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Toen hield hij zijn slurf stil en las wat hij al had geschreven. Hij 
wilde schrijven: 'Beste egel'. Maar hij kende eigenlijk alleen maar 
de w. Hij wist wel dat er nog meer letters waren. Maar die andere 
letters leken hem onhandig en tamelijk onbruikbaar. Eerlijk ge-
zegd, dacht hij, is één letter wel genoeg. 
 
 
Uit: Toon Tellegen (2002), 'Misschien wisten zij alles' (p. 374) 
 
 
 
 



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

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

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

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

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

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

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

Recently, Hatcher, Hulme and Snowling (2004) evaluated the 
longitudinal effects of three extensive phonic reading programs in English 
4.5-year-old children who were taught individually and in classes while in 
pre-kindergarten and in kindergarten. They found that adding explicit 
phoneme training to the reading instruction did not result in overall gains in 
normal readers, but seemed particularly beneficial for children with an 
increased risk of reading delay. These findings might also be of relevance to 
children learning to read in Dutch. De Jong and van der Leij (2003) reported 
a substantial increase in phonemic skills in normal readers after only a few 
months of phonics based reading instruction. Dyslexic readers showed a 
later onset in the development of phonemic awareness, but eventually they 
reached a similar level as observed in the normal readers. So it seems that in 
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a transparent orthography such as Dutch or German (Seymour, Aro, & 
Erskine, 2003), individual differences in phonemic awareness have a time-
limited importance (de Jong & van der Leij, 1999), and that deficits in 
phonemic awareness cease to exist beyond the early stages of reading 
acquisition (Landerl & Wimmer, 2000). Nevertheless, it may be that dyslexic 
children do not overcome their dysfunction in phonemic awareness skills 
completely, and that the acquired access to phonemes remains relatively 
fragile (de Jong & van der Leij, 2003). This might explain why dyslexic 
reading in transparent orthographies is not so much characterized by 
deficiencies in accuracy, but much more by a lack of fluency (Seymour, 
1986; van der Leij & van Daal, 1999). 

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

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

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

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

3.2 Method 

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

Families 

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

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

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

Children 

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

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

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

Characteristic 
At-risk Not-at-risk  

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

 

3.2.2 Training program  

Description of the program and training materials 

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

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

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

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

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

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

The word decoding exercise was performed against a background 
screen picturing undershirts, see Figure 3.1. From three up to twelve small 
shirts were hanging on washing lines at the top of the screen, a big one was 
hanging on a line in the middle of the screen, and at the right side of the 
screen a person was wearing a long one. At the beginning of the exercise, 
previously taught letters were displayed on the small undershirts. Eight to 
ten consecutive words were to be built on the big undershirt below by 
changing or removing only one letter. Which letters were to be used while 
building was laid down by the program. First, the change occurred at one 
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letter position within the word (for example: kop-kip), in the following 
exercises at different positions also (for example: sik-sok-kok-kop-kip). The 
first word was built by dragging the constituent letters one by one from the 
small undershirts to the big one. Thereafter, each of the words got built by 
dragging the specified letter back to an empty undershirt above and taking 
another one to the open position in the word. The parent built and read the 
first two words in the sequence and the child the remaining ones. Whenever 
the child mispronounced a word during decoding attempts, the parent 
directed the child’s attention to the components of the words to emphasize 
the difference(s) between the mispronounced and the target word.  If the 
child could not decode the word at all or did not blend the single phonemes 
into a word, the child’s attention was directed to each component sound and 
was to blend the sounds correctly. When the child had correctly pronounced 
all items in the exercise, the complete sequence of words listed on the long 
undershirt at the right side of the screen had to be read aloud once more.  
 
 

 

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

 

Training and procedure 

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

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

Lessons 
Letter(s) 

Lessons 
Letter(s) 

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

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

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

 
Variable 

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

Receptive vocabulary 1     
Non-verbal intelligence   1   
Phonemic awareness 

First-sound identity 
Phoneme blending 
Phoneme segmenting 

 
1 
1 
1 

 
1 
1 
1 

 
 
1 
1 

 
 
 
 

 

Letter knowledge (sounds only) 
Receptive  
Productive 

 
1 

 
1 

 
1 
1 

  

Decoding speed      
Words 

List 1 
List 2 
List 3 

   
1 

 
1 
1 
1 

 
1 
1 
1 

Pseudowords    1 1 
Spelling words    1 2 
Naming speed  

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

 
1 
1 

 
1 
1 

 
1 
 
1 
 

 
1 
 
1 
1 

 
1 
 
1 
1 

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

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

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

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

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

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

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

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

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

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

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

Numeral data from the diaries and the computer files showed that on 
average participants took 62.2 lessons of a total of 70 lessons; 67.7% took at 
least the 65 lessons presenting all material that was to be learned, 9.7% took 
60 - 64 lessons, and 22.6% took 35 - 59 lessons. With respect to sequence, 
most participants followed the lessons in the right order (average = 67, of a 
total of 70 lessons). For continuity and repetition, there were missing data of 



 

 EARLY INTERVENTION WITH CHILDREN OF DYSLEXIC PARENTS 
 

 

67 

7 participants, mostly due to lost data files, so the outcomes do not pertain 
to all participants. Continuity was measured as taking one lesson a day, five 
lessons a week, which added up to a total score of 84. None of the 
participants kept to this direction (average = 36). Finally, repetition of the 
lessons appeared not to be a necessity for 19% of the participants; 19.4% 
rehearsed sufficiently, 38.7% rehearsed insufficiently; and for an additional 
22.6% the amount of repetitions was questionable. To summarize, based on 
quantity of administration we might call treatment integrity sufficient as 
two-thirds of the participants took the necessary lessons. However, with 
regard to sequence, continuity, and repetition as indications of quality of 
administration, treatment integrity was moderate. Nearly all participants kept 
to the correct sequence, but less than half of the participants followed the 
directions for continuity and repetition properly.  
 

3.3 Results 

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

kindergarten 

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

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

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

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

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

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

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

 
 
Variable 

Trained at-risk 
N = 31 

Untrained at-risk 
N = 26 

Not-at-risk 
N =16 

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

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

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

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

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

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

2 = .07. 

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

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

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

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

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

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

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

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

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

1 and 2 

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

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

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

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

2 = .21. 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

2 = .07. 
 
3.3.3 Effects of training among subgroups   

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

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

awareness, both TAR subgroups showed similar gains. 
 

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

 

3.4 Discussion 

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

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

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

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

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

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