

.01 (1 / 76)

.03 (1 / 63)

VC

.14 (4 / 29)

.04 (3 / 76)

.08 (3 / 63)

Other30

.14 (4 / 29)

.17 (13 / 76)

.08 (3 / 63)

X2 = 2.276, p = 0.685

X2 test

X2 = 3.568, p = 0.613

Table 11: Proportions sub-types insertion

The committed sub-errors did not differ significantly in the “unaffected” and
“affected” group compared to frequencies of the controls (“unaffected”: X2 = 2.276,
p = 0.685, “affected”: X2 = 3.568, p = 0.613). It can be seen that the proportions are
quite similar between groups. The table reveals the following distribution of errors
within groups.

Control

: C > VC, other > CC

“Unaffected”

: C > other > V> VC > CV

“Affected”

: C > V > VC, other > CC, CV

Most insertions concerned C-insertion. This finding is comparable to that of the EMT
task. It can also be seen that the “affected” group made more diverse insertion
errors. With regard to C-insertion, it is interesting to know whether C-insertion occurs
more frequently in onset or coda position. In onset-position, 44 out of 94 C-insertions
were performed. In coda-position, 55 out of 94 C-insertions were observed. This
finding also resembles that of C-insertion in the EMT task. The items under onset
position are scored like this because a novel consonant in onset position is
introduced (e.g. l{y.lAk  l{yl.h
hAk). However, by inserting a novel consonant in the
onset of the second syllable, a coda in the first syllable is created. Note that the
majority of C-insertions result in an existing word (indicated with underlining). These
errors are also coded as lexicalization errors. Consider some examples of the items
with C-insertion in table 12:

30

Other: assimilations, reduplications, more sequences than CV or VC.
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C-insertion Onset

C-insertion Coda

(most frequent to least frequent)

(most frequent to least frequent)

liertvek
noogsij
rapones
hootgepen
ijnhas
retluiven
stuikhaut

 lirt.vlEk
 noV.stEi
 rA.pon.s´s
 hot.xre.p´n
 lEin.hAs
 krEt.l{y.v´
 str{yk.hAut

8
8
6
7
3
3
3

duihas
veben
rapones
ijnhas
megoezen
hootgepen
stebun

 d{ys.hAs
 v´r.ben
 rAm.ponEs, "rApons´s
 Ein.hals
 mEr.gu.z´n, mE"xunz´n
 hoft.x´.pen
 stEm.bøm, stEnbøn

treukel

 strº.k´l

2

kraatduiper

 krat.d{ym.p´r

truufstin

 stryf.stIn

2

fas

 fAst

wochtel

 wAVt.lEl

2

6
6
4
2
2
2
2
2

Table 12: Items C-insertion in onset and coda position

Substitution
Substitution errors that were made are described in table 13. Proportions of the errors,
the raw scores, and X2 values are provided.

Substitution

Control

.17 (49 / 285)
0
0
.01 (2 / 285)
.02 (7 / 285)
.02 (6 / 285)
.05 (14 / 285)
.46 (130 / 285)
.05 (13 / 285)
.06 (17 / 285)
.02 (6 / 285)
.04 (12 / 285)
.04 (11 / 285)
0
.01 (3 / 285)
.05 (14 / 285)
X2 test
X2 = 42.094, p = .000
Table 13: Proportions sub-types substitution
C
CC
CV
VC
Vlong
Vshort
Diphthong
Vlong  Vshort
Vshort  Vlong
Vlong  Diphthong
Vshort  Diphthong
Diphthong  Vshort
Diphthong  Vlong
CV
Voice
Other

.16 (23 / 138)
0
0
0
.01 (1 / 138)
.04 (6 / 138)
.04 (5 / 138)
.45 (62 / 138)
.04 ( 6 / 138)
.04 (6 / 138)
.01 (1 / 138)
.05 (7 / 138)
.02 (3 / 138)
.01 (1 / 138)
.01 (1 / 138)
.12 (16 / 138)

“Unaffected atrisk

“Affected” at-risk

.25 (40 / 161)
.005 (1 / 161)
.005 (1 / 161)
0
.04 (6 / 161)
.09 (14 / 161)
.04 (7 / 161)
.27 (43 / 161)
.07 (12 / 161)
.03 (5 / 161)
.02 (4 / 161)
.03 (5 / 161)
.04 (6 / 161)
.005 (2 / 161)
.005 (1 / 161)
.09 (16 / 161)
X2 = 60.822, p = .000
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Chi-square tests revealed significant differences between the observed errors of both
the “unaffected” and the “affected” group compared to the expected frequences
from the controls (“unaffected” group: X2 = 42.094, p = .000, “affected” group: X2 =
60.822, p = .000). Table 13 reveals the following distribution of errors within groups.

Control

: Vlong to Vshort > C > other > diphthong to Vshort > Vshort,
Vshort to Vlong, Vlong to diphthong > Vlong,C to V, voice

“Unaffected”

: Vlong to Vshort > C > Vlong to diphthong > Vshort to Vlong,
voice, diphthong > diphthong to Vshort, diphthong to Vlong >
Vlong, Vshort, Vshort to diphthong > voice.

“Affected”

: Vlong to Vshort > C > Vshort, other > Vshort to Vlong > Vlong >
diphthong > Vlong to diphthong, diphthong to Vshort > Vshort to
diphthong > CC, CV, C toV, voice

Substitutions of long vowels to short vowels are most frequently observed in all
groups, and this error type was hypothesized to occur. The second sub-type that
occurred in all groups concerned substitution of consonants (C). Consider some
examples of items that were submitted to substitution of long vowels to short vowels
in table 14.

Substitution Vlong  Vshort
(most frequent to least frequent)
 zA
A.p´r
zaper

vE
E.b´n
veben

zA
A
.pOt
zapod

kEr.pA
A.n´s
kerpanes

O
.
x´r.ja.k´n
/ o.x´r.jA
A.k´n
ogerjaken

A
.f´n
aven
 On.lI.tEk
oonlittek
 stE
E.bøn
stebun

40
29
22
20
14
13
13
12

Table 14: Items substitution Vlong to Vshort

Since this error was hypothesized to occur in reading, this error type will be discussed
in more detail in chapter 6.
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Substitution C
(most frequent to least frequent)
 pu.d
diN
poebing
 Of.wA.nINN
ofwannin
 krat.b
b{y.p´r
kraatduiper
 rEt.l{y.v´ll
retluiven
 hot.xe.p´ll
hootgepen

19
7
5
5
4

Table 15: Items substitution C

As can be observed in table 15, substitutions of C in the Klepel did not result in
lexicalizations. However, there does not seem to be any consistency in these
substitution errors of consonants (except for the mirror grapheme, p  b).

Summarizing, the “affected” group differed significantly compared to both groups in
the error categories “insertion”, “substitution”, and “other”. No significant differences
were found in the category insertion; nonetheless, it can be observed that C-insertion
in coda-position occurred most frequently as a sub-type. Substitution of vowel length
in the “affected” group was found to be significantly different, even with a smaller
number of mean read words in this group compared to the “unaffected” group and
the control group.

5.4 Spelling
As already pointed out earlier, the “affected” at-risk group performed significantly
less well on word spelling compared to the controls and to the “unaffected” at-risk
group. Similarly as in the EMT and in the Klepel, the “unaffected” group did not differ
significantly to the control group. In order to see in what way the groups are different
from each other in spelling, the committed phonological errors were scored. X2 tests
were performed based on frequencies of controls to seek for differences between
groups (“affected” and “unaffected” compared to controls). Table 16 presents the
proportions phonological errors of each group, the raw scores, and X2 values.
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Control

“Unaffected” at-risk

“Affected” at-risk

Deletion

.09 (12 / 127)

.10 (20 / 206)

.15 (58 / 384)

Insertion

.06 (7 / 127)

.12 (24 / 206)

.04 (15 / 384)

Substitution

.79 (100 / 127)

.75 (154 / 206)

.73 (279 / 384)

Metathesis

.03 (4 / 127)

.03 (7 / 206)

.04 (14 / 384)

Other31

.03 (4 / 127)

0

.04 (18 / 384)

X2 = 19.196, p = .001

X2 = 19.783, p = .001

X2 test

Table 16: Proportions correct in spelling and phonological errors

As it can be seen in table 16, X2 tests revealed a significant difference of all error
categories in the “affected” group compared to the (expected) error frequencies of
the control group (X2 = 19.783, p = .001). No significant differences were found
between the “unaffected” group and the control group (X2 = 19.196, p = .001). Most
errors were found in the category “substitution” in all groups. The remaining
categories were did not occur very frequently. A closer look at the category
“substitution” will be taken in the following section. First, figure 11 will illustrates the
distribution of phonological errors for each group.

31

Other: Reversed letter, unreadable, and different word.
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Figure 8: Phonological errors by group in spelling

Substitution
Substitution errors that were made are described in table 17.
Substitution
C
CV
V
Diphthong
Vlong  Vshort
Vshort  Vlong
Vshort  Diphthong
Diphthong  Vshort
Diphthong  Vlong
Voice
VC
Assimilation
Similar C sound
Similar V sound

Control
.07 (7 / 100)
0
.02 (2 / 100)
.09 (9 / 100)
.03 (3/ 100)
.22 (22 / 100)
0
.05 (5 / 100)
0
.20 (20 / 100)
0
.28 (28 / 100)
.04 (4 / 100)
0

X2 test

“Unaffected at-risk
.05 (9 / 179)
0
.01 (1 / 179)
.15 (26 / 179)
.02 (3 / 179)
.15 (27 / 179)
.02 (3 / 179)
.04 (7 / 32)
.01 (1 / 179)
.14 (25 / 179)
.01(1 / 179)
0
.22 (40 / 179)
.06 (10 / 179)
X2 = 1.044, p = .000

“Affected” at-risk
.07 (18 / 276)
0
.01 (3 / 276)
.14 (40 / 276)
.05 (15 / 276)
.23 (64 / 276)
.01 (4 / 276)
.07 (20 / 276)
.01 (1 / 276)
.17 (47 / 276)
0
.01 (3 / 276)
.19 (53 / 276
.03 (7/ 276)
X2 = 8.225, p = .000

Table 17: Proportions sub-types substitution
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Chi-square tests revealed a significant difference of all sub-error categories in
substitution in both the “affected” and the “unaffected” group compared to the
(expected) error frequencies of the control group (“unaffected”: X2 = X2 = 1.044, p =
.000, “affected”: X2 = 8.225, p = .000). The table reveals the following distribution of
errors within groups.

Control

: assimilation > Vshort to Vlong > voice > diphthong > C > similar
C sound > V

“Unaffected”

: similar C sound > Vshort to Vlong > diphthong > voice > similar V
sound > C > diphthong to Vshort > Vshort to diphthong > V,
diphthong to Vlong, V to C

“Affected”

: Vshort to Vlong > similar C sound > voice > diphthong > C,
diphthong to Vshort > Vlong to Vshort > similar V sound > V,
Vshort to diphthong, diphthong to Vlong,assimilation

Errors that occurred most frequently in the “unaffected” and the “affected” group
concerned “similar C sound”, substitutions of short vowels long vowels, “diphthongs”
and substitutions of the feature “voice”. The sub-type “similar C sound” referred to
graphemic errors (e.g. <g> for <ch> (/x/, /V/). These error types will not be addressed
in the remaining analysis. More interestingly are substitutions of short to long vowels,
voice, and long vowels to short vowels, because these errors were hypothesized to
occur in spelling. Table 18 shows some examples that were spelled incorrectly with
respect to substitution of short vowels to long vowels.

Substitution Vshort  Vlong
(most frequent to least frequent)
la
buren
stro
poten
regen
dagen
sla
nu

 slaa
 buuren
 stroo
 pooten
 reegen
 daagen
 laa
 nuu

20
19
18
14
13
11
8
4

Table 18: Items substitution Vshort to Vlong
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In substitution of short vowels to long vowels, the “affected” and the control group
made (proportionally) more errors (.23) as opposed to the “unaffected” group (.15).
It is remarkable that the “affected” group and the control group are comparable in
terms of proportions of errors. It must be noted that (in open syllables) phonological
vowel duration always corresponds to double vowel letters. There are no instances
where a phonological short vowel is spelled with double vowel letters. Diphthongs
were also subject of some substitution errors.

Substitution of diphthongs to other

diphthongs occurred frequently in the spelling task. Proportions of error rate showed
that errors in diphthongs occurred significantly more often in the “affected” group
(.40) than in the “unaffected” group (.15) and the control group (.09). Some
examples can be found in table 19. These errors seem of orthographic origin rather
than phonological. Children in the “affected” and the “unaffected” group do not
seem to master the correct sequence of vowels that denote a diphthong. However,
they are aware of the fact that two vowel positions have to be filled. The
interpretation of vowel letters to diphthongs seems to occur rather randomly (e.g.
plein  pliun).

Diphthongs
pauw
vrouw
zeil
plein

 pou, puo, poaw
 vroa
 zui
 pliun

7
2
1
1

Table 19: Items substitution diphthongs

Another error in the category “substitution” that occurred frequently concerned the
phonological feature “voice”. The control group made most errors in terms of
proportions (.20) compared to the “affected” group (.17) and the control group
(.14). Below some examples with respect to final devoicing can be found.

Final devoicing
stad
bord
paard
mond






stat
bort
paart
mont

29
17
11
10

Table 20: Items substitution voice
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Finally, although the proportions of the sub-type “Vlong to Vshort” were not
substantially high, some examples will be provided since this error type was
hypothesized to surface in spelling.

Substitution Vlong  Vshort
(most frequent to least frequent)
veer
peer
paard
scheef

 ver / vir
 per / pir
 pard
 schef / schif

10
6
4
1

Table 21: Items substitution Vlong to Vshort

In sum, it appeared that “affected” children in the at-risk group show more problems
at the vowel level compared to the “unaffected” group and the control group. This
is also confirmed by substitution errors of diphthongs to short vowels. Substitutions of
short to long vowels occurred to a great extent in all groups. There were no clear
sub-errors in the category deletion.

5.5 Word reading versus non-word reading and spelling
In section 5.1, it was pointed out by means of a paired samples t-test that all groups
performed significantly better in the word reading task compared to the non-word
reading task. In the preceding section, it was pointed out what types of
phonological errors are performed for each task and by which group. It was
hypothesized that more errors would be found in the non-word reading task
compared to the word reading task. Indeed, more errors are found in the Klepel (875
errors in total) than in the EMT (259 errors in total). Let us take a look at the proportions
of the main error categories in the EMT and the Klepel.
EMT

Klepel

Deletion

.08 (22 / 259)

.08 (68 / 875)

Insertion

.17 (43 / 259)

.11 (96 / 875)

Substitution

.43 (111 / 259)

.53 (461 / 875)

Metathesis

.01 (2 / 259)

.05 (47 / 875)

Lexicalization

.28 (72 / 259)

.21 (181 / 875)

Other

.02 (6 / 259)

.03 (22 / 875)

Table 22: Comparison errors EMT + Klepel
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Table 22 shows that substitution and metathesis errors occurred more frequently in
the Klepel than in the EMT. Insertion and lexicalization errors were more frequent (in
proportions) than in the Klepel. In the preceding section, it was already pointed out
that most insertion errors resulted in a lexicalization error. Deletion errors were not
different between tasks.
As for the spelling task, a paired samples t-test revealed that all groups
performed significantly better in the word reading task compared to the spelling
task. Overall, more errors are made in the spelling task (717 errors in total) than in the
words reading task (259 errors in total). As already shown, the phonological errors in
both tasks share the same categories (deletion, insertion, substitution, and
metathesis) 32.
EMT

Spelling

Deletion

.08 (22 / 259)

.13 (90 / 717)

Insertion

.17 (43 / 259)

.06 (46 / 717)

Substitution

.43 (111 / 259)

.74 (533 / 717)

Metathesis

.01 (2 / 259)

.03 (25 / 717)

Lexicalization

.28 (72 / 259)

0

Other

.02 (6 / 259)

.04 (23 / 717)

Table 23 : Comparison errors EMT + Spelling

As table 23 shows, most errors have a higher proportion in the spelling task than in the
word reading task. Substitution errors were most remarkable; there was a great
difference between the two tasks (spelling .74 compared to EMT .43). Only insertion
errors have a higher proportion rate than in the spelling task. It was already shown,
however, that insertion errors were not of phonological origin since most words
resulted in another existing word.

Summarizing, it was found that word reading is less difficult than non-word reading in
all groups, and word reading also appeared less difficult than spelling. Overall, more
errors were made in the Klepel, the non-word reading task, compared to the EMT,
the word reading task. In both word reading and non-word reading, insertions,
Categories (in the spelling task) such as, reversed letter, unreadable, and other are left out
of scope in this comparison.
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substitutions, and lexicalizations were most frequently observed by the “affected” atrisk children, but also in the other groups. Insertions of consonants in coda position
were most frequent (leading to lexicalization) and substitutions at the vowel level
(vowel length, diphthongs) were mostly observed. In the spelling task, substitutions,
were mostly observed as error category by the “affected” at-risk children. In
particular, substitutions at the syllabic rime-level were strongly present; namely
substitutions of long vowels to short vowels, short vowels to long vowels, and
substitutions of diphthongs to short vowels (or other diphthongs). Below a summary of
the errors by task and by group is provided. In the column at the left, the tasks are
indicated (word reading, non-word reading, and spelling), in the upper row, groups
are visualized (controls, “unaffected”, and “affected”). In each column (below
group), most frequently committed errors (main error + subtype) can be found.

Word reading

Non-word
reading

Controls

“Unaffected”

“Affected”

- Insertion C

- Insertion C

- Insertion C

- Substitution
Vlong to Vshort

- Substitution
Vlong to Vshort

- Substitution Vlong to
Vshort

- Lexicalization
-Substitution Vlong
to Vshort

- Lexicalization
-Substitution Vlong
to Vshort

- Lexicalization
-Substitution Vlong to
Vshort

- Insertion C

- Insertion C

- Insertion C

- Lexicalization

- Lexicalization

- Lexicalization
- Substitution Vshort to
Vlong

Spelling

- Substitution
diphthongs
- Substitution feature
[voice]
- Subsitution Vlong to
Vshort
Table 24: Summary most frequent errors for each task by group

The results in table 26 are in accordance with previous findings in the literature as was
discussed in section 2.2 Namely, errors in final devoicing as was the case in the
German case study (Stadie & van de Vijver 1998) and errors with vowel length,
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(Landerl & Reitsma 2005, among others). However, in this study, substitutions of vowel
length in word and non-word reading were also found, though less frequent than in
the spelling task. This finding also supports the hypothesis that spelling is more
impaired in children with dyslexia than reading. However, insertion (and deletion)
errors appeared not to be of phonological origin, i.e. it was a lexicalization effect.
In a nutshell, in both reading and spelling, phonological errors are observed in
all groups. Mostly, phonological errors were observed in the spelling task by the
“affected” group. This suggests that phonology is indeed involved in literacy skills and
thus that spelling is clearly phonologically grounded. It seems that reading (at this
age) is less phonologically grounded than spelling. In the next chapter, a more
elaborate discussion of the results will be provided with a theoretical analysis to see
whether errors in reading and writing can be captured within a phonological model.
This will bring us closer to the answer whether errors in reading and writing are indeed
phonological.
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6. General discussion
This chapter provides a general discussion of the results (in chapter 5) addressing the
research questions in chapter 3 (see also below). Furthermore, a theoretical analysis
within the model that was presented in chapter 2.4.1 will be tested. In section 6.1, a
comparison between word reading and non-word reading, and word reading and
spelling will be drawn (questions 1 and 2). Section 6.2 discusses the word reading
task, the non-word reading task is presented in section 6.3, and finally a discussion on
the spelling task is given in 6.4. The remainder of this chapter will address question 5
and test whether the model can be applied to reading and writing.

1. Is there a quantitative difference in word reading and non-word reading within
groups?
2. Is there a quantitative difference in word reading and spelling within groups?
3. Are there qualitative differences in literacy skills of “affected” children at-risk of
dyslexia compared to normally developing children in reading and writing?
4. Are there qualitative differences between “affected” and “unaffected” children
at-risk of dyslexia or between controls and “unaffected” at-risk children?
5. Can phonological errors in reading and writing be explained within the framework
of Optimality Theory?

6.1 Word reading versus non-word reading and spelling
A composite score of several tasks (as mentioned in section 4.1) has revealed that
from the entire at-risk group, 37.78% of the at-risk children have developed literacy
problems (“affected” at-risks) compared to 62.22% who have not developed literacy
problems (“unaffected” at-risks); this is (marginally) in accordance with the
assumption that 30-65% of children with a familial risk of dyslexia will develop reading
and writing problems. In the control group, 20% appeared to have developed
literacy problems. This percentage rate is quite high, given the assumption that 2-13%
will develop problems in reading and writing. No significant differences were found
between the “unaffected” at-risk children and the controls. This finding is in contrast
with the results of Snowling et al. (2003), where “unaffected” at-risk children did show
statistically poorer spelling, non-word reading and reading comprehension skills when

compared to controls. The lack of significant difference between the “unaffected”
group and the control group suggests that these groups behave similarly. A
qualitative analysis will try to answer this issue. Similar findings hold for the difference
between the “unaffected” and the “affected” group on all tasks, no significant
differences were found between these two groups in all tasks. Snowling et al. (2003)
reported that the “unaffected” at-risk group performed better on literacy skills than
the “affected” group as a result of compensation of semantics. The “unaffected”
group in this database also performs in between the two experimental groups on
literacy tasks; in particular they performed better on the word reading task than on
the non-word reading task. So it seems quite likely that the “unaffected” group is
better in compensation for weaknesses in reading processes than the “affected”
group (by semantics). A paired samples t-test revealed that all groups performed
significantly better on the word reading task than on the non-word reading task
(“affected” group: mean EMT 26 (s.d. 9.6), mean Klepel 18.5 (s.d. 7.6); “unaffected”
group: mean EMT 53 (s.d. 20.9), mean Klepel 46.6 (s.d. 22.7), control group: mean
EMT 49.8 (s.d. 9.2), mean Klepel 41 (s.d. 13.4)). The greatest difference in
performance in word reading versus non-word reading is present in the “unaffected”
at-risk group. This might be due to the capability of compensation in normal word
reading (and not in non-word reading) that causes a large discrepancy between
the results of the two tasks. The first research question is hereby answered:

1. Is there a quantitative difference in word reading versus non-word reading within
groups?

- Quantitative differences between word and non-word reading are found in all
groups.

As for the comparison between word reading and spelling, paired samples t-tests are
conducted in the same fashion. It appeared that all groups performed significantly
worse on spelling compared to reading ((“affected” group: mean EMT 26 (s.d. 9.6),
mean spelling 18.3 (s.d. 11.2); “unaffected” group: mean EMT 49.9 (s.d. 9.2), mean
spelling 31.8 (s.d. 5.5); control group: mean EMT 53 (s.d. 21), mean spelling 32 (s.d.
6.8)). A large discrepancy between reading and spelling is found in the control
group, followed by the “unaffected” group and finally in the “affected” group. The
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latter group performs extremely low compared to both groups. The reasoning in the
same line as stated above could explain this observation; compensation in normal
word reading in the “unaffected” group (and normal reading level in the control
group) causes a large discrepancy between the results of the two tasks. The second
question can be answered:

2. Is there a quantitative difference in word reading versus spelling within groups?

- There is indeed a discrepancy between reading and spelling in all groups. It seems
that spelling takes more effort than reading, as was hypothesized earlier. An
explanation could be that phonological skills must be activated to a greater extent
in spelling than in reading. (The theoretical analysis in the next sections will illustrate
whether this is indeed the case).

Qualitative analyses were carried out in order to characterize error patterns that
were made between groups on a word reading task, a non-word reading task, and
a spelling (to dictation) task. This is an important question, since the main goal of this
study regards singling out the phonological grammar of children that have
developed literacy problems compared to those who have not (from the original
“at-risk” group) and compared to control children. Despite the fact that the
“unaffected” group performed better than the “affected” group overall, the
“unaffected” group seems to embody a similar error pattern as the “unaffected”
group (but to a less severe extent). Substitutions in vowel length in spelling (and
slightly in reading) were hypothesized to occur in the impaired literacy group (see
Lyytinen et al. 1995, Landerl & Reitsma 2005, among others). It appeared that vowel
quantity was indeed a sensitive target in both reading and spelling in the entire atrisk group, in particular substitutions from long vowels to short vowels. In the non-word
reading task, substitution of this error type surfaced (significantly) in the “unaffected”
and the “affected” group. In the spelling task, substitutions of short to long vowels
occurred most frequently in the “affected” group. As was pointed out in chapter 2,
vowel quantity is a purely phonological phenomenon since it relies on syllable
structure and syllable weight. Since it appeared in both experimental groups, it is
very likely that children in these groups cope differently with their phonology (in
reading and writing), due to a deviant phonological grammar or due to a delayed
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maturation of their phonological system. Snowling (2001), among others, claimed
that poor phonological representations lead to slow literacy development. It can be
said that unmarked structures (less difficult structures) in the surface form are thus a
result of their poor phonology. In transparent orthographies, more phonologically
related errors would be observed in spelling since spelling depends more upon
phonology (there is a one-to-one mapping from phonemes to graphemes). If
phonology is impaired, then this impairment will surface more clearly in spelling than
in opaque orthographies.

In opaque languages, more orthographically related

errors would be expected since the spelling system cannot directly be derived from
phonology and is more driven by morphology. It can be hypothesized that more
morphological constraints are responsible for correct reading and writing. This thesis
however, does not address opaque orthographies in the analysis. Apart from the
distinction between phonological and morphological errors, in general fewer errors
would be expected in transparent orthographies than in opaque orthographies
since it is less complex. As was discussed in chapter 2, vowel alternations (boom –
bomen, tree – trees) do not respect a one-to-one mapping between phonemes and
graphemes. Apart from substitutions from long vowels to short vowels, also
substitutions of diphthongs to short vowels, short vowels to long vowels, and
substitutions of the feature [voice] were (significantly) observed in the “affected”
group in the spelling task. Based on this finding, it can certainly not be ignored that
this particular group deals differently with their phonology compared to the control
group (and to certain extent to the “unaffected” group). It cannot be tested,
however, whether the errors in reading and writing are caused by a deviant
(phonological) grammar or by a delay in their (phonological) development
compared to their controls (as was the case in the Czech study, Caravolas & Volín
2001, see 2.2). In order to test this, literacy-age matched control children are needed
besides age controls which were available in this study. Further research could
answer this question.
Overall, more errors were found in the spelling task than in the word reading
task. In particular, all types of substitution errors at the vowel level (except for long to
short vowel) occurred in the spelling task in the “affected” group. This supports the
hypothesis that spelling is more impaired than (non) word reading (Cossu and
Marshall 1985, Wimmer & Hummer 1990, Treiman 1997). This was also mentioned
earlier by Cossu et al. (1995) who argued that a discrepancy between reading and
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writing will be found in semi-transparent languages, like Dutch. Ripsens et al. (2008)
demonstrated that morphological awareness is a contributing factor in learning to
read, but not in spelling because spelling relies more heavily upon phonology. De
Jong & van der Leij (2002) have revealed that Dutch children use phonological
strategies only until the first grade of primary school in order to read. The children in
this database were all in second grade, so it could indeed be the case that other
reading strategies were also used by (some) children in this database (see also
Castles & Coltheart 2004 for an extensive review of studies that addresses this issue).
These (different) explanations may hold for the data in this study in order to interpret
the discrepancy between reading and writing in children at the age of 8. Another
viewpoint to approach these findings comes from Olsen (1985), among others;
besides the role of morphology in reading, orthographic knowledge, word
knowledge, visual strategies also play an indispensable role in reading, but not in
spelling. Applying a visual strategy refers to the ability to retrieve the identities of
words from the mental lexicon. If it is truly the case that children with dyslexia use this
strategy, then their knowledge of word specific patterns and allowed letter
sequences must be enough to compensate the deficit in their phonology (Bourassa
& Treiman 2003).
Earlier research has shown that children with (a at-risk for) dyslexia have a
delay at the supra-segmental level (de Bree & van der Pas 2004, de Bree et al. 2006,
2007). Errors in vowel length that were found in this analysis support the findings from
de Bree and van der Pas (2004), since vowel length is dependent on syllable
structure and stress in Dutch. Research questions 3 and 4 can partly be answered;

3. Are there qualitative differences in literacy skills of “affected” children at-risk of
dyslexia compared to normally developing children in reading and writing?
4. Are there qualitative differences between “affected” and “unaffected” children atrisk of dyslexia?

- There are indeed qualitative differences in literacy skills between groups; the
“unaffected” group resembles the “affected” group in terms of error types, however
they perform better in reading and they have a higher reading speed (higher mean
of orally read words). In spelling, the “affected” group makes significantly more
errors than the other two groups. In this task, it seems that the “unaffected” group
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resembles the control group to a higher degree, in contrast to both reading tasks.
Perhaps, due to the fact that in spelling, the phonological component is more
demanding, the “affected” at-risk children perform at their poorest.

If the hypothesis is correct that the substitution errors are phonologically grounded
then is should be possible to capture these phenomena within a phonological
model, in particular, the model that was presented in section 2.4.1 (see again
below).

In the following sections, a theoretical analysis of the above mentioned errors will be
provided for each task. Constraints within the scope of Optimality Theory will be
formulated in order to explain the (phonological) errors in reading and writing.

6.2 Word reading task
In the word reading task it has been shown that all groups made insertion, deletion
and substitution errors. Most insertion and deletion errors concerned lexicalization
errors; these errors are thus not phonological. A more fine-grained analysis of
substitution errors revealed that substitutions of long vowels occurred frequently in
the “affected” group and in the “unaffected” group. The poor readers in the control
group particularly made substitution errors of consonants. It can be inferred that
although less words are read by the “affected” group (group mean 26 words), more
errors are made in comparison with the control group (group mean 50 words). This is
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in line with the prediction that “affected” children at-risk for dyslexia will make more
(phonological) errors than the control group. The “unaffected” group seems to
behave like the “affected” group. They make similar errors, but the number of words
that were read aloud is higher compared to the “affected” group (and almost
similar to that of the control group). No significant differences were found between
the controls and the “unaffected” group. So, in terms of reading speed, the
“unaffected” group resembles the control group, however, with regard to error
categories, they behave like the “affected” group to a less severe extent. Let us take
a look at the errors that were made in the “affected” group and see whether the
error types (insertion, substitution of long vowels and consonants) can be captured
by the Optimality Theoretic model that was proposed earlier, and if these errors are
indeed phonologically grounded. It must be noted, that in this analysis a perfect
underlying form is assumed. It is possible that this is not entirely true (for some
children), due to misperceptions for instance.

Insertion
An insertion error leads to a modification of syllable structure. In speech production,
a constraint that militates against inserting segments in the output is DEP-IO
(Dependency). A constraint that militates against the opposite result of DEP,
deletion, is MAX-IO (Maximality). Markedness constraints that are in conflict with DEP
and MAX are:

ONSET

: Syllables must have onsets

NO-CODA

: Syllables must be open

*COMPLEXons

: Onsets are simple

*COMPLEXcod

: Codas are simple

The Dutch syllable structure allows both complex onsets and complex codas
((C)(C)VCC). Levelt and van de Vijver (1998) have pointed out that in order to
obtain a Dutch syllable structure (allowing complex clusters in onset and coda
position), faithfulness constraints must be on top of the ranking.
Faith>> ONSET, NO-CODA, *COMPLEX-O, *COMPLEX-C
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Since the data in this study does not concern speech production, but production of
oral reading and spelling, other types of constraints are necessary to capture this
“secondary language system”. In chapter 2, PG-correspondence constraints
(phoneme-grapheme) were proposed in order to link the primary language system
to literacy skills, based on the Correspondence Theory (McCarthy & Prince 1995). It
was proposed that the regular faithfulness constraints DEP-IO and MAX-IO have a PG
counterpart.

DEP-PG

: Every segment of P has a correspondent in G (no deletion)

MAX-PG

: Every segment of G has a correspondent in P (no insertion)

The ranking of the PG-constraints determines the transparency of orthography. The
higher ranked the PG-constraints, the more transparent the orthography is. Since
Dutch is a semi-transparent language, PG constraints are never entirely at the
bottom of the hierarchy; this would result in an opaque orthography, such as English,.
In contrast, a high ranking of a PG-constraint suggests a (complete) one-to-one
mapping between phonemes and graphemes. Two input forms are provided in a
tableau, a graphemic underlying form and a phonemic underlying form. In reading,
the graphemic underlying form (indicated with “<>”) is left from the phonemic
underlying form (indicated with “//”). Assuming that the underlying graphemic form
is represented correctly no deviating graphemic output candidates are given in a
“reading tableau”. A common error in the “affected” group in the word reading task
concerned consonant insertion in coda position (indicated in bold). Some examples
of this error-type are:

30)
lapje

(piece of fabric)

 lAm
mp.j´

doch

(yet, but)

 dOxtt

hamer

(hammer)

 hArr.m´r

handelaar

(trader)

 hAn.d´.la:rss

min

(minus)

 mInss

stelen

(to steal)

 stE.l´ntt

voorbij

(past, by)

 fOr.bEitt

zijpad

(sidepath)

 zEin
n.pAt
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Most C-insertions in coda position result in another existing word, except for
[dOxt], [mIns], [fOr.bEit], When activating a different word, semantics, frequency, and
reading speed must be playing a role. The three examples that did not lead to a
lexicalization effect, however, are not sufficient to conclude that a phonological
process is responsible for insertion errors. More data is needed in order to see if this
error-type characterizes poor readers and / or whether it is of phonological origin.
Tableau 14 shows how the correct output candidate for <lapje> is evaluated to
illustrate how the model deals with reading.

<lapje> - /lapje/

DEP-

MAX

MAX-

DEP-

PG

-PG

IO

IO

ONSET

a.  <lapje> - [lap.je]

NO-

*COMPLo

*COMPLc

CODA

ns

od

*

b. <lapje> - [slap.je]

*!

*

*

c. <lapje> - [lamp.je]

*!

*

*

d. <lapje> - [ap.je]

*!

*

*

*
*

*

Tableau 14

It seems unlikely that a phonological process is responsible for the insertion of a
consonant in the target word lapje (and other examples). It could be the case that
(beginning) readers tend to activate words that are more frequent in their lexicon.
Therefore, these insertion errors will not be addressed within the model; they are not
phonological in contrast with our expectations.

Substitution
Another reading error that was observed frequently concerns substitutions of long
vowels to short vowels. It must noted that the substitution of mak to [ma:k] is also a
lexicalization error.

31)
hamer
mak
kar
trekken

(hammer)
(tame(d))
(cart)
(to pull)

 hA.m´r
 ma:k
 ka:r
 tre:k´n
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Let us take a look at the example of hamer. Tableau 15 shows the evaluation of the
correct pronunciation, then the incorrect pronunciation will be illustrated. Chapter 2
introduced the constraint IDENT-PG (Vlength), which militates against difference in
vowel quantity. IDENT-PG(Vlength) is in competition with IDENT-IO (Vlength) and
*LONGVOWEL. The latter constraint militates against long vowels in the surface form.
Faithfulness constraints IDENT-PG(Vlength) militates against alternations between the
phonemic and graphemic form with regard to vowel length, IDENT-IO militates
against alternations between the (phonemic) input and output form with regard to
vowel length. The markedness constraint *LONGVOWEL excludes long vowels at the
edge of a syllable. First a regular competition will be visualized; the evaluation of an
incorrect candidate will be illustrated hereafter.

<hamer> - /ha.m´r/

IDENT-IO

*LONGVOWEL

(Vlength)
a.  <hamer> - [ha.m´r]
b. <hamer> - [hA.m´r]

IDENT-PG
(Vlength)

*
*!

Tableau 15

The correct output is evaluated given the above illustrated competition among
constraints. The IDENT-IO dominates the markedness and PG-constraint in order to
arrive at the correct output with a corresponding graphemic input. The following
ranking order takes care of a correct mapping between graphemes and phonemes:

IDENT-IO >> IDENT-PG >> Well-formedness (markedness)

The error that was made most frequently by the “unaffected” group concerned
substitution of long vowels to short vowels. How can this phonological error be
captured within an OT model? The hypothesis is that due to a high ranked IDENT-PG
constraint, dominating IDENT-IO and markedness, an incorrect output candidate will
be evaluated. Let us see if this is indeed true.
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<hamer> - /ha.m´r/

a. <hamer> - [ha.m´r]

IDENT-PG

IDENT-IO

(Vlength)

(Vlength)

*LONGVOWEL

*

*!

b.  <hamer> - [hA.m´r]

*

Tableau 16

Indeed, IDENT-PG dominating IDENT-IO(Vlength) and *LONGVOWEL, leads to the
winning candidate which posits a short vowel, namely [hA.m´r]. Substitutions of long
vowels to short vowels is triggered by IDENT-PG(Vlength). Children associate one
single vowel letter to the pronunciation of a short vowel.

Given the selection of errors that were frequently committed in this study, and
subsequently analyzed within the theoretical model, it can be concluded that the
majority of errors in word reading are not phonologically based.

This is in

accordance with the literature that reading relies on phonology to a lesser extent at
this stage (second grade); it seems that other factors cause the errors in word
reading, such as reading graphemes that belong to the word below the target word,
activating other words from the lexicon (maybe due to reading speed). The error
type concerning incorrect mapping of phonemes onto graphemes can be
categorized as an incorrect conversion. Children who have problems mapping
graphemes onto phonemes are still in a initial state of learning how to read.
Therefore a phonological error surfaces in this group; it has been proposed that
phonology is (mostly) crucial in the earliest stage of reading. Demoting a PG
constraint, in this case IDENT-PG, in reading causes an incorrect output form in
production.

6.2 Non-word reading task
The “affected” group made significantly more insertion errors than the control group
and the “unaffected” group. Substitution errors were significantly made by the
“unaffected” group and the “affected” group. The 4 poor readers in the control
group behaved comparably as the “unaffected” and the “affected” group; they
made mostly substitution errors (of long vowels to short vowels). Let us see whether
the insertion and substitution errors can be captured by the model.
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Insertion
Similarly as in the EMT, C-insertion in coda position was more frequent than in onset
position. The majority of the C-insertions resulted in a (partly) existing word, such as
<hootgepen> [hoft.x´.pen], where [hoft] means head in Dutch, < stebun> 
[stEm
m.bøm], where [stEm]means voice, [rAm
m.ponEs],where [ram
mp] means disaster, [fAstt],
that can be interpreted as [vAst], which means solid33, and [rAm
m.ponEs], where [rAm
m]
which means ram.

32)
duihas
veben
megoezen
rapones
stebun
kraatduiper
fas

 d{yss.hAs
 v´rr.ben
 mErr.gu.z´n
 rAm
m.ponEs
 stEm
m.bøm
 krat.d{ym
m.p´r
 fAstt

Similarly as in the word reading task, the remaining items that were submitted to
insertions, are not sufficient to argue that this error is caused by a phonological
process. It is interesting though, that in both word and non-word reading insertion
errors lead mostly to lexicalization effects. Thus, insertion errors are not suitable for the
analysis within the model, since there is too much noise, i.e. lexicalization, in the data.

Substitution
The second error that was frequently made by both the “unaffected” and the
“affected” at-risk group concerned substitution. In particular, substitutions of long
vowels into short vowels. As was already mentioned, this error type was predicted to
surface in children with literacy problems and especially in non-words since the
lexicon cannot be referred to. So more phonologically based errors were expected
to occur. Below, some examples are provided followed by an analysis within the
model:

Fricative devoicing in onset position is a common process in Dutch, the distinction between
[f] and[v] is therefore not quite salient.
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33)
zaper
veben
zapod
kerpanes
ogerjaken
aven
oonlittek
stebun

 zA
Ap´r
 vE
Eb´n
 zA
ApOt
 kErpA
An´s
 Ox´rjak´n / ox´rjA
Ak´n
 Af´n
 OnlItEk
 stE
Ebøn

The substitution of long to short vowels was already illustrated with the example
hamer in the previous section. It was assumed that the constraint IDENT-PG (Vlength)
,that militates against difference in vowel quantity, is responsible for this process.
IDENT-PG(Vlength) is in competition with IDENT-IO (Vlength) and *LONGVOWEL. This
process will be briefly showed again with the non-word veben. First a regular
competition will be visualized in tableau 17; the evaluation of an incorrect candidate
will be illustrated in tableau 18.

<veben> - /ve.b´n/

IDENT-IO

*LONGVOWEL

(Vlength)

(Vlength)

a.  <veben> - [ve.b´n]
b. <veben> - [vE.b´n]

IDENT-PG

*
*!

Tableau 17

<veben> - /ve.b´n/

a. <veben> - [ve.b´n]

IDENT-PG

IDENT-IO

(Vlength)

(Vlength)

*!

b.  <veben> - [vE.b´n]

*LONGVOWEL

*
*

Tableau 18

Indeed, IDENT-PG dominating IDENT-IO(Vlength) and *LONGVOWEL, leads to the
winning candidate which posits a short vowel, namely [vE.b´n]. Substitutions of long
vowels to short vowels is triggered by IDENT-PG(Vlength).

Referring to the model that was presented in chapter 2, it was claimed that the
underlying graphemic form stores morphological affixes (among other things). It
makes sense that the graphemic underlying form and the graphemic surface form
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must be related as well by faithfulness constraints (similarly as the underlying form
and the surface form in production by IO-faithfulness). This is illustrated by figure 5, a
revision of the proposed model below.

The correspondence between the underlying graphemic form and the surface
graphemic form is called GU-GS-Faithfulness (Graphemic Underlying – Graphemic
Surface). It states that the underlying graphemic form and the surface graphemic
form must be identical. Let us see how this constraint ranking works with the example
<veben> - /veb´n/.

<veben> - /ve.b´n/

a. <veben> - [ve.b´n]
b.  <veben> - [vE.b´n]

IDENT-

*LONGVO

IDENT-PG

IDENT-IO

GU-GS

WEL

(Vlength)

(Vlength)

*!

*
*

Tableau 19

Tableau 19 shows that the promotion of the markedness constraint *LONGVOWEL
above IDENT-PG results in a fatal violation of candidate a. <veben> - [vE.b´n], the true
optimal output form. The IDENT-GU-GS constraint militates against an incorrect
correspondence between the underlying graphemic form and the surface
graphemic form, in this tableau, both candidates respect IDENT-GU-GS. It must be
noted that <veben> is a non-word; the creation of an underlying form is fully
dependent of the phoneme to grapheme conversion, and subsequently stored in
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the short term memory. It can then be submitted to the grammar, i.e. the constraint
ranking, in order to be pronounced.

Summarizing, reading a word incorrectly results from the (incorrect) emergence of a
markedness constraint that dominates IDENT-GU-GS, IDENT-PG, IDENT-IO and other
markedness constraints. In this respect phonology is incorrectly applied to reading,
because constraints are promoted in the ranking hierarchy, which are in fact
irrelevant. The substitution error of long vowels to short vowels was committed most
frequently by the “unaffected” at-risk group. As already mentioned, this group also
read more words within two minutes compared to the “affected” at-risk group.

6.3 Spelling
In the spelling task, the “affected” group made mostly substitution errors. In general,
the “unaffected” group behaves like the control group in the spelling task in terms of
error rates. Poor readers in the control group made mostly substitution errors, like
children in the “affected” group. First, it will be clarified that deletion errors are not
phonologically grounded; most errors were orthographic (children seem to master
digraphs not very well, e.g. <nk> and <ng>). Therefore, deletion errors will not be
addressed within the theoretical model. An analysis will be provided for substitution
(in particular long vowels) errors.

Substitution
Substitution errors were very frequent in the spelling task in various forms. Most
substitution errors referred to the vowel level, namely; substitutions of short to long
vowel (and vice versa), substitutions of diphthongs to short vowels and to other
diphthongs. Another substitution error concerned the misspelling of the feature
[voice], i.e. incorrect devoicing in spelling. Each of the substitution errors will be
discussed provided with some examples. The substitutions of long to short vowels will
be started with.

34)
paard
scheef
veer
peer

[pa:rt]
[sVef]]
[ve:r]
[pe:r]

(horse)
(crooked)
(feather)
(pear)

 pard
 schef / schif
 ver / vir
 per / pir
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The children seem not to be aware of the fact that a long vowel in a monosyllabic
word must be presented with double vowel letters. The incorrectly reduce it to one
vowel letter, which should done in words that undergo vowel alternation (e.g.
<peer> (pear singular form) - <peren> (pears, plural form)). How could the model
explain the incorrect spelling of [pe:r]

- <per> ? Tableau 25 illustrates first the

competition among constraints that evaluate the correct output candidate.

/pe:r/ - <peer>

IDENT-

IDENT-PG

IDENT-IO

GU-GS

(Vlength)

(Vlength)

a.  [pe:r] - <peer>

*

b. [pEr] - <per>

*!

c. [pe:r] - <per>

*!

d. [pEr] - <peer>

*LONGVOWEL

*
*

*
*!

*

Tableau 20

IDENT-GU-GS rules out candidates b, and c, because they do not share the same
graphemes. Candidate d is ruled out by IDENT-PG(Vlength), since a short vowel is
represented in the phonemic output (/E/). However, since it was postulated that
IDENT-GU-GS is not yet active in the grammar of children who are acquiring spelling
skills34, they must use some other strategy in order to arrive at an incorrect graphemic
output. A possibility is that *LONGVOWEL is high in the hierarchy and dominates
FAITH-IO, FAITH-PG, and FAITH-GU-GS. *LONGVOWEL militates against long vowels in
the surface form. This implies that the child does not distinguish long vowels in
production either. It is not clear of this is really the case. See tableau 21 below for
illustration.

It could also be possible that the underlying representation is not stored correctly. In this
case, a “correct” correspondence between the GU and GS is found.

34
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/pe:r/ - <peer>

a. [pe:r] - <peer>

*LONGVOWEL

IDENT-PG

IDENT-

(Vlength)

(Vlength)

GU-GS

*!

b.  [pEr] - <per>
c. [pe:r] - <per>

IDENT-IO

*
*

*!

d. [pEr] - <peer>

*

*

*!

Tableau 21

*LONGVOWEL rules out candidates a and c since these candidates posit a long
vowel in production. Candidates b and d both incur a violation of IDENT-IO (Vlength)
because of a mismatch in vowel length, candidate d however, incurs

a fatal

violation of IDENT-PG (Vlength) because the phonemic and graphemic output do
not correspond in terms of vowel length. Therefore candidate b is the winner of the
competition. Once again, it cannot be argued with certainty that the “affected”
children would produce a short vowel with presented with a long vowel per se.
However, the reading test did reveal a significant error rate of the “affected” and
the “unaffected” group with respect to this category. More research would shed
more light on this phonological error.

Another error in spelling concerned the opposite of the above discussed error,
namely, substitution of a (graphemic) short vowel to a (graphemic) long vowel.
Some examples are provided below:

35)

sla
la
stro
regen
poten
dagen
nu

(lettuce)
(drawer)
(straw)
(rain)
(legs)
(days)
(now)

[sla]
[la]
[stro]
[re.V´]
[po.t´]
[da.V´]
[ny]

 slaa
 laa
 stroo
 reegen
 pooten
 daagen
 nuu
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Children in the “affected” group seem not to have mastered that double vowels
(graphemic long vowels) cannot surface in an open syllable, as exemplied above. In
Dutch, long vowels must be reduced to one vowel letter if they are situated in an
open syllable. This phenomenon was already extensively discussed in chapter 2, by
means of different theoretical perspectives. Let us see in what manner the model
deals with these errors. First a correct evaluation is provided of the target word [la] <la>. In chapter 2, the constraint that militates against double vowels in an open
syllable in spelling is *Vi Vi ] σ.
/la/ - <la>

IDENT-GU-GS

IDENT-PG

IDENT-IO

(Vlength)

(Vlength)

a. [la] - <la>
b. [la] - <laa>

*!
*

*!

c.  [lA] - <la>
d. /lA/ - <laa>

*Vi Vi ] σ

*
*

*!

*

*

Tableau 22

IDENT-GU-GS immediately rules out candidates b and d. Candidate a incurs a fatal
violation of IDENT-IO (Vlength). The correct graphemic output candidate with the
matching phonemic output candidate that is evaluated by this grammar is [la] <la>. The hypothesis (see section 2.4.1) is that if the PG constraint is on top of the
ranking, the predicted output candidate will be [la] - <laa>. Let us see if this is truly
the case.

/la/ - <la>

a. [la] - <la>

IDENT-PG

IDENT-IO

(Vlength)

(Vlength)

IDENT-GU-GS

*

*

*

*

*!

b. [la] - <laa>
c. [lA] - <la>
d. /lA/ - <laa>

*Vi Vi ] σ

*!
*!

*

Tableau 23
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Indeed by demoting IDENT-GU-GS and thus promoting IDENT-PG (Vlength) followed
by IDENT-IO (Vlength) the (incorrect) optimal candidate is candidate b [la] - <laa>.
IDENT-PG (Vlength) rules out candidate a and b, as a result of a mismatching vowel
length; candidate a matches a long vowel to a graphemic single (short) vowel, and
candidate d shows the opposite. Candidate c incurs a fatal violation of IDENT-IO
(Vlength), because of a mismatch in vowel length in the phonemic surface form.
Therefore, candidate b is the winner, despite the violation of IDENT-GU-GS.

Diphthongs
Substitution of diphthongs to other diphthongs or to long or short vowels has also
been frequently observed in the “affected” at-risk group. Some examples are the
following:

36)
Diphthong  Diphthong
[zEil]
(sail)
zeil

 zui

Diphthong  Vlong
[stAut]
stout
(bold)

 steut

saus

(sauce) [sAus]

 seus

plein

(square)

[plEin]

 pliun

vrouw

(woman)

[vrAu]

 vroa

Diphthong  Vshort
[zEil]
zeil
(sail)
(square) [plEin]
plein

 sel
 plen

Children in the “affected” group do not seem to master the correct mapping
between the phonemic and the graphemic form of diphthongs. An alternative
explanation could be that an incorrect underlying form of a diphthong causes an
incorrect graphemic surface form of a diphthong. This seems a plausible explanation
for substitutions of diphthongs to other diphthongs. If it is the case that mapping is
impaired, for instance in substitutions of diphthongs to short vowel; it implies that
MAX-PG is violated (every segment of P has a correspondent in G, no deletion).
More specifically, every vocalic segment in the phonemic form must have a
correspondent in the graphemic form. In the example above, a frequent error
concerns zeil  sel. In this case, the loss of one vocalic segment is observed
100

(diphthongs have a two-branched V structure, see chapter 2). The following
constraints must be introduced:

37)
MAX-PG(V): Every V segment of P has a correspondent in G (no deletion in the
graphemic output)
MAX-IO(V) : Every V segment of I has a correspondent in O (no deletion in the
phonemic output)

It is postulated that a constraint *DIPHTHONG, found in the literature, is responsible for
eliminating diphthongs.
38) *DIPHTHONG : A sequence of vowels within the syllable domain is prohibited
(Prince & Smolensky 1993, Rosenthall 1994)

This reasoning is in the same line as the constraint *LONGVOWEL that was active in
the grammar where long vowels were reduced to a short vowel, because the same
question arises whether diphthongs are also difficult for “affected” children in
production. This process is illustrated below.
/zEil/ - <zeil>

IDENT-GU-

MAX-IO

GS

(V)

a.  [zEil] - <zeil>

MAX-PG (V)

*

b. [zEil] - <zel>

*!

c. [zEl] - <zel>

*!

d. [zEl] - <zeil>

*DIPHTHONG

*

*

*
*!

*

Tableau 24

IDENT-GU-GS rules out candidates b and c, because the underlying graphemic forms
and the surface graphemic forms do not correspond. Candidate d incurs a fatal
violation of MAX-IO, the phonemic output and the phonemic input do not share a
similar number of vocalic segments. Thus, candidate a results as the winning
candidate, although *DIPHTHONG is violated. If the markedness constraint
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*DIPHTHONG dominates all IDENT-constraints and IDENT-GU-GS is at the bottom of
the hierarchy, then an incorrect output is evaluated. This competition is visualized in
the next tableau.

/zEil/ - <zeil>

*DIPHTHONG

MAX-PG (V)

MAX-IO (V)

IDENT-GUGS

a. [zEil] - <zeil>

*!

b. [zEil] - <zel>

*!

*

c.  [zEl] - <zel>

*
*

d. [zEl] - <zeil>

*!

*

*

Tableau 25

Indeed, the incorrect graphemic form <zel> is evaluated given this ranking. However,
the tableau shows that the winning phonemic output form is [zEl]. This suggests that
“affected” children are not able to produce a diphthong such as /Ei/. This
assumption is rather strong, and it cannot be tested whether this is really true. So, the
possibility of an incorrect underlying graphemic form (or perhaps misperception of
the diphthong) seems more acceptable. This error type is thus not phonologically
grounded. A similar reasoning holds substitution of diphthongs to other diphthongs,
and to long vowels.

Final devoicing
A phonological error that was hypothesized to occur (see section 2.4.1) concerns
final devoicing. Indeed, this error surfaced significantly in the “affected” group. An
Optimality Theoretic analysis was already proposed in chapter 2, besides that IDENTGU-GS was not yet proposed. Some examples from this dataset with respect to final
devoicing are the following:

39)
stad

[stAt]

 stat

bord

[bOrt]

 bort

paard

[pa:rt]

 paart

mond

[mOnt]

 mont
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Resuming the tableau from chapter 2, with the additional IDENT-GU-GS, it can be
seen that the correct candidate is evaluated given the constraint ranking from
below.

/stAt/ - <stad>

IDENT-GU-

*Voice-

IDENT-IO

IDENT-PG

GS

Coda

(voice)

(voice)

a.  [stAt] - <stad>

*

b. [stAd] - <stat>

*!

c. [stAt] - <stat>

*!

d. [stAd] - <stad>

*

**

*

*
*

*!

Tableau 26

As was proposed earlier in section 2.4.1, demoting IDENT-IO(voice) below IDENTPG(voice) would predict a graphemic output candidate. Now IDENT-GU-GS is also in
the competition, like previous examples, this constraint should be demoted in the
hierarchy as well. Otherwise, the correct output form would still be predicted.

/stAt/ - <stad>

a.

*Voice-Coda

[stAt] - <stad>

b. [stAd] - <stat>

IDENT-IO

(voice)

(voice)

IDENT-GU-GS

*!
*!

c.  [stAt] - <stat>
d. [stAd] - <stad>

IDENT-PG

*!

*

**

*

*

*

*

Tableau 27

Having IDENT-PG (voice) dominate IDENT-IO (voice), the graphemic output has a full
correspondence with the phonemic output with respect to voicing. Candidate c is
now the optimal output form given this constraint ranking. Also instances of
(de)voicing in the onset occurred, consider the examples below.
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40)
vrij
zeil
vrouw
veer
saus

(free)
(sail)
(woman)
(feather)
(sauce)

[vrEi]
[zEil]
[vrau]
[ve:r]
[sAus]

 frij
 sel
 fraw
 fir
 zaus

It is assumed that the positional faithfulness constraint IDENT-IO(ons, voice) plays a
role in this phenomenon. IDENT-IO(ons, voice) states that output segments in onset
position preserve values of [voice] for input correspondents. The incorrect devoicing
phenomena (and 1 voicing example) in onset position concern all fricatives. Since
the voicing aspect in fricatives is rather elaborate in Dutch, it will not be further
discussed in this thesis. However, future research is highly suggested.

Summarizing, in the word reading task, there were not many phonological errors.
Only the substitution of long vowels to short vowels indicates that there is something
different in the conversion of phonemes onto graphemes. This is in accordance with
the assumption that only in the early stages of learning to reading phonology is an
indispensable component (say in first grade). After the initial stages (second grade
onwards), other factors, such as word knowledge, semantics, and perhaps visual
strategies help the reader to decode a written word. In terms of OT, one could argue
that the faithfulness relation GU-GS dominates all other constraints, so that words in
the mental lexicon (of written words) are easily activated. An interesting error that
was made in the “affected” group concerned insertion errors. At first sight, an
insertion error would be categorized to be of phonological origin. However, the
“affected” children created other existing words by means of inserting a consonant
(in coda position). This implies that there is something different in the reading
strategy; i.e. they activate words too rapidly, this often results in an incorrect
activation of a word. No other phonological errors took place in the word reading
task.
In the non-word reading task, more errors were observed; namely insertions of
consonants and substitutions of long vowels to short vowels. Insertion errors were
mostly committed by the “unaffected” group, substitution errors by all groups. The
insertion of a consonant resulted mostly in an existing word (or partly) similarly as in
the EMT. Remaining instances of insertions are not convincing enough to argue that
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this error is phonologically grounded; more data is needed for a more extensive
analysis.
As for the substitution of long to short vowels, it is argued that the markedness
constraint *LONGVOWEL, which militates against long vowels in open syllables, is
responsible for an incorrect reading with respect to vowel length. This explains that
words with CVCVC (such as the non-word [ve.b´n]) are read with a short vowel.
Furthermore, in terms of grapheme to phoneme conversion, they obey a one-to-one
mapping between the segments, i.e. they read double vowels as long, and single
vowels as short. They do not have mastered yet that vowel alternation in Dutch must
be treated in a different way. In the non-word reading task, more phonological errors
are found than in the word reading task. In a nutshell, the following rankings in the
grammar determine reading acquisition in Dutch:

41) Developmental stages:

1) Phonological errors are present
Markedness >> FAITH-PG, FAITH-IO >> FAITH-GU-GS

2) One-to-one mapping of graphemes to phonemes. Phonology is crucial to learn to
read / spell
FAITH-PG

>> FAITH-IO >> Markedness >> FAITH GU-GS

3) Rapid word activation / recognition in reading. Phonology is less important.
FAITH GU-GS >> FAITH-PG >> FAITH-IO >> Markedness

In the spelling task, most errors are observed. All observed errors were made by the
“affected” group, so this is strong evidence that this group uses different spelling
strategies. Most errors relate to substitutions at the vowel domain. In particular with
respect the conversion of phonemes onto graphemes with diphthongs were found.
Similarly as in the reading tasks, emergent constraints dominating FAITH (PG,
IO, and GU-GS) caused erroneous output forms. Spelling appeared to be more
impaired than reading, along the lines with the predictions. Phonology is more (or
longer) involved in spelling than in reading; children with poor literacy skills deal
differently with their phonology, especially in spelling. This is evidenced by unmarked
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structures in their “literacy production” due to highly ranked markedness constaints.
The analyses show that children rely more heavily on the exact one-to-one mapping
between graphemes and phonemes, as attested by the high ranked PG-identity
constraints. Demoting phonological markedness constraints take more time in the
learning process than reading. This is not an unfamiliar phenomenon, since in the
acquisition of a natural language speech comprehension precedes speech
production. The learning process of reading and writing could be accounted for by
means of the Gradual Learning Algorithm (Boersma & Hayes 2001), that was
discussed in chapter 2.
After having discussed reading and spelling behavior of both “affected” and
“unaffected” children at risk of dyslexia and normally developing children, it can be
argued convincingly that literacy skills (in this case especially spelling) are indeed a
window into (children’s) phonology or other linguistic domains. What do the present
findings imply for the PDH? Dutch children with dyslexia rely too much on the one-to
one-mapping between phonemes and graphemes; this has strongly been shown in
substitutions of long vowels. Real phonological errors were not observed in this study,
so from this study it can be argued that the supra-segmental level is not impaired.
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Conclusion

This thesis has investigated errors in literacy tasks in children who have developed
literacy problems and those who have not. Data from a word reading task, a nonword reading task, and a spelling to dictation task were used to gain better insight
into the (impaired) underlying mechanism of reading and writing, i.e. phonology, by
means of a theoretical model within the framework of Optimality Theory. The goal of
this thesis was to further qualify and consolidate the Phonological Deficit Hypothesis
(Ramus 2003, Veluttino et al. 2004) by means of a theoretical model that is able to
describe the phonological system of children with dyslexia in more detail.
In chapter 2, it was demonstrated that problems in phonological processing
are a main observation in people with dyslexia. The assumption that dyslexia might
be caused by an imperfect phonological system, albeit at the segmental level or at
the supra-segmental level, is motivated in terms of the Phonological Deficit
Hypothesis. Several studies revealed that children with (a familial risk of) dyslexia
showed indeed problems at the segmental level or at the supra-segmental level
(e.g. Scarborough 1990, 1991, Goswami 2002, de Bree & van der Pas 2004, van
Alphen et al. 2004, Rispens & Been 2007, Gerrits and de Bree 2009). Several models
that describe the relation between natural language and literacy skills have been
proposed. These models, however, are not able to a description of the phonological
grammar, which is hypothesized to be impaired, cannot be provided with these
models (e.g. Ramus 2001. Therefore, a theoretical model within the framework of OT
was proposed in section 2.4.1.
The central idea of the theoretical model is that is that children that learn to
spell go through several developmental stages (as in natural language acquisition);
this learning process is visualized in terms of constraint rankings. In the onset of
literacy acquisition, children have to learn which phonemes correspond to which
graphemes. In terms of OT, this process is described as a PG-identity correspondence
(Phoneme to Grapheme correspondence). In the course of development, children
must learn that some processes cannot be derived from a PG correspondence (in
Dutch), and that PG-constraints need to be demoted. These constraints interact with
regular FAITH-IO and markedness constraints. As for spelling, two separate
graphemic markedness constraints were proposed to account for vowel and
consonant alternations. In order to test this model, data from reading and writing
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tasks were analyzed within the model, after having conducted a quantitative
analysis. Results from quantitative analyses revealed that all groups performed
significantly better on the word reading task than on the non-word reading task, also
that all groups performed significantly worse on spelling compared to reading, in
accordance with our hypotheses. The “unaffected” group behaves like the control
group in terms of reading speed; however, their error patterns resemble
the”unaffected” group.
In the qualitative analysis, it appeared that children with poor literacy skills use
a different reading / spelling strategy; they rely extensively on the one-to-one
mapping between phonemes and graphemes (and vice versa). This has been
shown in examples where a single vowel letter, as in hamer, was pronounced as a
phonological short vowel. Most errors concerned substitutions of long to vowels to
short vowels and short vowels to long vowels. Form these results, it appeared that
children are more faithful to the correspondence between phonemes and
graphemes. It can thus be concluded that no real phonological errors were
observed in the data; this is in contrast to our expectations, because insertion and
deletion errors were mostly lexicalization errors. In substitution errors, it was argued
that *LONGVOWEL militates against long vowels in the surface form. This implies that
the child does not distinguish long vowels in production either. If this is really the case
in production, then this error could be classified as phonological. In spelling, it
appeared that children must first acquire the constraint *Vi Vi ] σ in order to avoid
double vowel letters in an open syllable (which are indeed phonological long
vowels).
From this study, it can be concluded that children with literacy problems
encounter difficulties demoting PG-constraints and promoting GU-GS. With regard to
the PDH, it can be interpreted from our results that the conversion of phonemes to
graphemes in children with dyslexia is different, rather than that their phonology is
impaired. By means of the theoretical model, the learning process in literacy skills
can be described and specific difficulties in reading and spelling can be captured.
This study used data from a test battery of a follow-up study and did not make
use of a constrained stimuli set. This could be done in future research to test the
model more extensively and gain more insight into literacy skills of “affected”
children. First, more insight in the phonological system could also be gained by a
non- word spelling task (this would cause even more problems than non-word
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reading, since spelling appeared to be more difficult than reading). Second, similar
target words in a reading and spelling task could be used to make a comparison
between tasks more reliable. Third, target items could be more constrained into
specific spelling phenomena, such as vowel and consonant alternations to (as in
Landerl & Reitsma 2005). Fourth, chronological age matched children should be
introduced in the analysis to see whether literacy skills of “affected” at-risk children
are delayed or deviant. Finally, the theoretical model can be strengthened by
means of analyses of (full) transparent and opaque orthographies (i.e. Italian and
English) in order to see how children with poor literacy skills deal with IDENT-PG. The
ranking of IDENT-PG determines the transparency of orthography of a given
language. This implies that Italian children should encounter fewer problems; they do
not need to demote IDENT-PG as much as English children. In sum, a more
constrained stimuli set in reading and spelling tasks and more types of orthography
awaits further research.
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Appendix A: EMT
1.

waar

30.

zijpad

59.

priemen

88.

struikgewas

2.

kar

31.

inham

60.

getik

89.

speelvergunning

3.

been

32.

stoutheid

61.

oertijd

90.

hernieuwen

4.

min

33.

proefstuk

62.

aanplanten

91.

berging

5.

vos

34.

lapje

63.

slopen

92.

nanacht

6.

net

35.

doch

64.

vooruitduwen

93.

uitspuwen

7.

bruin

36.

vegen

65.

steigeren

94.

herplaatsing

8.

hand

37.

koplamp

66.

opsparen

95.

onnozel

9.

morgen

38.

koelte

67.

handelaar

96.

medelid

10. eten

39.

rekenen

68.

diamant

97.

zijrivier

11. mak

40.

verdieping

69.

bezig

98.

vermindering

12. voorbij

41.

geknoei

70.

hanger

99.

reling

13. hamer

42.

genieten

71.

puree

100.

getuigschrift

14. zieke

43.

paffen

72.

achting

101.

herkenning

15. luilak

44.

warenhuis

3.7. opspuiten

102.

overloodsen

16. trekken

45.

aanzitten

74.

plaatsnemen

103.

bijeenkomst

17. verlaten

46.

stelen

75.

navliegen

104.

tekortkoming

18

verhuizen

47.

treurig

76.

messteek

105

gelaatskleur

19

worden

48.

voorstaan

77.

ontschieten

106.

beoefenaar

20. dichten

49.

overlaten

78.

scheepgaan

107.

welsprekend

21. uithuilen

50.

afwissen

79.

boerenwoning

108.

verslagenheid

22. kruid

51.

groeve

80.

begaafd

109.

ontraadselen

23. grootmoeder

52.

verdwijnen

81.

pijlsnel

110.

omslachtig

24. roeping

53.

dichtwerpen

82.

schouwing

111.

tijdsbepaling

25. laan

54.

hozen

83.

schoenveter

112.

ontworstelen

26. kruimel

55.

zorgvol

84.

kibbelen

113.

saluutschot

27. heenlopen

56.

spiegelen

85.

schede

114.

wetsrol

28. fietsbel

57.

stamtafel

86.

rotsvast

115.

oneffen

29. schroeven

58.

houtvlot

87.

frommelen

116.

rubberaanplantin
g

117

Appendix B: Klepel
1.

taaf

30.

zapod

59.

briekem

88.

stroukgewep

2.

vas

31.

ijnhas

60.

gelup

89.

stoolvordanning

3.

deek

32.

stuikhaut

61.

oeltijk

90.

lerdieuwen

4.

nim

33.

truufstin

62.

aafplenton

91.

dergonk

5.

gol

34.

kepjo

63.

drepes

92.

nonochd

6.

vek

35.

roch

64.

keenautluwe

93.

outpluwin

7.

fruim

36.

veben

65.

steiperan

94.

derkraatsong

8.

jund

37.

fiplemp

66.

ipsporel

95.

annasel

9.

nargel

38.

goelte

67.

hosdelaar

96.

sederab

10. aven

39.

rapones

68.

fiamont

97.

vijruzier

11. baf

40.

serdieving

69.

podig

98.

dervinseming

12. noogsij

41.

teploei

70.

denger

99.

talung

13. zaper

42.

megoezen

71.

butee

100.

gemuikschruft

14. hiene

43.

zaffon

72.

ochtung

101.

zertonning

15. duihas

44.

worenpuis

3.7. okspuilon

102.

iverleetsel

16. trinnen

45.

oonlittek

74.

klaanstemen

103.

nijaaltorst

17. kerpanes

46.

stebun

75.

vodrienen

104.

gepaltnomeng

18

retluiven

47.

treukel

76.

baffraas

105

bolaatsvloeg

19

lardon

48.

voogstaag

77.

intschuipen

106.

geoeteraan

20. wochtel

49.

ogerjaken

78.

scheempaag

107.

berstrapind

21. ounlouget

50.

ofwannin

79.

souwentonang

108.

terstogenheis

22. vreud

51.

groeza

80.

beguisd

109.

antspiedselen

23. kraatduiper

52.

berdwijmel

81.

wijlspok

110.

onvlachtig

24. poebing

53.

pochtbersen

82.

schieveng

111.

notsberapong

25. laas

54.

wozen

83.

schautkeder

112.

ontmertselen

26. steumel

55.

nargvop

84.

mokkelin

113.

taluukschet

27. hootgepen

56.

spietelin

85.

scheke

114.

batskel

28. liertvek

57.

kwilhogel

86.

dotshast

115.

inekken

29. schruidel

58.

muigkrit

87.

krobbelon

116.

nalleroonplinteng
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Appendix C: Dictation

1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.

Hij helpt de oude vrouw met oversteken.
Een week heeft zeven dagen.
De auto vliegt uit de bocht.
Deze tafel heeft vier poten.
Jullie moeten nu gaan slapen.
Kinderen die niet luisteren zijn stout.
Doe even de deur dicht.
Je wordt drijfnat in de regen.
Die pauw heeft mooie veren.
Zwarte piet is de knecht van Sinterklaas.
De lucht is bijna helemaal blauw.
Ik trek een kous uit.
De postzegels liggen in een la.
Zie je die ballon in de lucht.
Onze buren zijn met vakantie.
Anton koopt bij de groenteboer een krop sla.
Vanavond eten wij rijst met een saus.
De vloer van de stal is bedekt met stro.
Die surfplank heeft een gekleurd zeil.
Het schilderij hangt niet recht maar scheef.
Hij schrijft niet rechts maar links.
Amsterdam is een grote stad.
Er komen veel straten uit op dit plein.
De plank wordt met een schroef vastgezet.
De vogel verliest een veer.
Jullie zijn woensdagmiddag vrij.
Kijk uit! Dat mes is scherp.
Het is streng verboden om hier te zwemmen.
Piet eet een lekkere peer.
De meester schrijft op het bord.
Wij dansen in een ronde kring.
De oude man heeft geen tanden meer in zijn mond.
De timmerman slaat een spijker in de plank.
Rood vind ik een mooie kleur.
Zij hebben de eerste prijs gewonnen.
Er zit een slot op de deur.
Mijn lievelingsdier is een paard.
Het ongeluk bezorgde mij de schrik van mijn leven.

vrouw
dagen
bocht
poten
nu
stout
dicht
regen
pauw
knecht
blauw
kous
la
lucht
buren
sla.
saus
stro
zeil
scheef
links
stad
plein
schroef
veer
vrij
scherp
streng
peer
bord
kring
mond
plank
kleur
prijs
deur
paard
schrik
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