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1 
General introduction 

The spelling process is a fascinating accomplishment that involves the mastery of 
several cognitive skills. How does a child acquire these skills to ultimately pro-
duce, in a fully automatic process, the correct letter pattern? What are the 
underlying processes in spelling? What actually happens when we produce a 
spelling? Do we store whole-words in the long-term memory system? Or do we 
merely store specific letter combinations or a few exemplars in the mental lexi-
con? How do children develop their spelling skills over time and why do some 
children persist to experience difficulties to become fully automated spellers and 
others do not? All these questions will be discussed in the current thesis. How-
ever, we ultimately want to know how we can assist young children during their 
spelling acquisition. Thus the main purpose of the thesis is to optimize spelling 
exercises to support young children in spelling acquisition across various phases 
during spelling development. 

1.1 The basics of learning to spell 

Beginning spellers are usually taught how to segment words into separate 
phonemes. This analysis and manipulation of words at the level of the phoneme is 
called the phonemic segmentation process. This is the first skill that has to be 
acquired before children can correctly spell a given word. For instance, the word 
/spell/ contains the phonemes /s/, /p/, /e/, /l/. Acquiring knowledge about 
phoneme-grapheme correspondences is a second step in the spelling production 
process that has to be mastered. This implies that children have to learn to convert 
the individual phonemes into the correct letters. As soon as children have 
translated the phonemes into the corresponding graphemes, they have to place the 
letters in the right order. In addition to the spelling process, the mastery of the 
motor skills for writing is another skill that children have to acquire to produce a 
written word. Mastering all separate skills in spelling requires considerable effort. 
Children have to go through all processes if they have to spell a word for the first 
time. 

If a word has been encountered before, i.e., the word is already familiar, the 
speller may be able to retrieve the correct spelling directly from the mental lexi-
con without going through all underlying procedures. According to the lexical 
quality theory, retrieval of the correct spelling depends on the quality of the lexi-
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cal representation stored in the mental lexicon. The quality of three intercon-
nected aspects of a word, that are the phonological, orthographic, and syntax-
semantic aspects of a word, determines the quality of the lexical representation. 
The lexical quality hypothesis (Perfetti, 2007; Perfetti & Hart, 2001, 2002) argues 
that multiple encounters with a specific word increase the quality of the lexical 
features of a given word. When all three constituents are fully specified, the lexi-
cal representation has high quality and for a speller, for example, uncertainty 
about the spelling of a word is minimized. In contrast, if the three word represen-
tations are under specified, the retrieved codes will be of low quality, and the 
speller will only know parts of the orthographic constituent (the spelling). Thus, 
according to the lexical quality theory, problems in spelling cut across phonologi-
cal, orthographic, and semantic knowledge. The genesis of well-skilled spelling 
abilities is a matter of experience with the interconnected lexical representations. 

Computational models share the idea of three interconnected components that 
produce optimal spelling outputs when they are simultaneously activated with the 
lexical quality theory. The central idea of computational models is that connec-
tionist and parallel distributed processing networks give specific information on 
the interactions among large numbers of neuron-like processing units (Harm & 
Seidenberg, 2004; Plaut, McClelland, Seidenberg, & Patterson, 1996). The three 
interconnected constituents are represented in a so-called triangle model. This 
model comprises sets of distributed, sub symbolic codes representing the phono-
logical, orthographic, and semantic attributes of a word. Simulations have shown 
optimal reading and spelling when all three components are fully activated (Harm 
& Seidenberg, 2004; Plaut, McClelland, Seidenberg, & Patterson, 1996). 

Another view on spelling development comes from dual-route models. Dual-
route models of spelling propose two routes that influences processes underlying 
retrieval from memory: One sublexical route that involves phoneme-grapheme 
mappings and is responsible for spelling unknown words or nonwords, and one 
lexical route that involves a separate direct lexical route between phonology and 
orthography at a whole-word level (Coltheart, Rastle, Perry, Langdon, & Ziegler, 
2001). Developmental dual-route models have suggested that young beginning 
spellers acquire their first spelling skills mainly by phoneme-grapheme mappings, 
that is via the sublexical route, whereas the lexical route dominates in older and 
more advanced spellers over the sublexical route (e.g., Folk & Rapp, 2004; Frith, 
1985). 

Spelling development has also been studied in neuropsychological studies, 
among others, in studies using functional magnetic resonance imaging (fMRI). 
These neuroimaging studies have examined brain activations in children (Lee et 
al., 1999; Richards et al., 2005) and in adults (Booth et al., 2002, 2003; Nakamura 
et al., 2000) during spelling tasks. Only few neuroimaging studies have studied 
developmental changes in brain activation patterns in spelling. In one of these 
scarce developmental neuroimaging studies, differences in activation between 
children and adults have been obtained. Children and adults showed activation in 
similar regions; activation in left inferior frontal gyrus and left fusiform gyrus. 
However, adults revealed greater activation relative to children in bilateral infe-
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rior frontal gyrus and left angular gyrus/ left superior parietal lobule, which are 
critical nodes of the network involved in spelling (Booth et al., 2004). Another 
neuroimaging study has examined developmental changes across children from 9 
to 15 years old. Findings have revealed an activation network that involves 
activation in left inferior frontal gyrus, left fusiform gyrus and left inferior 
parietal lobule in spelling. Activation in left inferior parietal lobule appeared to 
increase along with development and skill. The finding implicates that this region 
becomes more elaborated with age and accuracy for phoneme-grapheme 
mappings. Accuracy-related increase in activation in left inferior frontal cortex 
suggested furthermore that this region is involved in altering phonological and 
orthographic representations (Booth, Cho, Burman, Bitan, 2007). 

1.2 Spelling versus reading 

The focus of this thesis is on spelling. The reverse process of spelling occurs in 
reading. For reading, printed texts have to be converted to meaning and phono-
logical representation. Researchers generally study reading and spelling 
separately (Ehri, 1997, 2000; Frith, 1980). Most scientific studies focus on read-
ing and very little attention has been paid to spelling ability. Many studies have 
shown that spelling skills are highly correlated with reading skills, mostly varying 
from .50 to .80 (e.g., Frith, 1980; Greenberg, Ehri, & Perin, 1997). These rela-
tively high correlations have raised doubts about whether reading and spelling are 
two independent abilities (Ehri, 2000). The findings of Burt and Tate (2002) sup-
port a single-orthographic-lexicon view: A single orthographic lexicon serves 
both reading and spelling. In their study, university students first had to spell 
words to dictation. Subsequently, they had to make lexical decisions about the to-
be spelled words. Lexical decision times appeared to be faster on words that were 
spelled correctly preceding the lexical decisions than words that were spelled in-
correctly (Burt & Tate, 2002). Moreover, it should be noted that reading plays a 
role in the spelling production process, because most spellers first write a word 
and then read the word to verify whether their spelling is correct. This implies 
that reading skills in addition to spelling skills contribute to the final spelling 
product. 

However, spelling may not to be simply the reverse of reading (Berninger, et 
al., 2006; Holmes & Babauta, 2005). There may be two orthographic lexicons, 
one for reading and one for spelling, i.e. one for input and one for output. The 
spelling process is more complicated as it requires the complete production of a 
given word, rather than the recognition of a specific visual-spelling pattern. For 
instance, the word misspelling can be read but not spelled correctly if the repre-
sentation contains the letter pattern mispeling (Perfetti, 1997; Perfetti & Hart, 
2001). A case study has recently shown some evidence for two distinct in-
put/output lexicons as the patient showed a dissociation between preserved lexical 
reading and impaired lexical spelling (Tainturier, Schiemenz, & Leek, 2006). 
Also, models based on neuropsychological evidence propose that a word’s repre-
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sentation acquired by spelling is different from that acquired by reading (Hanley 
& Kay, 1992). Other studies have shown a difference between percentage of cor-
rectly spelled and of correctly read words (Bryant & Bradley, 1980; Shankweiler 
& Lundquist, 1992). Findings have shown that more words are read but not 
spelled correctly than vice-versa (e.g., 37 % read but not spelled, and 6 % spelled 
but not read; Shankweiler & Lundquist, 1992, and 21 % versus 13 %; Bryant & 
Bradley, 1980).This finding may be caused by the fact that phoneme-grapheme 
correspondences used in spelling are less consistent in both transparent and 
opaque languages (36.9 % for Dutch and 27.7 % for English) as compared to 
grapheme-phoneme relations used in reading (84.5 % for Dutch and 69.3% for 
English; Bosman, Vonk, & Van Zwam, 2006). Thus, if one can read a word, one 
cannot automatically spell this word too (Ehri, 2000; Fletcher-Flinn, Shankweiler, 
& Frost, 2004; Gough, Juel, & Griffith, 1992; Katz & Frost, 2001). Spelling a 
word requires more attention to all letters in a word than does reading a word 
(Holmes & Babauta, 2005). 

An interesting question in optimizing spelling exercises is whether reading 
practice should be embedded in spelling exercises in order to improve children’s 
spelling skills. Thus the actual question captures transfer effects due to practice 
from reading to spelling ability. This question has been investigated, among oth-
ers, by Ehri (2000). In the study she has taught beginners to read specific words 
and has asked them afterwards to spell those target words. Although some trans-
fer from reading to spelling was found, words were not spelled perfectly correct. 
A greater proportion of letters was spelled correctly, 70 to 80 percent, as com-
pared to the entire words, 30 to 40 percent. As already illustrated with the word 
misspelling, if one or two letters are forgotten, reading can still be accurate, but 
perfect spelling will not be possible (Ehri, 2000). In addition, a series of studies 
reported by Bosman and van Orden (1997) have shown that repeatedly reading 
specific words during practice did not automatically improve the spelling of those 
words. Thus reading practice seems not to enhance spelling proficiency. 

However, another study has recently examined word-specific transfer effects 
in opposite direction, i.e., studying transfer effects from spelling to reading. 
Findings have indicated that not only children’s spelling skills improved due to 
practice, but also children’s reading skills appeared to benefit from the spelling 
exercises. Reading skills even improved as much as spelling skills after spelling 
practice (Conrad, 2005, in press). This study shows the importance of spelling 
exercises for both spelling and reading skills. Another study has examined the 
possibility of spelling functioning as a self-teaching device in orthographic 
learning. The findings have shown, among others, that spelling produces superior 
orthographic learning relative to reading (Shahar-Yames & Share, 2008). 

1.3 Differences between good and poor spellers 

Some children automate their spelling skills relatively easily, whereas others re-
main to have severe problems in automating the required skills for correct 
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spelling. What makes some children better able to develop fully specified ortho-
graphic representations? Different characteristics of skilled versus less skilled 
spellers should be implicated when optimizing spelling exercises. In studying dif-
ferences between good and poor spellers, many researchers isolate spelling 
problems from reading difficulties (Frith, 1980; Holmes, Malone, & Redenbach, 
2008; Masterson, Laxon, Lovejoy, & Morris, 2007). In fact, individuals partici-
pate in these studies that are good readers but poor spellers. These spellers are 
often referred to as unexpectedly poor spellers. These poor spellers with good 
reading capacities are generally compared with good spellers who also have good 
reading skills. This comparison can perfectly demonstrate underlying problems in 
spelling. Moreover, it enables to uncover the different characteristics between 
good and poor spellers (Frith, 1980; Holmes & Castles, 2001; Holmes, Malone, & 
Redenbach, 2008; Masterson, Laxon, Lovejoy, & Morris, 2007). However, due 
the fact that reading and spelling are highly related (e.g., Frith, 1980; Greenberg, 
Ehri, & Perin, 1997), it is relatively difficult to find large samples of unexpectedly 
poor spellers. 

One characteristic that has often been reported in poor spellers is that they ex-
perience phonological difficulties in learning to spell. A dominant view is that 
spelling problems have their origin in phonological language processing skills 
(Frith, 1997; Snowling, 2000; Stanovich & Siegel, 1994). Less skilled spellers 
have shown to experience difficulties in phonological tasks involving the identifi-
cation and manipulation of speech sounds, such as phoneme isolation, deletion, or 
blending tasks, but also in spelling dictation tasks. For example, Bruck and Wa-
ters (1988) isolated individuals who were equated on word reading but differed in 
spelling ability. In their study they found more phonologically inappropriate spell-
ings among the unexpectedly poor spellers compared to the control children 
(Bruck & Waters, 1988). It has been argued that less skilled spellers experience a 
so-called ‘phonological core deficit’. It has often been assumed that either their 
mental phonological representation of words is underspecified or that the repre-
sentation is relatively less accessible. Hampering phonological skills make it hard 
to learn associations between phonemes and letters and to use these correspon-
dences to spell unfamiliar words (Frith, 1997; Snowling, 2000; Stanovich & 
Siegel, 1994; Vellutino et al., 1996). 

Another idea that has received some attention recently is that poor spelling 
stems from visual rather than phonological processing (Holmes & Malone, 2004; 
Holmes, Malone, & Redenbach, 2008). It has been suggested that a second 
characteristic of poor spellers may be that they have a deficit in orthographic 
processing. Visual memory has shown to correlate significantly with the ability to 
spell words correctly (Caravolas, Hulme, & Snowling, 2001). More specifically, 
recent studies have investigated the role of memory of visual sequences in 
spelling. Poor spellers matched on reading ability showed in several studies to 
have inferior memory for visual sequences (Giles & Terrell, 1997; Romani, Ward, 
Ward & Olson, 1999). However, one study that has recently investigated whether 
unexpectedly poor spelling in adults is a result from inferior visual sequential 
memory showed some contradictory findings (Holmes, Malone, & Redenbach, 
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2008). The first experiment revealed that unexpectedly poor spellers performed 
significantly worse than control adults, but this finding could not be replicated in 
a second experiment. Thus, although several studies have shown that poor 
spellers have a weakness in orthographic processing, the role of visual memory is 
not clear yet. 

Several researchers have argued that a distinction can be made in subtypes 
within poor spellers (Castles, Holmes, & Wong, 1997; Curtin, Franklin, Manis, & 
Seidenberg, 2001; Frith, 1985). It is either the phonological or the orthographic 
processing system that is selectively dysfunctional, or both. The distinction that 
can be made is between ‘dysphonetic’ and ‘dyseidetic’ spellers. Dysphonetic 
spellers, sometimes called ‘auditory dyslexia’, have difficulties in connecting 
sounds to spelling. This form of dyslexia is related to how people hear and 
mentally process the sounds in a language. Dysphonetic spellers make many 
phonologically inappropriate spelling errors in spelling to dictation tasks of 
familiar and unfamiliar words. In contrast, dyseidetic spellers, sometimes called 
‘surface dyslexia’ or ‘visual dyslexia’, have problems with orthographic rather 
than phonological processing. This form of dyslexia is related to how people 
mentally process the symbols, letters, and word concepts of a language. 
Dyseidetic spellers make many phonologically appropriate errors, but 
orthographically inappropriate spelling errors, e.g., spelling sed for the English 
word said (Castles, Holmes, & Wong, 1997; Curtin, Franklin, Manis, & 
Seidenberg, 2001; Frith, 1985). 

In addition to impaired phonological or orthographic processing systems, it 
has also been reported that poor spellers have particular difficulties in spontane-
ously applying abstract spelling rules and that they use poor strategies of problem 
solving (Steffler, 2001). Moreover, poor spellers experience problems at transfer-
ring knowledge from practiced to unpracticed stimuli. Graham (2000) has 
reviewed several studies that suggest that poor spellers were less successful at 
transferring acquired knowledge from instructed spellings to uninstructed 
spelings. Obviously, competent spellers have more information about accom-
plishments in the spelling system than less skilled spellers, but understanding how 
the information is used can help developing efficient instruction for both good 
and poor spellers. 

1.4 Developmental perspective 

Mastering all skills for correct spelling is a complicated developmental task. 
Children have to learn how to map phonemes to graphemes, and they have to 
learn a large number of spelling rules, but they also have to store all exceptions to 
the written language in the mental lexicon. 

Traditionally, it has been assumed that children develop their spelling skills 
through a number of qualitatively distinct stages in which different sources of 
knowledge are used (Ehri, 1986; Nunes, Bryant, & Bindman, 1997; Templeton & 
Bear, 1992). According to the stage theories, children start using their knowledge 
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of phonology to spell words. During later stages, additional sources of informa-
tion, like orthographic and morphological knowledge, come to play a role. 
Proponents of the stage theories argue that this latter knowledge, knowledge of 
orthographic letter patterns and morphological structures, are yet unavailable for 
beginning spellers. Younger spellers are less informed about language structure 
and have less consolidated concepts of words. Stage theories give overall a rela-
tively rough picture of spelling development and the distinction of the stages 
might be too simplistic. It does not capture all difficulties of phonological, ortho-
graphic, and morphological aspects that are related to spelling. 

Contrary to the stage view, several researchers have suggested that spelling 
development is a continuous process during which children can use a variety of 
sources of knowledge right from the beginning (Bosse, Valdois, Tainturier, 2003; 
Keuning & Verhoeven, 2008; Notenboom & Reitsma, 2003; Schlagal, 2001). It 
has been argued that different strategies develop over time and, although one 
strategy may be predominant, they are all functionally available to beginning 
spellers. The strategies that are used by children may be better described in terms 
of overlapping waves (Siegler, 2000). Very early on children use all knowledge to 
spell a word that is available, but their knowledge is yet less automatic than that 
of older children. 

Most of the studies investigating spelling development are based on examina-
tions of children’s spelling errors. More specifically, several studies have 
investigated the types of errors made by beginning and more advanced, i.e., 
younger and older, spellers. Findings have indicated that children shift from con-
crete phonemic analysis to a more abstract linguistic representation in the 
orthography (Notenboom & Reitsma, 2003; Schlagal, 2001). Results are in line 
with the view that the development of spelling proficiency is a continuous process 
reflecting gradual changes in children’s use of phonological and orthographic 
information (Ehri, 1992a; Notenboom & Reitsma, 2003). At the onset of spelling 
acquisition, children spell mainly phonologically (Ehri, 1992a; Notenboom & 
Reitsma, 2003; Treiman & Bourassa, 2000). As soon as children have acquired 
the alphabet principle, they start using their orthographic knowledge (Landerl & 
Reitsma, 2005; Notenboom & Reitsma, 2007; Reitsma & Verhoeven, 1990). This 
shift from phonemic to a more graphemic analysis (Notenboom & Reitsma, 2003; 
Schlagal, 2001), should be taken into account in studying effects of spelling exer-
cises for children who vary along developmental continuum. Different effects, for 
instance by providing visual-spelling or phonological cues, in spelling exercises 
may occur across various grades; e.g., beginning spellers may benefit more from a 
phonological approach whereas more advanced spellers may profit more from 
orthographic information in exercises. Therefore, studies in the current thesis are 
executed among children from different grades, varying from first to sixth grade, 
of primary school. 
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1.5 Spelling principles in Dutch 

Dutch is located more at the shallow than at the deep end of the dimension of 
transparency, which implies that phoneme-grapheme relations are generally con-
sistent. In the Dutch language, each phoneme can be translated to one 
corresponding grapheme (with only few exceptions). Consequently, Dutch begin-
ning spellers tend to rely on phonology in spelling. Most words in the Dutch 
language are based on the spelling-to-sound principle that states that each pho-
neme can be mapped into a corresponding letter. In more opaque languages, such 
as English, phoneme-grapheme correspondences are less consistent, i.e., map-
pings are sometimes one-to-many instead of one-to-one. For instance, the two 
distinct graphemes [ea] and [ee] have a similar sound in the words weak and 
week. Although Dutch is a relatively transparent language and most words can be 
spelled based on the spelling-to-sound principle, 15.5% of all words still have 
some inconsistent phoneme-grapheme mappings (Bosman, Vonk, & Van Zwam, 
2006). To spell these words, children cannot merely rely on phonology, but have 
to acquire word-specific knowledge or apply specific spelling rules instead. 

One interesting example of a group of words with ambiguous spellings, in 
which word-specific knowledge is needed, is a group of homophonous words. 
Homophones exist in all orthographies irrespective of the transparency of the 
language. In homophones, phoneme-grapheme mappings are inconsistent: A 
single phonological specification is associated with two or more orthographic 
representations and two or more meanings (e.g., in English scene – seen). This 
ambiguity in phoneme-grapheme correspondences creates potential for confusion 
in spelling. Examples of ambiguous phonemes in Dutch that occur often in 
homophones are the Dutch phonemes [Ei] and [Au]. These phonemes can be 
spelled with the two diphtongs "ij" and "ei" for the phoneme [Ei] and with the 
letter combinations "ou", "ouw", "au", or "auw" for the phoneme [Au].  

The genesis of the ambiguous phonemes-grapheme relations in the Dutch lan-
guage is historically based on pre-existent differences in pronunciation or on 
foreign languages. For instance, historically the diphthong /ei/ was spelled as ij
(e.g., pijn (pain)) when it was derived from long /i/, and it was spelled as ei (e.g., 
klein (small)) when it was derived from /ai/ (Booij, 1995). Phonology used to 
help spellers to know whether they had to spell ij or ei. Nowadays, the pronuncia-
tion of the phonemes ij and ei are similar. Consequently, spellers cannot merely 
rely on phonology, but instead they have to remember the exact spelling of the 
given word. The fact that words have their own historic origin is referred to as the 
etymology principle. Another example of a word category that is based on the 
etymology principle concerns the so-called loan words. Loan words are words 
that originate from foreign languages. These words have an extremely irregular 
spelling compared to the relatively regular spelling in Dutch.  

In addition to the spelling-to-sound principle and the etymology principle, the 
principle of analogy is the third main principle in the Dutch written language. 
This principle states that morphemes should always have similar orthographic 
forms. For example, the phoneme /t/ at the end of a word can be represented by 



General introduction 19 

the letter d or t (e.g., hand [hand] pronounced as /hant/ or plant [plant] pro-
nounced as /plant/). Spellers can discover which letter should be spelled if they 
pluralize the specific words (e.g., handen is the plural word form for the singular 
word hand; planten if the plural for plant). In Dutch, the spelling of stem endings 
and inflectional elements are mainly determined by morphology and grammar.  

Often, spelling problems in Dutch arise in words in which word-specific 
knowledge is needed to spell the word. Another frequently encountered difficulty 
arises in the spelling of open and closed syllable words. In Dutch singular words, 
long vowel phonemes have to be spelled with two letters, for instance oo in boot
(boat) for a long vowel phoneme /o:/, but in words with open syllables (mostly 
plural) the long vowel phoneme has to be spelled with a single letter (e.g. boten
(boats)). In closed syllable words (mostly plural) the final consonant of the first 
syllable has to be geminated to maintain the short vowel phoneme, which is not 
the case in singular forms (e.g., kat-katten (cat-cats)). Because the most fre-
quently used plural morpheme is the suffix –en, which is added after the singular 
noun stem (e.g. singular form: boek (book) versus plural form: boeken (books)), 
beginning spellers tend to spell plural forms consistently with adding the plural 
suffix –en to singular forms, causing errors in words with open and closed sylla-
bles (e.g., incorrect: noot - nooten, kat - katen, correct: noot - noten (nut - nuts), 
kat - katten). Moreover, Dutch spellers are inclined to spell words phonologically, 
which makes the incorrect spelling, with geminate vowels for the long vowel 
phoneme in open syllable words (nooten instead of noten) and a single consonant 
in closed syllable words (katen instead of katten), more plausible. The problem 
encountered in closed syllables also occurs in other orthographies, such as Eng-
lish: A geminate consonant often follows a short vowel phoneme, whereas a 
single consonant often follows a long vowel phoneme, for instance in the words 
supper and super (examples come from Cassar & Treiman, 1997). To spell Dutch 
words with open and closed syllables, a set of context-sensitive phonological 
rules can be applied and is taught in the Dutch curricula halfway through Grade 2 
(cf. for other orthographies: Juul & Sigurdsson, 2005; Lehtonen & Bryant, 2005). 
Despite of the explicit instructed spelling rule in Grade 2, children still experience 
many difficulties in spelling these words, even until Grade 5 (Landerl & Reitsma, 
2005), and sometimes even until first and second grade of secondary school 
(Notenboom & Reitsma, 2007).  

1.6 Computerized exercises versus conventional teaching 

A main goal of this thesis is to search for factors that may be important for opti-
mizing spelling exercises. The studies in this thesis investigate the benefits of 
specific manipulations, e.g., changing the format of spelling exercises for good 
and poor spellers across different grades of primary school. Because many re-
searchers have shown that computer-assisted learning is more effective as 
compared to conventional teaching (see for meta-analyses on comparison studies 
e.g., Fletcher-Flinn & Gravatt, 1995; Lipsey & Wilson, 1993; Torgerson & Zhu, 
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2004), the studies in this thesis only evaluate computer-based spelling exercises. 
Numerous examples of advantages of computer-based exercises over and above 
spelling exercises with pencil and paper can be listed (Fawcett, Nicolson, & Mor-
ris, 1993; Wise & Olson, 1994): For instance, first, the amount of practice time 
and the number of exercises can be fully controlled; practice information can be 
registered. Second, a computer can provide direct feedback and adaptation is pos-
sible. Third, the patience of a computer for young children is endless. Fourth, 
computer exercises are more attractive to children, which likely increases the mo-
tivation to learn. Fifth, a computer allows children to work fully independently. 

1.7 Introduction of the chapters 

In the following chapters, several experiments will be described in which the ef-
fectiveness of various computer-based spelling exercises is examined. More 
specifically, the first studies described in Chapters 2 and 3 focus on a word type 
that frequently yields problems in the Dutch spelling: loan words. The idea is that 
children experience phonological problems when spelling these words, because 
phoneme-grapheme correspondences are completely inconsistent. Spelling pro-
nunciations are used to increase phoneme-grapheme consistencies. Spelling 
pronunciations imply that words are pronounced incorrectly by using regular 
grapheme-phoneme correspondences in order to remember the spelling more eas-
ily. Spelling pronunciations as an extra phonological cue will be contrasted with a 
visual-orthographic cue, referred to as visual preview, in computer-based spelling 
exercises. Benefits of both types of exercises are evaluated across various grades, 
from grades two to six, and across varying spelling skills, from poor to skilled. 

Loan words are not yet introduced in young beginning first grade spellers. The 
spelling production process in these children is not yet an automated process. 
They have to go through all underlying processes to spell a word. The first action 
in spelling that has to be accomplished concerns the segmentation of a word into 
separate phonemes. Phonological awareness is an important aspect in the phone-
mic segmentation process. As it has often been reported that poor spellers have a 
phonological deficit, mastering the segmentation process will be particularly dif-
ficult for them. Chapter 4 will focus on first grade poor spellers and phonemic 
segmentation cues will be compared to a spelling dictation and a visual preview 
exercise. Regular words with consonant clusters will be used, because segmenta-
tion cues are expected to be particularly effective in the spelling of consonant 
clusters. 

In order to extend findings on phonological cues and visual preview, a compa-
rable contrast has been made in Chapter 5. The focus in Chapter 5 is on poor 
spellers from second grade instead of first grade. It is assumed that second grade 
children have already mastered the required segmentation skills. Instead, another 
spelling problem appears: The spelling of open and closed syllable words. Instead 
of phonemic cues, syllabic segmentation cues in exercises will be contrasted with 
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spelling dictation and visual preview exercises. Differential effects of computer-
based spelling exercises will be described. 

In addition to phonological cues, benefits of syntax-semantic cues, in spelling 
exercises will be investigated in Chapter 6. According to the lexical quality the-
ory, spelling errors will be less when all three lexical representations are fully 
activated. The chapter will describe an experiment in which the effect of the acti-
vation of the connection between the meaning and phonology in spelling 
exercises is investigated. The focus will be on second grade children. Only words 
will be included that cannot be spelled by simple phoneme-grapheme translations, 
i.e., word-specific knowledge is be needed to spell the words.  

The Chapters 2 to 6 mainly focus on improvements on word-specific knowl-
edge. The study described in Chapter 7 not only investigates word-specific effects 
of spelling exercises, but it also examines transfer effects. The focus is again on 
one of the most important spelling problems in Dutch: The spelling of open and 
closed syllable words. To spell these words, spelling rules can be applied and are 
taught in the Dutch curricula halfway through Grade two. The question is whether 
the explicit instruction of spelling rules is more effective than exercises in which 
no rules are explicitly provided. Children may be able to learn implicitly the spell-
ing of these words and spell novel (transfer) words by analogy. The study will be 
described in which the effect of explicitly provided spelling rules in open and 
closed syllables is examined and compared to spelling exercises in which no rules 
are explicitly provided. Another contrast in the study will be that children practice 
either with a large set of exemplars or with a small set, because the number of 
practice words may also yield different effects of explicit rule instruction in spell-
ing exercises. 

The last study is described in Chapter 8 and will provide more information 
about the development of lexical representations in the mental lexicon of young 
children. The focus is on homophonous words. These words are ideal stimuli for 
testing whether spellers use their lexical representations in spelling, also in words 
that can be spelled by application of specific rules. If spellers make use of their 
lexical representations in the mental lexicon, they will be confused by the activa-
tion of two orthographic and two semantic representations when encountering one 
phonological word form. Therefore, spelling errors in dictation tests will be estab-
lished and errors in homophonous words will be compared to errors in 
nonhomophonous words in order to investigate whether the homophone effect 
also appears in young beginning spellers. The development of the homophone 
effect across grades two to five and across poor and well-skilled spellers will be 
studied.  

Finally, Chapter 9 consists of conclusions, a general discussion about the prac-
tical and theoretical implications of the results on the development of lexical 
representations, and recommendations for further research on computer-based 
spelling exercises.





2 
Effects of spelling pronunciations during 

spelling practice in Dutch*

Because it is often assumed that difficulties in spelling are of phonological origin, 
the aim of this study was to examine whether emphasis on the pronunciation of 
individual graphemes is beneficial for learning to spell words in poor spellers. In 
the first experiment Dutch children with a spelling deficit had to practice words 
in two types of exercises: 1) full production after memorizing the orthographic 
pattern, and 2) a special pronunciation, so-called spelling pronunciation, accom-
panied by full production after memorizing. Spelling pronunciation showed to 
have no additional effect on spelling. The orthographic information might have 
overruled the effect of spelling pronunciation. Therefore, in Experiment 2 ortho-
graphic information was excluded from the comparison between training with 
spelling pronunciation and training with normal pronunciation. Spelling pronun-
ciation appeared to be more effective than normal pronunciation. However, 
spelling pronunciation was as effective as priming the orthography in memoriza-
tion training, which may indicate that the common process of uncovering 
orthographic details is the main driving force for accelerated learning. 

                                             
* Published as: Hilte, M., Bos, M., & Reitsma, P. (2005). Effects of spelling pronunciations during spell-

ing practice in Dutch. Written Language and Literacy, 2, 137-155. 
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2.1 Experiment 1 

What is the correct spelling of the name that is pronounced as 
/nekoli’//choushes’koo/? Non-Rumanian would never produce the correct spelling 
if they had not seen this name before: Nicolae Ceauşescu. In order to remember 
the correct spelling of words with inconsistent phoneme-grapheme relations, e.g., 
the name of this former Rumanian leader, one can use several strategies. Ormrod 
and Jenkins (1989) traced seven distinct approaches that most students use while 
trying to remember the spelling of a difficult word: 1) standard pronunciation, 2) 
spelling pronunciation, 3) visual imagery, 4) letter rehearsal, 5) word analysis, 6) 
pre-test comparison, and 7) spelling rules. The result of their study showed that 
spelling pronunciation of words was the most effective method to acquire a cor-
rect spelling. The strategy of spelling pronunciation implies that the word is 
pronounced incorrectly by using regular grapheme-phoneme correspondences in 
order to remember the spelling more easily. For example, a word like tortilla 
/tortee'ya/ receives the spelling pronunciation: /tor/-/til/-/la/. The spelling of the 
example ‘Nicolae Ceauşescu’ may therefore be remembered more adequately if 
the spelling pronunciation /Nicol/-/ae/ /Ce/-/auş/-/escu/ is used. The study of 
Ormrod and Jenkins showed that especially older university students used the ap-
proach of spelling pronunciation: younger primary school children made use of 
less effective strategies like letter rehearsal. Because spelling pronunciation ap-
peared to be quite effective for older students, one might hypothesize that 
younger children or poor spellers could also productively use this strategy to gain 
reliable knowledge about a word’s spelling.  

The aim of the present study is to systematically examine the effect of spelling 
pronunciation as a means for poor spellers to learn the correct spelling of a word. 
The focus is here on poor spellers, because normal or good spellers often acquire 
a correct spelling irrespective of the kind of method used, while poor spellers 
have to practice more often and conditions of practice might be more distinctive. 
Spelling pronunciation during practice may be beneficial for several reasons. 
Relatively weak phonological skills may lead to difficulties in analyzing words 
into their component phonemes. The strategy of using spelling pronunciation may 
be helpful to divide the word in more regular parts and to establish a firm pho-
neme-grapheme relation, even in irregular spellings (Holmes & Ng, 1993). Poor 
spellers are not likely to come up with strategies themselves (Drake & Ehri, 
1984). In addition, Holmes and Malone (2004) showed that poor spellers often 
form ‘incorrect spelling pronunciations’. They create spelling pronunciations that 
could be misleading and therefore rarely reproduce the correct spelling when us-
ing the strategy of spelling pronunciation. Application of spelling pronunciation 
requires considerable skill (Holmes & Malone, 2004). Using explicit instructions 
on spelling pronunciations or externally providing these pronunciations can solve 
this problem (Graham, 1999; Graham, Harris, & Chorzempa, 2002; Schlagal, 
2001). Alternatively, the strategy of spelling pronunciation emphasizes the ortho-
graphic representation of words (Badian, 2005). Providing the special 
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pronunciation of the word may help to generate the correct orthography and in 
this way facilitate learning the word-specific spelling. Furthermore, spelling pro-
nunciation may also be considered as a kind of mnemonics (Searleman & 
Herrmann, 1994): the spelling of the word is linked to the regular pronunciation 
of the characters, so the irregular characters of the word can be memorized more 
easily. This kind of mnemonics might reduce the memory load, because it is eas-
ier to remember the correct spelling of a word by using only one phonetic chunk 
of the complete word instead of several chunks of separate letters (Gobet et al., 
2001; Kamhi & Hinton, 2000). This reduction of memory load may be especially 
helpful to poor spellers who tend to suffer from poor working memory (Holmes 
& Malone, 2004). 

One could also argue, however, that spelling pronunciation is not useful at all 
for poor spellers. Using spelling pronunciations relies heavily on phonology, such 
as memorizing a pseudo-pronunciation. Due to the well-known phonological dif-
ficulties of poor spellers, this strategy of using spelling pronunciations might be 
especially difficult for this group. Recent findings of Thaler et al. (2005) do in-
deed confirm this possibility. Because their impairment in phonological 
processes, poor spellers may instead rely more on orthographic information 
(Rack, Snowling, & Olson, 1992; Siegel, Share, & Geva, 1995). If so, spelling 
pronunciation would not have any advantages over and above regular pronuncia-
tions. 

The effect of spelling pronunciations is evaluated within the context of com-
puter-based spelling exercises. Previous research in this realm showed that a 
memorizing task was a rather effective condition for practising spelling. In this 
task, a word is presented both auditorally and visually, and has to be memorized. 
It then disappears, and participants are asked to spell the word by heart (Bos & 
Reitsma, in preparation). In the present study, it is hypothesized that combining 
the strategy of spelling pronunciation with the regular memorizing task is more 
effective than only using the memorizing task, because the orthographic represen-
tation is linked more closely to the phonological representation (Ormrod & 
Jenkins, 1989). Therefore, in the current study the memorizing exercise (visual 
dictation) will be used. Half of the training words will be trained by memorizing 
and normal pronunciation; the other half will be practiced by a combination of 
memorizing and spelling pronunciation. It was hypothesized that memorizing 
with spelling pronunciation would be more effective because it may help to re-
duce the memory load and may give clues about the proper spelling of the word. 
Furthermore, non-practiced control words were used in order to assess the effect 
of practicing.  

Method 

Participants 
Fifty-nine Dutch children from Grade 2 to 6 of five primary schools participated 
in the study. The teachers used standardized spelling tests (Cito, 1993a, 1993b; 
Geelhoed & Reitsma, 1999) to select children with a serious delay in spelling de-
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velopment. The mean age of the children (26 boys and 33 girls) was 10 years and 
4 months (SD = 13.8 months). Actual delay in spelling appeared to be on average 
two years.  

Materials 
An attractive multimedia program, especially developed for children, was used to 
present the spelling exercises. The software was installed on the computers of the 
participating schools. The words appeared in the middle of the screen in a font 
similar to the fonts used in schoolbooks. Digitized speech stimuli were used to 
present the words also auditory. The instruction text appeared on top of the 
screen. On the lower part of the screen, a button on the left could be clicked to 
repeat the pronunciation of the word, and a button on the right to repeat the in-
struction. A button on the right side of the middle of the screen was used to 
proceed to the next trial during the exercises. 

Two lists of words with two levels of difficulty were created in order to allow 
the children to practice at an appropriate Level. Each list consisted of 60 words, 
36 of these words had to be practiced and 24 words were used as control words. 
The control words were comparable to the words to be practiced - consisting of 
words of the same length and the same spelling categories. The selected 60 words 
were all well known to the participating children in terms of their meaning and 
pronunciation. To further prevent any unlikely confusion about the meaning of 
the words, a picture representing the word was presented during all practice con-
ditions every time this word had to be spelled. All words selected could be 
pronounced by using spelling pronunciation. Level 1 involved words that were 
normally instructed to second-grade and third-grade children (7 to 9 years old), 
Level 2 involved more difficult words which are normally taught by the end of 
fifth-grade or sixth-grade. The words were selected from two common Dutch 
spelling methods based on high frequency words (Geelhoed, Leene & Reitsma, 
1999; Van der Geest & Swüste, 1978) and were assigned to six different catego-
ries.  

Within Level 1 the following categories were distinguished: 1) words ending 
with an i, sounding irregular as a Dutch /j/, as in haai (‘shark’), 2) words with eer, 
oor, eur in which the sound of the vowel has changed because of the final r, like 
in beer (‘bear’), 3) words with the schwa sound at the end of the word, like in 
wortel (‘carrot’), 4) words ending with uw, in which the Dutch /u/ sound is silent, 
like leeuw (‘lion’), 5) words ending on lijk, but sounding irregular, like in moeilijk
(‘difficult’), and 6) words ending with ig, but sounding as the Dutch /ug/ like ge-
lukkig (‘happy’).  

Within Level 2 a distinction was made between the following categories: 1) 
words ending with ge, but with the irregular sound /zje/, like in the word etage
(‘floor’), 2) words ending on tie, sounding as /tsie/, like in vakantie (‘holiday’), 3) 
words ending on isch, sound in Dutch as /ies/, like in logisch (‘logical’), 4) words 
starting with ch, but sounding in Dutch as /sj/ instead of the more common /x/, 
like in chinees (‘chinese’), 5) loan-words from the English language in which the 
spelling deviates considerably from the normal Dutch spelling, like the word 
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jeans, and 6) loan-words from the French language in which the spelling strongly 
deviates from the normal Dutch spelling, like the word punaise (‘thumbtack’). 

By forming two sub-lists, each comprising a different combination of words 
and training conditions, every word was assigned to each of the two training con-
ditions.  

Design and Procedure 
A within-subjects design was used: all 59 children received all training condi-
tions. The children were assigned to a specific level based on their scores of a 
recent spelling test. Level 1 was practiced by 23 children; they had received 26 
months of formal training in reading and spelling on average, and had a mean 
chronological age of 9;5 years. The other 36 children practiced with Level 2, had 
received 46 months of formal training at school, and had a mean chronological 
age of 10;11 years.  

Prior to the training sessions each child was administered a pre-test that in-
cluded a dictation test with the 60 words at their own level. Within the dictation 
test, the training and control words were randomized. The experimenter pro-
nounced sentences with the specific words, the words were repeated and the 
children used paper and pencil to write down the words. When the pre-test was 
completed, the experimenter explained how the children should practice with the 
multimedia-training program. During the following three weeks, the children in-
dependently completed seven sessions within the training program. In each 
session, 36 words were practiced, 18 in each of the two training conditions. The 
training program consisted of two exercises:  

1 - Memorizing: in the middle of the screen a word appears and at the same 
time the pronunciation of the word is given. At the left side of the screen a picture 
appears of a boy with a pondering expression and a thinking balloon just above 
him. On top of the screen, a text is presented with the instruction. The child has to 
scrutinize the spelling of the word and push on the continuation button as soon as 
it knows how to spell the word correctly. The word disappears and the child has 
to type the word by heart in a text box in the middle of the screen. After pressing 
the continuation button the program gives feedback: the program shows whether 
the response is correct and the proper spelling is presented in a green color just 
above the typed word.  

2 - Memorizing with spelling pronunciation: the general format and procedure 
of this exercise is similar to the one described before. The difference is that at the 
beginning a word appears with a ‘+’ sign in front of the word (like +word). After 
the normal pronunciation is given, the spelling pronunciation of the word follows. 
When the child pushes the continuation button, the word disappears. Then the 
child first has to type the ‘+’-sign in a text box in the middle of the screen, to re-
peat the spelling pronunciation, and then to type the word so that the text box 
displays: +word. When the continuation button is pressed, the program gives 
feedback: the program shows whether the response is correct and the proper spell-
ing is presented in a green color just above the typed word. If the ‘+’ sign is not 
typed, the feedback of the program also displays that an error is made. 
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After allocating the children to the list of their specific level, the children were 
randomly assigned to one of the sub-lists. The order of words was randomized in 
every list and in each session the words were presented in a different order. The 
two different training conditions were presented separately: a session started ei-
ther with 18 words that only had to be memorized, or with 18 words that had to be 
memorized by using spelling pronunciation. Furthermore, the child could push the 
button to recall the pronunciation of the word up to 10 times. If a child did not 
respond within two minutes, the program paused until the teacher typed in a 
password. Children were instructed to complete about three sessions a week and 
they were not permitted to complete more than one session a day.  

Two days after the children had completed the seven training sessions, the 
children started the posttest that consisted of the same dictation test as in the pre-
test. A month after this posttest the same dictation test was administered again as 
a test for retention. For each word in both pretest, posttest, and retention test it 
was determined whether the spelling was completely correct or not. The number 
of errors was analyzed in order to determine the effect of the two training condi-
tions.  

Results 

The results of the training and dictation task seem to indicate that the children did 
actively process the spelling pronunciation. The children spent about 2 to 3 
seconds more when producing the word in the exercise with spelling 
pronunciation than in the exercise of only memorizing. Although children had to 
search for the ‘+’ button, it is not likely that this would have taken that much 
time, as after several sessions, the child would have known where to find the ‘+’ 
button. Furthermore, as the post-test was taken, children came up spontaneously 
with the spelling pronunciation of the word - but due to the randomization of the 
lists with words, they were kindly requested to vocalize the spelling 
pronunciations silently. These spontaneous responses suggest that the children did 
indeed remember the special pronunciations of the word. 

The effect of training was determined by comparing within subjects and items 
the number of errors before and directly after training for each of the three condi-
tions. The mean percentage of errors at each Level for the respective moments of 
testing is shown in Table 2.1. Before training, mistakes were made in about 63% 
of the words, on average. As is clear from the table, in the direct post-test the per-
centage of errors substantially declined as a result of both training conditions, and 
tended to increase a little bit from posttest to retention test.  
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Table 2.1 Percentage of errors before, directly after and a month after training for both lev-
els 

before directly after month later 
level 1    

memorizing with spelling pronunciation 43 20 26 
memorizing 43 18 24 
control condition 36 31 30 

level 2    
memorizing with spelling pronunciation 79 28 37 
memorizing 76 29 35 
control condition 79 67 64 

The children who practiced with Level 1 made less errors than the children 
who practiced with Level 2, as is shown in Table 2.1. Obviously, the words in 
Level 2 were much more difficult than the words of Level 1. Because more errors 
were made in the pre-test of Level 2 than in the pre-test of Level 1, in further 
analyses the proportional decrease of errors was used: the percentage of errors 
after training was subtracted from the percentage of errors before training and the 
result was divided by the percentage of errors before training.  

The black bars in Figure 2.1 show the proportional decrease in errors in per-
centages for the three conditions (two training conditions and the control 
condition) directly after training. Some conditions were more effective than oth-
ers, as was shown by a significant interaction-effect between time of test and the 
three conditions, F1(2,116) = 73.34, p < .001, ηp

2 = .56; F2(2,166) = 44.33, p < 
.001, ηp

2 = .35. The direct effect of each of the two training conditions was larger 
than the control condition, F1(1,58) = 106.34, p < .001, d = 2.71; F2(1,83) = 
87.80, p < .001, ηp

2 = .51, but the two training conditions did not significantly 
differ in effect from each other. 
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Figure 2.1 The direct and retention effect of each condition shown by the decrease of errors in 
percentages, with N=59 for each condition 

A month after training the same dictation test was provided again to find out 
whether a retention effect would occur. The decrease of errors in percentages in 
the retention test as compared to the pre-test is shown in the grey bars in Figure 
2.1. The effect of training diminished over time, comparing the direct effect with 
the retention effect. But even a month after training both exercises showed to be 
effective with regard to initial levels of performance. Both exercises had about 
the same effect: no significant difference could be found between the two condi-
tions. The training conditions showed to have more effect than the control 
condition, F1(1,39) = 63.24, p < .001, ηp

2 = .52;. F2(1,83) = 41.71, p < .001, ηp
2 = 

.33. Level, educational age, and gender showed to have no effect on the decrease 
of errors in the various conditions over time. However, a small effect was found 
when only the eight words ending on ge (similar to the French words) together 
with the 16 loan-words were analyzed separately: directly after training, the exer-
cise with spelling pronunciation showed to have more effect than the memorizing 
exercise, F(1,23) = 4.35, p < .05, ηp

2 = .16. A month later, no difference in effect 
could be found though. Moreover, analysing the 24 words in which most errors 
were made - more than 83% of the children had written these words incorrectly 
before training - showed no differences in effect between the two conditions of 
training. 

Discussion 

The aim of this study was to examine whether spelling pronunciation has a posi-
tive effect on learning to spell during computer-based spelling exercises by poor 
spellers. Spelling pronunciation had previously shown to be an effective strategy 
for normal and good spellers (Holmes & Malone, 2004; Ormrod & Jenkins, 
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1989). But because poor spellers do not seem to invent strategies themselves, it 
was expected that it might be useful to offer the pronunciations explicitly. The 
results show both exercises, memorizing as well as memorizing with spelling 
pronunciation, to be very effective. However, the findings also show that poor 
spellers do not gain any extra profit from the spelling pronunciation strategy, not 
even for the words of Level 2 in which more irregular words were used than in 
Level 1. Therefore, the hypothesis that memorizing in combination with spelling 
pronunciation is more effective than simply memorizing could not be confirmed. 

The results of this study are in concordance with a comparable study that was 
recently conducted (Thaler et al., 2005). In this study, a training session was de-
veloped in order to improve orthographic spelling skills of poor spellers. In the 
training, a word was presented on a screen and simultaneously named by the 
computer. Second, the oral spelling pronunciation was presented while the long 
vowel grapheme was highlighted. To evaluate the progress, a control group re-
ceives a similar training, however, no oral spelling pronunciation of the word is 
presented. The results revealed no specific effect of spelling pronunciation over 
and above a standard word-specific spelling training (Thaler et al., 2005). How-
ever, other studies found that emphasis on the pronunciation of the word does 
have an effect on spelling. Spelling pronunciation appeared to be an effective 
strategy for both spellers in normal and special education (Bosman & Van Hell, 
2001; Schiffelers, Bosman, & Van Hell, 2002). The results suggest that the pro-
nunciation of graphemes may help the graphemes to function as sound symbols in 
lexical memory (Drake & Ehri, 1984).  

We may conclude, that current research evidence on the role of spelling pro-
nunciation is highly contradictory. Various researchers (Holmes & Malone, 2004; 
Omrod & Jenkins, 1989) suggest that spelling pronunciation is an effective strat-
egy, especially when the strategy is explicitly instructed (Bosman & Van Hell, 
2001; Drake & Ehri, 1984; Schiffelers, Bosman, & Van Hell, 2002), whereas the 
findings in this study and results of other researchers (Thaler et al., 2005) do not 
reveal an overall effect of spelling pronunciation compared to standard 
pronunciation. It should be pointed out though that the studies that did not find 
solid evidence of an effect of spelling pronunciation use a combination of the 
orthographic information and the phonological information in the training. as was 
the case in the present study. Not only the phonological spelling is pronounced, 
but simultaneously the graphemes of the words are presented. It might well be 
possible that the orthographic information simply overrules the phonological 
information and thus obscures a possible effect of spelling pronunciation.  

To disentangle the effects of spelling pronunciation from the effect of 
providing orthographic information at the same time, a follow-up study was 
planned in which the effect of spelling pronunciation on poor spellers will be 
studied while excluding all orthographic information before the participating 
children have to spell the word. The contrast with the former study is that in the 
conditions in which the normal or spelling pronunciation is provided the 
orthography is no longer presented as a priming stimulus. The memorization 
exercise with the visual spelling prompt is compared to a spelling pronunciation 
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exercise and a standard pronunciation exercise. It is hypothesized that the spelling 
pronunciation will make it easier to visualize the correct letter pattern than 
standard pronunciation. Therefore, the hypothesis will be tested that practicing 
with explicit use of spelling pronunciation will lead to better spelling results than 
the use of standard pronunciation. However, it might also be the case that poor 
spellers experience difficulties in memorizing phonological cues. If so, practicing 
spelling with presenting orthographic information (memorization exercise) of a 
word may be more effective than presenting the phonological information 
(spelling pronunciation or standard pronunciation).  

2.2 Experiment 2 

Method 

Participants 
Fifty-four Grade 5 and Grade 6 children (mean age = 11.8, sd = 0.7) of 8 regular 
primary schools participated in the study. The children were selected according to 
the performance on a common Dutch spelling test that children completed re-
cently (Cito, 1993a, 1993b). A child was included in the experiment if he or she 
belonged to the 15% poorest spellers of their Grade. The children had an average 
spelling lag of about 1.8 years. The children did not have any physical difficulties 
that could interfere with the training. 

Materials 
The computer program was similar as in Experiment 2.1. Because only older 
children participated in this study, 48 words similar to the words in Level 2 of 
Experiment 2.1 were used. Three training conditions were employed: 36 words 
were trained, 12 in each condition, and 12 were kept as control words. Conse-
quently, by varying words over conditions four different lists of words were 
created. 

Design and Procedure 
The procedure of pre- and posttests and the design were basically similar to Ex-
periment 2.1. However, the training conditions were adapted. Three training 
conditions were employed: memorizing with prior presenting the spelling of the 
word, normal pronunciation or spelling pronunciation, the latter two without pre-
senting the word visually as a clue beforehand. Again, in the pretest, posttest and 
retention test the number of errors were registered in order to determine the effect 
of all three training conditions.  
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Results 

This study was done with the purpose to examine the effects of several training 
conditions (memorizing, normal pronunciation, spelling pronunciation) on spell-
ing performances, both on short term and long term. The effect of training was 
determined by comparing within subjects and items the number of errors before 
and directly after training for each of the three conditions (memorizing, normal 
pronunciation, spelling pronunciation). Table 2.2 shows the percentage of errors 
for all subjects before training, directly after training and a month after training 
for every condition. The findings show a substantial decrease of percentage of 
errors between the pre- and posttest. Only a little increase in error rate occurs a 
month after the posttest. The black bars in Figure 2.2 show the proportional de-
crease in errors for the four conditions (three training conditions, and the control 
condition) directly after training. 

Table 2.2 Percentage of errors before, directly after, and a month after training across the 
Levels. 

 before directly after month after 
spelling pronunciation 62 23 28 
normal pronunciation 59 32 33 
memorizing 62 22 28 
control condition 62 48 49 

A statistical analysis showed that both main effects were significant for condi-
tion F(3,159) = 23.97, p < .001, ηp

2 =.31, and for time F(3,159) = 166.66, p < 
.001, ηp

2 =. 76. In addition, the interaction effect between condition and time was 
significant, F = 18.64, p < .001, ηp

2 = .26. Contrast analyses revealed that the in-
teraction between condition and time reflects significant differences between each 
of the three training conditions and the control condition over time (before, di-
rectly after), measured over subjects, F(1,53) > 23.95, p < .001, ηp

2 >.31, and over 
items, Fitems(1,47) > 11.94, p < .001, ηp

2 >.20 . This means that the spelling abili-
ties of the subjects improved directly after training compared to the control 
condition. Moreover, significant differences were found within training condi-
tions. Directly after training, both memorizing and spelling pronunciation had 
more effect than the normal pronunciation training, F(1,53) = 14.79, p < .001, ηp

2

= .22, and F(1,53) = 10.16, p < .05, ηp
2 = .16. However, no significant difference 

was found between memorizing and spelling pronunciation F(1,53)=1.67, p = .20, 
ηp

2 = .03. 
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Figure 2.2 The direct and retention effect of each condition shown by the decrease of errors in 
percentages, with N=54 for each condition 

A month after training the same dictation test was provided again to find out 
whether a retention effect would occur. The decrease of errors in percentages in 
the retention test as compared to the pre-test is also shown in the grey bars in Fig-
ure 2.2. The effect of training appeared to be similar to direct effects. Contrast 
analyses revealed significant differences between the three conditions and the 
control condition over time, before versus a month after the training, F(1, 53) > 
22.84, p < .001, ηp

2 > .30, suggesting that the training effect remained stable on 
long term. Again, after a month, both memorizing and spelling pronunciation dif-
fered significantly from normal pronunciation, F(1,53) = 56.02, p <.05, ηp

2 > .11, 
and F(1,53) = 44.46, p < .05, ηp

2 > .12. Furthermore, no significant difference was 
found between memorizing and spelling pronunciation, F(1,53) = .15, p = .70, ηp

2 

= .003. Item analyses seem to confirm previous findings in that words with many 
irregularities, such as words from French or English origin, do profit more from 
spelling pronunciation than words with only small deviations from a transparent 
spelling with respect to phoneme-grapheme correspondences. However, no sig-
nificant effects were found. 

Discussion 

The second experiment was set out in order to improve the design of the first ex-
periment and to unravel the effects of spelling pronunciation from the effects of 
priming the orthographic information. Orthographic information was excluded 
from the phonological training conditions, normal or spelling pronunciation. And 
it was questioned whether the effect of spelling pronunciation was more effective 
than the effect of normal pronunciation when no orthographic information was 
simultaneously presented. Results of the present experiment show that spelling 
pronunciation is more effective than normal pronunciation. The percentage of 
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errors decreased significantly more in the condition in which words were trained 
after hearing the spelling pronunciation than after hearing the normal pronuncia-
tion, both in an immediate posttest and in a retention test after a month of delay. 
Apparently, the spelling pronunciations facilitated the acquisition of the correct 
spelling pattern for the words that are trained. This beneficial effect may be ex-
plained from the fact that the ordinary phonological representation is adjusted or 
extended to more closely conform the actual spelling. Spontaneous responses of 
the children indeed seem to indicate that they remembered the spelling pronuncia-
tion. However, no firm conclusions can be drawn because we not explicitly tested 
the phonological form the children used for spelling. Nevertheless, the results 
strongly suggest that the use of spelling pronunciation during learning to spell can 
be considered as a helpful cue as compared to the use of normal pronunciation.  

Another finding was, however, that the use of spelling pronunciation during 
training did not result in significantly higher scores than the memorizing task in 
which the word to be spelled was shown and had to be spelled by heart after it 
had disappeared. The results of the second study revealed that the orthographic 
condition was as effective as the spelling pronunciation condition. Moreover, the 
first experiment showed that combining the two conditions, orthographic preview 
and spelling pronunciation, does not lead to additive effects. This might suggest 
that the underlying process, which is of importance in both memorizing and 
spelling pronunciation, is one and the same, and is exhaustively used in either 
one. The common denominator of both the orthographic condition and the 
spelling pronunciation is that before the children actually begin to spell 
information about the correct spelling is provided. In the case of the orthographic 
condition it is simply shown, and the poor speller may remember sufficient details 
of this presentation to improve his spelling performance. More importantly, they 
apparently acquire rather permanent orthographic knowledge because in the 
retention test these words are better spelled than the trained control words. 
Similarly, when no visual cues are available, the spelling pronunciation may be 
used to prime or generate the correct spelling pattern, especially for the 
ambiguous parts of a word, before they actually are requested to spell the word. 
Evidently, this process may have lead to relatively stable knowledge about the 
specific orthographic patterns of the words that are trained. 

General discussion  

The present findings suggest that both orthographic cueing and spelling pronun-
ciation facilitate learning to spell specific words. Although in the current study 
both procedures appear to assist the poor speller with learning the correct spelling 
for ambiguities, however, there might be differences among beginning spellers in 
the extent to which they profit from the training conditions. Individual differences 
among poor spellers may be related to strengths and weaknesses in visual-
orthographic or phonological memory skills (Kamhi & Hinton, 2000; Lennox & 
Siegel, 1996, 1998). Further remediation studies in which individual differences 
are specifically addressed are needed to determine whether such preferences or 
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skill profiles indeed are related to differential effects of practice conditions. Con-
sidering the impaired phonological processing skills of poor spellers, and their 
difficulties in self-generating a correct spelling pronunciation (Holmes & Malone, 
2004), orthographic information and memorizing practice may actually provide a 
more generalizable strategy. The current findings definitely are not contradicting 
such a conclusion. 

Spelling pronunciation by definition differs from normal pronunciation and, 
therefore, is dependent on words that are irregular in terms of phoneme-to-
grapheme correspondences. The present experiments were carried out with native 
speakers of Dutch. Dutch has a relatively transparent orthography, although its 
phoneme-grapheme relations are less consistent than its grapheme-phoneme rela-
tions. It might well be the case that the effect of spelling pronunciation is even 
more effective with an orthography with many inconsistencies in phoneme-
grapheme correspondences, such as English. In the current studies some sugges-
tive evidence was found for this claim in that words with many irregularities 
showed the largest benefits from training with spelling pronunciation.  

In conclusion, the present two studies have shown that there are at least two 
options to improve on ordinary practice in spelling in which a word is spoken, the 
child is asked to spell it, and feedback is given. One is to present a preview of the 
word visually, and the other is to provide a special pronunciation of the word 
which provides information about the specific spelling. Although further research 
is needed to pinpoint the precise basis for these facilitative effects, in each of the 
two conditions the poor spellers are provided with clues about the correct 
spelling, and this may well be the key factor for their effectiveness.



3 
Spelling pronunciation and visual preview 

both facilitate learning to spell irregular 
words*

Spelling pronunciations are hypothesized to be helpful in building up relatively 
stable phonologically underpinned orthographic representations, particularly for 
learning words with irregular phoneme-grapheme correspondences. In a four-
week computer-based training, the efficacy of spelling pronunciations and 
previewing the spelling patterns on learning to spell loan words in Dutch, 
originating from French and English, was examined in skilled and less skilled 
spellers with varying ages. Reading skills were taken into account. Overall, 
compared to normal pronunciation, spelling pronunciation facilitated the 
learning of the correct spelling of irregular words, but it appeared to be no more 
effective than previewing. Differences between training conditions appeared to 
fade with older spellers. Less skilled young spellers seemed to profit more from 
visual examination of the word as compared to practice with spelling 
pronunciations. The findings appear to indicate that spelling pronunciation and 
allowing a preview can both be an effective way to learn correct spellings of 
orthographically unpredictable words, irrespective of age or spelling ability.  

                                             
* Published as: Hilte, M., & Reitsma, P. (2006). Spelling pronunciation and visual preview both facilitate 

learning to spell irregular words. Annals of Dyslexia, 56, 301-319. 
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Introduction 

The main issue in spelling is that one must know how to translate spoken 
language into written language. Generally, less skilled spellers attempt to translate 
every phoneme into a corresponding grapheme, because their orthographic 
memory for letter patterns and sequences is weak. However, phonemes cannot 
always be matched directly to a sequence of corresponding graphemes, especially 
in English and French irregular words. One possible way to assist spellers with 
learning phoneme-grapheme complexity is to use an artificial pronunciation based 
on the letter sequence of the word spelling, a so-called spelling pronunciation. For 
example, the spelling pronunciation of the word ‘Wednesday’ could be 
pronounced as /wed-nes-day/ instead of its normal pronunciation /wenzde/. This 
strategy may be beneficial for several reasons. First of all, pronouncing every 
letter in each syllable of a word may help by dividing the word into more regular 
parts and by establishing a firm phoneme-grapheme relation (Holmes & Ng, 
1993). Second, the strategy of spelling pronunciation can function as a kind of 
mnemonic, because the correct spelling of a word is memorized more easily when 
the irregular bonding between sound and letters is transformed into a more 
regular relation (Searleman & Herrmann, 1994). Hence, the pronunciation of 
every distinct grapheme helps the graphemes to function as sound symbols in 
lexical memory (Drake & Ehri, 1984).  

However, it can also be argued that spelling pronunciation is not a beneficial 
strategy at all, especially for poor spellers because of their well-known 
phonological difficulties. Using spelling pronunciation relies heavily, after all, on 
phonological skills, such as memorizing every distinct phoneme that is explicitly 
pronounced or storing unfamiliar sound sequences in short term memory. Visual-
spelling patterns or orthographic cues may instead be more relevant to poor 
spellers (Rack, Snowling, & Olson, 1992; Siegel, Share, & Geva, 1995). Also, 
one could suggest that age is an important factor in determining the effects of 
spelling pronunciation. Because older spellers may be relatively more focused on 
visual-spelling patterns, the effects of exercises with spelling pronunciation may 
have differential effects for younger and older spellers. Therefore, the aim of the 
present study is to systematically compare the effects of spelling pronunciation 
for skilled and less skilled spellers, and for different age groups.  

Several researchers contend that spelling pronunciation is a very effective 
strategy to improve spelling ability. Omrod & Jenkins (1989) analyzed the effect 
of seven distinct strategies that most students use while trying to remember the 
spelling of difficult words. The strategy of spelling pronunciation appeared to be 
the most effective method to learn the correct spelling. Spelling pronunciation 
was especially effective for skilled spellers. This finding is supported by others, 
who argue that poor spellers rarely come up with strategies themselves, suggest-
ing that they are less likely to adopt a spelling pronunciation strategy on their own 
(Drake & Ehri, 1984). And when they actually do adopt a spelling pronunciation 
strategy, they often form incorrect spelling pronunciations, which are generally 
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misleading and rarely bring about the correct spelling (Holmes & Malone, 2004). 
This particular problem can easily be solved by using explicit instructions on 
spelling pronunciation or by simply providing these artificial (spelling) 
pronunciations (Graham, 1999; Graham, Harris, & Chorzempa, 2002). Further 
empirical evidence showed that providing spelling pronunciations was more 
effective than providing standard pronunciation to spellers in both normal and 
special education (Hilte, Bos, & Reitsma, 2005; Schiffelers, Bosman, & van Hell, 
2002).  In contrast, Thaler, Landerl, & Reitsma (2008) studied the effect of spelling 
pronunciation extensively and showed that spelling pronunciation turned out not 
to be helpful at all. In four different studies, it was examined whether pronuncia-
tion of silent phonemes in German words, e.g. pronouncing explicitly the /h/ in 
the German word bahn instead of its standard pronunciation /ban/, would produce 
a phonological code that would promote correct spelling by poor spellers. Various 
types of German words were presented: long vowel words, short vowel words 
followed by a doubled consonant, and words including a silent h. The spelling of 
the word was simultaneously presented with the phonological stimuli, either the 
spelling pronunciation or standard pronunciation, and the targeted grapheme was 
visually highlighted in both conditions. Participants were both skilled and less 
skilled spellers from Grade 2 and 3. No significant beneficial effect of spelling 
pronunciation compared to normal pronunciation was found, not even in the last 
and most carefully designed study. Nor were differences between skilled and less 
skilled spellers found. The experimenters (Thaler, Landerl, & Reitsma, 2008) 
compared their study to another study (Landerl, Thaler, & Reitsma, 2008), in 
which they did find an effect for spelling pronunciation. These differences can be 
understood by a difference in stimuli used in the training. Landerl and collegues 
(2008) did find a beneficial effect of spelling pronunciation when they used 
words of foreign (mostly English) origin, so-called loan words, which had an ex-
tremely irregular spelling compared to the relatively regular spelling in German. 
Moreover, all other studies that did find a beneficial effect for spelling pronuncia-
tion used English words or loan words as stimuli too (Drake & Ehri, 1984; 
Holmes & Malone, 2004, Omrod & Jenkins, 1989; Schiffelers, Bosman, & van 
Hell, 2002). Similarly, Hilte, Bos, and Reitsma (2005) found in an item-analysis 
that the words from French or English origin did profit more from spelling pro-
nunciation than Dutch words that had only small deviations from transparent 
spelling. Thus, inconsistencies in findings for the effects of spelling pronuncia-
tion during training may well be related to differences in the degree of 
transparency in words. Spelling pronunciation is beneficial especially with words 
that deviate significantly in terms of regular phoneme-grapheme correspondences. 
Therefore, in the present study only loan words are used in order to determine the 
effects of spelling pronunciation.  

Another important variable that might contribute to different findings is a 
difference in design. As noted by Hilte, Bos, and Reitsma (2005), the study of 
Landerl, Thaler, and Reitsma (2008) in which spelling pronunciation appeared to 
be effective, provided no visual-spelling patterns when spelling (or normal) 
pronunciation was presented. In contrast, in the study (Thaler, Landerl, & 
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Reitsma, 2006), in which no effect of spelling pronunciation was found, visual-
spelling patterns were presented simultaneously to the phonological information. 
Hilte, Bos, and Reitsma (2005) argued that these visual-spelling patterns might 
have overruled the phonological information, and hence no effect of spelling 
pronunciation was visible. They therefore investigated the effect of spelling 
pronunciation once again in an improved design. To disentangle the effects of 
spelling pronunciation from the effect of providing visual-spelling patterns at the 
same time, the effect of spelling pronunciation was not only compared to the 
effect of standard pronunciation, but also to an effect of merely presenting visual-
spelling patterns. Confounding of the effects of visual-spelling patterns with those 
of phonological information, either spelling or standard pronunciation was hence 
not possible in this design, because no visual-spelling patterns were presented 
simultaneously to phonological information. It appeared that providing spelling 
pronunciations was more effective than providing standard pronunciations. 
Explicit cueing of spelling pronunciation was, however, as effective as allowing a 
preview of the word. Apparently, the process involved when presenting spelling 
pronunciations may have led to relatively stable knowledge about the specific 
orthographic patterns of the words that are trained. Both spelling pronunciations 
and information on visual-spelling patterns can help poor spellers to spell specific 
words. However, the previous study did not systematically compare age groups, 
or contrast normal versus poor spellers. Therefore, in the current study we aim to 
extend the recent findings (Hilte, Bos, & Reitsma, 2005) on the efficacy of 
spelling pronunciations on both skilled and less skilled spellers with varying ages. 

Younger spellers are less informed about language structure and have less 
consolidated concepts of words. Their orthographic knowledge is less automatic 
than that of older children. Analyses of error-types have shown that children shift 
from concrete phonemic analysis to a more abstract linguistic representation in 
the orthography (Notenboom & Reitsma, 2003; Schlagal, 2001). The develop-
ment of spelling proficiency is a continuous process reflecting gradual changes in 
children’s use of phonological and orthographic information (Ehri, 1992a; Noten-
boom & Reitsma, 2003). In more transparent languages, like Dutch, spelling 
instruction in Grade 1 typically involves the spelling of phonologically regular 
words. But soon more irregular words, in terms of transparency, are introduced in 
Dutch spelling instruction (Landerl & Reitsma, 2005; Notenboom & Reitsma, in 
press; Reitsma & Verhoeven, 1990). The results of several studies suggest that 
after acquisition of the alphabetic principle, learning to spell in Dutch involves a 
continuous accumulation of different segments of orthographic knowledge. Be-
cause of these changes, different effects of visual-spelling or phonological cues in 
spelling instruction may occur between various grades. The current experiment 
therefore studies the effect of providing phonological and visual-spelling 
information during practice in spelling in three different grades. Grade 3 children 
(who commonly have less control of orthographic information) may benefit more 
from phonological cues, whereas Grade 5 and 6 children (who have more 
orthographic information) may profit more from visually presented spelling 
information. In other words, spelling pronunciation might be more effective in 
younger spellers. 



 Spelling pronunciation and visual preview 41 

Further, differences between various ages in the effect of spelling pronuncia-
tion have rarely been studied. Several studies investigated the effect of spelling 
pronunciation in older spellers only, Grade 5 or 6, or students (Hilte, Bos, & 
Reitsma, 2005; Holmes & Malone, 2004; Landerl, Thaler, & Reitsma, 2008; Om-
rod & Jenkins, 1989). Among other studies focused on younger children, only 
Thaler, Landerl, and Reitsma (2008) addressed beginning spellers. 

Considering the well-known phonological deficits of poor spellers, spelling 
pronunciations might be more beneficial for skilled spellers than for less skilled 
spellers. On the other hand, because of the phonological deficits of poor spellers, 
they particularly may need the extra phonological help that spelling pronuncia-
tions give. Findings of several studies on the effect of spelling pronunciation on 
skilled and less skilled spellers are somewhat confusing. In one study, spelling-
match spellers (average spellers) benefited more than students with learning dis-
abilities (Bosman, van Hell, & Verhoeven, 2006). In contrast, another study 
showed that less skilled spellers benefited more than skilled spellers (Drake & 
Ehri, 1984). In addition, Thaler, Landerl, and Reitsma (2008) showed that less 
skilled spellers performed equally well as age-adequate spellers in applying the 
spelling pronunciation technique. Therefore, to better understand the effects of 
spelling pronunciation, differences between skilled and less skilled spellers were 
studied in the present training experiment. 

Interestingly, spelling skills are generally highly correlated with reading skills, 
mostly varying from .50 and .80 (Frith, 1980). However, correlations appeared to 
be considerably lower in less skilled readers and spellers (Ehri, 2000; Greenberg, 
Ehri, & Perin, 1997). Spelling requires the production, rather than the recognition 
of a visual-spelling pattern, and is consequently more difficult. Reading partial 
cues often suffice to identify a word (Holmes & Ng, 1993), but in spelling 
knowledge about the exact pattern of sound-letter correspondences and the 
specific orthographic details is required. Children who experience difficulties in 
developing well-specified visual-spelling representations may be relatively skilled 
readers but less skilled spellers. These children cannot process nor remember all 
detailed orthographic knowledge when they are exposed to written words. Thus, 
reading and spelling skills are not always strongly related. The effects, then, of 
spelling pronunciation and visual-spelling patterns in spelling exercises may well 
be different for both spelling level and reading level. Consequently, in this study 
reading skills are also taken into account. It can be argued that skilled readers are 
relatively more skilled in transferring orthographic knowledge, acquired from 
reading, into the more active spelling processes. A training with visual-spelling 
patterns as cues is therefore expected to be especially helpful for skilled readers. 
Less skilled readers on the other hand would seem to profit most from practice 
with spelling pronunciations, because spelling pronunciations actively help them 
to process every distinct grapheme. 

In summary, in the current study we aimed to extend the recent findings on the 
effect of spelling pronunciations in loan words on skilled and less skilled spellers 
of varying ages (Grades 3, 5, and 6), while taking reading skills into account. In 
order to find more detailed information on the effect of practice with spelling 
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pronunciations, the effect was not only compared to practice with normal pronun-
ciations, but also to training in which visual-spelling patterns were presented. 

Method 

Participants 
A total of 184 Dutch children, 93 boys and 91 girls, from Grades 3, 5, and 6 of six 
primary schools participated in the study. All students’ primary language was 
Dutch. Prior to the experiment, spelling skills were determined by means of a 
Dutch standardized spelling test (Cito, 2003). Whole classes participated and no 
children were excluded. As a result, spelling ability could vary from very poor to 
very good, relatively to the published norms. For the purpose of the present study, 
however, children were divided into two groups relative to the 50th percentile of 
the norm: less skilled spellers and skilled spellers. A total of 89 third grade 
spellers (31 were classified as less skilled, 58 were classified as skilled), 43 fifth 
grade spellers (22 less skilled, and 21 skilled), and 52 sixth grade spellers (24 less 
skilled, and 28 skilled) participated in this study. The mean age was 8 years, 11 
months for the Grade 3 participants, 11 years for the Grade 5 participants, and 12 
years, 3 months for the Grade 6 participants. Although we did not use further 
diagnostic measures, it is possible that among the less skilled spellers there were a 
few dyslexics. For example, the number of children that scored below the 15th

percentile of the spelling test was 30. 
Reading level was assessed by means of a standardized test for reading-

decoding (Brus & Voeten, 1972). This reading test consists of a list of unrelated 
words. Participants had to read correctly as many words as possible in one minute 
of time. The score of the test was based on the number of words read correctly. 
Two parallel versions of the test were administered and average scores of both 
versions were used in further analyses.  

Materials 
In order to provide the spelling exercises, an attractive multimedia program was 
developed for children and was installed on the computers of all participating 
schools. Word stimuli appeared in the middle of the screen in a font similar to the 
fonts used in schoolbooks. Digitized speech was used to present the words audito-
rily, depending on the type of exercise (condition). On top of the screen an 
instruction text appeared to make sure that it was clear what the participants had 
to do. On the lower part of the screen, a button on the left could be clicked to re-
peat the pronunciation of the word, if necessary an infinite number of times. A 
button on the right could be clicked to repeat the instruction for a more extensive 
explanation. A button on the right side of the middle of the screen was used to 
proceed to the next trial during the exercises. On the top corner, the children 
could see how many items they had to do before they would finish. 

A list of 24 so-called loan words, originating from English and French 
language, was selected. Almost all the words used are normally taught in Grade 6 
or beyond. All words had a relatively high irregular phoneme-grapheme relation. 
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Dutch spelling rules are insufficient to arrive at the correct spelling and 
knowledge of the spelling of the words could not be generalized to other words.  

A total of 6 words were practiced by presenting the visual-spelling pattern, 6 
words were practiced by presenting spelling pronunciation, and 6 words were 
practiced by presenting normal pronunciation. The remaining 6 control words 
were not practiced at all. Assigning specific words to conditions was varied be-
tween participants so that when data were collapsed over subjects, all 24 words 
appeared in each condition about equally frequent. In the Appendix, the 24 Dutch 
loan words, their English translations, their (adult and youth) frequencies, and the 
spelling pronunciations corresponding to the Dutch language used in this study, is 
listed. The printed word frequencies of the words in this study are considerably 
low (Burnage, 1990; Staphorsius, Krom, & de Geus, 1988). All words used in this 
study occur less than 1000 times in Dutch adult literacy and less than 4 times in 
Dutch youth literacy. As a comparison, a common, and relatively frequent word 
like brood (bread) occurs 2616 times in a text specifically for adults and 43 times 
in a text specifically for children from 7 to 12. Effects of word frequencies on 
differential training effects were taken into account in further analyses. Although 
we did not individually test whether the words were known, it was assumed that 
most words were known auditorily. If the children indicated that they did not 
know the meaning of a word, the experimenter explained the meaning during the 
first dictation task. In order to further minimize any unlikely confusion about the 
meaning of the words, a picture representing the word was presented during all 
practice conditions and the words were dictated in sentences in the pre- and post-
tests.  

Design and Procedure 
A within-subjects design was used: all 184 children, who participated in the train-
ing program, received all three training conditions. But also, all words were 
practiced in every condition (spelling exercise), though varied over subjects. In 
each session within the computer program the words were presented in a different 
order.  

Prior to the training sessions all 24 words were dictated and this dictation test 
served as a pre-test in order to know the spelling level of the participants before 
the training program. Within the dictation test, all words, including the control 
words, were randomized. Words were dictated within a sentence first and subse-
quently repeated separately. Children had to try to write down the words correctly 
with paper and pencil. When the dictation test was completed, the experimenter 
provided an explanation to the children about how to practice with the multime-
dia-training program. A reading test was administered individually.  

During the following four weeks, the children had to practice independently 6 
sessions with the training program. Children practiced about twice a week, and 
never more than once a day. Each training session consisted of 18 words that had 
to be practiced. Because three types of spelling exercises were used, 6 words were 
practiced in every condition. The following three spelling exercises were 
evaluated: 
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1 – Visual preview: The spelling of a word is presented in the middle of the 
screen. Thus the children could examine the visual-spelling pattern of a word. A 
picture that represents the meaning of the word is presented on the left side of the 
screen. The child has to scrutinize the spelling. After the child thinks to get to 
know how to spell the word, the continuation button is pressed and the word dis-
appears. The child then has to type the word by heart in a text box in the middle 
of the screen. After pressing the continuation button once again the program gives 
feedback: the program shows the child’s spelling in green with a curl (for correct) 
or in red (for incorrect) with a cross. The proper spelling is presented in a green 
color just above the typed word.  

2 - Spelling pronunciation: The general format and procedure of this exercise 
is similar to the one described before. The difference is that instead of the visual-
spelling information, phonological information on the word is presented. The 
word is spoken twice on the computer. When the normal pronunciation is given, 
the spelling pronunciation of the word follows. A button could be clicked to re-
peat the latter pronunciation. After the child thinks to get to know how to spell the 
word, the continuation button is pressed and the child has to type the correct 
spelling by heart.  

3 – Normal pronunciation: The general format and procedure of this exercise 
is again similar to the one described before. Instead of hearing the spelling pro-
nunciation in this spelling exercise, a normal pronunciation of the word to be 
spelled is presented twice auditorily. 

After the children had completed six training sessions, a posttest was adminis-
tered. The posttest consisted of a similar dictation test as in the pretest. One 
month after the posttest, the same dictation test was administered again as a test 
for retention. For each word in pretest, posttest, and retention test it was deter-
mined whether the spelling was completely correct or not. The number of words 
that were spelled fully correctly was analyzed in order to determine the effect of 
the three training conditions compared to the control condition and to each other.  

Results 

Differential effects of the various training conditions were established by compar-
ing the number of words that were spelled correctly before, directly after training, 
and a month after training for each of the three training conditions. The mean per-
centage of correctly spelled words for all conditions over time is shown in Figure 
3.1, and separately for each Grade in Table 3.1. As is clear from both the figure 
and the table, in the direct posttest the percentage words that were spelled cor-
rectly substantially increased as a result of training, and tended to diminish a little 
bit from posttest to retention test. As is clear from Table 3.1, differences between 
effects of the three training condition diminish and even disappear as children 
grow older. 
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Table 3.1 Percentage of correctly spelled words as a function of time and testing and grade 
level.  

before directly after month after
Grade 3 

spelling pronunciation 3.7 49.6 45.1
normal pronunciation 3.0 44.2 37.8
visual preview 3.0 52.8 42.9
control 4.9 10.3 10.9

Grade 5 
spelling pronunciation 22.1 70.5 66.7
normal pronunciation 15.9 62.8 56.6
visual preview 19.0 72.9 67.4
control 19.0 35.7 33.7

Grade 6 
spelling pronunciation 42.6 86.2 82.4
normal pronunciation 47.1 84.6 81.7
visual preview 39.7 85.3 81.4
control 42.3 61.9 64.1

Figure 3.1  Mean accuracy (% correct) of practice and control words before, directly after, 
and a month after training as a function of practice condition.

First, overall statistical analyses (subject-analysis, F1, and an item-analysis, F2) 
on the data of all children showed that the main effects, training condition (visual 
preview, spelling pronunciation, normal pronunciation, and control condition) 
F1(3,525) = 99.48, p < .001, ηp

2 = .36, F2(3,69) = 62.82, p < .001, ηp
2 = .73, and 

time (before, directly after, and a month after) F1(2,350) = 785.35, p < .001, ηp
2 = 
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.82, F2(2,46) = 263.25, p < .001, ηp
2 = .92 were significant. In addition, the inter-

action effect between training condition and time was significant, F1 (6,1068) = 
66.72, p < .001, ηp

2 = .27, F2(6,138) = 61.47, p < .001, ηp
2 = .73. This interaction 

effect was mainly found due to a training effect, as indicated by a difference be-
tween the three training conditions and the control condition, F1(1, 178) = 115.72,
p < .001, ηp

2 = .39, F2(1,23) = 66.02, p < .001, ηp
2 = .74. Further contrast analyses 

showed that a spelling pronunciation training is significantly more effective than 
a normal pronunciation training,F1(1,178) = 4.77, p < .05, ηp

2 = .03, F2(1,23) = 
10.93, p < .005, ηp

2 = .32. And visual preview also appeared to be a more effec-
tive practice method compared to a normal pronunciation training,F1(1,178) = 
9.74, p < .005, ηp

2 = .05, F2(1,23) = 5.96, p < .05, ηp
2 = .21. No significant differ-

ence was found between practicing with spelling pronunciations and practicing 
with visual preview,F1(1,178) = 0.54, 2(1,23) = 0.47 (see Figure 3.1). 

Secondly, an interaction between training condition, time, grade, and spelling 
skills shows that different effects were found across the various ages and the dif-
ferent spelling levels, F1(12,1068) = 2.08, p < .05, ηp

2 = .02. Because the aim of 
this study explicitly focused on effects within grades, and differences between 
less skilled and skilled spellers, for each grade separately, results are further ana-
lyzed by focusing on each grade. Main effects, training condition and time, were 
significant in all grades separately (Grade 3, 5, and 6), for condition, respectively,
F1(3,261) = 66.08, p < .001, ηp

2 = .43, F1(3,123) = 27.05, p < .001, ηp
2 = .40,

F1(3,150) = 20.91, p < .001, ηp
2 = .30, and for time respectively, F1(2,174) = 

286.50, p < .001, ηp
2 = .68, F1(2,82) = 264.48, p < .001, ηp

2 = .87, F1(2,100) = 
250.76, p < .001, ηp

2 = .83. Additionally, an interaction effect between training 
condition and time is found for each grade, for Grade 3, 5, and 6 respectively,
F1(6,522) = 50.46, p < .001, ηp

2 = .37, F1(6,246) = 19.49, p < .001, ηp
2 = .32,

F1(6,300) = 10.60, p < .001, ηp
2 = .18.  

In contrast, only in Grade 3 an interaction effect between training condition, 
time, and spelling skills was found, F1(6,522) = 4.27, p < .001, ηp

2 = .05. This 
interaction effect shows that training conditions differ in effect for skilled and 
less skilled spellers. The mean percentage of correctly spelled words for all 
conditions over time for less skilled and skilled spellers in Grade 3 respectively 
are represented in Figure 3.2 and Table 3.2. As the figure and the table show, less 
skilled spellers (left figure) profit most from visual preview, whereas skilled 
spellers (right figure) profit most from a training that provides spelling 
pronunciations. Interaction effects between training condition and time are 
significant for both skilled spellers, F1(6,342) = 53.76, p < .001, ηp

2 = .49, and 
less skilled spellers in Grade 3, F1(6,180) = 12.84, p < .001, ηp

2 = .30. No 
significant difference is found between the visual preview and the spelling 
pronunciation condition for less skilled spellers, F1(1,30) = 0.57, or for skilled 
spellers, F1(1,57) = 0.90. The visual preview condition showed itself to be 
significantly more effective as compared to normal pronunciation in skilled 
spellers, F1(1,47) = 4.13, p < .05, ηp

2 = .07, and in less skilled spellers of Grade 3,
F1(1,30) = 6.88, p < .05, ηp

2 = .19. 
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Table 3.2 Percentage of correctly spelled words as a function of time less skilled and skilled 
spellers from Grade 3.

 less skilled spellers skilled spellers 
 before directly 

after
month 

after
before directly 

after
month 

after
spelling pronunciation 0.0 27.4 21.5 5.7 61.5 57.8
normal pronunciation 0.5 23.1 20.4 4.3 55.5 47.1
visual preview 0.5 32.8 25.8 4.3 63.5 52.0
control 2.7 3.2 3.2 6.0 14.1 14.9

Figure 3.2  Mean accuracy (% correct) of practice and control words before, directly after, 
and a month after training as a function of practice condition for less skilled (left) 
and skilled (right) participants of Grade 3. 

Additionally, an item-analysis on all subjects, with condition and time as 
within subject variables and word frequency as a covariate, showed that dif-
ferences in word frequencies did not contribute to the interaction effect between 
condition and time, F2(6,17) = 1.97, p = .13, ηp

2 = .41. 
Furthermore, we were interested to see whether effects of training in spelling, 

and in particular differences between the practice conditions, would be affected 
by individual differences in reading skills. It was expected that skilled readers are 
better skilled in transferring orthographic knowledge, acquired from reading, into 
the more active spelling processes, and may benefit more from visual-spelling 
patterns than less skilled readers. The pearson correlation coefficients between 
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reading ability and spelling skill were .60, .62, .73, within Grade 3, 5, and 6, re-
spectively. Thus, these skills have certainly quite some common variance. 
However, analyses showed that effects of the exercises in spelling were not re-
lated at all to reading skill. In particular, there was no indication that differential 
effects of spelling pronunciation and visual-spelling information during training 
were related to reading ability.  

Discussion 

Spelling pronunciation has previously been shown to be an effective strategy for 
less skilled spellers in Grade 5 and 6 using a similar design to the one employed 
here. Using visual preview, however, has also been shown to be as effective as a 
spelling pronunciation training (Hilte, Bos, & Reitsma, 2005). Similar results to 
these were found in an overall subject analysis. Results in this study show that for 
irregular words, practice with spelling pronunciations is as beneficial as practice 
with visual preview, and significantly more effective than practice with normal 
pronunciation.  

From a developmental perspective, it was predicted that the relative effects of 
various training conditions, with visual or auditory stimuli, would change across 
the grades. More specifically, because younger spellers may have less consoli-
dated knowledge of visual-spelling patterns, it was hypothesized that younger 
spellers would profit more from practice with spelling pronunciations as com-
pared to older spellers. The findings indicate that a gradual shift occurred over 
time and showed that differences between the three training conditions faded for 
older spellers. Condition effects diminished and the facilitative effects of spelling 
pronunciation and visual preview over and above normal pronunciation dis-
appeared in Grade 6. Note that children in Grade 6 spelled a little more than 80 
percent correct in the posttests. The grade 6 children appeared to profit from prac-
tice and feedback on spelling, and they appeared to progress irrespective of the 
cues they received during practice. It was expected that younger spellers would 
profit more from spelling pronunciations and normal pronunciations than from 
visual presentations. However, visual-spelling patterns appeared to be more effec-
tive than normal pronunciation in third grade spellers. And the visual study of 
spellings was as effective as the spelling pronunciation approach. Thus, no par-
ticular advantage was found for a phonemic training over and above a visual 
preview training in younger spellers. 

Because of well-known phonological deficits in poor spellers, it was 
furthermore expected that less skilled spellers would profit more from visual 
preview as compared to skilled spellers. But it could also be argued that less 
skilled spellers would need some phonological help because of their phonological 
deficits. If so, practice with spelling pronunciations would have yielded more gain 
than practice with visual preview for less skilled spellers. Results showed 
significant differences in effect of the various conditions between skilled and less 
skilled spellers across ages. No differences between skilled and less skilled 
spellers in older spellers were found, but younger spellers did show differences 
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with regard to the effects of the various training conditions. Young less skilled 
spellers benefited considerably more from visual preview whereas young skilled 
spellers gained slightly more from spelling pronunciations. This result supports 
the idea that, because of their limited phonological skills, at least in the case of 
irregular spellings, less skilled spellers benefit most from practice with visual-
spelling patterns and orthographic clues. 

This finding that young less skilled spellers profit most from visual preview as 
compared to spelling pronunciations, provides some new insight into the underly-
ing processes of both of these training types. Hilte, Bos, and Reitsma (2005) 
found that practice with spelling pronunciations was as effective as practice with 
visual preview. They argued that the underlying process of the two conditions is 
one and the same and is exhaustively used in either one. In both conditions, the 
participants are exposed to the correct spelling, although the modality is different. 
Spelling pronunciation may function as a primer to generate the correct spelling 
pattern, particularly for the difficult and/or ambiguous part of the word. Our cur-
rent findings, in which the effects of spelling pronunciation and orthographic cues 
diverge, do not support this conjecture. Both conditions may prime the correct 
spelling, but apparently spelling pronunciations and visual preview have different 
effects in young spellers. Although spelling pronunciation practice may be a way 
to learn spellings of unconventionally structured words generally, visual-
orthographic information may provide more useful information for young less 
skilled spellers. This interaction effect in the youngest group is, however, not a 
large effect (effect size is small). Further research with young children is needed 
before strong conclusions can be drawn.  

It should be further recalled that the words in this study were all loan words 
that deviate significantly in terms of regular phoneme-grapheme correspondences. 
Earlier studies showed a beneficial effect for spelling pronunciation when using 
English words or loan words as stimuli (Drake & Ehri, 1984; Holmes & Malone, 
2004, Omrod & Jenkins, 1989; Schiffelers, Bosman, & van Hell, 2002). Spelling 
pronunciation seems to be less effective in Dutch or German words which have 
only small deviations from orthographic transparency (Hilte, Bos, & Reitsma, 
2005; Landerl, Thaler, & Reitsma, 2008). Irregularities are rather uncommon in 
the Dutch language. In fact, all Dutch words, irrespective of the degree of trans-
parency, can be practiced by providing visual-spelling patterns, while spelling 
pronunciation may not be very useful in words with regular sound-letter relations. 
Moreover, providing visual-spelling patterns is even more beneficial as compared 
to spelling pronunciation in young less skilled spellers. Thus it could be ques-
tioned, as a matter of fact, whether spelling pronunciation should be used as a 
strategy in a relatively transparent spelling like the Dutch spelling.  

The fact that practice with visual-spelling patterns was effective for most par-
ticipants, especially for less skilled young spellers, gives the impression that 
reading exercises or reading in general may also have a positive contribution to 
spelling ability. It should be noted though that normal reading is somewhat dif-
ferent from scrutinizing visual-spelling patterns. The question of whether reading 
skills automatically transfer to spelling skills is unresolved, though long debated. 
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Some research has shown that spelling training programs appear to be beneficial 
for both reading and spelling ability, whereas reading training programs show 
considerably small effects on spelling ability (Conrad, 2005). Thus orthographic 
knowledge gained in reading does not always transfer to spelling (Conrad, 2005; 
Fletcher-Flinn, Shankweiler, & Frost, 2004). In ordinary reading, people do not 
need to explicitly examine each orthographic feature of a written word and may 
even identify words by using only partial information (Holmes & Ng, 1993). In 
the current study, the task in the visual preview condition was to scrutinize the 
spelling thoroughly and to store it in memory so that all detailed information 
could be retrieved. This special attention to all letters of a word may well be the 
key factor for the effectiveness of this orthographic task.  

It should be noted further that the current experiment did not study transfer ef-
fects of reading skills to spelling ability. Reading skills were taken into account in 
order to study differential effects of spelling pronunciation and visual preview on 
skilled and less skilled readers. It has been argued that skilled readers, who still 
may have difficulties in developing well-specified orthographic representations, 
could have unexpectedly poor spelling skills. Results show that reading and spell-
ing skills are correlated, though not perfectly. Current findings showed that 
correlations become higher when children grow older. It was hypothesized that 
skilled readers are generally better skilled in transferring orthographic knowledge, 
acquired from reading, into the more active spelling processes. A training with 
visual preview was consequently expected to be especially helpful for skilled 
readers. Less skilled readers were furthermore expected to profit most from prac-
tice with spelling pronunciations, because spelling pronunciations actively help 
them to process every distinct grapheme. Neither hypotheses could be confirmed. 
No significant correlation was found between reading ability and differences in 
effect of spelling pronunciation versus visual preview. Visual preview was as ef-
fective as providing spelling pronunciations for both skilled and less skilled 
readers. Specifically, in less skilled younger spellers, where visual preview was 
more effective than spelling pronunciations, no relation was found between read-
ing skills and benefits of visual preview. Because all participants were instructed 
to pay special attention to the spelling of the word when the visual-spelling pat-
tern was presented, less skilled readers could also transfer this information to the 
actual spelling. By paying extra attention to the written letter pattern, less skilled 
readers benefited as much as skilled readers from the visual-spelling pattern.  

In addition, the reading test used in this study was one in which participants 
had to read correctly as many words as possible in one minute. All words in this 
reading test concerned well-known Dutch words with corresponding grapheme-
phoneme relations, whereas all words in the training program concerned loan 
words with inconsistent phoneme-grapheme mappings. Although skilled readers 
may be more frequently exposed to visual-spelling patterns, the visual-spelling 
patterns of loan words are not very common in the Dutch language (see also fre-
quency of words in the Appendix). This may well be a reason for the fact that no 
correlations were found between reading skills (based on the reading test with 
regular words) and the differences between the training with visual preview and 



 Spelling pronunciation and visual preview 51 

the spelling pronunciation training (all loan words). In future research, it might be 
appropriate to determine reading skills by reading loan words when relations be-
tween reading and spelling skills of loan words are studied. Further, studying the 
effect of spelling pronunciation and examining relations between reading skills 
and differences in effects of spelling pronunciation and visual preview in a more 
opaque written language may show differential benefits for skilled versus less 
skilled readers. 

In the present study a complete within-subject design was used and the 
children received all three training conditions albeit with different words. One 
might raise concerns about the possibility of learning effects from one condition 
to the other. However, the effect would have been that differences between 
conditions were less obvious than currently found. Significant differences 
between training conditions were found. Because the words being used in this 
study have no apparent resemblance to one another in terms of orthographic 
structure or spelling patterns, it is likely that learning effects are predominantly 
word-specific. Moreover, no transfer to control words occurred. Nevertheless, to 
rule out possible contamination between conditions, a replication study in which 
children are randomly assigned to only one of the different conditions is needed.  

In conclusion, the present study has shown that there are at least two effective 
ways to improve the outcomes of spelling exercises for words with inconsistent 
phoneme-grapheme mappings. One is to provide the visual-spelling pattern of a 
word for study, and the other is to present a special pronunciation corresponding 
to the word’s spelling. Both types of training were equally effective, for both 
younger and older spellers in this study. In each of the two training conditions 
detailed information was provided about the correct spelling, and this may be the 
reason for these comparable findings. However, Grade 3 spellers, with poorer 
spelling skills, seemed to benefit more from training with visual preview than the 
spelling pronunciation training. This finding seems to suggest that the underlying 
processes of the two conditions are not exactly similar. It also shows that studying 
visual-spelling patterns is an effective way to learn the correct spelling of irregu-
larly structured words, irrespective of age or spelling ability.  

Moreover, taking all research findings on the effect together, spelling pronun-
ciation appears mainly effective in highly irregular orthographies, whereas the 
study of visual-spelling patterns is also beneficial in more transparent spelling 
systems, such as Dutch. Presenting visual-spelling patterns allows children to in-
spect the orthographic letter pattern specifically, which helps to store detailed 
information in memory. The findings indicate that this specific way of examining 
words, in which attention is paid to each letter of a sequence, has transfer effects 
to spelling ability. Visual-orthographic cueing appears to be an effective way to 
learn correct spellings of unpredictable words. Given the relatively strong effects 
seen here for the use of visual preview in learning unpredictably spelled words, 
further research is warranted, particularly with young spellers (both less skilled 
and skilled) and also with more opaque orthographies. 





4 
Facilitative effects of extra cues in exercises 

for beginning spellers at risk*

Phonemic segmentation and finding the correct graphemes are considered to be 
the major stumbling blocks in beginning spelling. The question is what kind of 
support is most helpful during exercises in spelling: phonological or ortho-
graphic? In a four-week computer-based training of spelling regular 
monosyllabic words with consonant clusters the efficacy of phonemic segmenta-
tion and visual-spelling cues in exercises was examined in relatively poor first 
grade spellers of Dutch. Both phonemic segmentation and visual-spelling cues 
showed to generate word-specific effects and facilitate the learning of the correct 
spelling over and above normal spelling practice. The results are taken as evi-
dence that support in both segmentation and grapheme selection is beneficial for 
beginning spelling by freeing mental resources to attend to and memorize the 
word-specific letter pattern.  

                                             
* Submitted as: Hilte, M., & Reitsma, P. Facilitative effects of extra cues in exercises for beginning 

spellers at risk.
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Introduction 

Numerous studies have established that phonological awareness is highly corre-
lated to literacy skills (Wagner et al., 1997) and that it is an extremely powerful 
predictor of individual and group differences of developing reading and spelling 
ability (Caravolas, Hulme, & Snowling, 2001; Caravolas, Volin, & Hulme, 2005; 
Nikopoulos, Goulandris, Hulme, & Snowling, 2006; Share, 1995). This link be-
tween phonological awareness and spelling ability has been established both for 
consistent and inconsistent alphabetic orthographies along a developmental con-
tinuum (Caravolas et al., 2005; Nikopoulos, Goulandris, Hulme, & Snowling, 
2006). Phoneme segmentation, rather than rhyme, is found to be the key aspect of 
phonological awareness in beginning first grade spellers (Muter, Hulme, 
Snowling, & Taylor, 1998; Yeh, 2003). Although phonological awareness has 
been shown to be a prerequisite, a consequence, and a facilitator of beginning 
literacy in general, phonemic segmentation studies have mainly focussed on read-
ing skills (Daly, Chafouleas, Persampieri, Bonfiglio, & LaFleur, 2004; Wagner et 
al., 1997; Wesseling & Reitsma, 2001). Only few studies have investigated the 
effects of phonemic awareness instruction or phonemic segmentation training on 
spelling ability (Castiglioni-Spalten & Ehri, 2003; Foorman, Francis, Novy, & 
Liberman, 1991). These studies have shown that children taught to segment spo-
ken words into phonemes do better in their ability to spell than children not taught 
or given other types of training. The current experiment examines whether pro-
viding segmentation cues during the process of spelling in exercises, instead of 
training the segmentation skill itself, may also be effective in learning to spell.  

To spell a word, a word first has to be segmented into phonemes. This analysis 
and manipulation of words at the level of the phoneme can be seen as the phone-
mic segmentation process. For instance, the word /bin/ contains the phonemes /b/, 
/I/, /n/. Subsequently,phonemes have to be converted into correct letters, and 
these letters have to be placed in the right order. Mastering these processes in 
spelling requires considerable effort. In particular, segmenting words into the cor-
rect phonemes is rather difficult, because phonemes are not discrete, bounded 
units in speech, but generally overlap and are coarticulated. Consequently, the 
phonological representations of beginning spellers often miss phonological ele-
ments of a word (Alcock & Ngorosho, 2003). These incomplete phonological 
representations also affect their ability to make use of phonological memory 
codes that can be used to remember the correct order of the phonemes. Thus, it 
seems to be helpful to provide some extra help in these segmentation difficulties 
in beginning spellers. Therefore, various researchers have studied the effect of 
improvements of segmentation skills on spelling performance (Castiglioni-
Spalten & Ehri, 2003; Foorman, Francis, Novy, & Liberman, 1991). However, to 
segment words for actual spelling may be easier and more useful for beginning 
spellers than to segment them with no particular purpose other than to complete 
the segmentation task. It is therefore worth studying the effects of providing seg-
mentation cues during practice in spelling. 
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Poor beginning spellers in particular experience considerable difficulties in 
segmenting words into the correct phonemes (Wagner et al., 1997; Wesseling & 
Reitsma, 1998), and may need some additional support on phonemic segmenta-
tion to improve their spelling skills. Providing the words phonologically 
segmented may save attentional resources that can be used to convert phonemes 
into the corresponding letters. The extra support in spelling practice may also en-
able children to become more aware of specific patterns that determine spellings. 
Thus, as numerous studies have proven the crucial role of phonemic awareness in 
spelling (Caravolas et al., 2001; Caravolas et al., 2005; Nikopoulos et al., 2006; 
Share, 1995) and considering the difficulties children experience in segmentation, 
providing segmentation cues in training can be expected to enhance the ability to 
spell Dutch monosyllabic words. 

Although Dutch is a relatively transparent language, beginning spellers still 
experience many difficulties in learning to spell. Spelling consonant clusters, in 
particular, causes many of the problems (Treiman, 1991; Treiman, Zukowski, & 
Richmond-Welty, 1995; Van Bon & Uit de Haag, 1997). These problems with 
consonant clusters may reflect the linguistic structure of these clusters. For 
instance, for the word /try/, some spellers may not be aware that the onset /tr/ 
contains the phoneme /t/ followed by the phoneme /r/. Consequently, children 
tend to spell /ty/ for the word /try/ (Treiman, 1991; Treiman, Zukowski, & 
Richmond-Welty, 1995; Van Bon & Uit de Haag, 1997). Generally, consonants 
immediately adjacent to the vowel are sensitive to being omitted, in both 
transparent and opaque languages (Treiman, 1993). As children learn the correct 
spelling of words containing consonant clusters such as /try/, they see that the 
word is spelled with three graphemes instead of two. Experience with consonant 
clusters cause them to revise their original phonemic analyses by adding /r/ to 
their representation of /try/. Their detection that the word /try/ has to be spelled by 
three graphemes instead of two, draws their attention to aspects of the spoken 
forms that they previously ignored. By emphasizing each phoneme in a word 
during practice, phonemes can probably be distinguished more easily. 

In addition to phoneme awareness, letter knowledge is another strong 
predictor of developing reading and spelling ability (Caravolas et al., 2001; 
Wesseling & Reitsma, 1998). Those children who have less knowledge of letters 
in kindergarten than their normal developing peers are at risk for developing 
literacy problems (De Jong & Olson, 2004; Elbro, Borstrom, & Peterson, 1998; 
Snowling, Gallagher, & Frith, 2003). Knowledge of letter sound correspondences 
is necessary for children to know the (systematic) relationship between the 
pronunciation of a word and its corresponding spelling pattern. Exercises in 
which information on the visual spelling pattern is provided may be expected to 
contribute to spelling ability. 

Moreover, previous research has shown that a preview of the spelling of the 
target word in computer exercisesis a very effective way to improve spelling pro-
ficiency (Hilte, Bos, & Reitsma, 2005; Hilte & Reitsma, 2006, 2008). In the 
visual preview condition in the experiments of Hilte and collegues (2005, 2006, 
2008), children are first asked to scrutinize the spelling of a word. If they think 
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that they know how to spell the word, a button press will make that the word dis-
appears and subsequently the child has to spell the word from memory. Providing 
this visual preview condition appeared to help spellers to remember the correct 
letters, and the correct spelling.  

Translating phonemes into letters is particularly difficult in more opaque 
languages where letters do not always correspond to the sounds. In more 
transparent languages, like Dutch, phoneme-grapheme relations are generally 
one-to-one, especially in relatively simple monosyllabic words. Effects of visual 
preview during training may therefore be limited in more shallow orthographies. 
In the current study, phonemic segmentation cues will be compared with visual 
preview during practicing of regular Dutch words with consonant clusters, and 
the question is whether segmentation cues show larger benefits than visual 
preview. 

Merely presenting visual-spelling cues allows children to decode words as 
whole units instead of phonemes. Consequently, they may not be aware of the 
number of phonemes or graphemes and may process the consonant cluster as one 
phoneme instead of two. If this reasoning is correct then phonemic segmentation 
cues in exercises can be expected to be more effective as compared to visual-
spelling pattern cues. Especially poor spellers, who experience difficulties in 
processing consonant clusters, may be extra supported by segmentation cues. 

In summary, in the current study we aimed to examine the effects of phonemic 
segmentation and visual-spelling cues in exercises as compared to exercises with-
out extra cues. Only poor spellers were selected for the current experiment, 
because they experience considerable difficulties in segmenting words into the 
correct phonemes, and translating phonemes into the correct letters. Effects of 
extra cues were examined in first graders spellings of regular monosyllabic words 
with consonant clusters. Differential effects on spelling scores of the various 
training conditions were analyzed. It was hypothesized that phonemic segmenta-
tion and visual-spelling cues would help poor beginning spellers to improve 
spelling monosyllabic words with consonant clusters, and that segmentation cues 
would be relatively the most useful ones. 

Method 

Participants 
From among a total of 254 Dutch children from Grade 1 of ten primary schools 
relatively poor spellers were selected in the study. At the time the present experi-
ment started (January), the children only had received four months of formal 
instruction. Prior to the experiment, spelling skills were determined by means of a 
Dutch standardized spelling test (Geelhoed & Reitsma, 1999). The first 15 words 
of the test were dictated in whole classes and children who spelled less than 9 
words correctly were selected. The norms of the test indicate that after 5 months 
of instruction only 15 percent of the children do not reach a score of 9. Thus, the 
current selected group of children can be seen as poor spellers in comparison to 
their age or grade level. Although we did not use further diagnostic measures, it is 
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possible that among the less skilled spellers there were a few dyslexics as the 
children scored below the 15th percentile of the spelling test. A total of 55 chil-
dren, 33 boys and 22 girls participated in the training study. The mean 
chronological age of the poor spellers was 6 years and 10 months (SD = 5 
months). Because the focus of the present study is on proficiency in spelling, it 
was not tested whether they mastered prerequisite segmentation and phoneme-
grapheme correspondence skills (PGC’s) before the training started. Although 
children received instruction in the classrooms in segmentation and PGC’s, the 
selected group of children probably had deficiencies in these skills. 

Materials 
A list of 24 words was selected. The 24 words consisted of 12 CCVCC words 
(words with two consonant clusters, at the beginning and end, e.g., plant, sport, 
stift) and 12 CCVC words (words with one initial consonant cluster, e.g., bril, 
fles, klok). All words have a completely regular spelling and can be spelled by 
translating each phoneme to a corresponding grapheme. In the Appendix, all 24 
words are shown with their English translations in the second column. We did not 
individually test whether the words were known. In an extensive study on com-
mon Dutch words, 157 Dutch and Belgian teachers evaluated whether meanings 
of words were known or not to 6-year old children (Kohnstamm, Schaerlaekens, 
de Vries, Akkerhuis, Froonincksx, 1981). Percentages of teachers that judged that 
the children know the meaning of the word are shown in the third column of the 
Appendix. On average, teachers judged that 91.5% of 6-year-old children know 
the meaning of the words used in the current study. So it is likely that the meaning 
of the words were known for most of the children. A picture of the word was fur-
thermore presented during practice to make the computer program more attractive 
to the children. These pictures were presented on the computer screen at the same 
time as the words appeared. Because the pictures appeared in all conditions and 
because one picture was used for each word and remained the same in each 
condition, no undesirable confounding effects could occur.  

A special purpose multimedia program was installed on the computers of all 
participating schools. Word stimuli and feedback were presented visually in the 
middle of the screen in a font similar to the fonts used in schoolbooks. An instruc-
tion text could be read in order to make sure that it was clear what the subjects 
had to do. Alternatively, a button on the right could be clicked to hear the (more 
extensive) instruction as well. Another button, on the left side of the screen, could 
be clicked to repeat the normal or the segmented pronunciation of the word. A 
large button on the right side of the middle of the screen could be clicked after 
typing to get the feedback in which the correct spelling of the word is shown. The 
button could be clicked again, after feedback is studied thoroughly, to proceed to 
the next trial during the exercises. The number of trials that the children had to do 
before they would finish could be found on the top corner of the screen.  
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Design and Procedure 
A within-subjects design was used: all 55 children, who participated in this study, 
received all three training conditions. But also, all words were practiced in every 
condition (spelling exercise), though varied over subjects. In each session with 
the computer program the words were presented in a different order.  

Prior to the training sessions, a pretest was administered to assess the spelling 
proficiency for the selected words of the participants. In the pretest, the words 
were dictated within a meaningful sentence first and repeated separately. The 
children had to write down the target words with paper and pencil. A research 
assistant dictated the words to the participants in small groups in a classroom 
separated from the rest of the children of the class who were not selected for the 
experiment. After completion of the dictation test, the research assistant explained 
to the children how to practice with the multimedia-training program.  

During the following four weeks, the children had to practice independently 
six sessions with the training program. Thus, each word was practice six times. 
Children practiced individually about twice a week, and never more than once a 
day. It took children about 15 minutes to finish one training session. The words 
that had to be practiced were identical to the words that were administrated in the 
pre and post dictation tests. Within each training session, 18 words had to be 
practiced. The remaining 6 words were not practiced and functioned as control 
words. Because three types of spelling exercises (training conditions) were 
examined, 6 words (3 CCVCC words and 3 CCVC words) were practiced in 
every condition. The order in which the 18 words were presented in the computer 
program was randomly mixed, thus the words were not taught in blocks of 6, with 
each condition separated from the others. The following three spelling exercises 
(6 words practiced in each exercise) were evaluated: 

1 – Spelling dictation condition: the sound of the word to be spelled is pro-
duced by the program, similar to a normal dictation test. For example, children 
could hear the dictation of the word sport (CCVCC-word) or brug (CCVC-word). 
The pronunciation of the word, i.e. the sound of the word to be spelled, can be 
repeated upon request if necessary by pressing a button on the left. After the sub-
ject decides he or she is ready to spell the word, the continuation button is 
pressed. The child then has to type the word from memory in a text box in the 
middle of the screen. After pressing the continuation button once again the pro-
gram gives feedback: the program shows the child’s spelling in green with a 
check mark (for correct) or in red (for incorrect) with a cross. In both cases the 
correct spelling is presented in a green color just above the typed word.  

2 – Segmentation condition: the general format and procedure of this exercise 
is similar to the one described before. The only difference is that, after the word is 
spoken normally in this spelling exercise, segmented phonemes of the word are 
pronounced explicitly. For example, children hear the dictation of the word sport 
or brug first, followed by a segmented dictation, which is s-p-o-r-t for sport and 
b-r-u-g for the word brug. Phonemes are produced with a rate of about one pho-
neme per 0.8 second. 
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3 – Visual preview: the general format and procedure of this exercise is also 
similar to the ones described before. The difference is that the word is not spoken 
at all, merely orthographic information is provided. The spelling of a word is pre-
sented in the middle of the screen. For example, the children could read the word 
sport or brug. The child has to scrutinize the spelling before he or she presses the 
continuation button. This was instructed by the research assistant in the computer 
instruction that took place before the children started with the training. Then the 
visual word disappears, and the child has to type the word from memory. 

After the children had completed six training sessions, a posttest was adminis-
tered. The posttest consisted of a similar spelling test as in the pretest. One month 
after the posttest, the same test was administered again as a test for retention. For 
each word in pretest, posttest, and retention test it was determined whether the 
spelling was completely correct or not. The number of words that were spelled 
fully correctly was analyzed in order to determine the effect of the three training 
conditions compared to the control condition and to each other.  

In addition, various types of errors in the consonant clusters were scored to 
test whether spelling errors involved frequently omissions in the consonant clus-
ters or not. 

Furthermore, gains in accuracy and reaction times over the practice sessions 
were studied in order to get some insight in the changes for the three training 
conditions during practice over the training sessions.  

Results 

Differential effects of the training conditions as compared to the unpracticed con-
trol words were established by comparing the number of words that were spelled 
correctly before, directly after training, and a month after training for each of the 
three practice conditions. The mean number of words correctly spelled and their 
standard deviations for all conditions over time are shown in Table 4.1. The mean 
percentages correctly spelled words for all conditions over time are displayed in 
Figure 4.1.  

Table 4.1 Mean accuracy and standard deviations of practice and control words before, 
directly after, and a month after training for each of the three training conditions 
and the control condition (maximum number correct is 6). 

 before directly after month after 
M SD M SD M SD 

visual preview 2.38 2.02 4.51 1.49 4.66 1.70 
segmentation 2.29 1.96 4.51 1.50 4.66 1.52 
dictation 2.27 2.15 4.04 1.60 4.33 1.56 
control 2.40 2.03 4.09 1.73 4.15 1.60 
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Figure 4.1 Mean accuracy (% correct) of practice and control words before, directly after, 
and a month after training as a function of practice condition. 

As is clear from the figure, in the direct posttest the percentage words that 
were spelled correctly substantially increased in all four conditions, and remained 
about similar from posttest to retention test.  

Repeated measure ANOVAs were performed on the data of all subjects and of 
all items with type of training (phonemic segmentation, visual preview, spelling 
dictation, nonpracticed control), and time (before, directly after, month after) as 
within subject variables. Repeated measures analyses showed that all main effects 
were significant, for type of training, Fsubjects(3,162) = 3.55, p < .05, ηp

2 = .06,
Fitems(3,69) = 2.67, p = .05, ηp

2 = .10, and for time (Sphericity is violated in sub-
ject analysis and therefore Greenhouse-Geisser is applied), Fsubjects(2,108) = 
78.23, p < .001, ηp

2 = .59, Fitems(2,46) = 211.70, p < .001, ηp
2 = .90. In addition, 

the interaction effect between condition and time was significant for subjects,
Fsubjects(6,324) = 2.31, p < .05, ηp

2 = .04, but not for items, Fitems(6,138) = 1.55, p 
= .17.  

Contrast analyses showed that spelling the words in both the phonemic seg-
mentation and the visual preview condition improved significantly more as 
compared to the nonpracticed control words from pre- to posttest, respectively
F(1,54) = 6.08, p < .05, ηp

2 = .10 for segmentation versus control, and F(1,54) = 
4.17, p < .05, ηp

2 = .07 for visual preview versus control, and from pretest to re-
tention test, respectively, F(1,54) = 8.35, p < .01, ηp

2 = .13, and F(1,54) = 6.48, p 
< .05, ηp

2 = .11. There were no further significant differences between training 
conditions. Thus, providing segmentation cues was as effective as previewing the 
words spelling. And the words in the dictation condition improved as much as the 
nonpracticed control words. Note that the effect sizes are relatively low which is 
caused by the large variability between the participants (see for standard devia-
tions Table 4.1). 

In order to test whether individual spelling skills are related to differences in 
the efficacy of the segmentation and the visual preview condition, bivariate corre-
lations were established. The correlation between the individual scores on the 
pretest and the progress of the individuals in the segmentation condition showed 



Extra cues in spelling exercises 61 

to be significant, r = -.64, p <.001. The negative correlation shows that the lower 
the spelling skill in the beginning, the higher the benefit from the segmentation 
condition. Alternatively, the better spellers might have started with higher scores 
and thus had less room to improve their scores than the poorer spellers who began 
with lower scores. Such a significant negative correlation, r = -.52, p < .001, is 
also found for the relation between the individual spelling scores on the pretest 
and the progress in the visual preview condition. Thus, no differential effects of 
visual preview or segmentation were obtained for various levels of spelling skill.  

Because it was argued that the segmentation condition would be particularly 
effective for spelling consonant clusters all words to be practiced had at least one 
consonant cluster. In order to gain more insight in the effect of the segmentation 
condition on the spelling of the consonant clusters in particular, the various types 
of errors in the consonant clusters were scored separately. It appeared that most of 
the problems in the consonant clusters involve omissions of one of the two con-
sonants in the consonant clusters. In the pretest 35.7 per cent of all errors made in 
CCVC-words and 53.0 per cent in CCVCC-words were omissions of one conso-
nant in the consonant clusters. This frequent occurrence of omissions is in line 
with many other findings (Treiman, 1991, 1993; Treiman, Zukowski, & Rich-
mond-Welty, 1995; Van Bon & Uit de Haag, 1997). The number of errors in the 
consonant clusters diminished over time to about 10 per cent. However, there was 
no difference between practice conditions. The decrease of errors generally re-
flects the pattern of overall accuracy that has been analyzed in Table 4.1. Thus, 
the decrease of the number of errors in the consonant clusters does not differ for 
the segmentation and the visual preview condition. 

Furthermore, results in the practice sessions were studied in order to get some 
insight in the improvements for the various practice conditions over the sessions. 
For example, words practiced in the visual preview condition might have been 
spelled correctly earlier during learning than words in the dictation condition, 
which might have contributed to its success. Mean percentages of correctly 
spelled (typed) words in the computer program in every session for each of the 
practice conditions are displayed in Figure 4.2.  

The pattern of the practice data is comparable with the findings on the post-
tests. In the last practice session, visual preview was as effective as the 
segmentation condition, and children improved significantly more in the visual 
preview and the segmentation condition than in the dictation condition, p < .05. 
Note that the scores on the dictation posttests are relatively higher than the mean 
scores in the last practice session. Children may have taken the dictation tests, 
which were executed by paper and pencil, more seriously than the computer exer-
cises. Production time in the practice conditions was relatively long: The average 
was about 30 seconds at the first practice session and about 20 seconds at the last 
session. Children could take their time to spell the words (there was no limita-
tion), and to find the right letters on the keyboard may took them relatively a long 
time. Production times were in every practice session equal for each of the train-
ing conditions. Thus, the production times of the dictation condition were as long 
as those of the visual preview and the phonemic segmentation condition. And no 
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differences in production times were found between visual preview and the pho-
nemic segmentation condition. 

Figure 4.2  Mean accuracy (% correct) of practice words for each of the six training sessions 
as a function of practice condition. 

Discussion

The aim of the present study was to investigate effects of phonemic segmentation 
cues and visual preview during training on progress in spelling skills in poor be-
ginning spellers. It was hypothesized that poor spellers would profit from extra 
cues, either segmentation or visual-spelling patterns, as compared to practice 
without extra cues, and that segmentation cues would be relatively the most use-
ful ones. The results indicate that whereas normal dictation practice did not result 
in higher spelling scores in comparison with the control words, both practice with 
segmentation and visual spelling cues significantly improved the spelling scores. 
The latter two conditions did not differ in efficacy. 

Words practiced with phonemic segmentation cues in training improved sig-
nificantly more than non-practiced control words. This result demonstrates that 
poor beginning spellers are helped by presenting spoken words that are already 
segmented into phonemes. All that is left for the spellers is converting these pho-
nemes into the correct letters. Thus, providing phonemic segmentation cues in 
practice might have saved attentional resources that are normally paid to segmen-
tation, and these resources could be used for other procedures. The mental 
resources may be allocated, among other things, to convert the phonemes into the 
corresponding letters and to store the specific letter patterns of the words in men-
tal lexicon. In words practiced without extra cues, spellers could not benefit from 
extra cues and they could not attend to the whole letter pattern in the training to 
store word-specific information.  

This idea is in line with several relevant psycholinguistic theories (Ehri, 1991, 
1992; Perfetti & Hart, 2002). Both the amalgation theory (Ehri, 1991, 1992) and 
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the lexical quality theory (Perfetti & Hart, 2002) argue that the most important 
aspect in learning to read and spell is to acquire knowledge of all words identities, 
orthographic, phonological, and syntax-semantic information. The major task is to 
assimilate these words constituents and to amalgamate these identities during 
practice. The quality of word representations improves if a particular word with 
all its aspects is frequently encountered during practice. Amalgation occurs as 
children practice spelling novel words, so when all identities are combined to 
form single representational units in mental lexicon. When the identity 
amalgamation has been achieved, the word recognition and spelling process 
change: To spell a particular word, the word can then be retrieved from lexicon as 
a single unit rather than as a sequence of phonemes to be translated. This saves 
attention and time. In the current phonemic segmentation condition, children 
probably stored all identities of a word in lexical memory. When the word is 
dictated and matched to its phonological representation, all of its other identities 
become apparent simultaneously and can be used to spell the word correctly. 
Because the identities are already amalgamated, the word-specific information 
only needs to be retrieved and children do not need to convert the phonemes into 
the corresponding letters. 

In addition to phonemic segmentation cues, effects of visual preview in train-
ing were also studied in this experiment. The reason for including this condition 
was that spellers not only have to segment words into the correct phonemes, but 
they also have to select the correct graphemes that correspond to the phonemes. 
Therefore, it was expected that support in this phoneme-grapheme selection by 
providing cues with visual-spelling patterns in a training would also improve 
spelling scores more than a training without extra cues. Visual preview during 
practice showed to be effective in the progress of spelling as compared to the 
non-practiced control words. Presumably, visual preview saves, like phonemic 
segmentation cues, children’s attention for other processes.  

Visual-spelling cues were furthermore not expected to be as beneficial as 
segmentation cues, because visual-spelling cues do not emphasize the separate 
phonemes like segmentation cues do. Nevertheless, cues of visual-spelling pat-
terns showed to be as effective as phonemic segmentation cues in training. 
Children may have stored the spelling of the word in memory during practice and 
could have retrieved the correct visual-spelling pattern in the posttests. Of course, 
one could argue that the visual preview is a condition in which the answer is al-
ready shown to the children before they actually have to spell the words. Children 
are allowed to preview words and then write them immediately from memory. 
They simply can copy the spellings from short-term memory and they, for in-
stance, do not need to convert the separate phonemes into the corresponding 
graphemes. In contrast, in the segmentation condition children cannot leave out 
such processes and have to master all mechanisms that are required for spelling. It 
is reasonable to believe that it then takes much more time and effort to go through 
all processes needed for correct spelling than simply copying from memory. 
However, the response times during the training for spelling the words in the 
segmentation condition showed not to be longer as compared to the visual pre-
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view condition. In addition, the number of words correctly spelled in all exercises 
in the visual preview in the computer training was similar to the segmentation 
condition just like the findings of the post training dictation tests show. Appar-
ently, there may be more processes involved in training with visual preview, 
which should not be underestimated as merely copying from short term memory. 
The fact that in the posttests positive results were obtained warrants the conclu-
sion that more than transient effects have occurred. 

The finding that words in the two conditions with additional cues were better 
spelled after practice than words in the dictation condition and the control words 
indicates that word-specific letter patterns are stored in mental lexicon in the for-
mer conditions. If practice in these conditions had generated improved general 
spelling skills, then a transfer to all words would have been the effect as all words 
had comparable spelling difficulties and spelling patterns. The results instead 
suggest that the children specifically improved their word-specific knowledge in 
the segmentation condition and in the visual preview condition. Moreover, the 
current findings can be generalized over specific words, because the items were 
counterbalanced: the condition in which the word appeared varied over the sub-
jects, so when the data is collapsed all words occurred in all conditions.  

In any case, providing extra cues during practice appears to help children in 
learning to spell. Maybe, profits of a cue in practice increase even more when the 
two cues are combined. Further research should study effects of the combination 
of visual-spelling and phonological cues as compared to effects of a single visual-
spelling or segmentation cue. Children may profit even more when they have 
more resources available to attend to the complete letter pattern. 

Unexpectedly, the improvement was similar for words that were practiced in 
the normal dictation condition and words that were not practiced. It is remarkable 
that the nonpracticed control words improved as much as the words practiced in 
the normal dictation condition. In general, practice induces more progress than no 
practice. In the normal spelling dictation condition, the speller had to type the 
word after the word was orally presented. After the response, the typed word was 
shown and the correct spelling was presented above as feedback. Thus, the chil-
dren have tried to produce and, subsequently, have seen the correct spelling of the 
word six times during practice. Numerous studies have shown that acquisition of 
word knowledge develops as soon as children are exposed to written forms of 
words together with spoken forms (Harm & Seidenberg, 1999; Plaut, McClelland, 
Seidenberg, & Patterson, 1996; Share, 1995, 1999). In the current study this was 
also the case: the spoken form was presented first and the written form was pre-
sented as feedback. Thus, it is relatively surprising that the words practiced with 
normal spelling dictation (without extra cues) did not improve more than the non-
practiced words.  

There are various options to account for the absence of a difference between 
practiced and unpracticed words. Although children were exposed in the dictation 
condition to both spoken and written form (as feedback) of the word, they might 
have had problems in storing the practiced words and their word-specific infor-
mation in their mental lexicon. In the beginning phase of learning to spell, 
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children spend all their effort, time, and attention to the phonemic segmentation 
and grapheme selection procedures. During normal dictation, no extra cues were 
available so children had to spend all their effort in all procedural steps with the 
consequence that no resources were available to allocate to the specific letter pat-
tern and to store the word-specific information. In default of the stored word-
specific information in mental lexicon, the spellers had to go through both seg-
mentation and grapheme selection processes again in posttests. In the 
nonpracticed words, the children also lacked word-specific knowledge and had to 
go through similar processes, which caused that results of the dictation condition 
were comparable to the nonpracticed words. In both conditions they could not 
benefit from word-specific knowledge and consequently had to go through similar 
processes. 

It is remarkable though that nonpracticed words improved as much as words 
practiced in the dictation condition. Children might have improved their general 
spelling skills in the training, and transferred this knowledge to the nonpracticed 
control words. Or perhaps more specific, the children might have become more 
aware of the two consonants in a consonant cluster by the training, and trans-
ferred this specific knowledge to the nonpracticed control words. As mentioned 
before, it is often observed that consonant clusters are difficult for children to di-
vide into phonemes (Treiman, 1991; Treiman, Zukowski, & Richmond-Welty, 
1995), and the current data confirmed these previous observations. As children 
learn the correct spelling of words containing consonant clusters, they revise their 
original phonemic analyses by adding an extra phoneme to their representation. 
Processing consonant clusters may draw their attention to aspects of the spoken 
forms that they previously ignored, and they may have transferred this new 
knowledge to the nonpracticed control words. From this point of view, it seems 
obvious that the nonpracticed words improved considerably too. Increase in 
knowledge on consonant clusters must be rather general, because hardly any 
transfer could occur of knowledge of specific consonant clusters. In general, one 
specific consonant cluster appears only once, in some cases twice, in the words 
that are used in the current study. For example, the consonant cluster /fl/ occurs, 
in all the 24 words used in this study, only once, viz. in the word /fles/.  

One might still raise concerns about the possibility of learning effects from 
one condition to the other caused by the within-subject design. Generalizations 
across conditions might have blurred our results to a certain extent. Nevertheless, 
even if our results might have become fuzzy because of possible transfer effects, 
significant differences still stand and it is highly plausible that the effects may 
have been even larger when a between-subject design was used. Moreover, before 
we conducted the experiment, we have deliberately selected a completely within-
subject design for one very important reason: Children in first Grade diverge 
enormously in all their basic cognitive capacities, hence also in spelling ability. 
Although the participants in the current study were all relatively poor spellers, the 
variance between subjects was still very large (see for SD’s Table 6.1). A within-
subject design may preclude unwanted effects of this wide variety in spelling 
skills, for example, in a between-subjects design the results between the practice 
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conditions may have been caused by accidental initial skill differences between 
conditions. Nevertheless, to rule out possible contamination between conditions, a 
replication study in which children are randomly assigned to only one of the dif-
ferent conditions can further strengthen the current findings.  

Another possible explanation for the fact that there was no difference in pro-
gress for words practiced in dictation and unpracticed words is that beginning 
spellers normally make in the first year of formal instruction great progress in 
spelling ability. Normally in January, after four months of formal instruction, they 
almost double the number of words correctly spelled in the next month on a stan-
dard Dutch dictation test, which was also used in the current experiment to 
establish the initial spelling levels of the children. Thus, the progress of the non-
practiced control words found from pre- to posttest in the current results seems to 
be rather common. However, if our reasoning holds, children must improve their 
spelling skills from posttest to retention test as much as they do from pre- to post-
test in the control condition. This appeared not be the case. This can be explained 
by the difference in time between the three dictation tests: Time between pre- and 
posttest was five weeks whereas the time between posttest and retention test was 
four weeks, including one week of holidays.  

In the current experiment, all words were regular Dutch words with one initial 
consonant cluster (CCVC) or words with both an initial and a final consonant 
cluster (CCVCC). All segmented phonemes corresponded to the graphemes of the 
word. In more opaque languages, like English, this phoneme-grapheme relation-
ship is not always one-to-one. It might be that benefits from phonemic 
segmentation and visual-spelling cues in training are even larger in irregular 
words, for example words originating from more opaque languages. The current 
experiment could be extended by studying effects of phonemic segmentation and 
visual-spelling cues in training in both regular and irregular words, thus compar-
ing effects in more opaque and transparent languages.  

The focus in the current experiment was on poor first grade spellers. In Grade 
2 or 3, children may have mastered the required phonemic segmentation skills to 
some extent, and they are able to spell consonant clusters rather well. In this case 
segmentation cues during practice may not be profitable anymore. Also, pho-
neme-grapheme selection may not be a problem anymore in older spellers. Thus, 
extra cues in training might not be beneficial anymore for older children. Further 
studies should be conducted with different groups of beginning spellers along a 
developmental continuum. Letter knowledge, or orthographic knowledge, and 
phonemic segmentation skills should be assessed in order to find developmental 
changes in these skills in relation to spelling ability.  

In sum, phonemic segmentation and visual-spelling cues in training showed to 
be effective to help poor beginning spellers in learning to spell regular Dutch 
monosyllabic words with consonant clusters. Extra cues in spelling exercises ef-
fect that some attention is left, which can be used to learn specific letter patterns. 
The words that were practiced with extra cues were significantly better spelled 
after the training as compared to the words that were practiced without the extra 
cues or the nonpracticed control words. In the no-cue-conditions, all attention is 
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needed to spell the word correctly and no attention is left to attend to the complete 
letter pattern. Because the process of segmentation or the grapheme selection 
process are both quite demanding for beginning poor spellers, support in either 
one of these may free mental resources to attend to and memorize word-specific 
letter patterns. 





5 
What type of computer assisted exercise 
supports young less skilled spellers in re-

solving problems in open and closed 
syllable words?*

Dutch bisyllabic words containing open and closed syllables are particularly dif-
ficult to spell for children. What kind of support in spelling exercises improves the 
spelling of these words the most? Two extensions of a commonly used dictation 
exercise were tested: less skilled spellers in Grade 2 (n = 50; 7 years and 10 
months) either received explicit syllabic segmentation cues, or received spelling 
cues by means of a visual preview. Comparisons between pre, post, and retention 
tests of spelling skill showed that extra syllabic cues did not show a significant 
improvement beyond normal spelling dictation and that visual preview was most 
effective as compared to the other types of training. The findings thus strongly 
suggest that visual-orthographic memory can effectively be fed by exposure to the 
correct letter pattern during exercises in spelling, and seems to result in perma-
nent improvement of word-specific orthographic representations. 

                                             
* Published as: Hilte, M., & Reitsma, P. (2008). What type of computer assisted exercise supports young 

less skilled spellers in resolving problems in open and closed syllable words? Annals of Dyslexia, 58, 

97-114. 
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Introduction 

In alphabetic writing both visual-orthographic and phonological information of a 
word are fundamental to correctly spell a word. Visual-orthographic information 
includes information about word-specific spelling, and the typical letter sequences 
or visual-spelling patterns that are encountered in a particular orthography. Pho-
nological information is used to segment words into syllables and phonemes, and 
to map these phonemes to the corresponding graphemes. Studies of the process of 
learning to spell often show an age-related shift from reliance on phonological 
information to visual-orthographic information (Bear & Templeton, 1998; Ehri, 
1992b; Frith, 1985; Henderson, 1992; Notenboom & Reitsma, 2003; Schlagal, 
2001). Another frequent finding is that poor spellers experience phonological dif-
ficulties in learning to spell. Actually, a dominant view in reading and spelling 
research is that reading and spelling problems have their origin in phonological 
language processing skills (Frith, 1997; Snowling, 2000; Stanovich & Siegel, 
1994). Less skilled spellers frequently experience difficulties in phonological 
tasks involving the identification and manipulation of speech sounds, and memo-
rizing speech. These children experience a so-called ‘phonological core deficit’. 
Either their mental phonological representation of words is underspecified or this 
representation is relatively less accessible. Poor phonological skills make it hard 
to learn the links between phonemes and letters and to use these links to spell un-
familiar words (Frith, 1997; Snowling, 2000; Stanovich & Siegel, 1994; Vellutino 
et al., 1996). Practice in phonological skills may be an obvious and beneficial ac-
tion in such cases. In addition, one could hypothesize that providing extra 
phonological information during the actual process of spelling might be helpful 
for learning to spell. 

 In a recent comparison between the effects of providing phonological cues 
during computer-based exercises in spelling and the effects of allowing a preview 
of the specific visual-orthographic pattern of the word to be spelled, a visual pre-
view appeared to be more effective than phonological cues during practice for 
less skilled spellers in Grade 3 (Hilte & Reitsma, 2006). From the perspective of 
both the phonological deficit hypothesis and developmental accounts this finding 
is rather unexpected. Maybe, younger and less skilled spellers, as compared to the 
spellers in the earlier study, do profit relatively more from phonological support 
in spelling exercises. The current study, therefore, focuses on spellers of Grade 2 
and the question is whether providing phonological help during practice in spell-
ing is more beneficial than allowing a visual preview, or alternatively, whether a 
visual preview is most effective for learning to spell. 

In order to evaluate progress during the development or to assess individual 
differences in spelling skills, ordinarily a dictation test is used in primary educa-
tion. The teacher dictates the word, and children have to spell subsequently the 
word from memory. In the current study also, a dictation test is used to determine 
the spelling skills before and after the experimental exercises in spelling. One 
rather basic format of training in spelling then is repeatedly dictate a word audito-
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rily and providing feedback concerning the spelling produced in order to allow 
children to learn from the result. Because the format of the type of exercise is 
quite comparable with the format of the pre- and posttests (cf. Searleman & 
Herrmann, 1994), it can be expected that the children may profit considerably 
from such training. However, given the phonological deficits of poor spellers, it 
seems reasonable to predict that extra phonological help during the exercises may 
be beneficial and would result in even higher learning gains. The phonological 
cues provided during practice should of course be adapted to the specific problem 
in spelling at hand. 

One difficulty in spelling is that there often are inconsistent phoneme-
grapheme relations. For example, the words ‘beer’ and ‘hear’ have a similar pho-
neme in the middle, but different graphemes for this phoneme. In these words you 
have to know the exact orthographic structure to spell the words correctly after 
dictation. In an opaque language, like for instance English, there are relatively 
many inconsistent phoneme-grapheme relations. In a more transparent language, 
like for example Dutch, phoneme-grapheme relations are generally one-to-one, 
which means that most words can be spelled by a simple strategy of phoneme-
grapheme translation. Nevertheless, in Dutch too there are words that are not easy 
to spell. 

Problems arise in some multi-syllabic words, for example, in the orthographic 
representation of phoneme durations where a set of context-sensitive phonologi-
cal rules needs to be applied (cf. for other orthographies: Juul & Sigurdsson, 
2005; Lehtonen & Bryant, 2005). In Dutch singular word forms, long vowel pho-
nemes are represented by geminate vowels (eg., noot [nut]), whereas short vowel 
phonemes are spelled with a single letter (eg., kat [cat]).In the plural form, how-
ever, a long vowel phoneme, that occurs at syllable boundary, in open syllables is 
spelled with a single letter (eg., noten [nuts]). In plural words with a closed sylla-
ble, double consonants mark preceding short vowel phonemes (e.g., katten [cats]). 
In other types of Dutch words that do not have long or short vowel phonemes in 
singular form, for example in words that contain digraphs, one can most often add 
–en to the singular word form for plural spelling (e.g., kuil (hole) for singular and 
kuilen (holes) for plural). In analogy to these types of words, second graders tend 
to spell plural forms of words with long or short vowel phonemes consistently 
with adding the plural suffix –en to singular forms (e.g., incorrect: nooten, katen, 
correct: noten, katten). Even fourth graders sometimes experience problems with 
these variations in vowel elimination in open syllables and consonant doublings 
in closed syllables in plural forms (Landerl & Reitsma, 2005; Notenboom & 
Reitsma, 2007). Knowledge of the spelling of the singular word form may inter-
fere with the spelling of the plural form, for example in the word noten: The 
singular form is noot, which has a long vowel phoneme spelling with a geminate 
vowel, but the plural spelling is noten with a single letter. The question then is 
how phonological cues can be provided during exercises in spelling when this 
difficulty in spelling is addressed. One plausible way would be to emphasize the 
short and long vowel phonemes by explicitly segmenting the word into syllables. 
When words are segmented in syllables, the singular word form is less easy to 
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recognize and attention can be focused to the phonological level, and may conse-
quently not interfere with applying the conditional phonological rules. 

In addition to plural words with open syllables ending with the suffix –en, a 
group of singular words exist in the Dutch language that also have open syllables. 
These words do not have other forms, such as singular word forms, that could 
interfere in spelling, for example, the word boter. Because the word boter is a 
singular word form, no incongruent singular form can interfere. The spelling of 
these types of words remains, however, relatively difficult, because these open-
syllable singular words do not occur very frequently, and also because children 
tend to spell these words phonologically (with two vowels instead of one, e.g. 
booter). These types of words are also included in the experiment, because chil-
dren may benefit from segmentation cues in these words too because attention can 
be focused to the phonological level. 

In the current study, the effect of syllabic segmentation as a phonological cue 
during spelling exercises will be compared to the effects of a dictation training. 
Bisyllabic words with a single intervocalic consonant and a long vowel in the first 
syllable are segmented right after the long vowel, e.g. mu-ren [walls]. Words with 
closed syllables are segmented either ambisyllabic (e.g., wek-ker [clock]) or be-
fore the intervocalic consonant (e.g., we-kker). It has been suggested that 
linguistically ambisyllabic segmentation is most appropriate (Booij, 1995, p. 32). 
However, age or knowledge about the spelling may be an important factor to con-
sider. It has been found that eight-year old children intuitively segment bisyllabic 
words with a short vowel in the first syllable relatively frequent ambisyllabic 
(57.0 % and 25.6 % depending whether the first syllable is stressed or not), 
whereas five-year old children produce ambisyllabic responses less frequent (29.1 
% and 12.6 %; Gillis & De Schutter, 1996). Externally providing an ambisyllabic 
segmentation during practice in spelling may help the speller to realize the conso-
nant doublet. Segmenting bisyllabic words is not a very difficult or demanding 
task, but the explicit pronunciation of the separate syllables will emphasize the 
length of the vowel. This emphasis may help children to detect the regularity that 
is based on the length of the vowel and the number of consonants. Moreover, 
segmenting the words will distract attention from the singular word form, which 
may possibly interfere with applying the phonological rule. More general, it is 
thus expected that syllabic segmentation cues during spelling exercises will be 
more effective compared to a normal dictation, especially for words with open 
and closed syllables because it emphasizes the quality of the vowel. 

This benefit from syllabic segmentation cues can be expected to be limited to 
words with open and closed syllables. In words with inconsistent phoneme-
grapheme mappings children need word-specific knowledge to know the correct 
spelling and phonological cues can be expected to be not very supportive in these 
types of words. In order to test whether the expected beneficial effect of syllabic 
segmentation cues will only apply in words with open and closed syllables, other 
types of words, in which word-specific knowledge is needed, will also be in-
cluded in the current experiment. 
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The conditions of normal dictation and practice with additional segmented 
speech are contrasted with a visual preview condition. In this condition, children 
are first asked to observe the spelling of a word carefully. Subsequently, the word 
disappears and the child has to spell the dictated word from memory. One reason 
to include this format of practice to the current experimental training study is be-
cause some previous studies indicate that poor spellers may benefit from visual-
orthographic training. In a first study on the effect of visual preview (visual dicta-
tion) in Grade 1 examination of a visual spelling pattern was the most effective 
instruction method for both skilled and less skilled spellers. In this study, visual 
preview was compared to four other instruction methods (Van Leerdam, Bosman, 
& van Orden, 1998). However, none of these instruction methods involved a 
normal dictation, in which a word is dictated auditorily. More recently, the effect 
of visual preview as a training was compared to a spelling dictation training, in 
which extra phonological cues (spelling pronunciations) were provided (Hilte & 
Reitsma, 2006). The results have shown a significant difference between skilled 
and less skilled spellers in Grade 3. Less skilled spellers appeared to profit most 
from visual preview, whereas skilled spellers benefited as much from visual pre-
view as from spelling pronunciations. Thus these studies indicate that a visual 
approach in practice may be beneficial for poor spellers in Grade 2. 

The hypothesis that visual preview may be beneficial is less obvious than one 
might expect. As a matter of fact, for practice with visual preview the act of read-
ing is explicitly required. Several studies have shown that reading a word 
correctly does not guarantee that one can also spell the word afterwards (Ehri, 
2000; Fletcher-Flinn, Shankweiler, & Frost, 2004; Gough, Juel, & Griffith, 1992; 
Katz & Frost, 2001). Although in general spelling skills are highly correlated with 
reading skills, mostly varying from .50 and .80 (Frith, 1980), it has long been de-
bated whether or not reading and spelling are two separate abilities (Ehri, 1997; 
Ehri, 2000; Frith, 1980). Spelling is more difficult, because it requires the produc-
tion, rather than the recognition of a visual-spelling pattern. And grapheme-
phoneme relations are generally more consistent (84.5 % for Dutch and 69.3% for 
English) than phoneme-grapheme relations needed in spelling (36.9 % for Dutch 
and 27.7 % for English; Bosman, Vonk, & Van Zwam, 2006). Thus, it is not very 
surprising that more words are read correctly but not spelled than vice-versa (e.g. 
37 % read but not spelled, and 6 % spelled but not read; Shankweiler & 
Lundquist, 1992, and 21 % versus 13 %; Bryant & Bradley, 1980). 

The relevant question is, however, whether reading transfers to spelling. Ehri 
(2000) has taught beginners to read specific words and has asked them afterwards 
to spell these words. Although some transfer from reading to spelling was found, 
words were not spelled perfectly correct. A greater proportion of letters was 
spelled correctly, 70 to 80 percent, as compared to the entire words, 30 to 40 per-
cent. If one or two letters are forgotten, reading can still be accurately, but perfect 
spelling will not be possible (Ehri, 2000). In another study, Katz and Frost (2001) 
have shown that subjects are likely to accept the orthographic representation 
when it is presented two times. However, spellings that altered the phonology 
were rarely accepted. In particular, preexperimental internal orthographic repre-



74 Chapter 5 

sentations are less stable when there are many phonologically acceptable alterna-
tives. Words with open and closed syllables are spelled in contradiction with the 
phonology, and they can be spelled in various phonologically acceptable alterna-
tive ways. For example the word boter (butter) can also be spelled as booter, 
bootter, bootur, or boottur, which are spellings that are consistent with the pho-
nology, which is actually not the case for the correct spelling of boter. Thus, it 
could be argued that children will not readily accept the spelling of words with 
open and closed syllables when it is presented visually, because the spelling alters 
the phonology. In conclusion, providing a visual preview of the correct spelling 
does not necessarily transfer directly to the actual production of the correct spell-
ing. Therefore, the relative advantage of phonological cues as compared to visual 
cues is an issue that should be resolved empirically. 

In summary, in the current experiment with less skilled spellers of Grade 2 we 
aim to study the effects of a spelling dictation training, with or without an extra 
syllabic segmentation cue, as compared to a visual preview training. Syllabic 
segmentation cues added to a spelling dictation training are expected to be more 
effective than a spelling dictation training without extra cues, especially in words 
containing open and closed syllables. It is hypothesized, however, that less skilled 
spellers of Grade 2 will profit most from the preview approach like in previous 
studies (Hilte & Reitsma, 2006; Van Leerdam, Bosman, & Van Orden, 1998). 
Visual preview is expected to be most effective as a training compared to a nor-
mal dictation training, with or without extra syllabic segmentation cues.  

Method 

Participants 
A total of 50 children, 29 boys and 21 girls participated in the training study. 
These children were selected as being less skilled spellers among a total of 354 
Dutch children from Grade 2 of 12 primary schools. At the moment the present 
experiment started (January), the children had received fourteen months of formal 
instruction. Prior to the experiment, spelling skills were determined by means of a 
Dutch standardized spelling test (Geelhoed & Reitsma, 1999). The third and 
fourth blocks of the test (30 words in total) were dictated and children were se-
lected who spelled less than 16 words correctly. The norms of the test indicate 
that after fourteen months of instruction only 25 percent of the children do not 
reach a score of 16. Thus, the current selected group of children can be seen as 
poor or less skilled spellers in comparison to their age or grade level. We did not 
use further diagnostic measures, but it is possible that among the less skilled 
spellers there were a few dyslexics because the scores of the children were below 
the 25th percentile of the spelling test. The mean chronological age of the poor 
spellers was 7 years and 10 months (SD = 5 months).  

Materials 
A list of 32 bisyllabic Dutch words was selected. Almost all the words used are 
normally taught in Grade 2 or beyond. The 32 words consisted of 8 words with 
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open syllables, CVCVC words, 12 words with closed syllables, CVCCVC words, 
and 12 words with various other spelling difficulties: Five out of the other types 
of words have ambiguities in phoneme-grapheme correspondences (e.g. the dif-
ferent spellings ij and ei or au and ou both refer to a similar sound). The other 
words comprise letter patterns that are an exception to Dutch spelling rules. For 
example, diphthongs (ei, eu, ui) are always followed by a single consonant. And 
another exception is that short vowels cannot be followed by geminated v or z, 
except in loan words (like puzzel). Thus, a closed syllable with a double v or z
does not exist in Dutch words, and a single v or z always suffices. The f/v and the 
s/z are often exchanged and are difficult in Dutch spelling. Thus, these other types 
of words were comprised of exceptions to the rules or other ambiguities in spell-
ing and were selected to test whether the syllabic segmentation condition is only 
effective in open and closed syllabic words. The 20 words containing open (8 
words) and closed syllables (12 words) will be analyzed in the results to study the 
various practice effects in open and closed syllables. Because we expected that 36 
words (12 for each type of words) would be too much words for a dictation test 
for poor spellers of Grade 2, and because open syllable words are easier to spell 
than closed syllable words (Meulenkamp, 2000), we decided to use only 8 open-
syllable words instead of 12 (because of the design it had to be equally divisible 
into four conditions). 

A total of 8 words was practiced by presenting the visual-spelling pattern be-
fore the word had to be spelled, 8 words were practiced by presenting syllabic 
segmentation cues, and 8 words were practiced on the basis of a normal auditory 
dictation. The remaining 8 control words were not practiced at all. Assigning spe-
cific words to conditions was varied between participants so that when data were 
collapsed over subjects, all 32 words appeared in each condition about equally 
frequent. In the segmentation condition, half of the subjects practiced with an 
ambisyllabic segmentation of the closed syllables (wek-ker [clock]) and the re-
maining subjects practiced with the intervocalic consonant only tied to the second 
segment (we-kker). 

In the Appendix the words are shown in the first column with their English 
translations in the second column. In the third column the words are categorized 
into the three word groups (words with open and closed syllables and other 
words), and in the fourth column written youth frequencies of the words can be 
found (Staphorsius, Krom, & De Geus, 1988). Some of the words were relatively 
more frequent in youth literature than others, e.g. vader (father) is more frequent 
than roeiboot (rowing boat), but words were matched on frequencies across the 
conditions. Effects of word frequencies on differential training effects were taken 
into account in further analyses. A picture of the word was presented during all 
practice conditions in order to minimize any unlikely confusion about the mean-
ing of the words. Because the pictures appeared in all conditions and because one 
picture was used for each word and remained the same in each condition, the spe-
cific combination of a picture with a printed word could not confound any effect 
of practice condition. In pre- and posttests, the words were dictated in meaningful 
sentences, but only the target words had to be produced.  
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Design and Procedure 
A within-subjects design was used: all 50 children, who participated in this study, 
received all three practice conditions. But also, all words are practiced in every 
condition (spelling exercise), though varied over subjects. In each session with 
the computer program the words were presented in a different order. 

Subjects practiced with a special purpose multimedia program that was in-
stalled on the computers of all participating schools. Word stimuli and feedback 
were presented visually in the middle of the screen. An instruction text could be 
read in order to make sure that it was clear what the subjects had to do, but this 
text might have been redundant because the experimenter already explained the 
children how to use the computer program before they started. Alternatively, a 
button on the right could be clicked to hear the (more extensive) instruction as 
well. Another button, on the left side of the screen, could be clicked to repeat the 
normal or the syllabic segmented pronunciation of the word, if necessary an infi-
nite number of times. A large button on the right side of the middle of the screen 
could be clicked after typing to receive the feedback in which the correct spelling 
of the word is shown. The button could be clicked again, after feedback is studied 
thoroughly, to proceed to the next trial during the exercises. The number of items 
that the children had to do before they would finish could be found on the top 
corner. 

Prior to the training sessions, a pretest was administered to assess the spelling 
proficiency for the selected words of the participants. The pretest was a dictation 
test of all 32 words and the children had to write down the words with paper and 
pencil. The words were dictated within a sentence first and subsequently repeated 
separately. The children who were selected from the classes were dictated in a 
group in a separate classroom. After completion of the dictation test, an explana-
tion was provided to the children about how to practice with the multimedia-
training program. 

During the following four weeks, the children had to practice independently 6 
sessions with the training program. Children practiced about twice a week, and 
never more than once a day. It took children about 15 minutes to finish one train-
ing session. Within each training session, 24 words had to be practiced. In each 
session the 24 words were practiced only once. Because three types of spelling 
exercises (practice conditions) were examined, 8 words were practiced in every 
condition. Among these 8 words, 3 words were closed syllable words, 2 words 
were open syllable words and the 3 remainder words were other types of words, 
thus in each session 9 closed, 6 open syllable words, and 9 other types of words 
were practiced. The remaining 8 words were not practiced and functioned as con-
trol words. See Appendix B for an overview on the number of words practiced in 
each condition, and the number of each type of word per condition. The order in 
which the 24 words were presented in the computer program was randomly 
mixed, thus the words were not taught in blocks of 8, with each condition sepa-
rated from the others. Also the different types of words were randomly mixed in 
the computer sessions, because otherwise children might loose their attention to 
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the specific phonological problems in spelling the open and closed syllables. The 
following three spelling exercises were evaluated: 

1 – Spelling dictation condition: The sound of the word to be spelled is pro-
duced by the program, similar to a regular spelling dictation test. The 
pronunciation of the word can be repeated upon request if necessary by pressing a 
button on the left. After the participant decides she or he is ready to spell the 
word, the continuation button is pressed. The child then has to type the word by 
heart in a text box in the middle of the screen. After pressing the continuation but-
ton once again the program gives feedback: the program shows the child’s 
spelling in green with a curl (for correct) or in red (for incorrect) with a cross. In 
both cases the correct spelling is presented in a green color just above the typed 
word.  

2 – Syllabic segmentation condition: the general format and procedure of this 
exercise is comparable to the normal dictation condition. The only difference is 
that in this spelling the segmented syllables of words are pronounced explicitly 
after the normal spelling dictation of the word. Syllables are produced with a rate 
of about one syllable per 0.8 second. 

3 – Visual preview: The spelling of a word is presented in the middle of the 
screen. Thus the children could examine the visual-spelling pattern of a word. No 
phonological information is presented. After the child thinks to know how to spell 
the word, the continuation button is pressed and the word disappears. The child 
then has to type the word by heart in a text box in the middle of the screen. After 
pressing the continuation button once again the program gives feedback similar to 
the two phonological practice conditions.  

A few days after the children had completed six training sessions, a posttest 
was administered. The posttest consisted of a similar spelling test as was used in 
the pretest. Five weeks after the posttest, the same test was administered again as 
a test for retention. For each word in pretest, posttest, and retention test it was 
determined whether the spelling was completely correct or not. The number of 
words with open and closed syllables that were spelled fully correctly was ana-
lyzed in order to determine the effect of the three practice conditions compared to 
the control condition and to each other for open and closed syllables. Also, the 
type of errors before and after practice was analyzed.  

Results 

Differential effects of the practice conditions were established by comparing the 
number of words (with open and closed syllables) that were spelled correctly be-
fore, directly after practice, and five weeks after practice for each of the three 
practice conditions and the nonpracticed control condition. Words other than the 
open and closed syllable words are not taken into account in the first analyses, but 
are included in following analyses, because the main question was first on the 
effects on the learning of open and closed syllable words, and not on the other 
types of words. The mean absolute numbers and percentages correctly spelled 
open and closed syllabic words for all conditions over time and standard devia-
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tions are shown in Table 5.1. Note that the standard deviations are relatively high, 
especially in pretest. Figure 5.1 displays furthermore the mean percentages cor-
rectly spelled words in the open and closed syllabic words before, directly after, 
and five weeks after practice as a function of practice condition. As is clear from 
the Figure, in the direct posttest the percentages words that were spelled correctly 
substantially increased in all four conditions, and decreased slightly from posttest 
to retention test.  

Table 5.1 Mean accuracy in absolute numbers and in percentages, and standard deviations 
in open and closed syllabic words of practice and control words before, directly 
after, and 5 weeks after training for each of the three practice conditions and the 
control condition 

 before directly after five weeks after 
M M(%) SD M M(%) SD M M(%) SD 

visual preview 1.10 22.0 25.6 4.04 80.8 24.6 3.56 71.2 23.6 
segmentation 0.96 19.2 20.6 3.06 61.2 28.1 2.90 58.0 27.2 
dictation 1.02 20.4 23.7 3.06 61.2 29.3 3.02 60.4 30.1 
control 1.00 20.0 24.6 1.96 39.2 27.7 2.46 49.2 27.2 

Figure 5.1 Mean accuracy (% correct) with confidence intervals in open and closed syllabic 
words of practice and control words before, directly after, and 5 weeks after train-
ing as a function of practice condition. 

In order to determine specifically whether the spelling of the children im-
proved in the different conditions over time, repeated measure ANOVAs were 
performed on the data of all subjects (F1) and of all items with open and closed 
syllables (F2) with type of training (visual preview, syllabic segmentation, dicta-
tion, control), and time (before, directly after, five weeks after) as within subject 
variables. Repeated measures analyses showed that all main effects were signifi-
cant, for type of training, F1(3, 147) = 25.46, p < .001, ηp

2 = .34, F2(3, 57) = 
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19.97, p < .001, ηp
2 = .51, and for time, F1(2, 98) = 169.36, p < .001, ηp

2 = .78,
F2(2, 38) = 170.70, p < .001, ηp

2 = .90 (Sphericity is violated in both subject-
analysis and item-analysis and therefore Greenhouse-Geisser is applied). In addi-
tion, the interaction effect between condition and time was significant for 
subjects, F1(6, 294) = 12.34, p < .001, ηp

2 = .20, and for items, F2(6, 114) = 10.30, 
p < .001, ηp

2 = .35.  
To gain furthermore information on the differences between the various con-

ditions in open and closed-syllable words, simple contrast analyses are carried 
out. First, the nonpracticed control words improved significantly from pretest to 
directly after training, and also between pretest and five weeks after training, p’s 
< .001. Words practiced in all three training conditions improved significantly 
more than the nonpracticed control words from pretest to posttest, p < .001, and 
from pretest to retention test, p < .05. The three practice conditions were thus ef-
fective. Further contrast analyses on subjects and on items showed that visual 
previewing was significantly more effective than normal dictation, p < .05, and 
than syllabic segmentation practice, p < .05, both directly after, and five weeks 
after training. Thus, visual preview was the most effective type of practice as 
compared to the other practice types directly after training but also on long term. 
No significant difference in gain of spelling scores was found between normal 
dictation and syllabic segmentation, F1(1, 49) < 1, F2(1, 19) < 1.  

Table 5.2 Mean accuracy (% correct) of practice and control words before, directly after, 
and 5 weeks after training for each of the three training conditions and the control 
condition  

 before directly after five weeks after 
M SD M SD M SD 

words with open 
syllables

      

visual preview 28.00 33.75 80.00 31.94 63.00 37.54 
segmentation 21.00 26.90 58.00 36.92 49.00 38.45 
dictation 26.00 32.33 57.00 37.81 51.00 42.25 
control 27.00 36.72 35.00 36.77 40.00 37.80 

overall 25.50 32.48 57.50 39.07 50.75 39.62 
words with closed 
syllables

      

visual preview 18.00 31.02 81.33 28.70 76.67 30.31 
segmentation 18.00 29.52 63.33 33.84 64.00 30.74 
dictation 16.67 27.97 64.00 31.47 66.67 34.34 
control 15.33 27.94 42.00 34.21 55.33 34.74 

overall 16.97 28.95 62.71 34.88 65.69 33.31 

Although significant effects were obtained for the total percentage correctly 
spelled words for the words that were practiced in the various conditions, one 
could ask whether the effects of the practice conditions vary for open syllable 
words or closed syllable words. Words containing closed syllables might profit 
more from syllabic cues as compared to words with open syllables. Therefore, we 
examined the interaction between the four conditions over time and the two word 
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types, words with open syllables and words with closed syllables. The percentage 
correctly spelled words for all conditions is presented in Table 5.2. Before prac-
tice, words with closed syllables clearly are more difficult to spell correctly as 
compared to the words with open syllables. Across conditions only 17.0 percent 
of the words with closed syllables are spelled correctly, whereas 25.5 percent of 
the words with open syllables are spelled correctly before practice. Directly after, 
and five weeks after practice, the words with closed syllables are spelled at best 
(62.7 % and 65.7 % overall) compared to the words with open syllables (57.5 % 
and 50.8 %). In order to determine whether the two word types showed different 
gains within the practice conditions, we analyzed the data by repeated measure 
ANOVAs on the averages for subjects (F1) and for items (F2) with type of train-
ing (visual preview, syllabic segmentation, dictation, control), and time (before, 
directly after, five weeks after) as within subject variables and word type (open 
syllabic words, closed syllabic words) as between subject variable in items and as 
within subjects variable in subjects. This interaction was not significant for sub-
jects, F1(6, 294) < 1, nor for items, F2(6, 108) < 1. Thus, the type of word (open 
versus closed) did not affect the different effects of the practice types over time. 
The words with closed syllables seem to benefit most from practice, but no sig-
nificant difference between open and closed syllables was found.  

In order to know whether the effects of the practice conditions are valid exclu-
sively for open and closed syllable words, other types of words are included in the 
experiment and statistical analyses can show whether the various training effects 
can also be generalized to other types of words. Analyses on the other types of 
words show a similar pattern as the open and closed syllabic words: Visual pre-
view appeared to be most effective in these words too and if these words were 
taken into account in the repeated measure ANOVAs on the averages for subjects 
(F1) and items (F2) with type of training, and time as within subject variables and 
word type (open syllabic words, closed syllabic words, and other words) as be-
tween subject variable in items and as within subject variable in subjects, the 
interaction was not significant for subjects, F1(12, 588) < 1, nor for items, F2(12, 
174) < 1. These results indicate that results can be generalized to all words with 
ambiguities in spelling. Visual preview was thus most effective for all types of 
words and relative improvements due to the dictation training were comparable to 
the syllabic segmentation training for all three groups of words.  

Also, analyses of the number of errors in spelling during the computer training 
show a similar pattern as the results in the dictation tests.  

Furthermore, it was hypothesized that externally providing an ambisyllabic 
segmentation (wek-ker instead of we-kker) during practice in spelling may help 
the speller to realize the consonant doublet in words with closed syllables. It was 
thus expected that ambisyllabic segmentation during practice (e.g. wek-ker) would 
be more effective as compared to segmentation with a pause before the intervo-
calic consonant (e.g. we-kker). In order to test this hypothesis, half of the subjects 
received an ambisyllabic segmentation in the words with closed syllables, 
whereas the other half of the subjects received a segmentation with a pause before 
the consonant doublet. To analyze the effect of the different types of segmenta-
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tion (wek-ker or we-kker), a repeated measures ANOVA was performed on all the 
words with closed syllables with segmentation training and time of testing as 
within subject variables and type of segmentation as between subject variable. 
This interaction was not significant, F(2, 96) < 1, which means that the effect of 
an ambisyllabic segmentation was not different from the effect of a segmentation 
with a pause before the consonant doublet.  

Finally, an analysis of spelling errors was carried out. All previous analyses 
were carried out on scores for the correct spelling of the whole word. However, it 
would be interesting to see whether indeed the special phonological rules with 
respect to open and closed syllables were violated relatively frequently. Analyses 
of the errors showed that problems in the spelling of words with open and closed 
syllables occur mainly in the number of vowels and consonants. In Table 5.3 the 
percentages of words spelled with one or two vowels and one or two consonants 
are presented for open and closed syllables before and directly after training 
across and between separate conditions. The correct spelling is indicated by a 
bold letter type. Sometimes errors occur in other parts of the word and not (only) 
in the consonants or the vowels, for instance, botur instead of boter. These errors 
were also taken into account in the calculations (that is why percentages do not 
sum to 100), but are not shown in the table. The data clearly show that initially 
errors in words with open syllables are most often phonologically based (59.5 % 
of all words): i.e. the long vowel phoneme in the open syllable is spelled with two 
vowels instead of one (booter instead of boter). After practice a substantial 
change appeared: only 28.5 % of the words is still spelled with two vowels. This 
reversal appears in all conditions. The number of consonants in open syllables is 
spelled correctly in most cases before practice and this number remains about the 
same after practice. In words with closed syllables most words are spelled pho-
nologically in pretest too, i.e. the closed syllable is spelled with one consonant 
instead of two (kaper instead of kapper). After practice this percentage of errors 
is decreased substantially. The correct spelling with a double consonant is only 
spelled in 17.6 % of the words before practice, but in 62.3 % of the words directly 
after practice. Such an improvement is found for all conditions. Children also im-
prove considerably on the nonpracticed control words, however, this gain is 
clearly not as high as in the practice conditions. 
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Table 5.3 Percentage words spelled with one or two vowels and with one or two consonants 
for the open and closed syllables before and directly after practice across and as a 
function of conditions. 

 before  directly after 
 vis seg dict contr overall  vis seg dict contr overall 
open syl          
vowel           
one 31.0 27.0 28.0 30.0 29.0  78.0 62.0 62.0 44.0 61.5 
two 57.0 62.0 59.0 60.0 59.5  16.0 25.0 27.0 46.0 28.5 
consonant           
one 85.0 82.0 84.0 87.0 84.5  90.0 83.0 81.0 80.0 83.5 
two 3.0 7.0 3.0 3.0 4.0  4.0 4.0 8.0 10.0 6.5 
closed syl          
consonant           
one 72.0 79.3 78.0 77.3 76.7  15.3 28.7 31.3 46.0 30.3 
two 18.0 18.0 16.7 16.0 17.6  82.0 66.3 64.0 36.7 62.3 

*the correct spelling is in bold type face. 

Discussion 

The current study aimed to investigate whether spelling exercises for poor 
spellers in the form of repeatedly dictating bisyllabic words with appropriate 
feedback can be made more effective, especially for words with open and closed 
syllables. Two extensions of a commonly used dictation exercise were tested: In a 
first practice condition syllabic segmentation was provided in order to call 
attention to the length of the vowel in the first syllable, which is crucial for 
applying the correct phonological spelling rule. In the second condition the child 
was allowed during the exercise to inspect the written form of the word before it 
was required to spell the word from memory. The findings show significant 
effects of practice, but no difference was found between the effects of practice in 
dictation and practice in spelling with segmentation cues. Allowing a visual 
preview, however, appeared significantly more beneficial than providing 
phonological help during practice in spelling or than practice with no additional 
cues. That is, the spelling performance in pretest to posttests improved most when 
words were practiced in the visual preview condition. 

Because words with open and closed syllables to be spelled require rather 
complex phonological rules, syllabic segmentation cues in a dictation training 
were expected to be more effective as compared to a normal dictation training 
without extra cues. Providing the word auditorily segmented in syllables was ex-
pected to draw attention to the length of the vowel in the first syllable, and 
accordingly would facilitate the application of the spelling rules that are based on 
this vowel length. However, the difference between the syllabic segmentation and 
the normal dictation condition was not significant. The children were thus not 
supported by the fact that the words were for them segmented in syllables. Also, 
based on intuitive syllabifications of bisyllabic words with a short vowel in the 
first syllable by children (Gillis & De Schutter, 1996), and because the medial 
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consonant is explicitly produced twice in the segmentation cue, an ambisyllabic 
segmentation was hypothesized to facilitate the finding of the correct spelling. 
But the results show that it did not matter where the moment of the pause was 
(either between or before the consonants).  

Overall, the results indicate that the children do not take advantage of having 
syllabic segmentation presented before they attempt to spell a bisyllabic word 
during exercises. Two different accounts can be suggested. First, the metalinguis-
tic task of segmenting a word into syllables is well within the capabilities of the 
almost 8-years-old children participating in the present study. It is well known 
from the research literature on the development of metalinguistic phonological 
skills that many kindergarten children already are perfectly able to segment words 
into syllables (Treiman, Bowey, & Bourassa, 2002). Although externally provid-
ing the present group of participants with a syllabic segmentation, sometimes 
even with explicit cues for the gemination of the consonant, may be a stimulus to 
a more objective analysis of the phonology, the findings show that they did not 
take advantage of this. Second, the particular problem of spelling a bisyllabic 
word in Dutch with a long or short vowel in the first syllable may not simply be 
solved by segmenting the word into syllables. Research findings clearly show that 
this spelling problem occurs rather frequent in beginning spellers and remains so 
for quite a long time during the development of spelling skills (Landerl & 
Reitsma, 2005; Notenboom & Reitsma, 2007). Instead of providing syllabifica-
tion cues, another type of support during exercises is likely needed to provide 
opportunities to improve on spelling this particular problem. One possibility is to 
explicitly provide in one form or another the phonological rule every time a word 
has to be spelled according to these rules. This would actually resemble most of 
the instructional approaches contemporary Dutch curricula for spelling. It is inter-
esting to note though that a fundamental part of the rule involves explicit attention 
to the syllabic structure of the word. Another possibility is that actively learning 
to produce the specific orthographic form of such words is ultimately the major 
impetus of reducing spelling errors in this domain. Providing the correct ortho-
graphic form within a context of spelling exercises may facilitate establishing this 
knowledge base. 

The results of the present study indicate that a visual preview during exercises 
in spelling contributed most to gains in spelling performance. It should be noted 
that this result was obtained despite the fact that a visual preview was no longer 
available during the posttests. Moreover, the retention data demonstrate that the 
effect was still significant more than 5 weeks after the final training session. 
Thus, although visual preview may be conceived as a condition allowing the 
speller to inspect the visual-orthographic form of a word rather superficially, the 
learning effect appears to be quite permanent and relatively the highest of all con-
ditions. The requirement to spell the same word from memory a few moments 
later probably supports a strategy to heavily focus on orthographic details. 
Whereas during reading for comprehension, for example, only partial cues may be 
sufficient to identify a word, the specific circumstances in the present spelling 
exercise likely imposes careful reading and close attention to the letter by letter 
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structure of the word. Gradually, by multiple experiences word-specific ortho-
graphic knowledge accrues and becomes functionally available to assist the 
speller in finding the correct spelling. Possible ambiguities from a phonological 
point of view are resolved by referring to or consulting the word-specific ortho-
graphic memory base. Although the learning process of normal repeatedly 
spelling in dictation conditions may basically proceed in a similar way, the visual 
preview allows for an additional opportunity to deliberately notice the visual-
orthographic details. In fact, the added value of the visual preview condition may 
in particular be due to having this specific occasion to intentionally scrutinize the 
correct spelling without being involved at the same time with specifying the pho-
nemic structure or applying phonological rules.  

Alternatively, the irregularities in the spellings of the other types of words 
may have caused a side effect that may have contributed to children’s success in 
the preview condition. Specifically, some of the letters in the other word types 
could not be predicted by children’s knowledge of phoneme-grapheme regulari-
ties. Discovery of this may have caused them to pay greater attention to letter 
details in all of the words, including the words with open and closed syllables, 
during the previews in order to spell the words correctly. This idea is supported 
by our general finding that the visual preview condition was most effective in 
both the words with open and closed syllables and in the other types of words.  

From a developmental perspective, it is remarkable that the present group of 
young poor spellers from Grade 2 benefits most from visual-orthographic practice 
as compared to practice with phonological cues. Normally, children develop con-
tinuously from concrete phonemic analysis to the use of more abstract linguistic 
and orthographic representation in spelling (Ehri, 1992b; Notenboom & Reitsma, 
2003; Schlagal, 2001). Learning to spell may be considered as a continuous ac-
cumulation of different segments of orthographic knowledge. Considering this 
gradual shift from a more phonologically based approach to a visual-orthographic 
approach, the effect of visual preview in practice can be different in spellers from 
different spelling ages and one might expect higher effects at later stages.  

In contrast, recent training studies revealed that less skilled spellers in Grade 5 
and 6 improved as much as the skilled spellers in both the visual preview and the 
spelling pronunciation condition and that younger less skilled spellers showed 
more benefits from visual preview than from spelling pronunciations as compared 
to older less skilled spellers (Hilte, Bos, & Reitsma, 2005; Hilte & Reitsma, 
2006). But a rigorous investigation in which the effects of visual preview during 
spelling exercises are developmentally examined has yet to be carried out. Mean-
while, the present findings of strong learning effects of visual preview in rather 
young, less skilled spellers in Grade 2 may be taken as a challenge of the earlier 
developmental hypothesis.  

An interesting observation in the present experiment is that the spelling of 
control words also improved significantly despite the fact that these words were 
not practiced. One obvious reason could simply be that it is an effect of 
repeatedly testing the same words. Another possibility is that the control words 
were similar to the practiced words because most of them also had open and 
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closed syllables. Children may have noticed the similarity and could have spelled 
the nonpracticed control words by analogy. Yet another option is that they had 
induced implicitly the specific rules for the spelling of open and closed syllables. 
Alternatively, they may have been instructed in spelling these types of words in 
class. The present experiment does not provide data to allow any conclusion on 
this issue. But whatever reason there is for the improvement of nonpracticed 
control words, it is evident that the increase in accuracy for the practiced words 
was much larger than for the control words. This finding suggests that a 
substantial portion of the learning gains is based on the acquisition of word-
specific knowledge. 

It should be emphasized that in the current study the conditions were varied 
within-subject: Each subject received all practice conditions. Also, to account for 
specific word effects, each word occurred in each condition once, but varied over 
the subjects. This design may have caused learning effects from one condition to 
the other, which might have blurred our results to a certain extent. For example, 
by previewing the words spellings, children may have discovered the regularity of 
the spelling of open and closed syllables and they may have applied this knowl-
edge implicitly in the segmentation and dictation conditions. Nevertheless, even if 
our results might have become contaminated by such carry over effects, signifi-
cant differences still stand. It is highly plausible that the effects may have been 
even larger when a between-subject design was adopted. Moreover, we have de-
liberately selected a completely within-subject design for the fact that second 
grade children vary considerably in spelling ability, which might confound prac-
tice effects when we would have used a between-subject design. Although the 
participants in the current study were all relatively poor spellers, the variance be-
tween subjects was still very large (see for SD’s Table 5.1), especially in pretest. 
A within-subject design may preclude that the differences between conditions 
were the results of this wide variety in spelling skills instead of the results of 
practice effects. In case of a between-subjects design the results between the prac-
tice conditions may have been overruled by initial skill differences between 
conditions. Nevertheless, to rule out possible contamination between conditions, a 
replication study in which children are randomly assigned to only one of the dif-
ferent conditions can further strengthen the current findings.  

Another issue concerns the regularity of the spelling of the word to be spelled. 
One could reason that visual preview is relatively more helpful when the spelling 
of a word contains many ambiguities. In some previous studies (Hilte, Bos, & 
Reitsma, 2005; Hilte & Reitsma, 2006) highly irregular words originating from 
the French or English language, so-called loan words were used. Moreover, the 
printed word frequencies of the words used in these studies were considerably 
low. In another study, visual dictation proved to be most effective in words 
containing a spelling ambiguity as compared to words with consistent phoneme-
grapheme relations (Van Hell, Bosman, & Bartelings, 2003). A phonemic 
analysis of the word and employing consistent phoneme-grapheme 
correspondences is sufficient for correct spelling of regular words. These earlier 
findings thus suggest that the effect of visual preview may be limited in words 
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with inconsistent phoneme-grapheme relations. In the present experimental 
training Dutch words were used with open and closed syllables. These words are 
relatively consistent if you know how to apply the conditional rule for 
gemination, which says that double consonants mark preceding short vowel 
sounds. However, young Dutch spellers appear to have serious difficulties in 
applying this conditional rule, which automatically makes these words with open 
and closed syllables rather ambiguous to spell for them. This ambiguity may be 
comparable with the ambiguities in loan words. If this is the case, visual preview 
helps to resolve the ambiguities and may support less skilled spellers in learning 
to spell difficult words. By previewing the visual spelling pattern of these words 
containing open and closed syllables, children can either store the word-specific 
information of the words spelling, or learn implicitly how and when to use the 
conditional rule. It remains to be studied whether learning to spell regular words 
without inconsistent phoneme-grapheme correspondences would also profit from 
visual preview. 

In addition, educational implications of the current findings need to be 
addressed cautiously. It should be emphasized that the current study did not try to 
find the most optimal way of instruction. Instead, we tried to examine whether 
less skilled spellers could be supported by extra cues in computer based spelling 
exercises in learning to spell open and closed syllables. Although visual preview 
appeared to be the most effective practice condition in the current experiment, it 
does not implicate that children should only be instructed with such a computer 
exercise. The computer assisted exercise showed to improve learning in addition 
to the normal school curricula, but specific recommendation about instructional 
implications would be premature. Further research is needed to determine 
whether the findings would indicate superior learning when visual preview as a 
computer based exercise is more deeply imbedded in the regular school 
instruction methods. 

In conclusion, visual preview showed to be most beneficial for less skilled 
spellers from Grade 2. By previewing the spelling of a word, orthographic 
memory is fed by the correct pattern of letters, and is retrieved or functionally 
available afterwards. Spelling dictation practice is also effective, but not as 
effective as visual preview. Extra cues may be effective in a dictation, but syllabic 
segmentation cues did not show a significant contribution to a normal spelling 
dictation. This result provides some clear evidence for the fact that less skilled 
spellers, even in early stages of spelling development, can profit considerably 
from briefly studying the correct spelling before they spell the word from 
memory. Further research is warranted in order to more closely specify the 
effectivity of various formats of visual preview in exercises to improve the skill in 
spelling.



6 
Activating the meaning of a word facilitates 

the integration of orthography: Evidence 
from spelling exercises in beginning 

spellers*

The present study examines the effect of activating the connection between the 
meaning and phonology in spelling exercises in second grade spellers (n = 41; 8 
years and 3 months). In computer-based exercises in a within-subject design, se-
mantic or neutral descriptions were contrasted and either provided before the 
process of spelling or in feedback. Orthographic and phonological information 
was available in all practice conditions. Results indicate that words practiced 
with semantic descriptions are better spelled than words practiced with neutral 
descriptions, still one month after a training period. No differential effects appear 
between descriptions that were presented before spelling or presented in feed-
back. The current study can be taken to suggest that activation of the semantic 
constituent is facilitative in acquiring a stable association between the phono-
logical and orthographic constituents. 

                                             
* Submitted as: Hilte, M., & Reitsma, P. Activating the connection between the meaning and phonology 

of a word facilitates the integration of orthography: Evidence from spelling exercises in beginning 

spellers. 
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Introduction 

Learning to spell a word in an alphabetic language involves acquiring knowledge 
about the phonological constituents and how to relate these to an orthographic 
representation. Although alphabetic languages differ in the degree to which they 
depart from a consistent representation of phonemes in order to preserve linguis-
tic or lexical information, the relationships between phonological and 
orthographic information should be a crucial focus in spelling training programs 
(e.g., Bishop, Adams, Lehtonen, & Rosen, 2005; Castle, Riach, & Nicholson, 
1993; Foorman, Francis, Novy, & Liberman, 1991; Schneider, Roth, & En-
nemoser, 2000). On the assumption that there are three major constituents of word 
identity – phonology, meaning, and orthography , the present study examines the 
extent to which activating the semantic-phonology connection facilitates the ac-
quisition of word-specific orthographic information.  

The influence of the three constituents on the acquisition of orthographic 
knowledge has recently received much attention in studies using an orthographic 
learning paradigm (Cunningham, Perry, Stanovich, & Share, 2002; Cunningham, 
2006; Nation, Angell, & Castles, 2007; Reitsma, 1983; Shahar-Yames & Share, 
2008). This paradigm suggests that orthographic knowledge increases along with 
multiple encounters with a specific word. Repeated exposure to a given word 
strengthens the orthography-phonology bonding and leads to more specified pho-
nological and orthographic representations (Share, 1999). In terms of 
orthographic learning, the role of semantics appears to be less relevant (Cunning-
ham, Perry, Stanovich, & Share, 2002; Cunningham, 2006; Nation, Angell, & 
Castles, 2007; Shahar-Yames & Share, 2008). However, for spelling acquisition, 
rather than for orthographic learning, the orthographic representation should be 
fully specified, and the role of semantics may be more stringent.  

In more transparent languages, the focus of attention in learning to spell is in 
the beginning completely on segmenting the phonological form and finding a cor-
responding graphemic representation (Reitsma, 1983). Initially, meaning is not 
involved at all. One can spell a meaningless wordlike sound in a similar manner 
(Landerl & Reitsma, 2005). Although a familiar word sound automatically acti-
vates the semantic information, fully attending the phonological procedures 
during spelling may loosen the connection with meaning. The current hypothesis 
is that for remembering and storing the word-specific pattern of phonologic-
orthographic relations a connection to meaning is beneficial. The assumption is 
that for establishing a coherent and stable word identity in which all three con-
stituents - meaning, phonology, and orthography – are well specified in 
association with one another, all should be activated simultaneously. A poorly 
activated connection with meaning may jeopardize a tight integration and associa-
tion of the orthographic representation as a constituent of word identity. 
Therefore, the aim of the present experiment is to examine the effect of activating 
meaning on establishing high-quality phonologic-orthographic associations dur-
ing practicing words’ spellings.  
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An obvious example of the importance of the link between semantic compo-
nents and phonology are homophones, words that have a similar sound, but a 
different spelling and a different meaning. For example, the homophonic words 
write and right share their pronunciations, but have two different meanings and 
two different letter patterns. Merely analysing the phonology of the word is not 
sufficient for spelling the word; semantic information is needed here. The impor-
tance of the semantic factor is also clear in homonyms, like for example the word 
bridge that can either refer to a connection over water from side to side or to a 
card playing game. A direct link between phonology and orthography exists, but 
the connection between phonology and semantics and between orthography and 
semantics is ambiguous and unstable. In these types of words that share lexical 
forms, homophones and homonyms, there is a one-to-many instead of one-to-one 
mapping among one or more constituents. Is the phonology-semantics intercon-
nectionalso important in words that do not share lexical forms? The connection 
may be less crucial in words that have a one-to-one mapping from phonology to 
semantics or from orthography to semantics, but it can be questioned whether the 
relevance of semantics is fully absent in these types of words. The focus of the 
present study will be on words without a lexical twin.  

The idea of three interconnected components that produce optimal reading and 
spelling outputs when they are simultaneously provided and activated emerges, 
among others, from computational models. The central idea is that connectionist 
and parallel distributed processing networks give specific information on the in-
teractions among large numbers of neuron-like processing units. Connectionist 
networks showed that semantic information provides additional input to phono-
logical units in the network (Harm & Seidenberg, 2004; Plaut, McClelland, 
Seidenberg, & Patterson, 1996).  

Yet another source of evidence for the contribution of the activation of the 
semantic component on reading ability is found in the field of neuropsychological 
research. Using fMRI, higher activation for high-imageable words was found in 
middle temporal and posterior parietal sites, which are correlated with semantic 
processing and fluent reading, as compared to the activation of the anterior parie-
tal sites, which are critical areas for phonology-orthography mappings (Sandak, 
Mencl, Frost, & Pugh, 2004). This finding suggests that words with rich semantic 
features need less effortful phoneme-grapheme processing. In line with this find-
ing, behavioral studies found that high-imageable words are easier in learning to 
read new words, also suggesting that an item’s ‘semantic richness’ influences its 
readability (Laing & Hulme, 1999).  

Intervention studies also showed the positive contribution of the activation of 
the meaning in the process of reading. Norbury and Chiat (2000) showed in a sin-
gle-case study the positive effects of semantic features in training as compared to 
repeated reading training. Another intervention study on the effect of semantics in 
children with specific reading disabilities comes from Berends and Reitsma 
(2006). They showed that a semantically based reading program was more effec-
tive as compared to an orthographically based program with respect to reading 
fluency. The focus was on mono- and bisyllabic Dutch non-homophonic words 
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with consonant clusters. This study, again, supports the idea that semantic infor-
mation plays an important role in establishing well-specified orthographic 
representations.Thus, the idea of the bonding between the three components that 
can be strengthened by additional input in one of the constituents, e.g. the seman-
tic aspect, is supported by the aforementioned studies. However, the studies 
mentioned only focus on reading ability and not on spelling. Reading only re-
quires recognition, whereas spelling requires retrieval of completely specified and 
accurate orthographic forms. It can be questioned whether similar findings, like 
those of the aforementioned studies, will appear in spelling. Activation of the se-
mantic-phonology bonding may be supportive for the integration of orthographic 
specifications. The main idea is that adding semantic activation during spelling 
exercises can stabilize the phonologic-orthographic association to be acquired. 

Therefore, in a computer-based spelling experiment, the effect of activating 
the semantic component is studied by providing all three constituents of the word. 
After presenting the digitized sound of the word, the spelling of the word is 
shown and children are asked to observe the spelling of a word carefully. Subse-
quently, the word disappears and the child has to spell the word from memory. 
Semantic information will be provided as a written description either before the 
actual process of producing the spelling or in the feedback phase when the correct 
word is shown again. One can argue for each of the situation (before the process 
of spelling or in feedback) as being most appropriate, but, alternatively, the mo-
ment of activating semantics may not be very relevant for the consolidation of the 
connection between the three word constituents. Repeated co-occurrence of form 
and meaning may be the main factor for strengthening the association between the 
three aspects and this facilitation may occur independently of the moment of 
presentation. Semantic descriptions will be contrasted with neutral descriptions. 
Neutral descriptions will not elicit semantic responses relevant to the specific 
word and are consequently expected to have no effect.  

Method 

Participants 
A total of 41 children, 21 girls and 20 boys, from Grade 2 of 6 primary schools 
participated in the study. All students’ primary language was Dutch. Both skilled 
and less skilled spellers participated in the experiment. Teachers from the selected 
schools selected the participating children and took into account that both skilled 
and less skilled spellers had to participate. Initially, 49 children attended the 
study, 8 children were excluded from the experiment because they spelled most of 
the words already fully correct in the dictation pretest (more than 70% correct) 
and large spelling improvement was hence not possible for these children which 
possibly could result in a ceiling effect. Based on scores on a Dutch standardized 
spelling test, there were 21 skilled and 20 less skilled children who participated to 
the study (Cito, 2003). The mean chronological age of the participants was 8 
years and 3 months (SD = 5 months). At the moment the present experiment 
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started (at the end of April), the children had received 18 months of formal in-
struction.

Materials 
In order to study a wide variety of types of words, we selected a set of words that 
varied considerably concerning the number of letters (range: from three to eleven) 
and letter patterns (see Appendix). Although Dutch is a relatively transparent lan-
guage, the words used in the current experiment could not be spelled correctly by 
a simple phoneme-grapheme translation. Ambiguities in phoneme-grapheme con-
nection occur in all words and word-specific information is needed to spell the 
words correctly. Thus, Dutch spelling rules are insufficient to arrive at the correct 
spelling and knowledge of the spelling of the words could not be generalized to 
other words. A list of 35 Dutch words was selected. A total of 7 words was prac-
ticed by a semantic description before the spelling production, 7 words were 
practiced by a semantic description in the feedback, 7 words were practiced by a 
neutral description before the spelling production, and 7 words were practiced by 
a neutral description in the feedback. The remaining 7 control words were not 
practiced at all. Assigning specific words to conditions was varied between par-
ticipants so that when data were collapsed over subjects, all 35 words appeared in 
each condition equally frequent. Thus, the words are carefully and deliberately 
counterbalanced across conditions.  

In the Appendix all 35 words are shown. In the second column of this table 
the words used in the present experiment are translated to the English language. 
In the third column the printed word frequencies of the Dutch words can be 
found. These frequencies were determined by a corpus of 480 texts for children 
with a total corpus of 202526 words (Staphorsius, Krom, & de Geus, 1988). The 
printed word frequencies of the words are relatively low. As a comparison, a 
common and relatively frequent word like brood (bread) occurs 43 times in a text 
specifically for children from 7 to 12. We assumed that the words were all well 
known in spoken form.The neutral descriptions absolutely had no semantic rela-
tion to the words to be spelled in the training. The neutral descriptions referred to 
various options within the computer program. An example of a semantic descrip-
tion for the word elephant is: ‘Very big grey animal’ and for the word lemon: 
‘Acid and yellow fruit’. Examples of neutral descriptions in the computer pro-
gram are: ‘Take a look at the word carefully’ , ‘Spell as good as you can’, and 
‘Press the button to continue’. The descriptions were different for each item. In 
general, the neutral descriptions had the intention to motivate the children to do 
their best and to learn from the spelling exercises. In order to provide a wider 
range of semantic characteristics of the word, two different semantic are used for 
each word. Also, two different neutral descriptions are used for each word. All 
descriptions, both semantic and neutral, were relatively short and easy to read: A 
description consisted of one to five words.  
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Design and Procedure 
A within-subject design was used: all 41 participants received all four practice 
conditions. All words were also practiced in every condition, though varied over 
subjects. Assigning specific words to conditions was varied between participants 
so that when data were collapsed over subjects, all 35 words appeared in each 
condition equally frequent. An attractive multimedia program that was installed 
on the computers of participating schools presented the spelling exercises. In each 
practice session, the words were presented in a different order. The words and 
practice conditions were randomly mixed during a training session and the words 
were not blocked by type of condition. 

Prior to the training period, spelling proficiency of the subjects was deter-
mined by a dictation test of all 35 words. Within the dictation test, all words, 
including the control words, were randomized. Words were not dictated within a 
sentence, but the words were dictated separately, and pronounced clearly twice. 
Children had to try to write down the words correctly with paper and pencil. 
When the dictation test was completed, the experimenter provided an explanation 
to the children about how to practice with the multimedia-training program. Sub-
jects had to practice with this program in the following two weeks. In the 
computer program, word stimuli and feedback were presented visually in the cen-
ter of the screen. Next to the word stimuli, either during practice or in feedback, 
the semantic or neutral description was shown. An instruction text could be read 
at the top in order to make sure that it was clear what the subjects had to do. Al-
ternatively, a button on the right could be clicked to hear the (more extensive) 
instruction as well. Another button, on the left side of the screen, could be clicked 
to repeat the sound of the word. A large button on the right side of the center of 
the screen had to be clicked after typing to receive the feedback in which the cor-
rect spelling of the word was shown. The button had to be clicked again, after 
feedback was studied thoroughly, to proceed to the next trial during the exercises. 
The number of items that the children had to do before they would finish could be 
found on the top corner. 

During the following two weeks, the children had to practice independently 
twice. Children practiced never more than once a day. Thus, after the training pe-
riod each word was practiced twice. Each training session consisted of 28 words. 
Because four types of spelling exercises were used, 7 words were practiced in 
every condition, and the remaining 7 control words were not practiced at all. The 
following four spelling exercises were evaluated: 

1 –Semantic description before: The spelling of a word is presented in the cen-
ter of the screen, the digitized word sound is produced, and a semantic description 
of the meaning of the word is shown on the screen, all at the same moment. Thus 
the child could examine the visual-spelling pattern of a word. The child has to 
scrutinize the spelling. If the child decides to continue, the continuation button 
has to be pressed and the word together with the semantic description disappears. 
The child then has to type the word from memory in a text box in the middle of 
the screen. After pressing the continuation button once again the program gives 
feedback: the program shows the child’s spelling in green with a check mark (for 
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correct) or in red (for incorrect) with a cross. In both cases, the proper spelling is 
presented in a green color just above the typed word.  

2 – Semantic description after: The general format and procedure of this exer-
cise is similar to the one described before. The difference is that in this condition 
merely visual and auditory information about the word is provided and no seman-
tic information is presented before the word has to be spelled, but only in the 
feedback after the child has spelled the word. The feedback is similar to the one 
described before except that the semantic description is shown at this moment.  

3 – Neutral description before: The general format and procedure of this exer-
cise is similar to the ‘semantic description before’- condition. Instead of a 
semantic description of the word, a neutral description is visually presented on the 
screen.  

4 – Neutral description after: The general format and procedure of this exer-
cise is similar to the ‘semantic description after’- condition. Instead of a semantic 
description of the word, a neutral description is visually presented on the screen in 
the feedback. No description is presented before the child has to spell the word.  

Two to four days after the children had completed the training sessions, a 
posttest was administered. The posttest consisted of an identical dictation test as 
in the pretest. One month after the posttest, the same dictation test was adminis-
tered again as a test for retention. For each word in pretest, posttest, and retention 
test it was determined whether the spelling was completely correct or not. The 
number of words that were spelled fully correctly was analysed in order to deter-
mine the effect of the four practice conditions compared to the control condition.  

Results 

Differences in the number of words that were spelled fully correctly before, di-
rectly after training, and one month after training for each of the four training 
conditions were determined. In Table 6.1, the mean percentage and standard de-
viations of correctly spelled words for all conditions over time is displayed. There 
are no significant differences between any of the initial ‘before’ scores across 
conditions, F(4,160)= 1.70, p = .15, which shows that the counterbalancing was 
successful. 

Table 6.1 Mean accuracy (% correct) and standard deviations of practice and control words 
before,directly after, and one month after training for each of the four training 
conditions and the control condition. 

 before directly after one month after 
M SD M SD M SD 

semantic before 38.1 20.2 69.7 26.8 61.3 26.2 
semantic after 37.3 20.7 71.4 26.4 62.7 25.1 
neutral before 42.6 19.5 65.6 29.1 56.1 27.3 
neutral after 39.4 21.0 68.3 27.2 58.9 27.9 
control 45.0 22.7 48.4 24.3 50.9 23.2 
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Repeated measure ANOVAs (3 x 2 x 2) were performed on the data of all sub-
jects (F1) and of all practised items (F2) in order to study whether semantic or 
neutral descriptions differ in effect and to study whether the moment of present-
ing these descriptions makes a difference, either before the process of spelling or 
in the feedback. Time (before, directly after, one month after), type of description 
(semantic or neutral), and presentation mode of the descriptions (before or after) 
are the within subject variables. The repeated measures analyses show a signifi-
cant interaction effect between time (before, directly after, and one month after) 
and type of description (semantic or neutral), F1(2,80) = 4.40, p < .05, ηp

2 = .10,
F2 (2,68) = 3.57, p < .05, ηp

2 = .10. Simple contrast analyses reveal that semantic 
descriptions are significantly more effective as compared to neutral descriptions 
directly after training, F1(1,40) = 4.88, p < .05, ηp

2 = .11, F2(1,34) = 4.22, p < .05, 
ηp

2 = .11, and, more important, this is still the case one month after training,
F1(1,42) = 6.08, p < .05, ηp

2 = .13, F2(1,34) = 7.72, p < .05, ηp
2 = .18. This differ-

ence between semantic and neutral descriptions over time is displayed in Figure 
6.1. The repeated measures analyses show furthermore no significant interaction 
effect between time and presentation mode (before or in feedback), F1(2,80) = 
1.27, F2(2,68) = 1.43, nor for the interaction between time, type of description, 
and presentation mode, F1(2,80) < 1, F2(2,68) < 1. These results indicate that de-
scriptions were no more effective when they were presented in feedback than 
before the process of spelling. Thus, it does not matter at what moment the de-
scriptions are presented in a training, either before the process of spelling or in 
the feedback (Figure 6.1).  

Figure 6.1 Mean gain (in % correct) of practice words directly after, and one month after 
practice for semantic and neutral descriptions. 
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In a further analysis control items were included in order to determine whether 
the spelling of the children improved in the different practice conditions over time 
as compared to the control condition. Repeated measure ANOVAs (5 x 3) were 
performed on the data of all subjects (F1) and of all items (F2) with type of train-
ing (semantic description before, semantic description after, neutral description 
before, neutral description after, and control condition), and time (before, directly 
after, one month after) as within subject variables. Repeated measures analyses 
showed that all main effects were significant, for type of training, F1(4,160) = 
4.46, p < .005, ηp

2 = .10, F2(4,136) = 3.60, p < .01, ηp
2 = .10, and for time,

F1(2,80) = 90.23, p < .001, ηp
2 = .69, F2(2,68) = 78.73, p < .001, ηp

2 = .70. In ad-
dition, the interaction effect between type of training and time was significant for 
subjects, F1(8,320) = 8.79, p < .001, ηp

2 = .18, and for items, F2(8,272) = 8.34, p 
= .001, ηp

2 = .20 (Sphericity is violated in the F2 main effect of time and therefore 
Lower-bound is applied). Participants benefited from all four practice conditions, 
because significant differences were found in subject analyses between each of 
the practice condition and the control condition directly after training, p < .001, 
and a month after training, p < .05 (see Table 6.1). 

Furthermore, to explore whether the facilitative effect of the activation of the 
meaning is different for level of spelling skill, children were divided into two 
groups relatively to the 50th percentile of the test scores of a Dutch standardized 
spelling test: poor spellers and good spellers (Cito, 2003). A repeated measure 
ANOVA (3 x 2 x 2 x 2) was performed on the data of all subjects (F1) with time 
(before, directly after, one month after), type of description (semantic or neutral), 
and presentation mode of the descriptions (before or after the process of spelling) 
as within subject variables and spelling level (poor, good) as between subject 
variable. The three-way interaction with the variables time, type of description, 
and spelling level appeared not to be significant, F1(2,78) < 1. If we use pre-test 
results, instead of the standardized spelling scores, as a covariate in the repeated 
measures analysis in order to address the role of spelling level of the participants, 
no significant effect was found either, F1(2,78) < 1. Thus, the findings were simi-
lar for spelling levels. Both good and poor spellers benefited most from the 
semantic descriptions. 

Table 6.2 Mean time (in seconds) and standard deviations used to view the spelling and read 
the descriptions in each of the four practice conditions in the first and second 
training session. 

 session 1 session 2 
M SD M SD 

semantic before 5.9 3.0 4.4 2.7 
semantic after 5.2 2.6 3.8 2.0 
neutral before 5.9 2.9 4.4 2.2 
neutral after 5.5 2.1 3.9 2.0 

In a final analysis we examined inspection times of the word to be spelled 
during practice and whether there would be a difference depending on the 
availability of a description (semantic or neutral) at the same time. Children were 
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allowed to consciously scrutinize the spelling for as long as they needed. The time 
allotted for studying the spelling and the descriptions was not fixed but free to 
vary according to the child’s individual inclination. Differences between subjects 
are not of concern here, because the design is fully within subject. Unfortunately, 
only the time before the actual spelling began was recorded, i.e., the time from the 
moment that the spelling, the pronunciation, and the description were presented 
on the screen until the children pressed the button to continue to spell the target 
word, and the time in the feedback phase is not available. Therefore, we only 
focus on differences between the four practice conditions in study time during 
practice. Table 6.2 shows the average time (in seconds) the children used for 
looking at the word’s spelling and to read the descriptions (in the semantic 
description before and the neutral description before conditions). A repeated 
measures ANOVA (2 x 2 x 2) was executed with time (first, second session), type 
of description (semantic or neutral), and presentation mode of the descriptions 
(before or after the process of spelling) as within subject variables. The repeated 
measures analysis showed a significant main effect of time, F(1,40) = 46.15, p < 
.001, ηp

2 = .54, which implies that study time decreased significantly from session 
one to session two. A significant main effect for presentation mode (before, 
after), F(1,40) = 6.99, p < .05, ηp

2 = .15, revealed furthermore that study time was 
significantly higher in the conditions in which the description is provided before 
actual spelling than in the conditions in which the description is provided in 
feedback. This finding indicates that children pay attention to the descriptions 
during practice, although briefly. No significant main effect was found for type of 
description (semantic, neutral), F(1,40) < 1, and no further interaction effects 
were significant. 

Discussion 

The present experiment aimed to study the effect of activating the semantic com-
ponent in learning to spell new word forms. It was hypothesized that contrary to 
neutral descriptions, semantic descriptions would be supportive. Results showed 
that the semantic descriptions were beneficial in comparison with neutral descrip-
tions directly after the practice sessions, but also one month after the training. 
This result provides clear evidence that activating the semantic constituent of a 
word facilitates the learning of the correct spelling. It is important to note that the 
children knew already the meanings of the words and were only reminded in the 
experimental training. The additional activation of the meaning is considered to 
help the children to focus on the specific word identity with all constituents – 
phonological, semantic, and orthographic – simultaneously. Obviously, the mean-
ing does not directly help to resolve the problem of finding the corresponding 
orthographic pattern to a phonological form – no homophones were involved. 
Instead, the main contribution probably lies in the concurrent activation of word 
constituents, allowing a smooth and more stable word-specific integration of the 
phonologic-orthographic association during practice in spelling. The findings in-
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dicate that the co-occurrence of the three components in spelling exercises is the 
main factor that determines the learning effect. 

Instead of considering semantic descriptions as being facilitative, one could 
also argue that neutral descriptions have an inhibitory effect on learning to spell. 
The neutral sentences may actually be distractive and the semantic sentences re-
dundant. The present design does not allow to resolve this issue. However, the 
available data indicates that the time children used to view the spelling and to 
read the descriptions was similar for the semantic and the neutral conditions. Al-
though the time children used to view the spelling cannot be unraveled from the 
time children used to read the description, there is no reason to assume that the 
attention children paid either to the word or to the description is different for the 
two conditions. The descriptions were equally difficult and long in terms of num-
ber of words. Moreover, in the neutral descriptions children were regularly 
encouraged to scrutinize the spelling of the word. Therefore, an interpretation in 
terms of inhibitory effects is not very likely. Nevertheless, a replication study in 
which for example neutral sentences are formed by negations of semantic state-
ments (“is it not red” for lemon) may be interesting. 

The results further indicate that the moment of presenting the semantic de-
scriptions, either before or during feedback after spelling, made no difference in 
effect. One could have reasoned that receiving semantic descriptions before actu-
ally producing the spelling would be more profitable because the repeated 
exposure to the three attributes of the word altogether could bolster the associa-
tions between word constituents. On the other hand, it is also possible that 
children would benefit most of semantic descriptions in feedback, because then 
they can pay all their attention to the word’s spelling and its description. But 
again, analyses revealed that the two conditions did not differ significantly. 

The design was completely within subject based, which implies that the design 
of the study controlled for differences between subjects and words. All subjects 
received all conditions, and all words appeared in all conditions about equally 
frequent, though varied over the subjects. In order to test whether the findings 
could also be generalized to various types of words, we analyzed the data not only 
over subjects, but also over items. It should be noted that the study is done by 
using a variety of different word types and that the findings also held when the 
data were analyzed on items. The words that are used varied considerably in 
length (range: from three to eleven letters) and patterns. Hence, some of the 
words were easy, and others were relatively difficult as concerning the spelling. 
Thus, the significant contribution of the activation of the meaning and phonology 
was not only found when analyzed over the subjects, but it was also confirmed 
when the data was analyzed over the items. Consequently, results of the present 
experiment show that the effects hold, independent of the spelling level of the 
children, and the types of words. However, the current experiment with spellers 
from Grade 2 does not show whether the results can be generalized to all grades 
of primary school.  

How do children’s word representations change during the course of spelling 
development and what is the effect of various combinations of phonological, or-
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thographic and semantic cues during practice in spelling? In general, the assump-
tion is that the quality of word representations accumulates with age and 
experience and that higher in the course of spelling development, children have 
more experience with a given word. The correct spelling of a word can then be 
retrieved more easily. If so, children from higher grades may not profit from prac-
tice with meaning and phonology as much as younger spellers do. Nevertheless, 
even in adults, some word representations of rare and low frequent words can still 
be of low quality and in this group experience with the meaning, spelling, and 
sound of the word increases the coherence among these lexical constituents too. 
Further studying the facilitative contribution of activating the meaning in learning 
to spell in a developmental perspective may be interesting. 

Educational implications of the current findings need to be addressed 
cautiously. The study was an experimental training experiment to test a theoretical 
notion and not an attempt to approximate natural learning situations. The results 
indicate that spelling new word forms improve most when the meaning of the 
word is activated. This could be taken to suggest that children should practice 
their spelling skills in meaningful sentences. Earlier work, however, showed 
better retention for words learned in isolation than words learned in context (cf. 
Archer & Bryant, 2001) Reading isolated words may have higher word learning 
effects than reading in sentences, because children may pay more attention to 
spellings and learn more about them when they see words in isolation than when 
they process their meanings. This seems totally in contradiction with the present 
conclusions. But it should be noted in this respect that in the current paradigm 
children could not escape from paying close attention to the spelling of the word 
because they were required to reproduce it from memory. Actually, producing a 
spelling always entails attending the letter-by-letter structure of a word. It remains 
to been seen how semantics can facilitate the learning processes in spelling in 
more naturalistic conditions.  

In conclusion, the present findings corroborate the hypothesis that activating 
the semantic features of a word facilitates the acquisition of the phonology-
orthography bonding and ultimately leads to a fully specified orthographic lexical 
representation that easily can be retrieved. The results are in favour of a view that 
for establishing a coherent and stable word identity in which all three constituents 
- meaning, phonology, and orthography – are well specified in association with 
one another, all should be activated simultaneously.



7 
Effects of explicit rules in learning to spell 

open and closed syllable words *

Second grade children (N = 222; 7.7 years of age) practiced with open and 
closed syllable words in a computerized training program and appropriate spell-
ing rules are either explicitly provided during practice or not. Also, children 
practiced either with a small set of exemplars or with a large set; the latter condi-
tion was expected to promote the use of rules. Learning effects of practice were 
established by testing the spelling of practiced words, as well as novel transfer 
words, in pre-, post-, and retention tests. The results in the posttest show that with 
a large set of exemplars during practice explicitly provided spelling rules are 
supportive for learning to spell novel words, but no further effects of explicit rules 
were found, neither for practiced words nor in the retention test.  

                                             
* Submitted as: Hilte, M., & Reitsma, P. Effects of explicit rules in learning to spell open and closed 

syllable words. 
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Introduction 

Learning to spell correctly often involves learning various rules to account for 
some of deviancies from a direct and transparent mapping of the sounds in a 
word. For example, in learning the English spelling, children are explicitly in-
structed about morphological patterns and rules, such as the final –ed in the past 
tense of the verbs to call, to paint, and to pin (called, painted, and pinned). Rules 
about the spelling of the past tense have to be mastered to know that the word 
cold for example should not be spelled as a regular past verb, such as colled (like 
the past tense called), because it is not a verb (Kemp & Bryant, 2003). Spelling 
rules also play a role in more transparent languages like Dutch, such as in learn-
ing to spell words with open and closed syllables. In Dutch singular words, long 
vowel phonemes have to be spelled with two letters, for instance oo in boot (boat) 
for a long vowel phoneme /o:/, but in words with open syllables (mostly plural) 
the long vowel phoneme has to be spelled with a single letter, e.g. boten - boats. 
In closed syllable words (mostly plural) the final consonant of the first syllable 
has to be geminated which is not the case in singular forms, e.g., kat-katten - cat-
cats. These sound-spelling deviancies in Dutch open and closed syllables are 
taught in schools by explicit spelling rules, but the question can be asked how the 
explicit instruction in the use of specific rules contrasts with implicit learning or 
spelling by analogy. A comparison between the approaches is made in the current 
study with a focus on the problem of spelling the long and the short vowel, and 
the double consonants in two-syllable words in Dutch. Because the effects of 
rules and analogy may depend on the number of exemplars that are available dur-
ing practice, a large set of exemplars will furthermore be contrasted with a small 
set.  

A theoretically interesting way to conceptualize the learning of regularities 
and the influence of existing knowledge on the spelling of new words is in terms 
of connectionist and parallel distributed processing networks (Harm & Seiden-
berg, 2004; Plaut, McClelland, Seidenberg, & Patterson, 1996). The working of 
connectionist models of learning is typically based on learning algorithms. The 
distributed representations develop through repeated word exposure (Harm & 
Seidenberg, 2004; Perfetti & Hart, 2002). Learning consists in changing the 
weights of connections between units after processing inputs of subsequent occa-
sions. During training, both activation and weights change on each learning trial. 
Links become strengthened when they are repetitively activated or they become 
weaker when rarely or never addressed (Seidenberg & McClelland, 1989). A fully 
trained model in spelling can generate a plausible spelling, even for a word that 
has never been encountered. The generated spelling reflects the statistical regu-
larities with which certain letter patterns occur in a written language (Treiman & 
Kessler, 2006). Several studies have shown the applicability of these ideas of 
connectionist models in the development of spelling skills (Kemp & Bryant, 
2003; Nation & Hulme, 1996; Pacton, Perruchet, Fayol, & Cleeremans, 2001). 
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Findings of these studies all suggest that humans are sensitive to statistical prop-
erties of a written language.  

Although humans are sensitive to regularities in a language and rely on their 
sensitivity to the frequency with which certain letters co-occur (Kemp & Bryant, 
2003), for instance English spellers have never been taught, but simply know the 
convention, ‘i before e except after c like in receipt’, they still can benefit from 
explicitly instructed rules for deviancies in spelling. When children learn to spell, 
they automatically build up a mental print lexicon, but they also abstract 
regularities from print and they are taught the rules that underlie their spelling 
system (Ehri, 2000). For example, children are taught in the beginning of the 
language arts curricula in the schools in England one of the most frequently 
encountered orthographic conventions in English, the so-called doubling rule 
(Steffler, 2004). This spelling rule posits that a final consonant of a one-syllable 
word is doubled when inflectional morphemes are added in order to maintain 
phonological integrity. For example, when -ed is added in past tense to the 
English word hop the consonant p is doubled to maintain the short vowel 
phoneme. This doubling of the letter p is in contrast not necessary in the past 
tense of the word hope because the long vowel phoneme remains in the past tense 
(plan, planned versus planed; tap, tapped, taped). This doubling rule also occurs 
in English nouns or adverbs in addition to verbs: A geminate consonant often 
follows a short vowel phoneme, whereas a single consonant often follows a long 
vowel phoneme, for instance in the words supper and super (examples come from 
Cassar & Treiman, 1997).  

A comparable doubling rule also exists in Dutch spelling. In contrast to the 
English language, which is a relatively opaque orthography, Dutch is a relatively 
transparent language. Consequently Dutch spelling rules are fairly consistent with 
only few exceptions. In Dutch spelling, different graphemes exist for long and 
short vowel phonemes (o for short vowel /o/ in e.g. bot (bone) and oo for long 
vowel /o:/ in e.g. boot (boat)). For Dutch nouns, the most frequently used plural 
morpheme is the suffix –en, which is added after the singular noun stem (e.g. sin-
gular form: boek (book) versus plural form: boeken (books). The final consonant 
is doubled in plural to maintain the short vowel phoneme, just like for example in 
the past tense in the English language (e.g. bot (bone), botten (bones); rat (rat), 
ratten (rats)). The main difficulty in Dutch is however that if a singular word stem 
contains a long vowel (e.g. boot (boat)), one vowel is deleted in plural form al-
though the vowel phoneme remains long (boten (boats)). Beginning spellers tend 
to spell plural forms consistently with adding the plural suffix –en to singular 
forms, causing errors in words with open and closed syllables (e.g., incorrect: 
noot - nooten, kat - katen, correct: noot - noten (nut - nuts), kat - katten (cat - 
cats)). Because Dutch is located more at the shallow than at the deep end of the 
dimension of transparency, phoneme-grapheme relations are generally consistent 
and children are consequently inclined to spell words phonologically, which 
makes the incorrect spelling, with geminate vowels for the long vowel phoneme 
in open syllable words (nooten instead of noten) and a single consonant in closed 
syllable words (katen instead of katten), even more plausible. To spell words with 
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open and closed syllables, a set of context-sensitive phonological rules can be 
applied and is taught in the Dutch curricula halfway through Grade 2 and beyond 
(cf. for other orthographies: Juul & Sigurdsson, 2005; Lehtonen & Bryant, 2005).  

Despite of the explicit instructed spelling rule in Grade 2, even fourth grade 
spellers often experience problems with variations in vowel duration and conso-
nant doublings and spell the plural forms consistently with the singular word 
forms, while adding the suffix -en (Landerl & Reitsma, 2005; Notenboom & 
Reitsma, 2007). Given the fact that the context-sensitive phonological rule that 
can be applied in spelling open and closed syllables is completely regular with no 
exceptions, it is relatively remarkable that children are not perfectly able to spell 
the words correctly, even two years after the introduction of the rule in class-
rooms. It can be questioned whether the spelling of open and closed syllables in 
Grade 2 would be just as poor when spelling rules would not explicitly be in-
structed in the class rooms. Extensively practicing words with open and closed 
syllables, hence through immersion, may be sufficient to improve the learning of 
these types of words. Cassar and Treiman (1997) found in their study that kinder-
garten children showed that they have acquired some knowledge already 
implicitly about the position in which consonant doublets may occur in English 
word’s spelling and about allowable and unallowable doublets in English. In their 
study, children had to select the correct spelling from pairs of nonwords. It ap-
peared among others that spellings with a geminate final consonant (e.g., baff) 
were more often chosen than spellings with an initial consonant doublet (e.g., 
bbaf). Children might have learned this convention implicitly by merely encoun-
tering English texts. Pacton and colleagues (2001) have replicated this finding in 
French. 

The alternative of spelling based on rule application, either implicitly or 
explicitly, is spelling by analogy. Several studies have demonstrated that children 
start spelling novel words by analogy to known words (Bosse, Valdois, & 
Tainturier, 2003; Campbell, 1985; Gombert, Bryant, & Warrick, 1997; Marsh, 
Friedman, Welch, & Desberg, 1980; Martinet, Valdois, & Fayol, 2004; Nation & 
Hulme, 1996, 1998). Most of these studies were based on a priming paradigm and 
failed to establish whether children could also spell the prime word that could 
function as a reference word. Knowing the spelling of a reference word is 
essential in the use of analogies in spelling. Nation and Hulme (1996, 1998) have 
studied the analogy effect using priming in young children who were selected on 
their ability to spell the prime words correctly. Their finding showed that young 
children, from a very early age, make analogies when spelling novel words. 
Spellers showed to use their knowledge of the spelling of familiar words to assist 
their spelling of comparable-sounding novel words. Instead of using priming, 
Bosse et al. (2003) have studied analogy effects in a more naturalistic situation of 
learning by using a pseudoword spelling to dictation task. First and second grade 
children showed reliable analogy effects when they had learnt the spelling of the 
reference words. Another study strictly controlled lexical knowledge and focused 
on analogy effects in first grade spellers who had received only 3 months of 
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formal instruction, and also provided evidence for the early use of analogies to 
generate new word spellings (Martinet et al., 2004).  

Thus, an important issue is whether children base their spellings on analogies 
rather than on rule knowledge. Such a contrast is difficult to tackle. This is proba-
bly why it has never been investigated before. In the current study we will attempt 
to provide new insight into whether children spell by rule knowledge or by analo-
gies by manipulating the conditions of practice that would favour either one. 
Children will receive either a limited set of words that is repeatedly provided or, 
alternatively, they will receive an expanded set of different open and closed sylla-
ble words only once during practice. We hypothesize that if a limited set of words 
is repeatedly practiced, the exemplars can relatively easily be remembered and be 
stored in the mental print lexicon. As a consequence there is less need to apply the 
specific rules to generate the word spellings. Therefore, for practice in spelling a 
few words, providing the rules is expected to be as effective as the condition in 
which no rules are provided. Moreover, after practice the word-specific informa-
tion of the words can easily be retrieved and these words can function as 
reference words to spell novel words by analogy. Hence, if a few words are avail-
able during practice and if these few words are rehearsed frequently, children may 
be able to make analogies to spell transfer words, and may not benefit from ex-
plicitly provided spelling rules. Therefore, the first hypothesis is that when 
practicing a limited set of words the rule will not be supportive both for practiced 
words and for unpracticed transfer words.  

In contrast, if children practice with an expanded set of words in which con-
trasting letter patterns in open versus closed syllable words are spelled only once, 
they may not inevitably become aware of the regularities that exist in the pho-
neme-grapheme correspondences in open and in closed syllables, i.e., a short 
vowel phoneme is always followed by a geminated consonant in closed syllables, 
and a long vowel phoneme is always represented by a single vowel in open sylla-
bles. Although implicit learning of the rule could be suggested, we argue that they 
may need explicit spelling rules to detect these regularities. The spelling of open 
and closed syllable words cannot easily be acquired implicitly by merely statisti-
cal learning, because an incorrect phonological spelling of closed syllable words 
often exists in the written language as an open syllable word too (e.g., taken - 
tasks for takken - branches). An explicit rule can shed light on the contrasting 
letter patterns of open and closed syllable words, particularly if a large number of 
exemplars is practiced. Thus the second hypothesis is that the explicit rule is more 
effective in practice with a large set of exemplars both in learning to spell practice 
words and to transfer this knowledge to novel words. 

In short, the current study examines the effect of explicit spelling rules in 
learning to spell Dutch open and closed syllables in comparison with practice in 
which no rules are explicitly provided. In a three to four weeks during computer-
assisted training program, children practice either with an expanded word set or 
with a limited number of words that are repeatedly practiced. Both words that are 
practiced, practice words, and words that are not practiced, transfer words, will be 
examined in dictation tests before, directly after, and a month after practice with 
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the training program in order to study both practice and transfer effects of the four 
different practice conditions. A control group with children who do not practice 
with the training program will also be included in the experiment to establish the 
overall effects of practice conditions. 

Method 

Participants 
A total of 431 Grade 2 children, 217 girls and 214 boys, of 20 primary schools 
participated in the study. All students’ primary language was Dutch. The mean 
chronological age of the participants was 7 years and 7 months (SD = 4 months). 
At the moment the experiment started (September), the children had received 11 
months of formal instruction. The rule for the open and closed syllables is nor-
mally instructed after 15 months of formal instruction in the Dutch curriculum, 
but to ascertain that children knew the rules already before the experiment started, 
all participating schools were asked whether they already taught the rule to the 
children or not. None of the participants were instructed to the rules in the 
schools, either before or during the experiment. 

Initially 536 Grade 2 children participated to the experiment. Data inclusion 
was determined on the basis of three stringent criteria. When a participant missed 
a dictation or a training session, her or his data were considered incomplete and 
were subsequently deleted. There were several teachers who failed to fit the train-
ing program into the everyday school program, which resulted in unfinished 
training sessions. All participants from these classes were excluded. In the com-
puterized training program, participants’ training sessions were saved on the 
computer, which made it easy to detect sloppy participants who typed down ran-
dom letter sequences instead of the to be practiced words. These participants were 
also excluded. 

Materials 
In three dictation tests the same 30 Dutch words with open (15) and closed (15) 
syllables were tested. Ten out of the 30 words were practiced in the training pro-
gram. So for each subject in the training conditions, 10 words of the 30 dictation 
words were practiced and the remaining 20 words of the dictation words were not 
practiced. These 20 words functioned as transfer words in order to determine 
whether the effect of the training could also be generalized to comparable unprac-
ticed words. 

Three different sets of words were constructed to be certain that findings 
could not be attributed to specific words. Each set existed of 10 words, 5 open 
and 5 closed syllable words (see Appendix). In each set, every vowel (a, e, o, u, i) 
occurred at least once in the open and once in the closed syllable words (except 
for the vowel /i/ that only exists in closed syllable words). In the dictation tests, 
all 30 words, randomly ordered, were dictated. Before the experiment started, 
children were randomly assigned to one of the three word sets. This assignment 
concerned the set of words that was presented during the exercises, 10 practice 
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words. The remaining two sets, 20 words, were not practiced and functioned as 
transfer words. Thus, words from each word set functioned one occasion as prac-
tice words and the other occasion as transfer words, though varied over the 
subjects.  

About half of the subjects who practiced with the training program practiced 
with a relatively large number of exemplars. These children practiced 80 different 
words, 40 words with open syllables and 40 words with closed syllables, pre-
sented in 4 training sessions (20 words per session). Among these 80 words, only 
10 words, 5 open and 5 closed-syllable words, were also administered in the dic-
tation tests. The remaining 70 words were not included in the tests. The 10 target 
words that were the practice words in the dictation tests were scattered over the 
four training sessions. The other half of the subjects practiced with a small num-
ber of exemplars and practiced only 10 different words in the training program. 
These 10 words were practiced 8 times in total (10 words twice in each session, 
so 20 words in each session). In addition to the 10 practice words, for all partici-
pants 20 transfer words were also tested in the dictation tests. All 30 words of the 
dictation tests appeared in each condition about equally frequent though varied 
over the subjects. 

In the Appendix, all 30 dictation words are shown ordered by set. The Dutch 
words are shown together with the English translation, and whether the words are 
open or closed-syllable words. In the sixth column the printed word frequencies 
in Dutch is listed. These frequencies were determined by a corpus of 480 texts for 
children with a total corpus of 202526 words (Staphorsius, Krom, & de Geus, 
1988). The printed word frequencies of the words are relatively low. As a com-
parison, a common and relatively frequent word like brood (bread) occurs 43 
times in a text specifically for children from 7 to 12. The three word sets were 
comparable concerning the word frequencies, as there were no significant differ-
ences between the average word frequencies of the three word sets, p = .20. In the 
last column of the table in Appendix A, percentages of word familiarity are dis-
played. In an extensive study on common Dutch words, 157 Dutch and Belgian 
teachers evaluated whether meanings of words were known to 6-years old chil-
dren (Kohnstamm, Schaerlaekens, de Vries, Akkerhuis, Froonincksx, 1981). On 
average, teachers judged that 89.6% of 6-year-old children know the meaning of 
the words used in the current study. The children in the current study were at least 
one year older than the study of Kohnstamm and colleagues (1981), so it is very 
likely that the meaning of the words was known for most of the children. The 
three word sets did not differ in average familiarity, p = .24. 

For many Dutch open and closed syllable words, error often result in another 
existing word. An example in Dutch is botten (bones) and the alternative existing 
and maybe conflicting alternative spelling is boten (boats), or an example in Eng-
lish is latter and later. For the 30 dictation words, no comparable alternative 
spellings exist (except for the word wonen (to live): the word wonnen (we or they 
won) exists but does not occur in the words used in the current study). Further-
more, none of the 30 words are neighbours of each other. Neighbours are words 
that differ in only one letter from each other (e.g. latter, matter, and latter, litter 
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are neighbours). Moreover, none of the 70 remaining words (practiced by half of 
the subjects who practiced with a large set of words) are neighbours of one of the 
30 dictation words. Thus, no interference by alternative spellings or neighbours 
was expected to occur.

Design and Procedure 
Participants were assigned to four different practice conditions, while controlling 
for spelling level. Thus within one classroom there could be four different condi-
tions. The fifth condition was a control condition which was included in the 
design in order to determine the effect of the four training conditions. Whole 
classes participated as a control and these children only participated to the dicta-
tion tests that were administered before the training period, directly after, and one 
month after the training.  

Each dictation test was comprised of 30 words with open and closed syllables, 
15 words with open and 15 words with closed syllables (see Appendix). Words 
were spoken within a sentence first and the target words were dictated separately 
afterwards, and pronounced clearly twice. Children had to try to write down the 
words correctly with paper and pencil. Dictation tests were administered in whole 
classes. After the first dictation test, functioning as a pretest to establish the spell-
ing proficiency of the subjects, was completed, the experimenter provided an 
explanation individually to the children participating to one of the four training 
conditions about how to practice with the multimedia-training program. This in-
struction was similar for all four practice conditions. In the computer program 
word stimuli were presented visually in the center of the screen. An instruction 
text could be read at the top in order to make sure that it was clear what the sub-
jects had to do. Alternatively, a button on the right could be clicked to hear the 
(more extensive) instruction as well. Another button, on the left side of the 
screen, could be clicked to repeat the pronunciation of the word and the spelling 
rule in the conditions in which the rule was provided, if necessary an infinite 
number of times. A large button on the right side of the center of the screen could 
be clicked after typing to receive the feedback in which the correct spelling of the 
word was shown. The button could be clicked again, after feedback is studied 
thoroughly, to proceed to the next trial during the exercises. The number of items 
that the children had to do before they would finish was shown on the top corner. 

During the following three to four weeks, the children had to practice inde-
pendently during 4 sessions with the training program. Children practiced about 
once a week, and never more than once a day. Each training session consisted of 
20 words for all children and took about 15 to 20 minutes. 

About half of the subjects practiced in the rule conditions in which for each 
item the spelling rule of the open and closed syllables was explicitly provided. 
The rule could be read visually on top of the screen and the rule was also pre-
sented orally (digitized speech). For the open syllable words, the rule was visually 
and orally presented by the following sentences: Do you hear a long sound (/a:/, 
/e:/, /o:/, /u:/) at the end of the first part of the word? Write a short sound (/a/, /e/, 
/o/, /u/)”. For the closed syllable words, the next sentences were presented, both 
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visually and orally: “Do you hear a short sound (/a/, /e/, /o/, /u/, /i/) at the end of 
the first part of the word? Write the next letter twice”. These rules resemble the 
rules that are taught in the schools, though not perfectly, because different phras-
ings occur in different schoolbooks and because sometimes difficult terms are 
used in explaining the rules. On purpose we did not use these difficult terms like 
syllable, vowel, or consonant in the rule, as we did not know whether the children 
were familiar with those words. The spelling rule was orally provided right before 
the word was dictated. The remaining subjects, subjects who were in the no rule 
conditions, did not receive the rule visually or orally.  

Another contrast concerned the number of exemplars that the participants en-
countered in the training program. About half of the subjects practiced with a 
relatively large number of exemplars. These subjects were in the two expanded 
word set conditions. The rest of the subjects practiced with only 10 different ex-
emplars; they were in the two limited word set conditions (see also materials for 
more details).  

In sum, the following five conditions were created and before the experiment 
started all children were randomly assigned to one of the four practice conditions: 

1 – Rule – Expanded word set: The spelling rule is visually and orally pre-
sented to the child. The to-be-spelled word is pronounced directly after the oral 
presentation of the spelling rule. If the child decides to continue, the continuation 
button is pressed and the child then has to type the word from memory in a text 
box in the middle of the screen. After pressing the continuation button once again 
the program gives feedback: the program shows the child’s spelling with a green 
check mark (for correct) and with a red cross (for incorrect). In both cases, the 
proper spelling is presented just above the typed word. 

2 – No Rule – Expanded word set: The general format and procedure of this 
exercise is similar to the Rule-Expanded word set condition. The only difference 
is that the rule is not explicitly provided. Instead, the word is merely dictated by 
the computer. 

3 – Rule – Limited word set: The general format and procedure of this exercise 
is similar to the Rule-Expanded word set condition. The difference is that in this 
condition only 10 different words are practiced. Each word is practiced 8 times in 
the program, twice in each training session.  

4 - No Rule – Limited word set: The general format and procedure of this ex-
ercise is similar to the Rule-Limited word set condition. The only difference is 
that the rule is not explicitly provided. Instead, the word is merely dictated. 

5 – Control condition: All children from whole classrooms participated in this 
condition in the three dictation tests and were not involved in the training pro-
gram. 

Children were randomly assigned to one of the four practice conditions but 
spelling level was taken into account. Table 7.1 displays the distribution of par-
ticipants over the four practice conditions and the control condition and the mean 
age of the children in each condition.  
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Table 7.1 Distribution of the children over the five conditions, and the mean chronological 
ages of the children in the various conditions. 

condition  subjects mean age (SD) in years
rule – expanded word set 50 7.7 (0.3)
no rule – expanded word set 65 7.7 (0.3)
rule – limited word set 45 7.6 (0.3)
no rule – limited word set 62 7.7 (0.3)
control 209 7.6 (0.3)
total 431 7.6 (0.3)

After the children had completed the four training sessions, about one month 
after the pretest, a posttest with paper and pencil was administered in the class-
rooms. The posttest consisted of a similar dictation test as in the pretest. One 
month after the posttest, the same dictation test was administered again as a test 
for retention. For each word in pretest, posttest, and retention test it was deter-
mined whether the spelling was completely correct or not. The number of words 
that were spelled fully correct was analyzed in order to determine the effect of the 
four practice conditions compared to the control condition and to each other. 

Results 

Differential effects of the various practice conditions were established by compar-
ing the number of words in the dictation tests that were spelled fully correctly 
before, directly after, and one month after practice for each of the five conditions. 
In the four practice conditions 10 out of the 30 dictation words were practiced, 
and the remaining 20 words were transfer words; practice and transfer words var-
ied over the subjects, related to the set they were assigned to (see Appendix). In 
Table 7.2, the mean percentage of correctly spelled practice and transfer words 
and their standard deviations for all conditions over time is shown. Figure 7.1 is 
furthermore showcasing the gains from pre- to posttest of the percentages of cor-
rectly spelled practice and transfer words for each of the four practice conditions. 
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Table 7.2 Mean accuracy (% correct) of practice and transfer words before, directly after, 
and one month after practice for each of the four practice conditions and the con-
trol condition. 

 pretest  posttest retention test   
M SD M SD M SD N

practice words 
rule – expanded  20.0 22.7 42.0 28.4 42.2 29.1 50
no rule – expanded 17.2 21.5 34.9 29.8 40.8 30.0 65
rule – limited  19.8 24.5 55.3 33.6 44.2 33.5 45
no rule – limited  16.9 20.9 59.2 23.8 50.0 28.2 62

transfer words 
rule – expanded  18.5 20.2 44.0 29.9 40.7 30.3 50
no rule – expanded 19.9 21.2 35.2 27.6 38.4 29.4 65
rule – limited 18.8 22.4 39.8 30.3 40.6 31.3 45
no rule – limited 17.9 20.0 37.8 25.0 39.9 27.4 62

control group 20.0 22.5 26.1 24.8 28.4 25.4 209

Figure 7.1 Mean gain from pre- to direct posttest (in % correct) of practice and transfer 
words for the expanded and limited word set, either with or without the explicit 
rule instruction (* marks a significant difference between rule and no rule). 

As is clear from the table, both in the direct posttest and in the test of reten-
tion, the percentage of words that were spelled correctly, both practice and 
transfer words, substantially increased as a result of practice. The table clearly 
shows that the children benefited from practice as all words, practice and transfer 
words, were better spelled in the two posttests by the children who received the 
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training (practice conditions) than by the children who did not (control condition). 
It is also apparent that the standard deviations are relatively high when analyzing 
the data over subjects. This is due to the fact that both good and poor spellers are 
included in the dataset and because children in Grade 2 vary widely in spelling 
skills, especially for the selected target words. In order to test whether the results 
can be generalized over words, the data will also be analyzed over items. The 
variances between the scores on the items are considerably smaller allowing for 
higher F-values. Our conclusions will be based on both subject- and item-
analyses and we will be conservative by drawing conclusions only when both 
analyses over subjects and items appear to be significant.  

A 2 (practice/transfer words) x 2 (rule/no rule) x 2 (expanded/limited) x 3 
(pre/post/retention) ANOVA shows a significant interaction effect of time 
(pre/post/retention) and wordtype (practice/transfer), F(2, 436) = 5.76, p < 05, ηp

2

= .03. The 4-ways ANOVA also reveals a significant interaction effect of time, 
wordtype, and wordset (expanded/limited), F(2, 436) = 30.40, p < .001, ηp

2 = .12. 
These significant interaction effects indicate that scores on the practice and trans-
fer words are different for the two types of word sets, the expanded and the 
limited word sets. Therefore, we will further analyze effects for practice and 
transfer words separately. 

Practice words 

For the practice words, it was expected that an explicit mentioning of the spelling 
rule would be supportive when practicing with an expanded set of words, whereas 
no benefit from the explicit rule was expected when practicing with a limited 
word set. Repeated measure ANOVAs were performed on the data of all subjects 
(F1) and of all items (F2). Type of training (rule expanded, no rule expanded, rule 
limited, no rule limited, control) is a between variable in the subject-analysis and 
a within variable in the item-analysis, and time (before, directly after, one month 
after) is a within subject variable in both subject- and item-analysis. Repeated 
measures analyses showed that all main effects were significant, for type of train-
ing, F1 (4, 426) = 9.21, p < .001, ηp

2 = .08, F2(4, 116) = 24.44, p < .001, ηp
2 = .46, 

and for time, F1 (2, 852) = 294.03, p < .001, ηp
2 = .41, F2(2, 58) = 199.25, p < 

.001, ηp
2 = .87. In addition, the interaction effect between type of training and 

time was significant for subjects, F1 (8, 852) = 27.40, p < .001, ηp
2 = .21, and for 

items, F2(8, 232) = 24.42, p < .001, ηp
2 = .46. This significant interaction effect 

implies that the gains on practiced words over time were significantly different 
for conditions.  

In order to determine whether the four practice conditions were more effective 
as compared to the control condition for the practiced words, multivariate tests 
are executed. Bonferroni post hoc analyses on multivariate tests, with percentages 
of gain from pre- to posttest and from pretest to retention test as dependent vari-
ables and the five conditions as a fixed factor, showed that differences between 
practice conditions and control condition were significant, p < .005, ηp

2 = .14. 
These significant differences indicate that the children who practiced with the 
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training program improved their spelling on the words they had practiced in the 
training program more than the children who did not practice with the training 
program.  

Limited word set - In a limited word set it was expected that the spelling rule 
would not be more effective than the no rule condition. To test whether children 
benefited from the explicitly provided rule when practicing with a small number 
of exemplars, repeated measure ANOVAs were performed. These analyses on 
practice words in the two limited word set conditions (rule, no rule) showed a 
significant main effect for time, F1(2, 210) = 134.53, p < .001, ηp

2 = .56, F2(2, 58) 
= 173.58, p < .001, ηp

2 = .86, and for type of training in item-analysis, F2(1, 29) = 
4.44, p < .05, ηp

2 = .13, but not in subject-analysis, F1(1, 105) < 1. The interaction 
effect between type of training and time was significant in item-analysis, F2(2, 
58) = 4.50, p < .05, ηp

2 = .13, but not in subjects-analysis, F1(2, 210) = 1.69, p = 
.19. Thus to spell practice words, children do not profit more from the explicit 
instruction of the spelling rule when only a few exemplars are practiced.  

Expanded word set - Repeated measures analyses showed a significant main 
effect for type of training in item-analysis, F2(1, 29) = 6.08, p < .05, ηp

2 = .17, and 
for time in subject- and item-analysis, F1(2, 226) = 66.46, p < .001, ηp

2 = .37,
F2(2, 58) = 89.82, p < .001, ηp

2 = .76. The interaction effect between type of train-
ing and time was not significant, F1(2, 226) <1, F2(2, 58) = 2.06, p = .14. This 
finding indicates that no difference between the two groups (rule expanded set, no 
rule expanded set) appeared, neither directly after practice (gains from pre- to 
posttest) nor one month after practice (gains from pre to retention). Thus, explic-
itly providing the spelling rule when practicing open and closed syllables with an 
expanded word set is not supportive in spelling practiced words.  

Transfer words 

Transfer effects of the practice conditions were studied by including unpracticed 
transfer words in the three dictation tests. It was hypothesized that children would 
particularly benefit from an explicitly provided spelling rule when practicing with 
an expanded word set, whereas no difference was expected for the rule versus no 
rule when practicing with a small set of exemplars. Repeated measure (2 x 3) 
ANOVAs were performed in order to test whether the spelling of the children on 
the transfer words improved over time. The analyses showed that all main effects 
were significant, for type of training, F1(4, 426) = 3.11, p < .05, ηp

2 = .03, F2(4, 
116) = 19.32, p < .001, ηp

2 = .40, and for time, F1(2, 852) = 197.00, p < .001, ηp
2

= .32, F2(2, 58) = 192.57, p < .001, ηp
2 = .87. The interaction effect between type 

of training and time was furthermore significant, F1(8, 852) = 10.12, p < .001, ηp
2

= .09, F2(8, 232) = 14.38, p < .001, ηp
2 = .33. This significant interaction effect 

reveals that the gains on transfer words over time were significantly different for 
conditions. 

In order to evaluate whether the gains in the four practice conditions differed 
from the control condition multivariate tests were executed. Bonferroni post hoc 
analyses on multivariate tests, with percentages of gain from pre- to posttest and 
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from pretest to retention test as dependent variables and the five conditions as 
fixed factors, showed that differences between practice conditions and control 
condition were significant, p < .01, ηp

2 = .09. These significant differences indi-
cate that the children who practiced with the training program improved their 
spelling on the unpracticed transfer words more than the children who did not 
practice with the training program (see Table 7.2). Thus, children who practiced 
with the multimedia program apparently could transfer their knowledge to novel 
unpracticed transfer words. Again, we will describe effects of the rule separately 
for the limited word set first, and subsequently for the expanded word set. 

Limited word set - In order to establish whether the rule, when practicing with 
a limited word set, contributed to the spelling of transfer words, repeated measure 
ANOVAs were performed on transfer words. Analyses showed a significant main 
effect for time in subject- and item-analysis, F1(2, 210) = 65.17, p < .001, ηp

2 = 
.38, F2(2, 58) = 110.21, p < .001, ηp

2 = .79, but not for type of training, F1(1, 105) 
< 1, F2(1, 29) < 1. The interaction effect between type of training and time was 
also not significant, F1(2, 210) < 1, F2(2, 58) < 1. This finding indicates that the 
explicit instruction of the rule was not supportive in spelling transfer words. Thus, 
children improve as much in the rule limited word set condition as in the no rule 
limited word set condition. 

Expanded word set - Repeated measure analyses on transfer words in the two 
expanded word set conditions (rule, no rule) revealed a significant main effect for 
type of training in item-analysis, F2(1, 29) = 5.17, p < .05, ηp

2 = .15, and for time 
in both subject- and item-analysis, F1(2, 226) = 65.56, p < .001, ηp

2 = .37, F2(2, 
58) = 179.90, p < .001, ηp

2 = .86. In addition, the interaction effect between type 
of training and time was significant in both analyses, F1(2, 226) = 3.21, p < .05, 
ηp

2 = .03, F2(2, 58) = 10.20, p < .001, ηp
2 = .26. This significant effect shows a 

difference between the rule versus no rule condition for spelling transfer words 
when practiced with a large set of exemplars. 

In order to test whether the rule condition differed from the no rule condition 
directly after practice or one month after practice, contrast analyses were exe-
cuted. The rule expanded word set condition showed to be significantly more 
effective to spell the transfer words directly after practice as compared to the no 
rule expanded word set condition, F1(1, 113) = 5.57, p < .05, ηp

2 = .05, F2(1, 29) 
= 23.42, p < .001, ηp

2 = .45 (see * in Figure 7.1), but differences were not signifi-
cant one month after practice. 

Spelling by analogy 

The present design allows an evaluation of the effects of practice conditions that 
are assumed to favour the employment of spelling rules or the use of analogies, 
but there is no obvious way to disentangle these two approaches by analyzing the 
actual spellings produced by the participants. A correct spelling could be based 
either on a rule-based strategy or on drawing analogies. We made an attempt to 
quantify the extent to which the transfer words were spelled by analogy. We as-
sumed that children spell by analogy if they spell the practice word with a specific 
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vowel correctly and if they spell the related transfer word with a similar vowel 
correctly too. For instance, if children know to spell correctly an open syllable 
word in which the long vowel phoneme [o:] is represented with the single letter 
/o/ instead of a geminated letter /o/ (e.g., bogen), they might also be able to spell 
the novel transfer words in which the long vowel phoneme /o:/ is also spelled 
with a single letter /o/ (e.g., koken) by analogy, irrespective of their knowledge 
about other long vowel phonemes.  

A binary logistic regression was carried out in order to study whether the 
spelling of practice words, being correct or not, is a good predictor of the out-
come variable, the spelling of transfer words in the direct posttest. The final 
model of the logistic regression analysis showed that the odds of a correct spell-
ing of a transfer word are 6.67 times greater if the analogous practice word is 
spelled correctly than if the practice word is spelled incorrectly. This finding 
seems to suggest that children spell a substantial number of transfer words by 
analogy. However, this logistic regression analysis was based on frequency 
counts, ignoring differences in performance among individual children. The num-
ber of correctly spelled practice words correlated highly (pearson’s r = .87, p 
<.001) with the number of correct transfer words. If children have implicitly or 
explicitly learnt the spelling rules, they could spell many practice and transfer 
words correctly, also the transfer words that were associated with a correctly 
spelled practice word. As a consequence, the data for the logistic analysis are con-
founded by individual differences, and there is no way to discriminate analogy 
effects from the use of spelling rules in the current data set. 

Further analyses 

The data clearly show that the practice words are significantly better spelled in the 
two limited word set conditions as compared to the two expanded word set condi-
tions. This difference is caused by the fact that the children in the two limited 
word set conditions have practiced the practice words eight times, whereas the 
children in the two expanded word set conditions have practiced the target words 
only once. It is remarkable though that the words in the limited word set condi-
tions are only spelled for almost sixty percent correct in the direct posttest even 
though the subjects have seen and practiced these words for 8 times. From this 
point of view the improvements in the two expanded word sets are considerably 
large as these words are only practiced once. 

The children might have improved their spelling skills in the limited word set 
conditions mostly in the first and second session, whereas the improvements sta-
bilized in the third and fourth session, although a perfect ceiling score was far 
from being reached. To get more insight in the improvements over the practice 
sessions percentage correctly spelled words in the practice data is studied for each 
of the four practice conditions. Figure 7.2 is showcasing the percentages of cor-
rectly spelled words for each of the four practice conditions over the four training 
sessions. 
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A first observation is that the percentages of correctly spelled words in the 
training sessions are higher than the scores in the dictation tests, both in pre- and 
in posttests (see Figure 7.2 and Table 7.2). In the first session children spell the 
words already much better than in the pretest. One of the possible reasons could 
be the feedback that the children received in the computer training. During prac-
tice, children can revise their spellings of the subsequent words if they have seen 
the correct spelling in the feedback of the first word. Secondly, the pattern dis-
played in Figure 7.2 is comparable with the pattern in Figure 7.1: Both the 
training data and the test data for practice words show no difference in gains be-
tween the rule limited and the no rule limited condition and between the rule 
expanded and the no rule expanded condition. The only difference between the 
training and the test data seems to arrive from the difference between the rule lim-
ited and the no rule limited practice conditions: In the posttest the words in the no 
rule limited practice condition are better spelled than the words in the rule limited 
condition. The opposite is found in the final session of the training data, which is 
probably due to the fact that it was easier for the children to spell the words dur-
ing the exercise when the rule was provided at that moment which was not the 
case during the posttest.  

Figure 7.2 Percentages correctly spelled words for each of the practice conditions over the 
four training sessions. 

It would be interesting to see whether indeed the special phonological rules 
with respect to open and closed syllables were violated relatively frequently. 
Analyses of the errors in pre-, post, and retention tests showed that problems in 
the spelling of words with open and closed syllables occur, as could be expected, 
predominantly in the number of vowels and consonants. In case of a spelling error 
the words were most frequently spelled according to the phonology, which im-



Effects of spelling rules 115 

plies that the closed syllables are spelled with a single consonant (e.g., kipen in-
stead of kippen) and the open syllables are spelled with a geminate vowel (e.g., 
buuren instead of buren). These incorrect phonological spellings emerged in 89.3 
percent of all errors.  

In order to test whether different effects were found for open versus closed 
syllable words, repeated measures analyses are performed and show a significant 
interaction effect of type of training (rule expanded, no rule expanded, rule lim-
ited, no rule limited, control), time (pre-, post-, retention test), and type of word 
(open, closed) for the practice words, F1(8, 852) = 2.11, p < .05, ηp

2 = .02, F2(8, 
224) = 3.47, p < .005, ηp

2 = .11. This interaction effect reveals that the closed syl-
lable words benefited significantly more from the practice conditions than the 
open syllable words. The closed syllable words were spelled for 17.4 percent cor-
rectly on the pretest, and the open syllable words were spelled for 20.6 percent 
correctly in pretest. In the direct posttest, average scores correctly spelled words 
were 53.9 percent for the closed syllable words and 42.1 percent for the open syl-
lable words.  

Finally, the benefit from the explicitly provided rule might be different in 
skilled spellers compared to less skilled spellers. In order to test this hypothesis, 
the spelling level of the subjects was taken into account in the repeated measures 
ANOVAs. Based on the 50th percentile of a Dutch standardized spelling test 
(Cito, 2003), children were classified as being either skilled (N = 283) or less 
skilled spellers (N = 148). There were relatively more skilled than less skilled 
spellers in the current study, because the participants who did not practice all 
training sessions were often less skilled spellers and were excluded from the sam-
ple. The statistical analyses showed no significant interactions with spelling level 
(good, poor), F1(8, 842) < 1. Thus, profits from the various practice conditions 
were similar for good and poor spellers. 

Discussion 

This study was to investigate the contribution of explicitly provided spelling rules 
in practice on learning to spell open and closed syllable words, with the number 
of practice exemplars as an additional contrast. The main question was whether 
children would benefit more from explicitly provided spelling rules for open and 
closed syllables or from extensively practicing these words to improve the 
spelling of these types of words. Children practiced during four computerized 
training sessions either with an expanded or a limited word set which was 
repeated eight times during practice, and the spelling rules were explicitly 
provided or not. Practice effects were established by dictation of the practiced 
words, as well as novel transfer words, in pre-, post-, and retention tests. Because 
the spelling of words with open and closed syllables was not yet taught on schools 
at the start of the experiment, children spelled on average only 18.8 percent of the 
words correctly in pretest. In posttest, and still in the test of retention, all children 
who practiced with the computerized training program improved significantly 
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their spelling as compared to the children who did not practice with the program, 
the control group. 

Different hypotheses were expressed on the effect of the explicit rule for the 
practice and transfer words and for the expanded and limited word set. First, it 
was expected that children would make use of analogies in spelling novel words 
as an alternative for applying the rules when they have practiced repeatedly with a 
few exemplars. The rehearsal of a few exemplars enables children spelling novel 
words by analogy to known words (Bosse, Valdois, & Tainturier, 2003; Camp-
bell, 1985; Gombert, Bryant & Warrick, 1997; Marsh, Friedman, Welch, & 
Desberg, 1980; Martinet, Valdois, & Fayol, 2004; Nation & Hulme, 1996, 1998). 
It was argued that the practice words in a limited word set could be stored in men-
tal lexicon and that the word-specific information of the words could easily be 
retrieved afterwards. Thus, the first hypothesis was that when practicing repeat-
edly with a limited set of words for practice words and for unpracticed transfer 
words the rule would not be supportive as compared to the no explicit rule condi-
tion. The current findings unequivocally confirm this hypothesis; the results 
clearly showed that the explicit rule condition was as effective as the no rule con-
dition both for practice and for transfer words. Although the present findings are 
inconclusive about underlying processes, the data suggest that instead of using 
rules, children who practised with a limited set of words may have stored some 
word-specific information of practice words and spell some transfer words by 
analogy. 

An interesting observation is that the words practiced in the limited word set 
conditions were spelled in the direct posttest for only 57.3 percent correctly. This 
percentage of correctly spelled words is relatively low considering the fact that 
the words were practiced and observed in feedback for 8 times during computer 
practice. Apparently, it was either quite difficult for the subjects to store the 
word-specific information, or to retrieve the correct spelling. In any case, this 
finding that the children spelled less than 60 percent of the words correctly after 
they have practiced the words for 8 times again demonstrates the severe difficulty 
of spelling open and closed syllable words (cf. Landerl & Reitsma, 2005; Noten-
boom & Reitsma, 2007). 

A second hypothesis involved the benefit of explicitly provided spelling rules 
when a large set of exemplars was provided and each word was only practiced 
once. For the expanded word set conditions, it was hypothesized that children 
would benefit from an explicitly provided spelling rule over and above practice 
without such a rule, both for practice and transfer words. It was expected that 
children would be able to understand the spelling rule and could apply this rule if 
the rule was demonstrated in many different words with open and closed 
syllables. Although the gain when practiced with explicit spelling rules seems to 
be slightly higher than the gain of the children who did not practice with an 
explicit rule, no significant difference was found in practice words. However, 
children who received explicit rules during practice in an expanded word set 
improved the spelling of the transfer words significantly more than the children 
who did not receive explicit spelling rules. Thus, when a large set of exemplars is 
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encountered during practice, providing spelling rules is apparently supportive in 
learning to spell novel words, but not in practice words. One interesting aspect in 
this finding is that children benefit from the explicit rules when they encounter a 
word for the first time after practice (transfer words), but no effect of the rules is 
found when children have encountered a word only once before during practice. 
This may indicate that one encounter with a specific word is already sufficient for 
storing word-specific information in mental lexicon. An initial encounter with an 
unfamiliar word obliges the speller to process the complete letter array. This 
exhaustive spelling process may provide the opportunity to acquire word-specific 
information of the word. The data from the practice sessions also shows the high 
learning effect after the first practice session in the two limited practice 
conditions: Children spell in the pretest on average in the two limited word set 
conditions 18.4 percent of the words correct whereas after one practice session 
the scores of correctly spelled words are higher than 40 percent.  

An important finding is that in all practice conditions children improved not 
only the words they practiced, but also the spelling of the transfer words, which 
they had not practiced during the program as compared to the control group. The 
fact that children who did not explicitly received a spelling rule also improved 
their spelling on the transfer words significantly as compared to the control group 
suggests that these children either have spelled these words by using analogies, or 
have learned implicitly the spelling rules themselves. The current study does not 
provide relevant information about whether the children acquire explicit or im-
plicit knowledge about the rule for spelling open and closed syllables due to 
practice in the rule or no rule conditions. Although this information would be very 
interesting in the field of implicit and explicit learning (Cleeremans & Dienes, 
2008; Reber, 1993), it goes beyond the scope of the current study, because we 
focused on the issue whether the explicitly provided rule was effective in learning 
to spell open and closed syllables or not. A replication study in which for example 
analogies and rules are discriminated by contrasting the current stimuli, in which 
there is a vowel overlap, with stimuli in which there is a body overlap, may be 
interesting. If children are using analogies, one would expect there to be a strong 
effect of neighbor relations, and a weaker or null effect for vowel overlap.  

Another interesting finding is that children improve their spellings of the 
transfer words overall, i.e., rule and no rule conditions taken together, as much in 
the limited as in the expanded word set conditions (see also Figure 7.1). Thus, 
with regard to practice effects of a limited versus an expanded word set on 
spelling novel words, overall gains are similar for the two word sets (small and 
large). This means that children benefit as much from rehearsed practice with a 
small set of exemplars as from practicing an expanded set of exemplars only once 
in learning to spell novel words with open and closed syllables.  

This appeared also to be true for longer term. The benefit of the explicitly 
provided rules in the expanded word set condition in the spelling of transfer 
words disappeared one month after practice. In the retention test, no differences 
between practice conditions were found: There was no effect of rule and no effect 
of set size in both practice and transfer words. However, both practice and trans-
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fer words were still better spelled in the retention test by the subjects who partici-
pated to the training program as compared to those who did not, the control 
children.  

The results indicate that closed syllable words while initially spelled less cor-
rectly benefited more from the practice than the open syllable words and were 
better spelled in the posttest. These data are consistent with findings from Landerl 
and Reitsma (2005). In their study they also found that children start in Grade 2 
with less correct spellings for the closed syllables as compared to the open sylla-
bles, but more correct spellings are found for the closed syllables than the open 
syllables in Grade 4. A possible explanation for the fact that closed syllables show 
higher learning rates is that children generally read and check spellings after-
wards. If they have written an existing incorrect spelling, they may realize this 
after rereading their spelling, but if they have written a non-existing incorrect 
spelling, they may fail to notice the spelling error. A phonological spelling of an 
open syllable word is always a non-existing word (e.g., taaken, or taakken), but a 
phonological spelling of a closed syllable word, i.e., one consonant instead of 
two, sometimes is an existing open syllable word (e.g., taken (tasks) – takken 
(branches)) and rereading the incorrect spelling may cause the children to revise 
their spelling. Because of this self-correction during practice children may have 
improved the spelling of closed syllable words more than the spelling of open 
syllables. Anyway, the fact that incorrect spellings for open and closed syllables 
in Dutch are often phonologically plausible, may be the major reason for this re-
fractory problem in learning to spell these words correctly. 

Consonant doublets occur in many other written languages than Dutch too, for 
instance in English, Danish, Finnish, French, and German, and form a difficulty 
in all these orthographies. Therefore, an interesting issue is whether the findings 
of the present study can also be generalized to languages other than the Dutch 
language, for example, to more opaque languages like English. Open and closed 
syllable words occur in the English language too, such as latter and later, supper 
and super, or hopped and hoped (Cassar & Treiman, 1997). For spelling these 
words in English, children should be aware of the long and short vowel phonemes 
to know whether they have to spell one or two consonants in the middle of the 
word, similarly as in Dutch. In English, there are a few exceptions to this rule, for 
example canon and cannon both have a short vowel phoneme but a different 
spelling. Particularly the English verbs with a consonant doublet in the middle of 
the word are commonly encountered in the past tense (e.g., kissed, tapped, 
planned). It is one of the most frequently encountered conventions in English 
(Steffler, 2004). It has been demonstrated that explicit knowledge of the English 
doubling rule is positively related to correct spelling; explicit knowledge of the 
spelling rule is related to more accurate spelling performances, although is it not 
necessary for correct spelling (Steffler, 2004). But Cassar and Treiman (1997) 
also showed that the younger spellers are not able to learn the doublets in the 
middle of a word implicitly themselves. An explicitly provided rule may help 
them. So it is plausible that, similarly to the Dutch spellers, English spellers may 
also be supported by a spelling rule in a large word set to spell the consonant 
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doublet in the middle of a word. Alternatively, rehearsed practice with a limited 
word set may be as effective because of greater possibilities for spelling by anal-
ogy. Further research is warranted in order to study the effect of the explicitly 
provided spelling rule on consonant doublets in different languages, especially in 
more opaque languages like English. 

The current findings may also apply to different spelling problems that can be 
spelled by a specific spelling rule. For example, in English spelling, children can 
be taught a spelling rule for spelling words like belief or achieve versus receive 
and deceit: Spell an i before e except after c. Or alternatively, an explicit rule can 
be provided for spelling the English plural; a rule can support children to know 
when to add an s (i.e., to form the plural of most nouns, e.g., cats, dogs) or es (i.e., 
to form the plural of nouns ending in s, sh, ss, z, x or ch, e.g., boxes, watches) to 
pluralize words. Although several studies have shown that the spelling acquisi-
tion, among others, of these types of words, occurs mainly implicitly by repeated 
exposure (Cassar & Treiman, 1997; Kemp & Bryant, 2003; Pacton et al., 2001), it 
remains to be studied though whether an explicitly provided spelling rule when 
encountering many exemplars contributes to spelling novel words with compara-
ble letter patterns.  

In summary, the present study clearly shows that explicitly providing spelling 
rules during practice is supportive in learning to spell novel words containing 
open and closed syllables, when a large set of exemplars is encountered during 
practice, but it makes no difference when a small set is repeatedly practiced. 
Overall, irrespective of whether or not a rule is explicitly provided, repeatedly 
practicing a few exemplars is as effective as practicing many different exemplars 
only once. This appeared also to be the case on longer term. One month after 
practice, the contribution of the explicitly provided spelling rule in the expanded 
word set condition seems to be disappeared, but overall gains in practice and 
transfer words still remain significantly higher as compared to the controls. Thus, 
the current data indicates that spelling can either be based on knowledge of rules 
or on making analogies, or on the combination of the two, but most importantly, 
effects of learning by rules depends on the number and frequency of exemplars 
that is available during practice. 





8 
Developmental changes in the homophone 

effect in children’s spelling*

Problems in ambiguities in homophone spelling can be uncovered by comparing 
spelling errors in homophones with errors in nonhomophones. Using this ap-
proach the question in the present study is whether the homophone effect also 
exists in young beginning spellers and how this effect evolves across different 
grades and spelling levels. The homophone effect is studied by comparing the 
spelling for homophonous and nonhomophonous words in second (N = 147; 8 
years), third (N = 150; 9 years and 2 months), fourth (N = 157; 10 years and 1 
months), and fifth grade (N = 147; 11 years and 2 months) children. The results 
show that nonhomophones are better spelled than homophones. The homophone 
effect was found for all grades, spelling levels, and types of homophonic words. 
The results show furthermore that as spellers become older and more experienced 
the homophone effect becomes larger. The results are taken as evidence that 
young children already use orthographic lexical memory in spelling at the age of 
eight instead of merely relying on phoneme-grapheme correspondences. 

                                             
* Submitted as: Hilte, M., & Reitsma, P. Developmental changes in the homophone effect in children’s 

spelling. 
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Introduction 

In many scientific studies, homophones are often used to examine interactions 
between phonological, orthographic, and syntax-semantic processing (Ferrand & 
Grainger, 2003; Kim, Taft, & Davis, 2004; Perffeti & Hart, 2001; Pexman, Lup-
ker, & Jared, 2001; Rastle & Coltheart, 1999; Share, 1999; Starr & Fleming, 
2001; White, Abrams, Zoller, & Gibson, 2008). In homophones, phoneme-
grapheme mappings are not one-to-one, but instead one-to-many: A single phono-
logical specification is connected to two orthographic representations and two 
meanings (e.g., seen – scene, weak – week). This ambiguity in phoneme-
grapheme correspondences is potential for confusion in reading and spelling. 
Spellers, for example, tend to spell a word for another word that is phonologically 
similar. Two orthographic representations (e.g., maid and made) are activated in 
mental lexicon when one phonological form (/meyt/) is encountered. Frequency 
must be taken into account as it has shown to be particularly implicated in disam-
biguating processes like homophone production. It has often been reported that 
the low-frequent word of a homophonic pair is substituted by its high-frequent 
twin (e.g., Ferrand & Grainger, 2003; Largy, Fayol, & Lemaire, 1996; Perffeti & 
Hart, 2001). Most of the studies on homophone ambiguities have focussed on ef-
fects in spoken language (Bonin & Fayol, 2002; Caramazza, Bi, Costa, & 
Miozzo, 2004; Jescheniak & Levelt, 1994) or word recognition (Ferrand & 
Grainger, 2003; Kerswell, Siakaluk, Pexman, Sears, & Owen, 2007; Perfetti & 
Hart, 2001; Pexman et al., 2001) and very little attention has been paid to homo-
phone confusion in the spelling production process. Moreover, in the rare case 
that homophone confusion is studied in spelling they are mainly studied in ado-
lescents and adults (Perfetti & Hart, 2001; Sandra, Frisson, & Daems, 1999; 
White et al., 2008); only few studies have focussed on children, and if so, these 
studies concerned mostly older children (Frisson & Sandra, 2002). Homophone 
confusion may also exists and may be stronger for young children because their 
lexical representations are of lower quality than those of older and more experi-
enced spellers. The number of orthographic representations that are available in 
the mental lexicon of older and more advanced spellers is considerably higher 
than those of young children, which might be another factor for increased poten-
tial for confusion. Alternatively it can also be argued that the homophone 
confusion may not exist in young children, simply because the orthographic rep-
resentations are yet unknown, which means that the spelling of both words of a 
homophonic pair are not present in mental lexicon. The present study aims to in-
vestigate whether there also exists homophone confusion, i.e., shared phonology 
lead to orthographic competition, in the spelling of young children, and more spe-
cifically how this effect evolves across four grades of primary school and across 
different spelling levels. 

Perfetti and Hart (2001) have introduced the lexical quality theory in which 
three interconnected features or types of information of a word are distinguished. 
The quality of word representations is determined by the degree of specification 
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of phonological, orthographic, and syntax-semantic features of the word. Multiple 
encounters with a given word increase the quality of the lexical features of that 
specific word. It is assumed that when all three constituents are fully specified, 
the lexical representation has high quality, and uncertainty about for instance the 
spelling of a word is minimized. According to Perfetti and Hart (2001), homo-
phones place stress on lexical representations, and form potential for confusion, 
because two orthographic representations along with two semantic representa-
tions are activated in mental lexicon if one encounters only one spoken word 
form. Processing the high frequent member of a homophonic twin may occur 
without leading to access of the low frequent member. Processing the low fre-
quent member of a homophonic twin may put additional pressure on lexical 
representations to be of high quality, which may be potential for confusion. It is 
the repeated exposure to the co-occurrence of lexical representations that en-
hances lexical quality and strengthens the interconnections of the representations 
of the given word (Perfetti & Hart, 2002). In the case of the less frequent member 
of a homophonic pair, the orthographic and semantic representations of the high 
frequent member might be activated instead of its own spelling and meaning, 
causing substitutions of the wrong orthographic word form in spelling. 

Homophone studies that show substitution of the high frequent member in 
spelling are relatively scarce. One of these rare studies comes from White et al. 
(2008). In their experiments, homophonous words, either dominant (high 
frequent; e.g., beach) or subordinate (low frequent; e.g., beech) members, had to 
be spelled and were primed by either a word that overlapped in the critical 
differentiating part of the homophone (e.g., speech) or not (e.g., talk). In order to 
use a task that closely resembles everyday spelling tasks, they decided to use a 
dictation paradigm for lexical priming in which both primes and targets were 
embedded in sentence context. Results showed that high frequent members were 
more likely to substitute for low frequent members than the reverse. With regard 
to lexical priming, both members of a homophonic pair showed to be influenced 
by the prime that preceded the target (homophonous) word. The findings are 
presented in a framework of dual-route models. It is argued that the high frequent 
homophones receive strong activation via the lexical route, whereas the low 
frequent members receive stronger sublexical activation than lexical activation. 
This means that the spelling of high frequent members is retrieved from memory, 
i.e., the lexical route, and that the graphemes of low frequent members are 
retrieved via the sublexical route (White et al., 2008).  

Another study focussing on spelling errors in high versus low frequent mem-
bers of homophonic twins concerns a Dutch study (Sandra, Frisson, & Daems, 
1999). Although Dutch is a relatively transparent language, homophony exists in 
several types of words in the written language. Sandra and colleagues (1999) have 
studied the spelling of particular types of homophonous verb forms in Dutch: verb 
forms that are homophonous in the first (e.g., treed (tread), [tre:t]) and third (e.g., 
treedt (treads)) person singular present tense, and prefixed verb forms that are 
homophonous in the third person singular tense (e.g., versiert (decorates), 
[vərsi:rt]) and the past participle (e.g., versierd (decorated)). Although the correct 
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spelling can be relatively easily derived by the application of regular 
morphographic spelling rules, which are practiced intensively in the verb spelling 
system on primary schools, many errors nevertheless occur in the daily spelling of 
these homophonous verb forms. In two experiments it was investigated how 
homophone frequency affects the spelling of these verb words by manipulating 
the factor of homophone frequency. In line with previous findings, results showed 
more spelling errors in low frequent members as compared to high frequent 
members of a homophonic pair; findings were consistent for both types of ho-
mophonous verbs. Thus, spellers generally chose for the most frequent word 
form, irrespective of the morphological complexity of the given word (Sandra et 
al., 1999; see also Largy et al., 1996, for similar observations in French). 

Frisson and Sandra (2002) have attempted to replicate this finding using the 
same homophonous verb forms in younger and less experienced spellers, i.e., 12-, 
13-, and 14-years old spellers. The main aim of this exploratory study was to in-
vestigate the role of frequency in young spellers. The authors distinguished four 
different strategies that young children might employ when spelling homopho-
nous verbs: Two strategies predict an effect of frequency and two alternative 
strategies predict no effect of frequency. No clear hypothesis is stated. Results 
revealed a frequency effect in homophone production, which indicates that also 
younger, less experienced children, like the adults in the study of Sandra et al. 
(1999), spell regularly inflected verb forms from memory. Thus their findings 
suggest that homophonous inflected verbs are stored in the mental lexicon and 
cause interference in children’s spelling. 

An important and interesting question is whether homophone confusion also 
exists in even younger, beginning spellers who received only a few years of spell-
ing instruction, i.e., spellers from the lower and middle classes of primary school, 
eight to 12 years old spellers. Because beginning spellers are less exposed to writ-
ten language, lexical representations are often of low quality or are nonexistent 
(Perfetti & Hart, 2001). Young children have not yet consolidated orthographic 
representations and rely mainly on phonological knowledge (Share, 1999). They 
often draw upon their knowledge of phoneme-grapheme correspondences and 
retrieve graphemes from memory. This phonologically based strategy should not 
yield more problems in homophonous words as compared to control (i.e., nonho-
mophones) words if both orthographic forms of a homophonic pair are 
completely unknown, i.e., words are never been encountered before. Thus, for 
instance, if both the words rose and rows are novel to a speller, spelling the word 
rose should be as difficult as spelling the novel word nose, which is a nonhomo-
phonous word. However, problems in spelling homophonous words may arise 
when one of the two word forms has been encountered before whereas the other 
has not yet. If so, children may simply not be aware of the existence of the homo-
phonic twin and may spell consistently the incorrect word form for its twin. For 
example, in the case that the word mussel is completely unknown for a speller, 
the word muscle, which may be known for the speller, may be activated and is 
likely substituted for the word mussel (cf. examples come from Starr & Fleming, 
2001). Problems may also appear when both word forms have been encountered 
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before, but with different number of exposures, i.e., word frequency may play a 
role. If one of the two or both word forms of a homophonic pair have been en-
countered before in written language, it is very plausible that young beginning 
spellers will also exhibit homophone confusion in their spellings.  

Thus, frequency of words is very important to consider in studies on the 
homophone effect. For beginning spellers and relatively low levels of literacy 
experience, however, word frequency is rather hard to determine reliably. The 
main reason is that for beginners a wide variety in individual experiences may 
result in rather unstable estimates of frequencies. Whereas for adults relative dif-
ferences in frequency of words may have been stabilized despite individual 
differences in overall levels of experience, for beginners even small diversities in 
literacy experience may lead to different rankings of lexical frequencies of homo-
phonic pairs. In the current experiment two frequency counts, one from adults and 
one from child literature, will be used to examine frequency effects in homophone 
confusion, but our prediction is that because of fuzzy frequency measures no such 
effects would be revealed. Because of the expected noise in frequency counts, we 
decided instead to study error differences in spellings between homophonous and 
nonhomophonous words. If homophone confusion exists in the spelling of young 
children, homophones will yield more spelling errors as compared to nonhomo-
phones. Whereas the term ‘homophone confusion’ is generally used to refer to 
differences in spelling errors between high versus low frequent homophonous 
words of a homophonic pair, we will use the term ‘homophone effect’ to refer to 
error differences between homophonous and nonhomophonous spellings. If the 
homophone effect exists in young spellers, nonhomophonous control words will 
be better spelled than homophonous words. Because of the interference between 
the two orthographic word forms in homophonous words, we hypothesize in-
creased potential for confusion in homophonous words as compared to 
nonhomophonous control words. Thus the main hypothesis of the present study is 
that the homophone effect also exists in young beginning spellers from grades 
two to five, i.e., more spelling errors will occur in homophones as compared to 
nonhomophones.  

As children become more and more exposed to written language, the quality 
of lexical representations of both homophonous word forms increases. It may be 
argued that homophone confusion within a homophonic pair might decrease be-
cause of more stable lexical representations of each of the two words. 
Particularly, experiences with the co-occurrence of orthographic, phonological 
and semantic information of a word increases the stability of spelling knowledge 
of specific words. Semantic information, for instance the context in which a ho-
mophonous word is embedded, may support children to activate the right 
semantic representation to select the corresponding orthographic word form. 
However, there is reason to doubt a decrease of homophonic confusion with de-
velopment because robust effects have been documented abundantly, irrespective 
of the quality of the lexical representations of the homophonous words (Bonin & 
Fayol, 2002; Caramazza, et al., 2004; Ferrand & Grainger, 2003; Kerswell et al., 
2007; Largy, et al., 1996; Perffeti & Hart, 2001; Pexman et al., 2001; Sandra et 
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al., 1999; White et al., 2008). With regard to the proposed experimental contrast 
between nonhomophonous and homophonous words, it is most important to note 
that developmental increases in orthographic lexical representations also predict 
an increase in the quality of lexical representations of a nonhomophonous word. 
And in spelling nonhomophonous words, children can easily retrieve the word-
specific information from the mental lexicon if lexical representations are fully 
specified and there is no other word that can affect its spelling. Despite of the sta-
bility of lexical representations of homophonous words, the spelling of one 
homophonous word is always affected by its twin. Therefore, while the lexical 
representations of the nonhomophonous word become more and more stable, it 
can be assumed that the spelling of homophonous words will always interfere 
with its twin. The difference in spelling errors between homophonous and non-
homophonous words may consequently increase with spelling experience. Thus, 
the second hypothesis of the current study is that increased spelling experience 
may lead to higher differences in spelling errors between homophonous and non-
homophonous words.  

The current experiment studies the course of the homophone effect in primary 
school children, and examines developments across different grades, from grades 
two to five. It is hypothesized that young spellers will experience confusion too 
when spelling homophonous words. The spelling of homophonous words will be 
contrasted with the spelling of nonhomophonous words, while controlling for 
word frequencies; frequencies of homophonous words will be as high as the non-
homophonous words. Effects of homophone confusion will implicitly be 
investigated by comparing spelling errors in homophones with nonhomophones 
across four grades of primary school. It is predicted that the homophone effect 
increases with spelling experience. Because within each grade children differ in 
spelling skill and facility to store high-quality orthographic lexical representa-
tions, it is furthermore expected that higher levels of skill will show larger 
homophone effects. 

Method 

Participants 
A total of 601 Dutch children, 319 boys and 282 girls, from Grades 2, 3, 4, and 5 
of eight primary schools participated in the study. All students’ primary language 
was Dutch. The mean chronological age of the participants was 9 years and 7 
months (SD = 1 year and 3 months). Prior to the experiment, spelling skills were 
determined by means of a Dutch standardized spelling test (Cito, 2003). Whole 
classes participated and no children were excluded. As a result spelling ability 
could vary from very poor to very good. For the purpose of the present study, 
children were divided into five groups (levels A, B, C, D, and E) relatively to the 
published norm: Level A were the 25th percent skilled spellers, level B were the 
25th percent skilled spellers above the average spelling of the norm, level C were 
the 25th percent less skilled spellers below the average spelling, and the levels D 
(15th percent) and E (10th percent) were the 25th percent poorest spellers. In 
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Table 8.1 the number of participants in each spelling level for each Grade are 
displayed together with the total number of participants, the mean chronological 
age, and standard deviations for each Grade. At the moment the present 
experiment started, the youngest children had received 16 months of formal 
instruction. 

Table 8.1 Absolute numbers of participants for each spelling level in each Grade, total N for 
each spelling level, and total N for each Grade, mean age and standard deviations 
(SD’s). 

Grade level A level B level C level D level E total N M age SD
2 40 32 37 19 19 147 8.0 5
3 18 22 47 36 27 150 9.2 5
4 21 29 50 29 28 157 10.1 6
5 45 28 48 10 16 147 11.2 5

total N 124 111 182 94 90 601 9.6 15

Materials 
Three different forms of homophonous and nonhomophonous words with compa-
rable letter patterns were selected: First, pairs of homophonic words and non-
homophonic words containing the diphtong [ει] spelled as either <ij> or <ei> or 
the diphtong [ou] spelled as either <ou> or <au> were selected. Examples of non-
homophonic words with the diphtong [ει] are rijden (to drive) and zeilen (to sail), 
and an example of a homophonic word pair with the diphtong [ει] is leiden (to 
guide) or lijden (to suffer). We will refer to these words as homophonous or non-
homophonous words with an ambiguous diphtong. A second type of homophones 
that is relatively frequently encountered in Dutch orthography and was selected 
for the current experiment concerns words ending with the phoneme /t/. The final 
/t/-phoneme can be represented in Dutch by either the letter <d> or <t>. Some-
times spellers can determine which letter should be spelled if they pluralize the 
specific words or add a suffix with a schwa (venten) to the end. Examples of non-
homophonous words are hand (hand), pronounced as /hant/, or plant (plant), 
pronounced as /plant/, and an example of a homophonic word pair with a final 
<d> or <t> is kruid (herb) or kruit (powder). We will refer to these words as 
homophonic or non-homophonic words with an ambiguous final letter. A third 
type of word that was selected concerns prefixed verb forms. Verb forms were 
homophonous between the third person singular present tense and the past parti-
ciple. Again the final phoneme /t/ is represented by either the letter <d> or <t>. 
Spellers can apply spelling rules to know which letter has to be spelled (cf., see 
for further explanation Frisson, & Sandra, 2002; Sandra et al., 1999). In Dutch, 
non-homophonous prefixed verbs only exist in past participle. Examples of non-
homophonous prefixed verbs in past participle are gedanst (danced) and geleerd 
(learned). An example of a homophonic pair is in third person singular present 
tense betekent (means) and in past participle betekend (meant). We will refer to 
this type of words as homophonous prefixed verbs. 
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There were 20 homophonous, and 20 nonhomophonous words with an am-
biguous diphthong, 14 homophonous, and 14 nonhomophonous words with an 
ambiguous ending, and 24 homophonous, and 24 nonhomophonous prefixed 
verbs selected for the current experiment. Thus in total there were 58 homopho-
nous words (29 homophonous pairs) and 58 nonhomophonous words included in 
the dictation tests. The average word frequency was similar, i.e., no significant 
difference, F(1, 115) < 1, for homophonous (adult frequency: M = 883.34; youth 
frequency: M = 6.69) and nonhomophonous (adult frequency: M = 970.21; youth 
frequency: M = 8.29) words. In order to distract attention from the homophonic 
words, also 96 words with open and closed syllables were selected. These words 
with open and closed syllables functioned as fillers and will consequently not be 
analyzed in the results.  

In order to minimize the burden per school, because of the large number of 
words that had to be dictated (212) in each of the four classrooms per school, two 
sets with 106 words were constructed. Schools were randomly classified to one of 
the two sets and only 106 words had to be dictated in each class. Thus, half of the 
participants spelled words from set A and half of the participants spelled words 
from set B. All target words are displayed in the table presented in the Appendix. 
In the table of the Appendix, adult (Baayen, Piepenbrock, & van Rijn, 1993) and 
youth  

(Staphorsius, Krom, & De Geus, 1988) frequencies are displayed for each 
word. Based on adult frequencies and youth frequencies, homophonous words 
were classified as being either the high frequent or the low frequent member of 
the homophonic pair (see results for specification of analyses). The 106 dictation 
words were dictated in four sessions that were administered during four weeks. 
Each dictation consisted of 26 or 27 words, and the word types were equally di-
vided over the four dictation tests.  

Percentages of errors that were made in the ambiguous part of the word, i.e., 
substitution errors, were determined. Because it was expected that problems 
would particularly occur in the ambiguous part of the word (e.g., spelling the 
homophone word rijzen [rise] or the control word bijlen [axes] incorrectly as its 
homophonous word reizen [traveling] or non-existing word beilen), errors in 
other parts of the words were ignored, for example if children spelled reisen 
instead of the target word reizen. Differential effects of the spelling of 
homophonous words versus control words were established by comparing the 
percentages of substitution errors. In order to test whether the results can be 
generalized to all words, the data will also be analyzed over items in addition to 
analyses over subjects. Thus, our conclusions will be based on both subject- and 
item-analyses and we will be conservative by drawing conclusions from 
significances only when both analyses appear to be significant.  

Results 

Repeated measures ANOVAs were performed on the data of all subjects (F1) and 
of all items (F2) in order to test whether the spelling of the children were different 
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for homophonous words and non-homophonous control words. Type of word 
(homophone, control) and Word category (ambiguous diphtong, ambiguous final 
letter, prefixed verbs) are within subject variables in the subject-analysis and be-
tween subject variables in the item-analysis, Grade (2, 3, 4, 5) and Spelling level 
(A, B, C, D, E) are between subject variables in subject-analyses and within sub-
ject variables in tem-analyses. Repeated measures analyses showed a significant 
main effect for Type of word (homophone, control), F1(1, 581) = 1238.37, p < 
.001, ηp

2 = .68, F2(1, 110) = 30.20, p < .001, ηp
2 = .22. (Sphericity is violated in 

subject-analysis for the main effect of Type of word, therefore Lower-bound is 
applied). The percentages of errors show that errors were higher in homophonous 
words (M = 42.02, SD = 9.60) than in control (nonhomophonous) words (M = 
23.11, SD = 11.27), which suggests that homophonous words are more difficult to 
spell. Thus, the homophone effect also exists in younger beginning spellers. 

In order to test developmental changes in the homophone effect, children from 
four different grades were included in the study, and spelling level was taken into 
account. Repeated measures analyses showed obviously a significant main effect 
for Grade (2, 3, 4, 5), F1(3, 581) = 75.36, p < .001, ηp

2 = .28, F2(3, 330) = 21.87,
p < .001, ηp

2 = .17, and Spelling level (A, B, C, D, E), F1(4, 581) = 52.87, p < 
.001, ηp

2 = .27, F2(4, 440) = 29.56, p < .001, ηp
2 = .21, which indicates that chil-

dren’s spelling errors diminish as Grade and Spelling level become higher 
(Sphericity is violated in item-analysis for the main effect of Grade and the main 
effect of Spelling level, therefore Lower-bound is applied). 

More important, repeated measures analyses showed a significant interaction 
effect for Type of word (homophone, control) and Grade, F1(3, 581) = 25.26, p < 
.001, ηp

2 = .12, F2(3, 330) = 5.14, p < .005, ηp
2 = .05, and for Type of word and 

Spelling level, F1(4, 581) = 7.66, p < .001, ηp
2 = .05, F2(4, 440) = 3.79, p < .01, 

ηp
2 = .03. Table 8.2 shows mean percentages of errors (and standard deviations) 

for each Spelling level and each Grade for the homophonous and the control 
words. To visualize the table, Figure 8.1 displays mean errors (in percentages) for 
the homophonous words and control words for each Grade.  

Analyses showed furthermore that the percentages of errors in homophonous 
words are significantly larger than those of the control words in all grades, 
respectively for Grade 2, F1(1, 146) = 156.40, p < .001, ηp

2 = .52, F2(1, 115) = 
7.48, p < .01, ηp

2 = .06, for Grade 3, F1(1, 149) = 466.23, p < .001, ηp
2 = .76, F2(1, 

115) = 32.43, p < .001, ηp
2 = .22, for Grade 4, F1(1, 156) = 630.41, p < .001, ηp

2 = 
.80, F2 (1, 115) = 38.69, p < .001, ηp

2 = .25, and for Grade 5, F1(1, 146) = 631.79,
p < .001, ηp

2 = .81, F2 (1, 115) = 42.40, p < .001, ηp
2 = .27. 

As is clear from the table and the figure, the difference in errors between 
homophones and controls become larger as children become older or better 
spellers. This finding implies that the homophone effect becomes larger the more 
skilled children’s spelling is. The decrease of spelling errors over grades and 
spelling level is significantly larger in the nonhomophones as compared to the 
homophones.  
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Table 8.2 Mean accuracy (% errors) and standard deviation (SD) in homophonous words 
and control (non-homophonous) words in grades 2, 3, 4, and 5 and for five catego-
ries in spelling level (A, B,C, D, E; A is highest and E is lowest). 

  homophonous  control  
Grade Spelling level M SD M SD N

2 A 43.97 9.26 26.72 9.30 40
 B 44.94 9.17 31.79 6.71 32
 C 46.60 8.78 35.97 8.31 37
 D 42.65 7.64 35.93 6.83 19
 E 46.46 5.90 41.92 6.83 19

total 44.99 8.56 33.31 9.72 147
3 A 40.04 11.72 14.94 7.29 18
 B 43.73 9.36 19.28 8.42 22
 C 41.09 7.97 22.45 7.50 47
 D 45.21 7.45 26.63 7.98 36
 E 49.04 9.34 31.29 7.47 27

total 43.77 9.24 23.68 9.13 150
4 A 33.83 8.56 12.32 4.95 21
 B 37.93 10.39 15.10 6.48 29
 C 43.31 8.62 19.31 7.21 50
 D 44.00 9.52 22.12 8.22 29
 E 46.18 7.59 32.02 7.08 28
 total 41.69 9.73 20.38 9.33 157

5 A 34.79 9.47 11.19 7.72 45
 B 34.96 8.22 11.33 6.49 28
 C 38.94 9.67 16.81 8.38 48
 D 41.03 5.50 20.00 7.93 10
 E 44.18 6.57 25.86 8.99 16

total 37.63 9.26 15.25 9.12 147
total A 38.35 10.44 16.94 10.37 124

 B 40.35 10.09 19.79 10.64 111
 C 42.25 9.13 22.85 10.43 182
 D 43.87 8.02 26.41 9.39 94
 E 46.74 7.76 32.80 9.05 90
 total 42.02 9.60 23.11 11.27 601

Repeated measures analyses also showed that the main effect for Word cate-
gory (ambiguous diphthong, ambiguous final letter, prefixed verbs) was also 
significant, F1(2, 1162) = 120.39, p < .001, ηp

2 = .17, F2(2, 110) = 3.77, p < .05, 
ηp

2 = .06. This result shows that errors were higher in one word category than in 
the other. The percentages of errors were highest for the prefixed verbs (M = 
36.95, SD = 12.32) medium for words with an ambiguous diphtong (M = 33.40, 
SD = 14.54) and lowest for the words with an ambiguous final letter (M = 26.72, 
SD = 10.22).  

In addition, the interaction effect between Type of word (homophone, control) 
and Word category (ambiguous diphthong, ambiguous final letter, prefixed verbs) 
was significant in subject-analysis, F1(2, 1162) = 34.69, p < .001, ηp

2 = .06, but 
not in item-analysis, F2(2, 110) < 1, p = .40. Because of the latter result, this 
finding is taken to indicate that the homophone effect, the difference between 
errors in homophones and errors in controls, was similar for all word categories. 
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The homophone effect was found for all word categories. Thus, the homophone 
effect was not higher in prefixed verbs as compared to words with ambiguous 
diphthongs or words with ambiguous final letters. 

  

Figure 8.1 Mean accuracy (in % errors) in spellings of homophone and control words (non-
homophones) for each Grade. 

Substitution errors were analyzed for the high versus low frequent homo-
phones (see materials for classification criteria) in order to study homophone 
confusion, i.e., differences between high versus low frequent homophones. A 
univariate ANOVA with Member (adult) frequency (high, low) as fixed factor 
and Percentage substitution errors as dependent variable revealed no significant 
difference between the high frequent (M = 40.56, SD = 14.41) and low frequent 
(M = 42.59, SD = 17.89) members of a homophonic pair, F(1, 55) < 1. Instead of 
using adult frequencies, youth frequencies might be a better measurement to see 
whether low frequent members are more often substituted by high frequent mem-
bers than vice versa. However, a univariate ANOVA with Member frequency 
(high, low) based on youth frequency classification as fixed factor and Percentage 
substitution errors as dependent variable revealed no significant difference be-
tween the high frequent (M = 38.51, SD = 15.94) and low frequent (M = 45.99, 
SD = 13.33) members too, F(1, 39) = 2.59. Note that the degrees of freedom are 
smaller in the analysis based on youth frequencies than the one that is based on 
adult frequencies. This can be attributed to the fact that frequencies of some of 
the homophonous have a similar frequency for both members; classification is 
hence not possible in these words. 
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Discussion 

The current study aimed to investigate whether the homophone effect also exists 
in the spelling of homophonous words of young beginning spellers from grades 
two to five of primary school. The term homophone effect is used to refer to the 
idea that children should experience more difficulties in the spelling of homo-
phones as compared to nonhomophones. It was hypothesized that young 
beginning spellers would exhibit a homophone effect just like older spellers in 
other studies. This hypothesis can be confirmed by the current findings: The per-
centage spelling errors in the ambiguous part of the homophonous words were 
higher than in those of the nonhomophonous words. This was true for all children 
of all grades and for all types of homophonous words we selected. Thus, children 
in grade two already show a homophone effect in spelling, which indicates that 
second graders already retrieve word-specific information from mental lexicon.  

In the current experiment we deliberately chose not to use word frequency 
measures to examine the homophone effect in young children because of ex-
pected noise in frequency corpus counts for young spellers. Hence, instead of 
comparing high with low frequent homophonous words like many other research-
ers have done (Bonin & Fayol, 2002; Caramazza, et al., 2004; Ferrand & 
Grainger, 2003; Kerswell et al., 2007; Largy, et al., 1996; Perffeti & Hart, 2001; 
Pexman et al., 2001; Sandra et al., 1999; White et al., 2008), we contrasted 
homophones with nonhomophones and we found significant differences in spell-
ing errors. Nevertheless, we did an additional analysis to check whether the high 
frequent homophones were better spelled than the low frequent homophones, i.e., 
studying homophone confusion. No significant effect was obtained. If we had 
only contrasted high with low frequent homophonous words instead of the com-
parison homophones versus nonhomophones, the conclusions could have been 
misinterpreted, namely that young beginning spellers are not confused by ho-
mophonous spellings. The effect of homophone confusion, differences in errors 
between high versus low frequent homophones, may have been blurred by the 
noise in the frequency counts of young spellers just as we expected. The current 
results did however clearly reveal the homophone effect in the spellings of ho-
mophonous words, as more errors were found in homophones as compared to 
nonhomophones.  

A second hypothesis was concerned with the development of the homophone 
effect across different grades. It was expected that the homophone effect would 
increase together with spelling and reading experience. The argument for this hy-
pothesis was twofold: First, it was expected that the quality of lexical 
representations would improve for nonhomophonous words as spelling experi-
ence increases. An alternative spelling does not exist for the nonhomophonous 
word, which implies that the spelling of the word cannot be hindered by activa-
tion of representations of a conflicting alternative. Second, homophonous 
alternative words were expected to intrude in the spelling of one of the two ho-
mophonous words, irrespective of the quality of the lexical representations, i.e., 
irrespective of spelling age. For instance, the alternative spelling of the nonhomo-
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phonous English word steak would be steek, which is a nonexisting alternative, 
and was consequently expected not to interfere when spelling the word steak. The 
alternative spelling of the homophonous English word weak is the existing alter-
native spelling week, which may be automatically activated too if phonology is 
encountered. Thus, it was hypothesized that the differences in spelling errors be-
tween homophonous and nonhomophonous words would increase together with 
spelling experience, with the assumption that spelling experience increases over 
grades. The findings were completely consistent with the hypothesis: Differences 
in spelling errors between homophones and nonhomophones showed to become 
larger as children become older. Thus, in the current study the homophone effect 
is largest in fifth grade spellers, and lowest in second grade.  

This finding is, as expected, due to two different developmental patterns in 
spelling errors for homophones versus nonhomophones: First, the percentage 
spelling errors in nonhomophonous words showed to become smaller as children 
grow older and spelling skills enhance. Second, percentage spelling errors in 
homophonous words also decrease as children become older, but errors in 
homophones diminish not as much over grades as in nonhomophonous words. 
This finding suggest that over the years multiple encounters to the co-occurrence 
of lexical representations of a nonhomophonous word improve lexical quality of 
the given word. It is the repeated exposure that strengthens the associations 
between the phonological, orthographic, and semantic representations, which 
reduces spelling errors in nonhomophonous words. However, reduction of 
spelling errors can not be as high in homophonous as in nonhomophonous words, 
because two orthographic along with two semantic representations are activated 
when encountering one homophonous word. Small inhibition of activation of the 
wrong representations may in effect as children get more experienced, but 
interference appeared to persist, otherwise the homophone effect would not been 
found in higher grades and homophones would have been spelled as well as 
nonhomophones. 

Of further theoretical interest is that an analysis by level of spelling skill also 
showed significant differences in the homophone effect between levels of skill in 
spelling. Skilled spellers relative to their age peers showed a larger effect than 
less skilled spellers. As a larger difference in spelling between homophonous and 
nonhomophonous words is considered to indicate more and better specified or-
thographic lexical entries, this finding strongly suggest that individual differences 
in spelling ability are related to the capacity of acquiring detailed orthographic 
lexical knowledge. Although over years of experience (grades), the increase in the 
homophone effect is a reflection of an overall increase in word-specific ortho-
graphic knowledge, the relation with skill within grades demonstrates that some 
children do more readily obtain detailed orthographic representations than others. 
These differences might well be related to individual differences in functional or 
morphological differences, such reduced gray matter volume, in brain areas that 
are implicated in the processing of spelling and storage of orthographic word 
forms (e.g., Dehaene et al, 2004; Katanoda, Yoshikawa, & Sugishita, 2001; 
Kronbichleret al., 2008). 
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Interestingly, the homophone effect is not only found for all grades and 
spelling levels, but also for all word categories that were tested in the current 
study. Two out of the three word categories could also be spelled by application 
of specific spelling rules. If children would have used their knowledge of the 
spelling rules and applied them consistently to all homophonous and 
nonhomophonous words, no homophone effect would have been found in these 
words. However, the homophone effect was also found in the words that could 
also be spelled by rule application. This finding is completely in line with the 
findings of Sandra et al. (1999) and Frisson and Sandra (2002), who also studied 
Dutch words that could be spelled by morphosyntactic spelling rules. Their 
conclusion was that homophonic forms of regularly inflected verbs have their 
own representations in mental lexicon and are not spelled merely by rule 
application. The current findings also suggest that children already from the age 
of eight store and retrieve word-specific information from mental lexicon, instead 
of spelling the words by applying consistently specific rules.  

Moreover, is has often been argued that young beginning spellers base their 
spellings mainly on their knowledge of phoneme-grapheme correspondences and 
retrieve separate graphemes from memory, particularly in more transparent 
languages like Dutch. The current findings showed, however, the opposite: 
Results suggest that young children, from second grade already, base their 
spellings on visual-orthographic representations instead of using a more 
phonological approach. This finding is in line with research in reading that has 
shown that relatively few exposures are sufficient for the acquisition of 
orthographic representations (Ehri & Saltmarsch, 1995; Share, 1999; Reitsma, 
1983). The current findings showed that young beginning spellers store their 
orthographic representations in mental lexicon and use this information in the 
spelling production process.  

In conclusion, the current study has shown that young beginning spellers, as 
young as eight years old, spell nonhomophones better than homophones. It has 
been demonstrated that the homophone effect exists in skilled and less skilled 
young beginning spellers from Grade 2 to 5 in varying types of homophonic 
words. The current findings support and extend recent research that two ortho-
graphic along with two semantic representations are activated when encountering 
one phonological word form causing interference in the spelling production proc-
ess of homophones. Moreover, the current study has provided interesting 
information about the developmental pattern in the homophone effect in spelling. 
As spellers become older and more experienced, the difference in spelling errors 
between homophones and nonhomophones, i.e., the homophone effect, becomes 
larger. This indicates that the quality of lexical representations of nonhomophones 
as compared to homophones increases more along with experience; interference 
of homophonous word forms persist in spelling production irrespective of spell-
ing experience. Taking all research findings on the effect together, the current 
study has provided clear evidence that young beginning spellers as young as eight 
years old already show to retrieve orthographic representations from mental lexi-
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con instead of merely relying on phoneme-grapheme correspondences, even in 
more transparent spellings, such as the Dutch spelling. 





9 
General discussion 

One of the most important goals of the present thesis is to explore relevant factors 
that may be involved in designing optimal computer-based spelling exercises for 
beginning spellers from grade one to grade six of primary school. Not only chil-
dren with spelling difficulties, but also normal developing spellers, should receive 
sufficient systematic instruction and practice in spelling. Before interpreting our 
overall findings, I will first give an overview of the general contribution of the 
studies in the current thesis to what already is known in the field of spelling.  

9.1 Closing the gap in modern spelling research

In today’s society the importance of spelling sometimes fails to be recognized. 
Due to recent developments in technology, like electronic spelling checkers, some 
people think that knowledge of spelling is less needed. Electronic spelling 
checkers can support spellers in detecting their errors, because spellers often fail 
to detect their own spelling errors (Figueredo & Varnhagen, 2004). Spellers from 
varying ages showed to make fewer spelling errors when they revise their 
spellings with a spelling checker than with a dictionary (e.g., Figueredo & 
Varnhagen, 2006; Gupta, 1998; Langone, Levine, Clees, Malone, & Koorland, 
1996; Lewis, Ashton, Haapa, Kieley, & Fielden, 1998). However, electronic 
spelling checkers have not replaced the need for spellers to understand how to 
spell words correctly. They simply do not catch all errors: Spelling checkers 
showed to catch only 30 to 80% of the incorrect spellings overall (Montgomery, 
Karlan, & Coutinho, 2001). This is partly because they miss homophonic spelling 
errors, such as here and hear. Moreover, spelling checkers can only be useful if 
spellers can recognize the correct spelling from the suggestions that are presented 
by the spelling checker. And the checker does at least need some input to generate 
the correct spelling (Berninger, Nielsen, Abbott, Wijsman, & Raskind, 2008). So 
in the era of computers where spellers can rely on, among others, spelling 
checkers, well-designed spelling instruction remains to be essential in learning to 
produce a correct spelling. Thus, despite the arrival and the support of the 
checkers, the spelling production process and spelling acquisition remains to be 
as difficult as ever before.  

Acquisition of spelling skill is even so difficult that about 3% to 15% of the 
population often experience difficulties during the process of spelling (Gerson-
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Wolfensberger & Ruijssenaars, 1997). Most problems show up relatively soon 
after children receive the first spelling instructions. A considerable amount of 
children persist to have difficulties in spelling acquisition, also after years of in-
struction. The British Dyslexia Association (2008) elaborates that about 10% of 
the population may show signs of dyslexia. From this 10%, 6% is affected with 
mild or moderate literacy problems and the remaining 4% is severely affected. 
Dyslexia is a disorder characterized by unexpected difficulties in learning to read 
and spell in relation to one's verbal intelligence, motivation, and educational op-
portunities (Aylward et al., 2003). This is a relatively general definition. A more 
specific definition of dyslexia comes, for example, from the British Dyslexia As-
sociation (2008): ‘Dyslexia is a specific learning difficulty which mainly affects 
the development of literacy and language related skills. It is likely to be present at 
birth and to be lifelong in its effects. It is characterised by difficulties with phono-
logical processing, rapid naming, working memory, processing speed, and the 
automatic development of skills that may not match up to an individual’s other 
cognitive abilities. It tends to be resistant to conventional teaching methods, but 
its effects can be mitigated by appropriately specific intervention, including the 
application of information technology and supportive counselling.’ 

However, researchers debate about several aspects of the definition. First, 
there is some dispute about the specific impaired cognitive domains and even 
whether children actually do have specific deficits. It has been argued that poor 
spellers may simply lag behind their peers and catch them up when they grow 
older (Wright, Fields, & Newman, 1996; Stanovich, Nathan, & Zolman, 1988). 
Secondly, it has been debated whether severe spelling problems are innate, and if 
so, whether they are present at birth already and whether they are likely to be life-
long. We can focus on the question whether there is a genetic relationship with 
spelling ability like the definition of the British Dyslexia Association suggests. 
Maybe, environmental influences are also relevant in spelling ability. What do we 
actually know from cognitive, biological and neuropsychological aspects of chil-
dren with and without spelling problems? 

Recently, with the advent of powerful tools of modern neuroscience it has be-
come possible to make literacy problems literally visible. It allows specific and 
fine-grained exploration of literacy problems from various perspectives: From 
cognitive and developmental psychological, linguistic, neurological, genetic, and 
educational perspectives. Proponents even assume that the new techniques allows 
unravelling the mysteries of developmental dyslexia (Goswami, 2008). The new 
tools used to examine neuroanatomical correlates in dyslexia in comparison with 
normal spellers are, for example, Computed Tomopgraphy (CT) and Functional 
Magnetic Resonance Imaging (fMRI). Studies of structural differences in the 
brains of people of all ages show differences between people with and without 
reading and spelling disabilities. Three regions are often related with dyslexia: 
The inferior frontal gyrus (e.g., Eckert et al., 2003), the superior temporal and 
temporoparietal cortex (e.g., Brambati et al., 2004; Shaywitz et al., 2002), and the 
cerebellum (e.g., Brambati et al., 2004; Eckert et al., 2003). It has also been 
shown that dyslexia have less gray matter in the left parietotemporal region than 
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nondyslexics (Booth and Burman, 2001; Steinbrink, Vogt, Kastrup, Müller, 
Juengling, Kassubek, Riecker, 2008). The brain is made up of two types of mate-
rial, which are gray and white matter. The primary function of gray matter is 
processing and the function of white matter is transferring information around the 
brain. Having less gray matter in the left parietotemporal area of the brain could 
be related to problems processing the sound structure of language (phonological 
awareness). However, there appeared to be no deficit in this brain region in Chi-
nese dyslexia (Siok, Perfetti, & Tan, 2004; Ziegler, 2006). This finding suggests 
that properties of the script also determine disruptions in specific areas. Thus, ac-
tivation differences in literacy abilities have become visible now by the use of 
modern techniques, but universal conclusions should be drawn carefully.  

The question that can also be raised is whether the difference in ability be-
tween people that is observed in neurocorrelates is inherited or whether it has 
developed during lifetime due to environmental influences. Several studies have 
revealed genetic influences on individual differences in overall literacy skills 
(e.g., Byrne et al., 2008; Shastry, 2007). More specifically, a recent study has re-
vealed evidence for genetic contributions to spelling problems (Friend, DeFries, 
Wadsworth & Olson, 2007). One possibility to detect genetic and environmental 
influences is by studying twins. Differences can be obtained between pairs of 
identical, also referred to as monozygotic (MZ), twins who share all genes, and 
fraternal, also called dizygotic (DZ), twins who share only half of their genes. 
Genetic influence is observed when MZ-pairs show higher degrees of similarities 
as compared to DZ-pairs. The heritability estimates of spelling production are .51 
in younger children, and .68 in adolescence (Friend, DeFries, Wadsworth & Ol-
son, 2007). Byrne et al. (2008) even reported heritability estimates of .71 in 
spelling skills of first grade children. In addition to quantitative behavior-genetic 
studies, molecular-genetic studies of DNA also found genetic evidence as specific 
genes were identified in association with dyslexia. The journal Science even cited 
this as the major scientific breakthrough of all sciences for the year 2005. Thus, 
there is strong evidence that spelling disabilities are inherited to a great extent. 

However, this does not imply that specific instruction cannot remediate some 
of the difficulties people with dyslexia have. Several studies have shown the 
benefits of various types of instruction to struggling readers and spellers. Thanks 
to the modern techniques is has become possible to study differences in 
activations of specific brain regions before and after instruction or intensive 
intervention. For example, Aylward et al. (2003) have used fMRI to study differ-
ences between dyslexia and average readers before and after a 28-hour 
intervention that only the students with dyslexia received. The findings revealed 
no differences in activation between the pre and post-imagings of the control 
children. Thanks to the intervention, the dyslexics showed higher reading scores 
and higher brain activation during the tasks. Before the intervention, the dyslexic 
children showed significant underactivation in the relevant brain regions in 
reading as compared to the controls, and after the intervention the activation 
profiles appeared to be similar. Unfortunately, the study has not used an 
additional control group of dyslexic children who did not receive the instruction. 
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Shaywitz et al. (2004) did include such a control group and could replicate and 
extend previous findings: Even one year after an experimental reading 
intervention, the dyslexic children revealed increased activation of specific brain 
regions that are relevant in reading (Shaywitz et al., 2004). Another example 
comes from Richards et al (2006) and focused on spelling rather than reading. 
This neuroimaging study has shown different neural activation patterns in 
dyslexia as compared to control children. After spelling instruction, in which the 
seperate letters of a word were emphasized, similar patterns of brain activity were 
found for dyslexia and controls (Richards et al., 2006). These findings clearly 
show that the human brain, also of severely impaired spellers like dyslexia, can 
change and normalize in response of spelling instruction.  

In addition to neurobiological studies, behavioral studies also have shown the 
benefits of different types of language instruction. Most of these studies have 
focussed on reading and studies on instructional effects in spelling are relatively 
less common; for example, Pubmed cites 2125 studies with the subject ‘reading 
instruction’ and only 175 studies with the subject ‘spelling instruction’. A recent 
study has provided fruitful evidence that specific spelling excercices not only 
improve children’s spelling but also children’s reading skills (Conrad, 2008). In 
fact, gains were similar for reading and spelling skills thanks to the exercises. 
Another study has examined the possibility of spelling functioning as a self-
teaching device in orthographic learning. Spelling appeared to produce superior 
orthographic learning relative to reading (Shahar-Yames & Share, 2008). These 
studies emphasize the importance of spelling exercises for both spelling and 
reading skills over and above reading instruction and it is consequently even more 
remarkable that effects of spelling exercises have been scarcely studied untill 
now. 

The current thesis attempts to add new insights to the existing literature based 
on spelling on how to assist children in learning to spell. At the same time the 
studies shed light on the underlying problems in spelling processes at hand. This 
thesis tries to close the gap in the spelling literature, among others, by thoroughly 
examinging a wide range of different types of computer-based spelling exercises. 
Whereas many studies focus on dyslexic children only, the current thesis prevails 
that the findings merely apply to this narrow subgroup of less skilled spellers. 
Therefore, we do not make a distinction between the less skilled spellers and the 
dyslexia. Consequently, the findings can be applied to all children who experience 
difficulties in spelling. Moreover, many researchers who study effects of 
instruction of specific skills neglect to focus on the well-skilled or talented 
children. The focus of the current thesis is not only restricted to the less skilled 
spellers. Supplementary spelling exercises can be considerably supportive in the 
spelling acuisition for skilled spellers too. Therefore, the current thesis studies 
effects of different types of exercises in both skilled and less skilled spellers. 
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9.2 Spelling exercises with a connectionist approach: Towards 
the most optimal format 

Several studies in the current thesis are based on ideas of connectionist models 
(Chapters 2 to 6). According to these models, orthography, phonology, and se-
mantics are interconnected parts of a word and are all involved in reading and 
spelling (Harm & Seidenberg, 2004; Perfetti & Hart, 2001, 2002; Plaut, 
McClelland, Seidenberg, & Patterson, 1996). To control the lexical constituents 
acquired by the learner, an extra spelling cue with lexical information of the word 
was either provided in the spelling exercises or not. The training-based separation 
of the three lexical constituents appears to be very informative. The spelling of a 
given word improved most when a phonological, orthographic, or semantic cue 
was available during the exercise as compared to no additional cue. Moreover, the 
data show concordantly that providing a full set of lexical constituents in spelling 
exercises appears to be most effective (see Chapter 6). The findings have pin-
pointed the importance of the activation of the interconnected features, 
orthography, phonology, and semantics, in optimizing spelling exercises. The 
combination of the three aspects in computer-based exercises is the way to assist 
young spellers optimally during their spelling acquisition. This finding is com-
pletely in line with the ideas of connectionist models.  

Particularly visual orthographic information shows to be a relevant factor in 
spelling exercises. Previewing the spelling appears to be a very effective way of 
storing word-specific information in the mental lexicon. In the visual preview 
condition, children are allowed to preview the spelling of a given word for as 
long as they need. If children decide that they know how to spell the word, they 
can press the continuation button to proceed. The spelling of the word then disap-
pears and the child has to spell the previewed spelling from memory. The words 
that were practiced in this condition improve substantially in a dictation task ad-
ministered before and directly after the training program. The visual preview was 
only possible during practice and previewing was not possible anymore in the 
posttests. The requirement to spell the same word from memory a few moments 
later probably supports a strategy to heavily focus on orthographic details. It 
should be noted that the training programs used in the current studies were not 
adaptive. In adaptive training programs, only the words that are spelled incor-
rectly are practiced again. A recent study has revealed that children allowed to 
preview a spelling in adaptive spelling exercises even reached a spelling score of 
100% (Mayfield, Glenn, & Volmer, 2008). Even on longer term, three weeks af-
ter practice, children still spelled 79% of the practiced words correctly. This 
finding is in line with the findings of the current thesis and shows that visual pre-
view might be even more effective when it is used in an adaptive training 
program.  

It can be questioned whether the beneficial effect of visual preview in spelling 
exercises is a universal finding. Maybe the findings only apply to the Dutch lan-
guage. Dutch is a relatively transparent orthography, which means that phoneme-
grapheme mappings are considerably consistent. More opaque alphabetic lan-
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guages, like English, have less transparent phoneme-grapheme mappings. To 
spell a word in such a language, children generally rely more heavenly on ortho-
graphic rather than on phonological information. Therefore, it is highly expected 
that visual information in spelling exercises will be particularly effective in more 
opaque languages too. It can also be questioned whether visual preview is also 
effective in other writing systems than the alphabetic writing. Other writing sys-
tems than the alphabetic one are for example Japanese Kana and Chinese. 
Chinese, for example, is a logographic writing system in which graphs (charac-
ters) are mapped into whole words or morphemes rather than into individual 
phonemes. Given the direct mapping from graphs to morphemes, the role of pho-
nology in Chinese is less important compared to alphabetic languages (Perfetti, 
Liu, & Tan, 2005). This automatically implicates that the role of orthographic 
information, as well as semantic information, in Chinese spelling is particularly 
important. Therefore, the finding of the effect of visual preview in spelling exer-
cises is probably also effective in languages other than the alphabetic. Thus, it is 
highly expected to find manifestations of this universality in the effect of visual 
preview exercises in cross-linguistic studies.  

Overall, most of the studies in this thesis show comparable findings for the 
skilled as compared to the less skilled spellers. This means the skilled and the less 
skilled spellers should not be approached differently. Although it has been sug-
gested that poor spellers may have specific impairments in visual processing 
systems (Holmes & Malone, 2004; Holmes, Malone, & Redenbach, 2008), they 
showed, like good spellers, to benefit most from spelling exercises when a pre-
view was allowed. Thus, despite the fact that poorer spellers need more exercises 
to reach a similar spelling level as the better spellers, the format of the exercises 
for the less skilled spellers should not be different from that of the good spellers.  

Another important theoretical issue that should definitely not be disregarded 
concerns whether reading can support spelling ability and vice versa. Although 
many researchers have found relatively high correlations between reading and 
spelling, mostly varying from 0.50 to 0.80 (e.g., Ehri & Wilce, 1982a; Frith, 
1980; Greenberg, Ehri, & Perin, 1997), researchers also have shown that reading 
practice does not automatically guarantee spelling improvements in addition to 
reading enhancements (Bosman & van Orden, 1997; Conrad, 2008; Ehri, 2000). 
Researchers have suggested that reading may not transfer to spelling. This as-
sumption is relatively remarkable because most spellers first write a word and 
then read the word to verify whether their spelling is correct or not, so it is rea-
sonable to assume that reading should play at least a small role in the spelling 
production process. The studies described in the current thesis find an indication 
that reading skills may indeed play at least a small role in spelling ability. As 
mentioned before, one of the most consistent findings in the studies of this thesis 
is that visual preview appears to be the most effective spelling exercise in all 
grades and all spelling levels, irrespective of the type of words that was provided, 
and irrespective of the alternative spelling exercises to which the exercise was 
compared. The preview condition might be seen as a reading exercise. However, 
during reading only partial cues may be sufficient to identify a word. The visual 
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preview exercise constrains children to pay close attention to the letter-by-letter 
structure of the word rather than merely superficial reading the given word. Nev-
ertheless, the findings indicate that reading exercises can in fact support young 
children in acquiring spelling skills very effectively. However, it should be em-
phasized that the reading exercise should impose children to pay attention to the 
exact letter pattern rather than careful reading. 

The practical implications for reading transfer to spelling and vice versa 
should not be underestimated. The current studies show that reading-based exer-
cises, in which the letter-by-letter reading is imposed, like in the visual preview 
exercise, can be very supportive in learning to spell. It can be assumed that the 
spelling exercises have probably also improved reading skills in addition to the 
spelling skills, like researchers have shown before (Conrad, 2008; Shahar-Yames 
& Share, 2008). At least, the findings of the current studies provide evidence for 
the interactive connections between reading and spelling. This implies that educa-
tion should take into account the possible collaboration between the two to 
optimize reading and spelling ability. Thus, embedding reading practice in the 
spelling lessons and vice versa is relevant in tailoring education to the needs of 
the children. 

9.3 Word-specific orthographic representations in the mental 
lexicon and spelling by rules or analogies 

In the general introduction we have raised several important questions concerning 
the underlying processes in spelling and we have attempted to find the answers 
needed in designing optimal computer-based spelling exercises. We have raised 
the following questions: How do we spell familiar words? Do we store ortho-
graphic representations in the mental lexicon and retrieve the correct spelling 
from long-term memory? Or do we merely store a few relevant exemplars in the 
mental lexicon and spell comparable words by analogy? Maybe, we do not store 
words in mental lexicon at all, even not a few exemplars, when they can perfectly 
be spelled by consistent rule application. In the current thesis, we have investi-
gated how words are spelled, either by retrieval from memory, or by applying 
specific spelling rules or alternatively by using analogies, in order to study differ-
ential effects of various types of spelling exercises. 

In the present thesis, it has been studied whether children retrieve word spe-
cific information directly from mental lexicon when they can also spell the given 
word by applying specific spelling rules. More specifically, we have investigated 
whether spellers rely more on spelling rules rather than on word-specific knowl-
edge. In order to study this aspect, homophonous and nonhomophonous words 
have been tested in several dictation tasks across varying phases of spelling de-
velopment. We argued that if beginning spellers already make use of their lexical 
representations in the mental lexicon, they would be confused by the activation of 
two orthographic and two semantic representations when encountering one pho-
nological word form, which is the case in homophones. If children spell the 
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regular rule-based words by application of specific spelling rules, no homophone 
effect would occur. The homophone effect has been examined by comparing 
spelling errors in homophonous words with those in nonhomophonous words. 
The findings reveal more spelling errors in homophones than in nonhomophones. 
This finding indicates that the homophone effect also exists in young beginning 
spellers, even in Grade 2. This finding shows to be true for words in which spe-
cific knowledge of the letters is needed to spell the words correctly, but also in 
words that can be spelled by application of the rules. The findings suggest that 
young beginning spellers, from second grade already, store word-specific knowl-
edge in the mental lexicon. A very interesting finding is that children of all ages 
also store and retrieve word-specific knowledge from mental lexicon if the given 
word can also be spelled by applying specific spelling rules. This finding is in 
concordance with several other studies on homophone spellings (Frisson & San-
dra, 2002; Sandra, Frisson, & Daems, 1999; White, Abrams, Zoller, & Gibson, 
2008). It implies that children rely more heavenly on their long term memory con-
cerning specific letter patterns rather than using rules.  

This finding may implicate that learning specific spelling rules is not effective 
in learning to spell as children appear to store the relevant orthographic informa-
tion in mental lexicon. However, in certain circumstances it can be expected that 
spelling rules may be effective, for example in spelling novel words where chil-
dren cannot rely on word-specific knowledge retrieved from memory. In the 
Dutch school curricula, children are taught halfway through Grade 2 how to spell 
words with open and closed syllables. A spelling rule is explicitly provided in the 
schools. In this thesis (Chapter 7), it has been suggested that this explicit rule in-
struction might be redundant as children, from a very early age, are also perfectly 
able to spell novel words by analogy (Bosse, Valdois, & Tainturier, 2003; Camp-
bell, 1985; Gombert, Bryant, & Warrick, 1997; Marsh, Friedman, Welch, & 
Desberg, 1980; Martinet, Valdois, & Fayol, 2004; Nation & Hulme, 1996, 1998). 
Children can base their spellings on analogies only if the spelling of a reference is 
known and can be used. If a reference word is unknown to the children then spell-
ing, obviously, cannot be based on analogies. Spelling rules may be rather 
effective in spelling novel words. In one of the studies, children practiced either 
repeatedly with only a few exemplars or with many different words that appeared 
in the exercises only once. Specific spelling rules for spelling open and closed 
syllable words were explicitly provided or not. Results showed that if the practice 
words, functioning as reference words, were less known, which was the case in 
the conditions that practiced with a large set of words, the explicit spelling rules 
appeared to be effective, i.e., gains were higher than when no rules were explic-
itly provided. These findings indicate that children base their novel word spellings 
both on rules and on analogies. Whether children use spelling rules or analogies 
depends on word-specific knowledge of reference words that can be used to spell 
by analogy.  

 These findings underscore the importance of well-designed spelling exercises 
as they can have far-reaching effects. Thanks to beneficial spelling exercises, 
children can not only improve the spelling of words that are practiced during the 
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exercises, but also the spelling of words that are not practiced. Words that are 
practiced can be stored in the mental lexicon and words that are not practiced can 
be spelled by rule application and/or by analogy using the practiced words as ref-
erence words.  

Thus, the findings implicate that children store all words that they encounter 
in mental lexicon. Importantly, also words that can be spelled by rule application 
are stored in long-term memory. Repeated exposure to the word, for example in 
spelling exercises, can further specify all letters of a word in the lexicon. Particu-
larly visual preview, but also semantic and phonological information in spelling 
exercises, are supportive in this specification process. Less skilled spellers can 
also be supported by such exercises. They simply need more rehearsal than skilled 
spellers to specify the letter patterns in memory. If children spell novel words, 
they make use of the stored knowledge they have of comparable words and spell 
the novel words by analogy. If there are no comparable letter patterns present in 
the mental lexicon that children can use to spell a novel word, they rely on more 
complicated spelling rules. Thus, the key aspect of well skilled spelling, for both 
familiar and unfamiliar orthographic word forms, lies in the repetition of spelling 
exercises in which the individual letters of a word are emphasized and in which 
semantic together with phonological information are simultaneously available. 
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Appendices 

Chapter 3. Training words, English translations, corresponding adult written word frequencies 
in Dutch, youth written word frequencies in Dutch, and Spelling Pronunciations (International 
Phonetic Alphabetic) of the Dutch loan words. 

Words (Dutch 
loan words) 

English trans-
lations 

Spelling pro-
nunciation for 
Dutch loan 
words (in IPA)

Adult frequency Youth frequency 

barbecue barbecue b�rb�ku� 67 -
bouillon broth b�ujl�n 362 3
boulevard avenue b�ul�v�rt 357 1
champignon mushroom ��mpi�non 13 -
enthousiast enthusiast �nth�usI�st  763 1
etui pencil case etœy 58 1
fondue fondue f�ndu� 6 1
giraffe giraffe �IrΑf� 19 2
handicap handicap h�ndIk�p 369 3
interview interview Int�rfiev 729 2
jeans jeans j��ns 184 -
journaal news j�urnal 144 1
jungle jungle jun�l� 226 1
keeper goalkeeper kep�r 45 2
militair soldier mIlIt�jr 646 1
parachute parachute p�r��ut� 161 -
pistache pistachio pIst��� 3 -
portefeuille wallet p�rt�fœyl� 451 1
punaise drawing pin pun�js� 20 -
pyjama pyjamas pijama 298 1
sergeant sergeant s�r���nt 833 -
souvenir keepsake souv�nir 72 -
trottoir pavement tr�t�jr 451 2
yoghurt yoghurt j��hYrt 116 2
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Chapter 4. The 24 Dutch words used in the experiment, their English translations, and the 
percentages of teachers that judged that children of the same age would know the meaning of 
the word (Kohnstamm et al., 1981).

Words Translation Familiarity (%) 
bril glasses 98
brug bridge 93
fles bottle 98
gras grass 98
klok clock 100
kruk stool 55
slak snail 98
snor moustache 98
spin spider 97
step scooter 98
trap stairs 100
vlug quick 97
blust extinguishes 96
klomp wooden shoe 98
krans wreath 71
krent currant 89
kwark soft curd cheese 46
kwast brush 94
plant plant 98
prins prince 100
spons sponge 98
sport sport 84
sterk strong 100
stift felt-tip -

Chapter 5. Appendix A. In the first column, the Dutch words that are used in the present study 
are listed. In the second column the English translation is given. In the third column, the words 
are categorized: words with open or closed syllables and other words. And in the fourth col-
umn, the word frequencies in texts for youth are displayed. 

Word English translation Type of word Youth frequency 
boter butter open   5
ketel kettle open   6
veter lace open   -
zadel saddle open   3
vogel bird open   20
vader father open   316
jager hunter open   5
muren walls open   20
kapper hairdresser closed   -
wekker alarmclock closed   1
kussen pillow closed   2
pennen pencils closed   1
takken branches closed   21
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pitten seeds closed   4
sokken socks closed   2
lippen lips closed   10
mossel mussel closed   4
muggen muscito’s  closed   -
nummer number closed   10
koffer case closed   7
brieven letters other   18
druiven grapes other   1
reuzen giants other   8
huizen houses other   67
liefde love other   4
kousen stockings other   2
hooiberg haystack other   -
roeiboot rowing boat other   1
keizer emperor other   8
heide heather other   2
rijden drive other 51
strijken bow other 2

Chapter 5. Appendix B. 

32 dictation words 

spelling dictation  segmentation visual preview total words  control 
(in a practice  
session) 

3 closed    3 closed  3 closed  9 closed  3 closed 
2 open   2 open  2 open  6 open  2 open 
3 other   3 other  3 other  9 other  3 other 

8 words   8 words  8 words  24 words  8 words 
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Chapter 6. In the first column the Dutch words that are used in the present studies are dis-
played. In the second column the words are translated into the English language. In the third 
column, the Dutch printed word frequencies (Staphorsius, Krom, & de Geus, 1988) are shown. 

Words English translations Word frequency 
bliksem lightning 15
bloeien bloom 4
citroen lemon 1
druiven grapes 1
garage  garage 5
hagelslag chocolate sprinkles -
handdoek towel 1
huizen houses 67
kabouter gnome 2
kachel  stove 11
koord  cord 1
notitie note 1
pijnlijk painful 1
postzegel stamp 1
prinsen princes -
vlaggen flags 1
web   web -
dweilen mop -
inkt   ink 2
kieuw gill 2
kleding clothes 10
krokodil crocodile 7
olifant elephant 1
paprika paprika 1
piloot  pilot 8
pleister plaster -
potlood pencil 10
roeiboot rowing boat 1
sappig  succulent 2
schommel swing 1
schreeuw shout 2
snelheid fastness 16
speren  spears 6
telefonisch over the telephone 2
zolder  attic 10
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Chapter 7. In the second column of this table, it is displayed which ten words belonged to set 1, 
2, and 3. In the third column the Dutch words are shown. In the fourth column, the words are 
translated into English. In the fifth column, it is shown which words are open and which words 
are closed-syllable words. In the sixth column, the printed word frequencies of the Dutch words 
can be found (Staphorsius, Krom, & de Geus, 1988). In the seventh column, the familiarity of 
the words is presented (Kohnstamm et al., 1981). 
 

 Set Word English transla-
tion 

Word 
type 

Frequency Familiarity 
(%) 

1 1 banen  jobs open - 22
2  bogen  arches open 2 82
3  muren  walls open 20 97
4  meten  to measure open 1 89
5  koken  to cook open 22 98
6  karren  cars closed 7 96
7  pitten  pits closed 4 94
8  gummen  to erase closed - 49
9  bellen to call closed 6 99
10  poppen dolls closed 17 98
     
1 2 raden  to guess open 4 98
2  buren  neighbours open 11 92
3  kelen  throats open - 98
4  noten nuts open 3 94
5  varen  to sail open 17 98
6  sappen  juices closed - 96
7  winnen to win closed 14 95
8  hutten  huts closed - 89
9  lessen  lessons closed 13 86
10  hokken  cages closed 2 96

     
1 3 jagen  to hunt open 12 91
2  duren to take open 12 81
3  repen  bars open - 94
4  tenen  toes open 5 98
5  wonen to live open 95 97
6  kammen  to comb closed 1 97
7  kippen  chickens closed 27 98
8  bukken  to bend closed - 94
9  netten  nets closed 1 73
10  bossen  forests closed 26 98
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Chapter 8.  

Set Word type Homophony Word English trans-
lation 

Word 
freq 
youth 

Word 
freq 
adult 

A ambiguous diphtong homophone berijden ride 0 36
lijden suffer 5 1394
rijzen rise 1 175
rouw mourning 0 257
peilen sound 3 73
steil steep 1 347
veilen auction 0 6

ambiguous diphtong nonhomophone spijl bar 1 8
  kwijlen drool 0 22
  bijlen axes 1 66
  klauw claw 4 83
  paleizen palaces 1 188
  bescheiden modest 1 1292
  spreiden spread - 71
ambiguous ending homophone noot nut 10 379
  raat comb - 12
  loot draw lots - 30
  kruit powder - 102
  spelt spells - 11

bond union 2 666
wind wind 56 4475
pond pound - 564
graad degree - 542

 hard hard 69 5410
ambiguous ending nonhomophone draad string 5 820

huid skin 36 3562
brood bread 43 2616
held hero 2 924
rood red 32 2829
lint ribbon - 216
plaat picture 4 978
zwart black 19 2816
klont lump 1 41
lont fuse - 109

prefixed verb homophone herinnerd remembered 0 355
gehoorzaamd obeyed - 60
vertaald translated 1 629
ontwikkeld developped 7 1165
beloofd promised 5 1045
betoverd enchanted 1 142
betekent means 31 3364
gebeurt happens 47 2206
herkent recognizes 7 239
verzamelt collects 1 71
ontvoert kidnaps - 2
verhuist moves - 27

prefixed verb nonhomophone bestraft punishes - 39
  verdiept deepens 2 157

benadrukt emphasizes - 114
ontploft explodes - 29
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   gedanst danced 1 221
   herkanst re-examined - -
   geleerd learned 13 1480
   geland landed 1 117
   gereisd travelled 1 189
   geleend borrowed - 149
   gebeld called 4 702
   gewandeld walked - 153
B ambiguous diphtong homophone nood need 1 1125
   kruid herb 1 175
   lood lead 8 409
   raad guess 14 5492
   speld pin 1 138
   bont fur 1 245
   wint wins 12 227
   pont ferry - 164
   graat bone - 46
   hart heart 21 7773
 ambiguous diphtong nonhomophone buit booty 1 504
   praat talks 14 515
   sloot ditch 18 2238
   belt calls - 143
   poot paw 4 500
   kind child 37 19237
   kwaad angry 44 1541
   blond blond 6 578
   glad slippery 8 789
   wond wound 1 564
 ambiguous ending homophone bereiden prepare - 290
   leiden guide 12 1974
   reizen travel 18 631
   rauw raw 7 494
   pijlen arrows 3 276
   stijl style 1 2
 ambiguous ending nonhomophone vijlen file - 9
   dweil mop 1 27
   zeilen sail 13 300
   teilen basins 5 21
   sjouw lug 3 4
   wijzen point 7 1474
   bevrijden liberate 1 343
   strijden combat 1 141
 prefixed verb homophone betovert enchants - 3
   herinnert remembers 7 457
   vertaalt translates 1 629
   ontwikkelt develops - 357
   belooft promises 1 141
   gehoorzaamt obeys - 60
   verzameld collected 1 71
   herkend recognized 1 741
   verhuisd moved 4 213
   gebeurd happened 27 4808
   betekend meant - 255
   ontvoerd kidnapped - 152
 prefixed verb nonhomophone gekleurd colored 5 201
   geverfd painted 1 227
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   gejaagd hunted 5 259
   gevoeld felt 7 299
   geleefd lived - 897
   gebouwd built 42 1022
   ontdekt discovered 14 822
   betrapt catched - 158
   herdrukt reprinted - 45
   gebruikt used 64 2849
   verpakt packed 3 90
   verrast surprised 4 493



Summary 

Spelling is a complicated skill to acquire. Each and every spelling requires the 
speller to process the complete letter array. The initial encounter with an unfamil-
iar spelling obliges children to segment words into phonemes, translate phonemes 
into graphemes, and write the graphemes in the correct order. Subsequent occur-
rences enable underlying processes to become fully automatic. Efficacious 
computer-based exercises can assist young children in spelling acquisition. There-
fore, one of the most important objectives of the current thesis is to optimize 
computer-based spelling exercises. Chapter 1 provides an introduction to the is-
sues concerning the basics of spelling acquisition, differences and similarities 
between reading and spelling skills, characteristics of good and poor spellers, de-
velopmental theories, and spelling principles in the Dutch language. 

The studies described in Chapter 2 investigate the effect of a phonological cue 
by means of spelling pronunciations in computer-based spelling exercises. Loan 
words, i.e., irregular words originating from a foreign language, are used and the 
focus is on poor spellers. The emphasis on the pronunciation of individual graph-
emes, i.e., a spelling pronunciation, is expected to aid in learning to spell highly 
irregular words in poor spellers. The first experiment in Chapter 2 shows no bene-
fit of the spelling pronunciation cues. It is suggested that this finding could be due 
to the fact that visual-orthographic information was also simultaneously available 
to the speller. The idea is that the orthographic information might have overruled 
the effect of spelling pronunciations. Therefore, a second experiment, also de-
scribed in Chapter 2, is administered in order to tease out the effects of spelling 
pronunciations and visual-orthographic information. The findings reveal similar 
effects for spelling pronunciations and visual preview. Both exercises conferred 
higher gains as compared to a spelling dictation exercise in which no additional 
cue was provided. It is suggested that the spelling pronunciations and visual pre-
view deal with the common process of uncovering orthographic details, which is 
in fact the main driving force for accelerated learning. 

The second experiment described in Chapter 2 is replicated and further ex-
tended in Chapter 3. The main aim of the study was to examine effects of spelling 
pronunciations and visual preview in the spelling of loan words of both skilled 
and less skilled spellers varying in spelling age. Reading skills were also taken 
into account in order to study possible differential effects of spelling pronuncia-
tions and visual preview between skilled and less skilled readers. Overall, spelling 
pronunciations appear to be as beneficial as visual preview. Interestingly, less 
skilled spellers from Grade 3 show to benefit most from visual preview, relative 
to spelling pronunciations. The findings of Chapter 2 and 3 together indicate that 
spelling pronunciations and previewing the spelling can both be a way to assist 
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spellers in computer-based exercises in learning to spell orthographically unpre-
dictable words, irrespective of age or spelling ability. 

Chapter 4 investigates the effects of a phonological cue in computer-based 
spelling exercises for first grade less skilled spellers. A common problem that 
children in first grade encounter in learning to spell concerns the spelling of con-
sonant clusters in monosyllabic words; they often tend to omit the second 
consonant of a cluster. The main question of the study is whether phonological 
cues by means of phonemic segmentation cues are more beneficial in spelling 
exercises than visual preview. Findings reveal that both phonemic segmentation 
and visual-spelling cues showed to generate word-specific effects and facilitate 
the learning of the correct spelling over and above normal spelling practice. It is 
concluded that both segmentation and visual preview are beneficial for beginning 
spelling by freeing mental resources to attend to and memorize the word-specific 
letter pattern. 

Learning to spell open and closed syllable words is also one of the major 
stumble blocks in spelling acquisition. Chapter 5 describes a study in which the 
benefits of phonological and visual preview cues are examined in less skilled sec-
ond grade spellers in spelling words with open and closed syllable words. Instead 
of phonemic segmentation cues, syllabic segmentation cues are used as a phono-
logical cue. The findings show that the visual preview exercise is the most 
effective spelling exercise, relative to the syllabic segmentation and spelling dic-
tation exercise. The findings suggest that word-specific knowledge can 
effectively be improved by exposure to the correct letter pattern during exercises 
in spelling and seems to result in lasting improvement of word-specific ortho-
graphic representations, at least for 5 weeks. 

In addition to phonological information as a remedy in spelling exercises, 
Chapter 6 investigates effects of semantic cues. The chapter describes an experi-
ment with the aim of examining the effect of activating the connection between 
the meaning and phonology in computer-based spelling exercises. Effects of acti-
vation of the semantic-phonology bonding are studied in second grade spellers. 
Semantic or neutral descriptions were contrasted and either provided before the 
process of spelling or in feedback. Visual information was available in all training 
conditions. Results indicate that words practiced with semantic descriptions are 
better spelled than words practiced with neutral descriptions, either presented be-
fore spelling or in feedback. Overall, the evidence indicates that activation of the 
semantic aspect of a word can be facilitative in computer-based spelling exer-
cises. 

Chapter 7 describes a study in which the effect of explicit rule instruction is 
examined. It has been argued that learning can either occur by analogy or by ex-
plicit instruction of the spelling rules. The question is which approach is best in 
learning to spell Dutch words with open and closed syllables. In a computer-
based training program, rules are either explicitly provided during practice or not. 
Also, the participants, second grade children, practice either with a large set of 
exemplars or with a small set. Effects of the exercises are examined by spelling-
to-dictation tests of practiced words, as well as novel transfer words, before and 
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after the training period. The results show that explicitly provided spelling rules 
are supportive in learning to spelling novel words when a large set of exemplars 
is available during practice, but not when only a few exemplars are encountered. 
Children improve their spellings of transfer words as much in an expanded word 
set as in a limited word set practice condition. The results are taken as evidence 
that, when encountering many different words, explicit rules can help in learning 
to spell contrasting letter patterns, but overall learning gains are similar for large 
and small word sets, irrespective of explicit or no-rule instruction. 

Chapter 8 investigates whether the homophone effect also exists in young be-
ginning spellers, like in adolescents and adults, and how this effect evolves across 
different grades and spelling levels. In homophones, a single phonological speci-
fication is connected to two orthographic representations and two meanings. This 
ambiguity in phoneme-grapheme correspondences is potential for confusion in 
reading and spelling. The homophone effect is studied by dictating homophonous 
and nonhomophonous words in second to fifth grade children. Percentage errors 
in homophones are compared with errors in nonhomophones. The results show 
that nonhomophones are better spelled than homophones. The homophone effect 
appears for all grades, spelling levels, and types of homophonic words. Results 
show furthermore that, as spellers get older and more experienced, the homo-
phone effect becomes larger. The results are taken as evidence that young 
children already use word-specific orthographic representations at the age of eight 
instead of merely relying on phoneme-grapheme correspondences. 

Finally, Chapter 9 provides a discussion of results and conclusions of the pre-
viously described experiments. Theoretical and practical interpretations and 
implications are discussed. The discussion leads to the ultimate conclusion that 
computer-based spelling exercises can be optimized by providing detailed speci-
fication of word characteristics (phonology, orthography, and semantics).



Samenvatting 

Het is niet eenvoudig om te leren spellen. Om een woord te kunnen spellen moet 
een ingewikkeld proces worden doorlopen. Als een kind een bepaald woord nooit 
eerder gelezen of gespeld heeft, moet het betreffende woord eerst worden opge-
deeld in losse klanken (fonemen). Daarna moeten de fonemen vertaald worden 
naar de daarbij behorende letters (grafemen) om tenslotte de grafemen in de juiste 
volgorde te kunnen schrijven. Als hetzelfde woord vervolgens vaker wordt gele-
zen of gespeld, zullen de onderliggende processen die nodig zijn bij spellen op 
een gegeven moment volledig geautomatiseerd kunnen verlopen. De juiste com-
puter ondersteunende spellingoefeningen kunnen jonge kinderen helpen bij het 
verwerven van deze complexe vaardigheid, het leren spellen. Eén van de meest 
belangrijke doelen van dit proefschrift is het optimaliseren van computer onder-
steunende spellingoefeningen. Hoofdstuk 1 geeft een theoretische inleiding op de 
onderzoeken, waarbij onderwerpen als processen bij het leren spellen, verschillen 
tussen lezen en spellen, kenmerken van goede en zwakke spellers, ontwikkelings-
theorieën met betrekking tot spelling, en de spelling principes in de Nederlandse 
taal aan bod komen. 

De onderzoeken in hoofdstuk 2 bestuderen het effect van fonologische cues in 
computer ondersteunende spellingoefeningen door gebruik te maken van een zo-
genaamde spellinguitspraak. De nadruk in dit hoofdstuk ligt op zwakke spellers 
en op leenwoorden. Leenwoorden zijn woorden die hun oorsprong hebben in een 
andere taal. Bij een spellinguitspraak wordt iedere individuele letter nadrukkelijk 
uitgesproken. De verwachting was dat een dergelijke spellinguitspraak zwakke 
spellers zou kunnen helpen bij het leren spellen van onregelmatige woorden zoals 
leenwoorden. De resultaten van het eerste experiment in hoofdstuk 2 lieten geen 
voordeel zien van de spellinguitspraak cues. Er werd gesuggereerd dat deze be-
vinding veroorzaakt werd door de orthografische informatie (de spelling) die op 
hetzelfde moment als de spellinguitspraak beschikbaar was tijdens de oefeningen 
voor de speller. Het idee was dat de orthografische informatie die beschikbaar 
was tijdens de oefening wellicht het effect van de spellinguitspraak teniet heeft 
gedaan. Daarom werd een tweede onderzoek uitgevoerd. In dit onderzoek werden 
de orthografische informatie en de spellinguitspraak bewust van elkaar afgezon-
derd om zodoende onafhankelijke effecten te kunnen bestuderen. Vergelijkbare 
effecten werden gevonden voor een spellinguitspraak en een visuele preview. De 
verbetering van de spelling was groter in beide oefeningen vergeleken met een 
dictee-oefening waarbij alleen de normale uitspraak werd aangeboden. Er wordt 
gesuggereerd dat de spellinguitspraak en de visuele preview uitgaan van een zelf-
de proces, namelijk het onthullen van orthografische details, hetgeen in feite de 
bron is de extra leereffecten.  
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Het belangrijkste doel van de studie in hoofdstuk 3 was om onafhankelijke ef-
fecten van visuele preview en spellinguitspraak op het leren spellen van 
leenwoorden verder te bestuderen in zowel goede als zwakke spellers variërend in 
leeftijd. Leesvaardigheid werd eveneens in aanmerking genomen om mogelijke 
verschillen tussen spellingseffecten van visuele preview en spellinguitspraak voor 
goede en zwakke lezers vast te stellen. Over het geheel genomen bleek een spel-
linguitspraak tijdens oefeningen net zo effectief te zijn als een visuele preview. 
Een interessante bevinding was dat zwakke spellers uit groep 5 het meest blijken 
te profiteren van een visuele preview vergeleken met een spellinguitspraak. De 
resultaten van de onderzoeken in de hoofdstukken 2 en 3 laten zien dat zowel de 
spellinguitspraak als de visuele preview effectieve hulpmiddelen in computer on-
dersteunende spellingoefeningen kunnen zijn om orthografische onvoorspelbare 
woorden te leren spellen. Dit blijkt zo te zijn onafhankelijk van leeftijd of spel-
lingvaardigheid.  

Hoofdstuk 4 onderzoekt de effecten van fonologische cues bij zwakke spellers 
in groep 3. Het spellen van medeklinker clusters in woorden bestaande uit één 
lettergreep is het meest voorkomende probleem bij het leren spellen in kinderen 
uit groep 3. Kinderen zijn geneigd om de tweede letter van een medeklinker clus-
ter weg te laten als het medeklinker cluster aan het begin van een woord staat. De 
belangrijkste vraag van de studie was of fonologische cues door middel van een 
volledige segmentatie tijdens spellingoefeningen effectiever zijn dan een visuele 
preview. De bevindingen toonden aan dat zowel segmentatie als visuele preview 
effectief zijn bij het leren spellen vergeleken met een normale spellingoefening 
waarbij geen expliciete cues worden aangeboden. Concluderend kan gesteld wor-
den dat zowel segmentatie als visuele preview beginnende spellers kunnen helpen 
bij het onthouden van het woordspecifieke letterpatroon. 

Het leren spellen van open en gesloten lettergrepen is ook één van de grootste 
struikelblokken bij het leren spellen. Hoofdstuk 5 beschrijft een studie waarin het 
effect van fonologische en visuele preview cues in woorden met open en gesloten 
lettergrepen werd onderzocht bij zwakke spellers uit groep 4. Syllabische seg-
mentatie werd gebruikt zodat de lengte van de klinker expliciet onder de aandacht 
kon worden gebracht. De resultaten lieten zien dat de visuele preview als extra 
cue tijdens spellingoefeningen het meest effectief is in vergelijking met een sylla-
bische segmentatie cue en een dictee-oefening waarbij geen extra cue wordt 
aangeboden. De bevindingen impliceren dat woordspecifieke kennis daadwerke-
lijk kan worden verbeterd door herhaalde blootstelling aan het juiste letterpatroon 
tijdens een oefening. Visuele preview in computer ondersteunende spellingoefe-
ningen lijkt te leiden tot een blijvende verbetering van woord specifieke 
orthografische representaties voor ten minste 5 weken. 

Hoofdstuk 6 onderzoekt de rol van semantiek bij het leren spellen. In het ex-
periment werd het effect van activatie van de verbinding tussen de betekenis en 
de fonologie van een woord in spellingoefeningen voor spellers uit groep 4 bestu-
deerd. Semantische of neutrale beschrijvingen werden aangeboden tijdens de 
oefeningen voor het proces van de spelling of tijdens de feedback. Visuele infor-
matie was beschikbaar in alle oefencondities. Resultaten lieten zien dat woorden 
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die worden geoefend met semantische beschrijvingen beter gespeld worden dan 
de woorden die geoefend worden met neutrale beschrijvingen. Het moment waar-
op de beschrijvingen worden aangeboden bleek niet uit te maken: De 
beschrijvingen die werden aangeboden voordat het kind het woord moest spellen 
waren net zo effectief als de beschrijvingen die in de feedback werden aangebo-
den. De conclusie is dat de activatie van het semantisch aspect van een woord in 
computer ondersteunende spellingoefeningen kan bijdragen bij het leren spellen.  

De vraag die in hoofdstuk 7 centraal staat is welke aanpak het beste is om Ne-
derlandse woorden met open en gesloten lettergrepen te leren spellen: Op basis 
van analogie of door expliciete instructie? Om dit te onderzoeken werden in com-
puter ondersteunende oefeningen spellingregels wel of niet expliciet aangeboden. 
Kinderen uit groep 4 oefenden eenmaal met een grote verzameling van verschil-
lende woorden of herhaaldelijk met een kleine verzameling woorden. 
Trainingseffecten werden bestudeerd door middel van dictee-toetsen die werden 
afgenomen voorafgaand aan de training en na de laatste training sessie. De dictees 
bestonden uit woorden die werden geoefend en woorden die niet werden geoe-
fend. De ongeoefende woorden worden ook wel generalisatie woorden genoemd 
en konden laten zien of de leereffecten van de training ook generaliseren naar 
vergelijkbare ongeoefende woorden. Expliciet aangeboden spellingregels bleken 
alleen effectief bij het spellen van ongeoefende woorden als een grote verzame-
ling verschillende woorden eenmalig werd geoefend. Als slechts een aantal 
exemplaren herhaaldelijk beschikbaar was tijdens de oefening bleken expliciet 
aangeboden spelling regels niet uit te maken. In het algemeen verbeterde de spel-
ling van de generalisatie woorden net zoveel in de condities waarin de kinderen 
oefenden met veel woorden als waarin ze oefenden met weinig woorden. De re-
sultaten wijzen uit dat expliciet aangeboden spellingregels kunnen bijdragen in 
het leren spellen van contrasterende letterpatronen als veel verschillende woorden 
eenmalig worden geoefend. Kinderen leren echter net zoveel van eenmalige oefe-
ning met veel verschillende woorden als van herhaalde oefening van slechts een 
aantal woorden ongeacht het feit of een regel wel of niet expliciet wordt aange-
boden. 

Hoofdstuk 8 onderzoekt of het homofoon effect ook bestaat bij jonge begin-
nende spellers, net zoals bij adolescenten en volwassenen, en hoe dit effect zich 
ontwikkelt over verschillende klassen en over spelling niveaus. Bij homofonen is 
één fonologische specificatie verbonden met twee orthografische representaties 
en twee betekenissen. Deze ambiguïteit in foneem-grafeem koppeling veroorzaakt 
mogelijk verwarring bij het lezen en spellen. Het homofoon effect werd onder-
zocht door middel van toetsen waarbij homofone woorden en niet-homofone 
woorden werden gedicteerd. Om de ontwikkeling van het homofoon effect te be-
studeren, werden de dictees afgenomen bij kinderen uit de groepen 4 tot en met 7. 
Het percentage fouten in homofone woorden werd vergeleken met het percentage 
fouten in niet-homofone woorden. Uit de resultaten bleek dat de niet-homofone 
woorden beter werden gespeld dan de homofone woorden. Het homofoon effect 
werd gevonden in alle leeftijdsgroepen, spelling niveaus, en vormen van homofo-
ne woorden. De resultaten toonden verder aan dat het homofoon effect groter 
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wordt naarmate spellers ouder en meer ervaren worden. De bevindingen implice-
ren dat jonge kinderen al op 8-jarige leeftijd gebruik maken van woordspecifieke 
orthografische representaties in plaats van enkel en alleen te vertrouwen op fo-
neem-grafeem koppelingen.  

Tot slot volgt in hoofdstuk 9 een discussie van de resultaten en conclusies van 
de hiervoor beschreven experimenten. De resultaten worden geplaatst in een theo-
retische kader en praktische interpretaties en implicaties worden besproken. De 
discussie leidt tot de uiteindelijke conclusie dat computer ondersteunende spel-
lingoefeningen kunnen worden geoptimaliseerd door het verstrekken van 
gedetailleerde specificaties van de woordkenmerken (fonologie, orthografie, en 
semantiek).  
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