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Toen hij terugkwam en weer ging zitten zei de vleermuis: 
'Ik ben nog steeds aan het nadenken. Vind je dat niet erg?'  

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

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

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

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



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

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

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

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

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

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

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

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

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

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

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

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

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

5.2.1 Design 

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

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

 

5.2.2 Participants 

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

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

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

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

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

Program part Content Rehearsal Core lessons 

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

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

(leeuw [lion]) 
1-6 11 

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

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

- 30 

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

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

- 49 

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

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

 
5.2.4 Measures and procedure 

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

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

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

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

Pre-test Measures 

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

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

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

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

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

Outcome Measures 

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

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

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

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

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

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

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

Control variables 

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

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

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



CHAPTER 5 

 128 

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

 
5.2.6 Statistical analyses 

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

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

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

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

 

5.3 Results  

5.3.1 Preliminary remarks 

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

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

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

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

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

 IF 
N = 40 

 InF 
N = 31 

 
CON 
N = 66 

 

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

 
 
Treatment Integrity  

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

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

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

 

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

 

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

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

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

 
IF 

N = 40 
InF 

N = 31 
CON 

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

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

Time (γ100) -7.88 4.58 -16.89 1.13 

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

InF (γ001) -6.32* 3.15 -12.55 -.09 

CON (γ002) -3.34 2.64 -8.56 1.88 

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

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

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

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

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

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

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

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

 

 

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

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

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

 IF 
N = 40 

InF 
N = 31 

CON 
N = 66 

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

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

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

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

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

2 = .04). 

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

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

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

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

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

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

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

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

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

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

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

2 = .00).  

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

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

 

5.4 Discussion  

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

The fact that the program was delivered by non-professionals at school 
adds to the significance of these results. With respect to the policy of 
enhancing literacy and reducing reading failure, which is advocated in many 
countries, it is an example of an evidence-based and cost-effective 



A 2-YEAR SUPPLEMENTARY INTERVENTION IN BEGINNING AT-RISK READERS 

 137 

instruction (see e.g., Foorman et al., 2003). Furthermore, the results support 
the view that was expressed in the introduction. First, intervention should 
start early, around the time that risk of reading failure can reliably be 
identified by the combination of teachers’ judgement and poor performance 
at measures of (emergent) literacy. Second, intervention should be 
prolonged and completed as a supplement to reading instruction in the 
classroom and cover the whole period of initial and advanced reading.  
 
5.4.1 Treatment integrity and tutoring  

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

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

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

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

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

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

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