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Abstract 

This study analysed the effects of a classroom intervention focusing on phonological awareness and/or 
automatized word recognition in children with a deficit in the domains of phonological awareness and rapid 
automatized naming (“double deficit”). According to the double-deficit hypothesis (Wolf & Bowers, 1999), 
these children belong to the group who show the most pronounced difficulties when learning how to read and 
write.  

Our results suggest that children with a double deficit are at great risk of developing dyslexia unless they receive 
specific support. Moreover, the results of the intervention study are the first to show how German speaking 
children with a double deficit can be adequately supported within the framework of standard beginners’ reading 
and writing lessons in inclusive classrooms so that impending difficulties in the acquisition of written language 
can be successfully prevented. The support measures focus on a training of phonological awareness and 
automatized processing of sublexical orthographic units. However, potential modifications of the training are 
currently being discussed since not all children in the training groups were able to benefit satisfactorily. 

Keywords: dyslexia, phonological awareness, rapid automatized naming (naming speed), double deficit, 
classroom intervention 

1. Introduction 

Reading and spelling disabilities (dyslexia) are prevalent in children with language impairments (Catts et al., 
2002). Combined with a deficit in reading comprehension, dyslexia often results in general learning difficulties. 
This is the reason why the majority of affected children and adolescents in Germany attended special schools 
where learning processes and language acquisition were specifically supported. Since the ratification of the UN 
convention on the rights of persons with disabilities in 2009, concomitant with the introduction of an inclusive 
school system, teachers in regular schools are increasingly confronted with having to offer adequate support for 
dyslexic children–not simply in explicit extra lessons, but within the regular lessons for the entire class.  

The aim of this study is to evaluate the efficacy of intervention measures for double-deficit children which can 
easily be integrated into regular lessons. 

Specific reading and spelling disabilities (dyslexia) belong to the most common school-related learning disorders 
in children and adolescents. Approximately 6-8% of an age group suffer from difficulties when learning how to 
read and write (Shaywitz, Shaywitz, Fletcher, & Escobar, 1990). 

According to Lyon, Shaywitz, and Shaywitz (2003) and Tunmer and Greaney (2010), dyslexia is defined as a 
learning disorder which is characterized by deficits in phonological recoding and/or automatized word 
recognition as well as impaired orthographic skills. It can result from deficits in phonological processing as a 
consequence of abnormal neurobiological development and often goes hand in hand with language impairment. 
Dyslexia occurs irrespective of cognitive abilities and the provision of effective classroom instruction. It can 
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have a negative influence on reading comprehension, as well as on the cognitive, linguistic and socio-emotional 
development.  

“Skilled word recognition is seen as extremely important, perhaps essential, for the higher-level or more 
advanced aspects of reading, especially reading comprehension” (Kirby, Georgiou, Martinussen, & Parilla, 2010, 
p. 342). Preventive efforts should thus concentrate specifically on this problem. This approach is also 
implemented in the support measures presented in this study. 

Currently, researchers agree that the three linguistic-cognitive functions of phonological awareness, phonological 
working memory and rapid automatized naming (Wagner & Torgesen, 1987) are closely related to reading and 
writing abilities. 

Dyslexic children are, for example, often characterized by deficits in the area of phonological short-term memory 
(“phonological loop”) and working memory, and significant correlations of these deficits and the children’s 
performance in reading and writing are commonly found (Swanson, Zheng, & Jerman, 2009). Nevertheless, the 
contribution of the working memory seems to be of especially low impact when both, phonological awareness and 
working memory, are considered simultaneously as predictors of reading and writing (Schatschneider & Torgesen, 
2004). This is the reason why this paper focuses on phonological awareness and rapid automatized naming (RAN).  

Phonological awareness refers to the implicit and explicit ability to identify, synthesize, analyze and manipulate 
sublexical units (syllables, onset and rime, phonemes) of spoken language.  

Rapid automatized naming (RAN) is defined as the ability to name familiar symbols (digits, letters, objects or 
colours) presented repeatedly in random order, in left-to-right serial fashion as quickly as possible (Wolf & 
Bowers, 1999; Kirby et al., 2010; Norton & Wolf, 2012). The key dependent variable is the total time needed to 
name the items. RAN tests were originally developed by Denckla and Rudel (1976) to identify a naming-speed 
deficit in children with reading impairments.  

Currently, researchers generally agree that dyslexic children as a group are characterized by significantly poorer 
performance in both, phonological awareness and rapid naming, when compared to average readers (Denckla & 
Rudel, 1976; Wolf, Bally, & Morris, 1986; Meyer, Wood, Hart, & Felton, 1998; Wimmer, 1993). 

2. The “Double-Deficit Hypothesis” 

The double-deficit hypothesis (Wolf & Bowers, 1999; Wolf, O’Rourke, Gidney, Lovett, Cirino, & Morris, 2000) 
complements the phonological-core-deficit hypothesis (Stanovic, 1988), which sees phonological awareness, 
RAN, the phonological memory and the categorical perception of certain phonemes as the main phonological 
areas that cause dyslexia.  

The “double-deficit hypothesis” however interprets the RAN deficit as a core factor in developmental dyslexia, 
which is largely independent of phonological abilities. The theoretical reason for this postulated independence of 
the two functions is that not only the phonological component, but also visual, cognitive, linguistic and 
articulatory competences are involved in the complex construct of rapid naming. Empirical, analyses of the 
correlation of phonological awareness and RAN support this hypothesis. The analyses confirm that the two 
abilities are only moderately correlated with an overall correlation of approximately r = .38 (Swanson, Trainin, 
Necoechea, & Hammill, 2003; Norton & Wolf, 2012). Similar results were found by Wolf et al. (2002), 
Verhagen, Aarnoutse, and van Leeuwe (2008) and Mayer (2008). Additionally, regression analyses consistently 
report that RAN and phonological awareness account for unique variance in reading ability (Blachman, 1984; 
Bowers & Swanson, 1991; Cornwall, 1992; Wagner, Torgesen, Laughon, Simmons, & Rashotte, 1993; Manis, 
Doi, & Bhadha, 2000).  

Due to the largely independent but additive influences of phonological awareness and RAN skills on the 
acquisition of reading and writing (Lovett, Steinbach, & Fritjers, 2000; Kirby, Pfeiffer, & Parilla, 2003), the 
double-deficit hypothesis posits that children with a double deficit should be ranked among the group of children 
with the most severe difficulties in the acquisition of written language.  

Kirby et al. (2003) were able to confirm this assumption. They measured phonological awareness and RAN in 
161 children in senior kindergarten. Until grade 5, double-deficit children had the most pronounced problems 
and lagged behind the no-deficit participants by almost two years of achievement. Additionally, these children 
showed no sign of progression and it was unlikely that they would catch up at a later point in time.  

Cronin (2013) and Torppa, Parrila, Niemi, Lerkkanen, Poikkeus, and Nurmi (2013) were able to confirm Kirby’s 
et al. (2003) findings. The performance of the double-deficit group in phonological recoding, word recognition 
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and reading comprehension lagged approximately one year behind their single-deficit peers and about three 
years behind the no-deficit group. 

With regard to prevalence, the results of both, Torppa et al. (2013) and Mayer (2014), show that about 9% of 
each age group are affected by a double deficit. 

3. Significance of the Predictors in Pegular Orthographies 

The German orthography belongs to the alphabetic orthographies with a fairly regular grapheme-phoneme 
correspondence (“forward regularity”) and a much more ambiguous phoneme-grapheme correspondence 
(“backward regularity”) (Wimmer & Mayringer, 2002; Klicpera et al., 2013). Letters and letter combinations 
(e.g., <ack>, <ah>, <ie>) in German are mostly pronounced the same (except for vowels and phonetic subtleties). 
The attribution of a phoneme or a phoneme combination to a respective letter (combination), however, is much 
less obvious. A long and tense [a:] for example can be written as <a> (e.g., <Schal>, [scarf]), <ah> (e.g. <Wahl>, 
[election]) or <aa> (e.g., <Saal>, [hall]). For that reason, developing adequate reading accuracy is hardly a 
problem for German speaking children (Aro & Wimmer, 2003). Learning the correct orthography, however, is a 
much longer learning process that most normally developing children haven’t fully mastered at the end of 
primary school. Dyslexic children often still have difficulties with the orthography as adolescents or even in 
adulthood. With respect to reading abilities, a deficit in reading fluency with negative impacts on reading 
comprehension belongs to the core deficits of dyslexic children in German speaking countries. 

When it comes to the significance of possible predictors in relatively transparent orthographies, the results of 
some studies suggest that the influence of phonological awareness is limited to reading skills within the first 
years of school. When looking at respective deficits in the long run, they mostly seem to affect the acquisition of 
a correct orthography (Moll, Fussenegger, Willburger, & Landerl, 2009; Wimmer & Mayringer, 2002; Berendes, 
Schnitzler, Willmes, & Huber, 2010).  

The general assumption is that phonological awareness functions as a predictor for inconspicuous performance 
in early reading and writing. However, not all children who show a deficit in phonological awareness during the 
pre-school years actually develop difficulties when learning how to read and write (Holopainen, Ahonen, & 
Lyytinen, 2001; Landerl, Linortner, & Wimmer, 1992). A likely reason is that the combination of phonics 
instruction with the systematic relationship between graphemes and phonemes in languages with a consistent 
orthography bolsters the performance of dyslexic students in the field of phonological awareness to such an 
extent that they do not necessarily experience reading and writing problems (Wimmer, Landerl, Linortner, & 
Hummer, 1991).  

Naming speed is supposed to be most closely related to automatized word recognition. Since a deficit in word 
recognition seems to be the major symptom of dyslexic children in languages with a transparent orthography, 
RAN has for almost ten years now been considered a particularly important and consistent predictor for reading 
and writing skills (Georgiou, Parilla, & Liao, 2008; Brizzolara et al., 2006; van den Bos, Zijlstra, & Spelberg, 
2002; Wimmer, 1993; Papadopoulos, Georgiou, & Kendeou, 2009; Escribano, 2007). 

The negative effects of a RAN deficit become decidedly evident when children who develop normally begin to 
successfully supplement phonological recoding with the strategy of direct automatized word recognition. They 
have specific difficulties linking larger sub-lexical or lexical units to their phonemic equivalents; hence, they 
have to sound out every phoneme of a word and cannot move from the initial stage of slow laborious 
phonological recoding to the stage of fluent and rapid reading (Levy, 2001). Problems in reading comprehension 
are often seen as a result of a deficit in automatized word recognition. 

4. Intervention Options 

A training in phonological awareness and/or automatized processing of sublexical or lexical orthographic units 
are two of the most frequently discussed support measures for dyslexic children. In summary, a training in 
phonological awareness is particularly effective whenever the “phonological linkage hypothesis” (Hatcher, 
Hulme, & Ellis, 1994) is taken into account-i.e., whenever a training of phonological awareness is combined 
with a training of sub-skills that are specifically related to the written language and when the training 
concentrates on the phoneme level (Bradley & Bryant, 1983; Hatcher et al., 1994; Roth, 1999; Hatz & Sachse, 
2010). 

However, studies from countries with shallow orthographies also indicate that an isolated training in 
phonological awareness should not be overestimated in its practical effects. Lundberg, Frost and Petersen (1988) 
were indeed able to prove the impact of phonological awareness in pre-school training situations on the 
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acquisition of written language, but from a practical perspective this ultimately turned out to be irrelevant , since 
the IG only performed marginally better than the the CG (Schneider, Kuespert, Roth, & Marx, 1997).  

In summary, Torgesen, Wagner and Rashotte (1997) come to the conclusion that even the most effective 
phonologically oriented training programmes may lead to a better performance in phonological recoding but not 
to considerable improvement in direct word recognition and reading comprehension: “[…] we have not yet 
demonstrated that we understand the conditions that need to be in place for children with phonologically based 
reading disabilities to acquire the level or type of phonetic reading skills that can be utilized within a 
self-teaching framework to produce advantages in the development of a rich orthographic reading vocabulary” 
(230).  

Considering measures that aim at a deficit in RAN, training in naming speed has so far neither led to immediate 
improvements nor to positive effects on reading abilities (Berglez, 2002; de Jong & Vrielink, 2004; Conrad & 
Levy, 2011). Altogether, naming speed can be seen as an ability that changes over time due to maturation 
processes, but cannot be improved by additional training. It may yet be possible that longer instruction is more 
effective (Kirby et al., 2010). 

If it is not possible to improve naming speed, devoting instructional time to orthographic processing and efficient 
word reading fluency may be a better idea. Methods focusing on holistic simultaneous processing skills of larger 
sublexical orthographic units could be suitable for “slow namers” because children with a naming-speed deficit 
have difficulties to become sensitive to orthographic units that frequently co-occur in print. This is due to slow 
identification of individual letters in a word and the impaired activation of single letters in a word in sufficiently 
close temporal proximity (Bowers, Golden, Kennedy, & Young, 1994). 

Levy, Bourassa, and Horn (1999) point out that children with a naming-speed deficit are put at a disadvantage by 
methods that focus on the word level. Yet, they may profit from intervention programmes that present smaller, 
segmented orthographic units in high frequency. Levy (2001) summarizes her research results pointing out that 
interventions in which words that share the same sublexical units (for example the same rime) are presented 
together may be particularly effective in children with a RAN deficit as their attention is drawn to consistent 
spelling patterns.  

In this context, the results of Thaler, Ebner, Wimmer and Landerl (2004) as well as Hinitikaa, Landerl, Aro, and 
Lyythinen (2008) showed that it is possible to increase the reading speed by a repeated confrontation with 
frequently occurring sublexical units. Nevertheless, the positive effects are strongly limited to the trained word 
material and transfer to general reading abilities is conspicuously rare.  

Studies published so far all focus on interventions for children with reading deficits but not specifically on 
children with a double deficit. As far as we know, the study at hand is the first to evaluate the efficacy of training 
measures in children with a double deficit. 

A thorough analysis of the existing research data and literature about the double deficit hypothesis led us to elicit 
the questions used to plan and implement the study at hand. Studies from countries with regular orthographies 
collectively come to the conclusion that phonological awareness is not necessarily a risk factor for developing 
dyslexia. Hence, this study was to answer the question whether German-speaking children with a double deficit 
also belong to the group of children with the most severe difficulties when learning how to read and write. With 
regard to the training, we focused on the question whether classroom integrated methods that form the basis for a 
successful acquisition of written language by training phonological awareness can be successfully complemented 
by measures focusing on the holistic processing of sublexical units and hence on the automatization of the 
reading process. The aim is to investigate whether a combination of these two training aspects can minimize the 
risk of double-deficit children of developing dyslexia. 

Hypotheses:  

-Double-deficit children perform significantly poorer in tests that measure reading and writing skills than 
no-deficit and single-deficit children (phonological-awareness-deficit children, naming-speed-deficit children) if 
they do not receive specific training within the first two years of school. 

-Reading and writing difficulties in double-deficit children can be reduced by a classroom-integrated 
intervention programme that trains phonological awareness as well as automatized word recognition. 

5. Method 

The results of the study at hand are part of an extensive longitudinal study which was conducted between 2011 
and 2013 in Mettmann (North-Rhine Westphalia, Germany), a district near Cologne that predominantly consists 
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of medium-size cities (20,000 to 60,000 inhabitants) (Mayer, 2014). Children just starting school from 23 
different schools (n = 1002) were tested for phonological awareness and RAN at the beginning of the school year 
2011/12 (T1). The children were assigned to one of four groups according to the double-deficit hypothesis. 

All children who performed at least within average (i.e., T-score > 40) in both phonological awareness and RAN 
in the “Test of Phonological Awareness and Naming Speed” (TEPHOBE, Mayer 2013, chapter 5.3) were 
classified as part of the “no deficit group” (n = 684, 68.4%). Children with average performance in terms of 
RAN (T-score > 40) and a deficit in phonological awareness (T-score < 40) formed the 
“phonological-awareness-deficit group” (pad, n = 125, 12.5%). The “naming-speed-deficit group” (nsd, n = 108, 
10.8%) consisted of those children that had average scores in phonological awareness (T-score > 40) but 
performed below average with regard to RAN (T-score < 40). The double-deficit group that the paper at hand 
focuses on (dd, n = 85, 8.5%) was composed of those children who performed at least one standard deviation 
below the mean (T-score < 40) in both functions.  

The aim of the study was to test if it is possible to support children with a double deficit in inclusive settings 
with the help of feasible training programmes which can be conducted by the regular teacher with the whole 
class. So it is quite unique that the intervention measures were not conducted in extra lessons by external staff 
but instead by the regular teacher with the whole class and within the regular reading lessons in grade one. That 
is why a completely randomized distribution of the children, based on individual performance, was not possible. 
If an intervention is conducted within one institution there is always the risk of communication or mutual 
interference of the subjects beyond the framework of the test conditions. Because teachers hardly ever have the 
opportunity to implement exhaustive individual intervention conditions, a cluster randomization based on classes 
was chosen over an individual randomization for the study at hand (Chenot, 2009; Kerry & Bland, 1998). 

In order to measure the efficacy of the training, reading fluency (Wuerzburger Leise Leseprobe, WLLP-R 
[Wuerzburger Silent Reading Test-Revised], Schneider, Blanke, Faust, & Kuespert, 2011), reading 
comprehension (ELFE 1-6, Lenhard & Schneider, 2006) and spelling skills (Deutscher Rechtschreibtest fuer die 
erste und zweite Klasse, DERET 1-2+ [German Spelling Test for First and Second Grade], Stock & Schneider 
2008) of all participating children were gauged at the end of grade one and two (T3, T4).  

5.1 Participants 

A total of 1002 children who started elementary school in September 2011 were included in the study. In 
German-speaking countries, children do not receive reading instruction in kindergarten, so most of the first 
graders neither know the letters of the alphabet nor have they already mastered the alphabetic principle of the 
German orthography.  

In this paper, the focus is on the double-deficit group. This group consisted of 85 children (aged: 6; 4, SD: 0; 4; 
52.6% male); they were assigned to four different intervention conditions in a school-based but randomized 
order (IG = Intervention group, CG = Control group).  

- IG 1: Training of phonological awareness during the first half of grade one (n = 28) 

- IG 2: Training of phonological awareness during the first half, and training of word recognition on a sublexical 
level during the second half of grade one (n = 25) 

- IG 3: Training of word recognition on a sublexical level during the second half of grade one (n = 15) 

- CG: Implementation of the approach preferred by the teacher (“business as usual”) (n = 17) 

The control group cannot be seen as a traditional control group since these children also received their regular 
reading and writing lessons by their classroom teacher in the same intensity as the training groups. According to 
the teachers of the control group, training in phonological awareness played a substantially and temporally 
similar role to that in the training groups. 

At the end of grade one, the reading and writing skills of 78 children were available (IG 1: n = 25, IG 2: n = 25, 
IG 3: n = 11, CG: n = 17). At the end of grade two, the reading and writing skills of 61 double-deficit children 
could be tested ((IG 1: n = 24, IG 2: n = 20, IG 3: n = 9, CG: n = 8). The comparatively high drop-out rate 
between grade one and two can be explained by the grave difficulties of some double-deficit children of the CG 
in their reading and writing acquisition. These children were then either sent to special needs schools or had to 
repeat the first grade.  
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5.2 Test Procedure 

There were two pre-intervention test sessions, the first one (T1) in September 2011 and the second one (T2) one 
week later. During T1, phonological awareness and naming speed of the first graders of all participating schools 
were tested. The tests were conducted by special needs teachers.  

During T2, all double-deficit children were additionally tested concerning their nonverbal cognitive abilities, 
language comprehension, grammatical development and short-term memory. These tests were conducted and 
evaluated by university students for special needs education and speech and language pathology. 

After these first two test sessions, the training of phonological awareness in the IG 1 and IG 2 started. It 
comprised 14 weeks and was thus finished in January 2012. The training of word recognition (Mayer 2012) 
began immediately afterwards in IG 2 and IG 3, and continued for ten weeks. Both training programmes 
comprised two lessons per week and were implemented by the regular teacher with the entire class during the 
officially assigned early reader lessons.  

At the end of grade one and two (T3, T4), reading fluency, reading comprehension and spelling skills were 
gauged. These tests were conducted by special needs teachers. 

All teachers involved in the study had been explicitly prepared for conducting and assessing the tests and 
training programmes by the author of the intervention programmes. The entire corpus of material, including 
detailed instruction and schedules for the training lessons, was provided. 

5.3 Measures 

Phonological awareness and RAN 

To assess phonological awareness and RAN, the standardised “Test of Phonological Awareness and Naming 
Speed” (TEPHOBE, Mayer, 2013) was used.  

TEPHOBE contains four tasks that test phonological awareness at the beginning of grade one. In the first task 
(synthesis of onset and rime), the instructor presents a word segmented into onset und rime; the child has to 
choose the matching picture (which best represents the word) out of four pictures. In the second task (phoneme 
synthesis), the instructor presents a word divided into single phonemes. Again, the child has to choose the 
correct picture (which best represents the word) from a selection of four pictures. The third task (rhyming) 
requires the child to choose those two pictures out of four which stand for words that rhyme. In the last task 
(phoneme categorization), the child has to choose two pictures from a total of four. This time, the pictures are to 
represent words that start with the same phoneme. Each task consists of seven items. Each correct response 
scores one point, resulting in a maximum score of 28. This score was subsequently converted into a T-score with 
a mean of 50 and a standard deviation of 10 points.  

The reliability for the individual tasks and the entire test of phonological awareness had a Cronbach’s alpha 
beetween .71-.78. 

The RAN Test in TEPHOBE consists of the conventional RAN tests with the categories letters, numbers, colours 
and objects based on Denckla and Rudel (1976). Since German-speaking children who are just starting school 
are hardly ever sufficiently acquainted with letters, naming speed was tested via RAN colours and RAN numbers. 
Both matrices consist of five different items (rot [red], gelb [yellow], gruen [green], blau [blue], braun [brown] 
or 2, 4, 5, 6, 8) which are repeated ten times each, so that the child has to name 50 items per task, in a serial left 
to right fashion.  

The time needed for naming all items can be transferred into T-scores with a mean of 50 and a standard 
deviation of 10 points on the basis of the standardization sample. The reliability for the RAN Tests had a 
Cronbach’s alpha between .78-.86. 

Language measures 

The receptive and productive language skills were measured using the “Entwicklungstest Sprache fuer Kinder 
zwischen vier und acht Jahren” ([Test of Language Development for Children between 4 and 8 years], 
Angermaier, 2007). The subtest “Language Comprehension” is a German version of the Sentence Structure Task 
of the CELF test (Wiig et al., 2003). It focuses on receptive lexical-semantic and morpho-syntactic abilities. Out 
of four pictures, the child has to choose one picture that best represents the sentence, which is read out to the 
child. 31 items were presented and one point was given for each correct response, yielding a maximum score of 
31. The score was then converted into a T-score. The reliability (Cronbach’s alpha) was .91 for this subtest. 
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The subtest “Grammatical development” analyses the extent to which children can apply morphologic rules of 
German (plural, comparative, superlative, perfect tenses) by using pictures and prompting sentences which the 
child is asked to complete.  

41 items were presented. Each correct response scored one point, yielding a maximum score of 41. This score 
was then converted into a T-score. The reliability (Cronbach’s alpha) was .93 for this subtest.  

Memory Span 

Short-term memory was assessed by the subtest “Number Recall” from the Kaufman Assessment Battery for 
Children (Melchers & Preuss, 2003). The task was to repeat series of digits (2-6) in correct sequential order. The 
number of correct answers was converted into a T-score with a mean of 50 and a standard deviation of 10 points. 
The reliability for this subtest (“split-half reliability”) lies between .80 and .86 for the age group of the children 
participating in this study.  

Nonverbal abilities 

As a parameter for nonverbal cognitive abilities, the “Triangles” Subtest of the Kaufman Assessment Battery for 
Children (Melchers & Preuss, 2003) was used. The number of correct answers was converted into a T-score with 
a mean of 50 and a standard deviation of 10 points. The reliability for this subtest (“split-half reliability”) is said 
to be between .80 and .88 for the age group of the children participating in this study.  

Reading and Spelling Measures 

Reading fluency was tested using the “Wuerzburger Leise Leseprobe” (WLLP-R, [Wuerzburger Silent Reading 
Test-revised], Schneider et al., 2011), a multiple-choice speed test. The child is asked to select one out of a choice 
of four pictures and match it with the corresponding word. The aim is to find as many word–picture matches as 
possible within five minutes. One point was given for each correct response. The final score was converted into a 
T-score with a mean of 50 and a standard deviation of 10 points. 

The reliability (“retest reliability”) is .77 for the age group of the children participating in this study. 

For the tests date at the end of grade one, an additional experimental test of reading speed was designed. It 
consisted of two word lists and was particularly meant to assess the efficacy of the training on the sublexical 
level (“word recognition quick as a flash”, Mayer, 2012, Chapter 5.4). The first list (training words) was made 
up of words that were trained in the context of the training of direct word recognition. The second list 
(generalization words) was composed of words that had not been part of the training but that contained one of 
the orthographic patterns that had been part of the training. The total number of correctly read words within two 
minutes (training words) or within one minute (generalization words) was the figure used for the analyses. 

In order to assess reading comprehension, ELFE 1-6 (Schneider & Lenhardt, 2006) was implemented. It 
comprises three subtests which test comprehension on the word, sentence and text level. On the word level, the 
children are asked to match a picture with one out of a set of four words. On the sentence level, the children have 
to complete a sentence via gap-fill, choosing one appropriate word out of five. The text level comprises short 
stories which are read silently by the child. Afterwards, the child is required to answer multiple choice questions 
about these stories.  

In each part of the test, one point was given for each correct response. These scores were subsequently converted 
into a T-score with a mean of 50 and a standard deviation of 10 points. Moreover, the test offered a combined 
total score for reading comprehension.  

The reliability (“split-half reliability”) at the end of grade one is .89 for word comprehension, .87 for sentence 
comprehension and .82 for text comprehension. The respective figures for the end of grade two are .91, .90, .91. 

Spelling abilities were tested by means of the “Deutscher Rechtschreibtest fuer die erste und zweite Klasse” 
(DERET 1-2+ [German Spelling Test for first and second grades], Stock & Schneider, 2008). In this test, children 
were required to write a short story of 52 words from dictation. The critical value was the number of mistakes, 
converted into a percentile rank for the purpose of further processing the data. Because the results in the 
standardization sample were not normally distributed, no T-scores could be generated. 

Reliability, determined by calculating the internal consistency (Cronbach’s alpha) as well as the split-half 
coefficient is .90 at the end of grade one and .92 at the end of grade two. 

5.4 Intervention Programmes 

Training phonological awareness: The intensity and the content of the training of phonological awareness in the 
first half of grade one were the same in IG 1 und IG 2. It comprised two training units per week, each taking 
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about 40 minutes. Thus, over a time period of 14 weeks, 28 training units were conducted. During the training, 
the children learned the identification and production of rhyming words, the segmentation of words into syllables, 
the synthesis of individual syllables into words, the identification and categorization of initial and final sounds in 
words as well as phoneme synthesis and phoneme segmentation. The content structure of the programme and the 
learning goals are illustrated in Table 1. 

 

Table 1. Goals and contents of the training in phonological awareness  

 Rhyming (2 Weeks) Syllables (2 Weeks) 

Learning 

Goals 

Recognising whether two words rhyme; finding 

and producing rhymes. 

 

Segmenting words into syllables and 

synthesising syllables to words. 

Comparing words with regard to their length by 

identifying the number of syllables. 

 Identifying Initial and Final Sounds 

 (4 Weeks) 

Phoneme Synthesis and Phoneme Analysis (6 

Weeks)  

Learning 

Goals 

Identifying initial sounds 

Categorizing words according to initial sounds 

Identifying final sounds 

Categorizing words according to final sounds 

 

Speaking words clearly and stretching them  

Synthesising phonemes to words 

Segmenting words into phonemes and using 

character cards to spell out words 

Segmenting words into phonemes and writing 

them 

Synthesising sounds to words 

 

Despite the fact that nowadays trainings of phonological awareness play a role in German speaking countries, 
too, most of them are to a large extent conducted unsystematically in the classroom reading and writing lessons 
or programmes are used that need to be seen critically in terms of their quality due to insufficient linguistic 
foundation. The training that was designed for this study stands out from other established programmes 
especially when it comes to phoneme awareness. Special attention was paid to the choice of words according to 
linguistic criteria. 

In the identification of word initial and final sounds as well as the phoneme synthesis and segmentation, only 
words were used that begin or end with a vowel or a consonant that can be stretched in articulation (for example 
[m], [f] etc.), as these are easier for children to perceive and the children can be supported in phonological 
processing when the relevant sounds are stretched in articulation. Furthermore, at the phoneme level only words 
with a simple syllable structure (CV, VC, CVC, VCV, CVCV, VCVC) were used in the beginning, in order not 
to overstrain the children’ s phonological processing capacities. 

Finally, the “phonological linkage hypothesis” (Hatcher et al., 1994) was taken into consideration early on in the 
training. Character cards were already used in the very first word-initial sound-identification exercises from 
week five of the training onwards. Phoneme synthesis and phoneme segmentation were already supported by 
characters within the first few lessons, so that the children were able to read and write their first words during the 
training, or to create words by laying down the character cards in the appropriate order.  

Training automatized word recognition 

In German-speaking countries, children are expected to automatize word recognition gradually by themselves 
once they have developed adequate phonological awareness as a basis and once they have mastered the skill of 
phonological recoding (“self-teaching mechanism”, Share, 1995). Extensive reading experience in school and in 
their free time is expected to be sufficient practice. This is why systematic trainings aiming at a direct reading 
strategy hardly plays a role in the regular school system of German-speaking countries. 
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Since dyslexic children in countries with transparent orthographies stand out particularly with regard to their 
deficit in reading speed, it is necessary to offer teachers at regular schools evidence-based programmes that aim 
at automatized word recognition. For this purpose, “Blitzschnelle Worterkennung” (Mayer 2012 [word 
recognition quick as a flash]) was developed for this study. The training programme was conducted with the 
same content and intensity in the IG 2 and IG 3 in the second half of grade one. Up to then, a comparable 
training programme did not exist in German-speaking countries. 

10 training units are conducted over a time period of 10 weeks (2 units per week). Each unit takes about 45 
minutes. 

The training focuses on 30 orthographic patterns which frequently occur in the German orthography. Each unit 
focuses on three sublexical entities simultaneously (for example <echt>, <ecke>, <auch>). First, these entities 
are practised in isolation before they are trained within a lexicon consisting of seven words. Each unit thus works 
with a total of 21 words. In the first lesson of each unit, the children practice the rapid recognition of the isolated 
patterns. The focused orthographic patterns are presented in different colours which are consistently used 
throughout the programme to have as strong a signal effect as possible. 

In the second part of each unit, the children are confronted with the actual training words (for ex. <schlecht> 
[bad], <Decke> [blanket], <tauchen> [diving]). Each of these words contains one of the sublexical entities in 
focus as a central element. As a first step, the children have the opportunity to process the words by phonological 
recoding.  

In the next part of the training, the children practice automatized recognition of the training words in as high a 
frequency as possible, in child-appropriate exercises and games. Here, the visual emphasis of the focused 
patterns as well as the grouping into orthographic patterns is reduced gradually. 

6. Results 

6.1 Characteristics of Participants 

Out of all children tested in grade one (n =1002), 8.5% (n = 85, 52.6% male, average age: 6; 4, SD: 0; 4) had a 
double deficit. Because of the school-based randomized attribution of whole classes to the training settings, 
considerable differences in terms of group size between the four groups had to be accepted.  

When the study started, there were 28 students in the group “phonological training only” (IG 1), 25 children in 
the group “phonological and word recognition training” (IG 2), 15 pupils in the group “word recognition training 
only” (IG 3) and 17 children received “business as usual” (CG).  

The pre-intervention test battery included seven measures. The test results for the whole group and each group 
separately is shown in Table 2. Double-deficit children in the four groups were approximately matched on RAN, 
phonological awareness, nonverbal cognitive abilities, language comprehension and grammatical development. 
One-way ANOVAs comparing the means of the four groups for phonological awareness (F(3, 84) = 2.09, p 
= .16), RAN digits (F(3, 84) = 1.25, p = .30), RAN colours (F(3, 84) = 1.33, p = .27), language comprehension 
(F(3, 84) = .96 p = .42), grammatical development (F(3, 82) = .75, p = .53) and nonverbal intelligence (F(3, 81) 
= .44, p = .73) revealed no significant differences between the four groups. 

With regard to short-term memory, the one-way ANOVA revealed significant differences between the four 
groups (F(3, 81) = 3.04, p = .04). LSD post-hoc tests showed that children of the IG 1 and IG 3 outperformed 
children of the IG 2. 

Despite these statistically rather limited significant differences with regard to the short-term memory, the four 
groups can be seen as sufficiently parallelized with regard to the predictors. 

The same analyses were conducted for only those double-deficit children that had been tested at all test dates. 
These analyses led to comparable results. This time, the differences in short-term memory performance were not 
statistically significant (F(60, 3) = 1.64, p = .19). 

Table 2 clearly shows that the double-deficit group performed roughly two standard deviations below the mean 
with regard to phonological awareness and rapid automatized naming and is thus massively affected. The means 
for the other linguistic-cognitive variables indicate that the relevant group is also negatively affected when it 
comes to short term memory and nonverbal cognitive abilities. With respect to the oral language skills, the 
results show a clear tendency towards below-average performance. For this reason it cannot be ruled out that low 
performance in terms of the other documented predictors could also influence the efficacy of the training 
alongside a deficit in phonological awareness and in naming speed. 
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Table 2. Cognitive abilities preintervention (T-scores, M, SD) 

Group       

Tests 

Preintervention 

Total (N=85) 

M (SD) 

IG 1 (n=28) 

M (SD) 

IG 2 (n=25) 

M (SD) 

IG 3 (n=15) 

M (SD) 

CG (n=17) 

M (SD) 

Sign. 

Phonological  

Awareness 

32.20 (4.81) 30.54 (4.25) 32.29 (3.44) 33.83 (4.96) 33.35 (4.25) n.s. 

RAN Digits 33.08 (7.26) 33.11 (7.99) 35.24 (6.14) 33.11 (7.99) 31.56 (7.70) n.s. 

RAN Colours 34.74 (5.41) 33.70 (5.42) 36.56 (5.42) 33.70 (6.42) 33.33 (6.37) n.s. 

Language 

Comprehension 

44.73 (9.71) 45.30 (9.51) 42.21 (9.78) 46.57 (6.87) 45.88 (11.86) n.s. 

Grammatical 

Development 

41.56 (11.12) 42.44 (12.46) 40.38 (8.00) 40.29 (9.61) 42.88 (14.14) n.s. 

Short-Term 

Memory 

43.91 (9.16) 46.15 (8.48) 39.54 (7.17) 46.15 (9.02) 44.82 (11.20) IG 1, 3 > IG 2 

(p=.04) 

Cognitive Abilities 42.41 (9.50) 43.96 (10.10) 41.29 (8.78) 40.69 (7.79) 42.82 (10.97) n.s. 

 

6.2 Effects of Intervention at the End of Grade 1  

The effects of the intervention are presented in Tables 3 and 4. 

It was not possible to measure reading and spelling skills pre-intervention because in Germany no standardized 
test exists for the beginning of the first year of compulsory schooling. Consequently, we were not able to 
determine the effects of the intervention by comparing the achievement of the four groups pre- and 
post-intervention. Therefore, general effects of the interventions were analysed by means of eight one-way 
ANOVAs with group (four levels) as the between-subject factor, and the reading and spelling measures as the 
dependent variables. At the end of grade one, the ANOVAs show significant differences between the four groups 
for the two experimental tests of reading speed (F(3, 78) = 2.70, p < .05 and F(3, 78) = 2.60, p < .05), the 
standardized test of reading fluency (WLLP-R) (F(3, 78) = 2.90, p < .05) as well as sentence comprehension (F(3, 
79) = 2.70, p < .05). All of these differences can be traced back to statistically significant outperformance of all 
the IGs compared to the CG (p < .05). Even though there were headstart tendencies for all IGs in the other 
reading and writing tests, no statistically significant differences could be made out. There were no relevant 
differences between the three IGs. 

However, to merely detect a significant supremacy of the IG compared to the CG or to detect the lack of 
statistically relevant differences between the groups is not sufficient to prove the practical relevance of 
intervention at school. If the sample is large enough, minimal differences between groups can be statistically 
relevant, even though they might be less relevant from a practical perspective. On the other hand, effects that are 
relevant in the field may not be proven to be significant if the sample is too small (Rost 2007). The size of the 
sample in this study was rather small due to the drop-outs described earlier (see chapter 5.1). Hence, Cohen’ s d 
effect sizes were additionally calculated. In contrast to simple variance analyses, these can provide information 
about the practical relevance of an identified difference between any two groups (Field, 2013).  

Post-intervention scores could not be compared with pre-test scores to calculate effect sizes because reading and 
spelling measures from before the intervention were not available. For the same reason, the scores were thus 
compared between the groups.  

According to Cohen (1988), d = .20 -.50 can be considered a small effect, d = .50-.80 a moderate effect, and d 
= .80 or above a large effect. 
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Table 4 compares the three IGs to the CG by calculating effect sizes. It becomes obvious that moderate to large 
effects can be demonstrated for the three IGs. 

 

Table 3. Effects of the intervention (end of Grade 1, N= 78) 

 

Reading and 

Spelling Measures 

IG 1 (n=28) 

M (SD) 

IG 2 (n=25) 

M (SD) 

IG 3 (n=15) 

M (SD) 

CG (n=17) 

M (SD) 

Significa

nce 

Reading Fluency 

(trained words)a 

21.00 (21.52) 22.80(21.05) 20.67 (18.64) 10.53 (10.22) IG 1, IG 2 > 

CG (p < .05) 

Reading Fluency 

(generalisation 

words)b 

10.56 (10.89) 10.16 (8.86) 8.00 (8.16) 5.06 (4.83) IG 1, IG 2 > 

CG (p < .05) 

Reading Fluency 

(WLLP-R)c 

37.92 (9.61) 38.04 (9.33) 37.25 (9.88) 32.59 (7.26) IG 1, IG 2, IG 

3 > CG 

(p< .05) 

Reading  

comprehension  

(word-level)d  

39.48 (8.69) 38.24 (8.45) 38.88 (6.99) 36.01 (7.80) n.s. 

Reading 

comprehension 

(text-level)f 

41.56 (6.06) 41.99 (7.97) 41.92 (4.31) 39.08 (4.62) n.s. 

Reading 

comprehension 

(Total) 

37.13 (10.40) 37.18 (7.62) 37.26 (5.16) 33.41 (3.80) n.s. 

Spellingg  16.80 (18.15) 24.48 (23.47) 21.36 (20.24) 15.41 (19.43) n.s. 

a Number of correctly read words within two minutes b Number of correctly read words within one minute c 

Wuerzburger Silent-Reading Test (T-score) d ELFE 1-6, Word Level (T-score) e ELFE 1-6 Sentence Level 

(T-score) f ELFE 1-6 Text Level (T-score) g German Spelling Test (Percentile Rank) 
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Table 4. Effects of the intervention (Cohen’s d) (at the end of Grade 1) 

Group-Comparison 

 

Reading and Spelling 

Measures 

IG 1-CG IG 2-CG IG 3-CG 

Reading Fluency  

(trained words) 

0.62 0.74 0.75 

Reading Fluency 

(generalisation words) 

0.65 0.71 0.50 

Reading Fluency 

(WLLP-R) 

0.63 0.65 0.57 

Reading comprehension 

(word-level) 

0.42 0.27 0.41 

Reading comprehension 

(sentence-level) 

0.90 0.82 1.24 

Reading comprehension 

(text-level) 

 

0.46 0.45 0.55 

Reading comprehension 

(Total) 

0.48 0.63 0.90 

Spellingg 0.07 0.42 0.35 

 

6.3 Effects of the Intervention at the End of Grade 2 

Results of the one-way ANOVAs that compared the means of the four groups at the end of grade two revealed 
significant main effects of the factor “group” for reading fluency (F (60, 3) = 2.25, p < .05), reading 
comprehension (word level: F (60, 3) = 2.78, p < .05; text level: F (60, 3) = 1.85, p < .05) and spelling (F (60, 3) 
= 3.65, p = .02). Both, IG 1 and IG 2, achieved significantly higher scores on reading fluency and reading 
comprehension (word level) compared to the CG (p = .05). In reading comprehension (sentence level), the IG 1 
achieved significantly better results compared to the CG (p = .05). In reading comprehension (text level), the IG 
2 scored significantly higher than the CG (p = .05). A combined score for reading comprehension revealed 
significantly better achievements for IG 1 and IG 2 compared to the CG (p < .05). Finally, for spelling, the 
combined training in the IG 2 led to significantly better results compared to the CG and to IG 3 (p < .01) (Table 
5).  

Table 6 shows the comparison of the three experimental groups with the control group with regard to the effect 
size measure. For the most part, it shows moderate to large effects in favour of the three IGs. The effects are 
particularly striking in reading comprehension. 
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Table 5. Effects of the intervention (end of Grade 2, N= 61) 

Group 

 

 

Reading and 

Spelling Measures 

IG 1 (n=24) 

M (SD) 

IG 2 (n=20) 

M (SD) 

IG 3 (n=9) 

M (SD) 

CG (n=8) 

M (SD) 

Sign. 

Reading Fluency 

(WLLP-R) 

42.67 (6.49) 40.00 (7.87) 44.00 (7.41) 38.50 (5.66) IG 1, IG 3 > 

CG (p = .05) 

Reading 

comprehension 

(word-level)b 

44.63 (7.15) 40.88 (6.80) 42.98 (8.60) 36.42 (6.82) IG 1, IG 3 > 

CG (p < .05) 

 

Reading 

comprehension 

(sentence-level)c 

42.51 (8.77) 40.88 (7.04) 39.11 (6.78) 37.45 (7.91) IG 1 > CG (p 

= .05) 

 

Reading 

comprehension 

(text-level)d 

39.59 (9.42) 42.46 (8.73) 42.78 (7.38) 36.26 (6.34) IG 2 > CG (p 

= .05) 

Reading 

comprehension 

(Total) 

40.28 (7.61) 39.81 (6.86) 39.84 (6.43) 34.31 (6.55) IG 1, IG 2 > 

CG (p < .05) 

Spellinge 33.62 (27.01) 44.68 (27.55) 19.68 (8.51) 17.61 (14.41) IG 2 > IG 3, 

CG (p < .01) 

a Wuerzburger Silent-Reading Test (T-score) b ELFE 1-6, Word Level (T-score) c ELFE 1-6 Sentence Level  

(T-score) d ELFE Text Level (T-score) eGerman Spelling Test (Pecentile Rank) 

 

Table 6. Effects of the intervention (Cohen’s d) (at the end of Grade 2) 

Group-Comparison 

 

Reading and Spelling 

Measures 

IG 1-CG IG 2-CG IG 3-CG 

Reading Fluency 

(WLLP-R) 

.71 .22 .72 

Reading comprehension 

(word-level) 

1.22 .69 .90 
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Reading comprehension 

(sentence-level) 

.62 .44 .23 

Reading comprehension 

(text-level) 

.40 .81 .78 

Reading comprehension 

(Total) 

.86 .86 .91 

Spelling .72 1.17 .18 

 

A major question was whether double-deficit children in the CG, in other words, children who did not receive 
any training initiated by the study at hand, actually belonged to the children showing the worst performance in 
terms of reading and spelling abilities. In order to answer this question, the performance of these children at the 
end of grade one and two was compared to the performance of no deficit and single-deficit children of the same 
group. 

One-way ANOVAs at the end of grade one show highly significant differences between the four groups (reading 
fluency: F(244,3) = 30.04, p < .01; reading comprehension word level: F(245,3) = 20.29, p < .01; reading 
comprehension sentence level: F(245,3) = 22.49, p < .01; reading comprehension text level: F(245,3) = 11.73, p 
< .01; reading comprehension total score: F(244,3) = 23.94, p < .01; spelling: F(236,3) = 12.60, p < .01. The 
same analyses at the end of grade two reveal highly significant differences between the four groups (reading 
fluency: F(204, 3) = 11.25, p < .01; reading comprehension word level: F(204, 3) = 9.30, p < .01; reading 
comprehension sentence level: F(203,3) = 11.40, p < .01; reading comprehension text level: F(204, 3) = 12.38, p 
< .01; reading comprehension total score: F(204, 3) = 11.75, p < .01; spelling: F(202, 3) = 7.70, p < .01. Post-hoc 
tests (LSD) showed that both children with no deficit and children with a single deficit scored significantly better 
on all measures than the double-deficit group. Whereas the children of the no-deficit group consistently showed 
average performance, children with a single deficit performed about one standard deviation below the mean, and 
children with a double deficit about two standard deviations below (see Table 7 for detailed results of grade 1). 

 

Table 7. Results on the reading and spelling tests for the, “No-Deficit”, “Single-Deficit” and “Double-Deficit” 
children of the CG (M, SD; End of Grade 1)  

Group 

 

Reading and 

Spelling 

Measures 

“no-deficit” 

(n=178)  

M (SD) 

“phonologcalaw

areness deficit” 

(n=25)  

M (SD) 

“naming-speed 

deficit”  

(n = 29)  

M (SD) 

“double deficit”  

(n=17)  

M (SD) 

Significance 

Reading 

Fluency 

(trained words)a 

53.43 (31.89) 23.96 (18.07) 25.34 (17.76) 10.53 (10.22) no-deficit> 

pad~nsd > dd (p 

< .001) 

Reading 

Fluency 

(generalisation 

words)b 

23.51 (15.16) 11.08 (8.11) 12.10 (8.59) 5.06 (4.83) no-deficit > 

pad~nsd > dd (p 

< .001) 
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Reading 

Fluency 

(WLLP-R)c 

53.78 (11.01) 41.33 (11.95) 42.79 (12.19) 32.59 (7.26) no-deficit> 

pad~nsd > dd (p 

< .001) 

Reading 

comprehension 

(word-level)d 

51.31 (9.90) 42.79 (8.80) 43.09 (10.09) 36.01 (7.80) no-deficit> 

pad~nsd > dd (p 

< .001) 

Reading 

comprehension 

(sentence-levele 

51.40 (11.55) 40.56 (7.99) 42.26 (8.15) 34.21 (2.85) no-deficit> 

pad~nsd > dd (p 

< .001) 

Reading 

comprehension 

(text-level)f 

48.30 (9.11) 42.01 (7.47) 42.32 (6.51) 39.08 (4.62) no-deficit> 

pad~nsd > dd (p 

< .001) 

Reading 

comprehension 

(Total) 

49.13 (10.37) 37.78 (10.07) 40.65 (8.05) 33.41 (3.80) no-deficit> 

pad~nsd > dd (p 

< .001) 

Spellingg 46.91 (28.71) 26.62 (23.31) 25.68 (19.43) 15.41 (19.43) no-deficit> 

pad~nsd > dd (p 

< .001) 

a Number of correctly read words within two minutes b Number of correctly read words within one minute c 

Wuerzburger Silent-Reading Test (T-score) d ELFE 1-6, Word Level (T-score) e ELFE 1-6 Sentence Level 
(T-score) f ELFE 1-6 Text Level (T-score) g German Spelling Test (Percentile Rank) 

 

6.4 The Influence of the Predictors on Performance in Reading and Writing 

In order to evaluate the influence of the documented predictors on reading and writing, simple correlation 
analyses (Table 8) and multiple hierarchical regression analyses were conducted (Table 9-12). For these analyses, 
the data of all participating children (no-deficit, single-deficit, double-deficit) were taken into account. 

Correlation Analyses 

With regard to the correlations between the predictors that were measured at the beginning of grade one, most 
correlations are significant on a level of p < .01. Nevertheless, their impact can be rated as ranging between 
minor and moderate. As expected, the closest correlation was identified between the two RAN tests (r = .70, p 
< .01) as well as grammatical development and language comprehension (r = .60, p < .01). Significant 
correlations of moderate extent could be established between the two focussed sub-components of phonological 
processing pertaining to the double-deficit hypothesis (r = .31 and r = .33, p < .01).  

For the purpose of clarity, the presentation of the results is reduced to reading and spelling performance at the 
end of grade two. 

The results show that, except for short-term memory, all included linguistic and cognitive predictors 
significantly correlate with reading and writing competence. Yet, phonological awareness and naming speed are 
most closely related to performance in reading and writing. Phonological awareness was significantly related to 
reading fluency (r = .34, p < .01), reading comprehension (r = .26-.42, p <. 01) and spelling (r = .37, p < .01). 
RAN was significantly related to reading fluency (r = .39, p < .01), reading comprehension (r = .38-.43, p < .01) 
and spelling (r = .35, p < .01). Researchers commonly agree that the influence of rapid naming becomes 
particularly obvious when word recognition is automatized. The results of this study, however, suggest that RAN 
abilities are just as closely related to performance in reading and writing tests as phonological awareness, already 



www.ccsenet.org/jel Journal of Education and Learning Vol. 4, No. 3; 2015 

103 
 

at such an early stage of reading acquisition. Furthermore, no substantial differences can be found with regard to 
the strength in correlation of both functions and reading speed, reading comprehension and orthographic skills.  

Listening comprehension and grammatical development most strongly correlate with performance on reading 
comprehension tests. All reported correlations were statistically consistently significant but the size of the 
correlation was only moderate. 

 

Table 8. Correlation (Pearson’s) between predictors and reading and spelling measures (End of Grade 2) 

  paf RAN 
Digits 

RAN 
Colours 

Lang. 
Comp 

Gramm. 
Develop. 

STMg Nonverbal 

Abilities 

Reading 
Fluency 
(WLLP-R)a 

.34** .39** .34** .36** .28** .17** .25** 

Reading 
comprehension 
(word-level)b 

26** .39** .32** .19** .17** .05 17** 

Reading 
comprehension 
(sentence-level)c 

.37** .43** .37** .34** .30** .13* .29** 

Reading 
comprehension 
(text-level)d 

.42** .38** .33** .28** 32** .10 .27** 

Reading 
comprehension 
(total) 

39** .43** .36** .34** .31** .11 .26** 

Spellinge- .37** -.35* -.28* -.22* -.24** -.15* -.15* 

Notes. * p < .05; ** p < .01 
a Wuerzburger Silent-Reading Test (T-score) b ELFE 1-6, Word Level (T-score) c ELFE 1-6 Sentence Level 
(T-score) d ELFE 1-6 Text Level (T-score) e German Spelling Test (Percentile Rank) fphonological awareness 
gShort term Memory 

 

Regression Analyses 

To improve the ability to predict the reading and spelling abilities at the end of grade one and two, several 
possible predictor variables (measured at the beginning of grade one: phonological awareness, RAN, language 
comprehension, grammatical development, short-term memory and nonverbal IQ) were retained into a 
regression model and stepwise regressions were conducted.  

As depicted in Table 9, approximately 31% of the variance in reading fluency were explained by the combined 
variables of RAN, general language abilities, phonological awareness and IQ. The other predictors did not 
contribute significantly.  

Table 10 shows that 24% of the variance in reading comprehension could be explained by the combined 
variables of grammatical development, RAN digits, language comprehension and IQ. The other predictors were 
not significant contributors. 

The results of the stepwise regression analyses for spelling can be seen in Table 11. Taking together the variables 
of RAN, grammatical development and phonological awareness explained 14% of the variance for spelling. The 
other predictors were not significant contributors. 
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Table 9. Results from stepwise regression analyses of reading fluency (WLLP-R)  

 R2 R2 F Significance 

1. RAN-Digits .14 .14 31.84 .0001 

2. Language 

comprehension  

.25 .11 32.74 .0001 

3. Phonological 

Awareness 

.29 .04 27.35 .0001 

4. Nonverbal IQ .31 .02 22.35 .0001 

 

Table 10. Results from stepwise regression analyses of reading comprehension (ELFE 1-6 total)  

  R2 R2 F Significance 

1. Grammatical 

Development 

.11 .11 25.79 .0001 

2. RAN-Digits  .19 .08 24.46 .0001 

3. Language 

Comprehension 

.22 .03 19.90 .0001 

4. Nonverbal 

IQ 

.24 .02 16.79 .001 

 

Table 11. Results from stepwise regression analyses of spelling (DERET 1-2+)  

  R2 R2 F Significance 

1. RAN-Digits .11 .11 20.14 .0001 

2. Grammatical 

Development  

.17 .06 15.96 .0001 

3.Phonological 

Awareness 

.20 .03 12.13 .0001 

 

Additional regression analyses were conducted in order to determine the joined and the independent 
contributions of phonological awareness and RAN. In these analyses, only the two relevant variables were 
considered. Table 12 shows that the variable that was considered in step 2 could contribute significantly to all 
reading and writing tests and can thus additionally explain between 6 and 10% of the variance.  
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Table 12. Contributions of RAN and phonological awareness to reading and spelling performance (at the end of 
Grade 2) 

Reading and Spelling Measures 

Reading Fluency (WLLP-R) Reading Comprehension (ELFE Total Score) 

Step R R2 R2 F Sig. R R2 R2 F Sig.

1. Phonological 

Awareness 

.33 .12  95.44 .001 .38 .14  124.74 .001

2. RAN-Digits .45 .21 .09 99.01 .001 .50 .25 .11 128.99 .001

1. RAN-Digits .39 .15  138.93 .001 .43 .19  174.26 .001

2. Phonological 

Awareness 

.45 .21 .06 99.01 .001 .50 .25 .06 128.99 .001

 

Spelling 

Step R R2 R2 F Sig. 

1. Phonological 

Awareness 

.36 .13  113.03 .001 

2. RAN-Digits .48 .20 .07 94.00 .001 

1. RAN-Digits .35 .13  110.20 .001 

2. Phonological 

Awareness 

.48 .20 .07 94.00 .001 

 

7. Discussion 

The results of this study show that, of all included linguistic and cognitive predictors, phonological awareness 
and naming speed are most closely related to performance in reading and writing. At the same time, 
phonological awareness and rapid automatized naming only correlate moderately. Furthermore, the regression 
analyses suggest that the two functions above all provide largely independent contributions in accounting for 
variance. The results correspond to Wolf et al. (2002), who found similar correlations in a group of 144 dyslexic 
children in grade two (RAN letters–phoneme synthesis: r = .25, p < .01; RAN letters–phoneme elision: r = .28, p 
< .01). Similar results can be found in Blachmann (1984) and Cornwall (1992). 

Therefore, these two factors should be given ample attention when considering the early identification of 
children at risk of developing dyslexia. Furthermore these results suggest that phonological skills play a role in 
the complex construct of rapid naming. Nevertheless, RAN should not be reduced to just this one component. 
Considering its implications for education, the finding that both functions have specific independent impact on 
the acquisition of reading and writing seems to be more relevant than the question whether both variables may be 
subsumed under the term of phonological processing (Wolf & Bowers, 1999).  

Even given the fact that a deficit in the rate of access to and retrieval of stored phonological information is 
generally taken to be the one component within the complex construct of RAN which is primarily responsible for 
the RAN deficit, both the rate in which phonological information is accessed and the conscious handling of 
phonological information (i.e., phonological awareness) obviously affect reading and writing, independently.  
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It is worth mentioning that the influence of phonological awareness on reading comprehension is statistically no 
longer significant once the cognitive abilities have been taken into account. The correlation between IQ and 
phonological awareness was r = .32, (p < .01) in the study at hand. The correlations between phonological 
awareness and reading comprehension (r = .26-.42, p < .01) could partially be explained by the cognitive 
component within the construct of phonological awareness. This assumption should not apply to RAN since no 
correlation with IQ could be found here. 

The distinct impact of naming speed on the performance in reading and writing at such an early stage in the 
developmental process was a rather unexpected result of the study at hand. A much stronger correlation with 
phonological awareness had been expected, as reading skills at this point in time are rather interpreted as 
mastering phonological recoding skills. Rapid naming, however, is primarily expected to come into effect once 
the reading process is automatized (Cornwall, 1992; Kirby et al., 2003; Wolf & Bowers, 1999). The results of the 
stepwise regression analyses even suggest that the impact of RAN is tendentiously stronger than the influence of 
phonological awareness in terms of word recognition as well as reading comprehension and spelling. 

The strong impact of RAN as early as grade one and two leads to the assumption that the speed with which 
visual symbols are processed and with which phonological information is retrieved not only plays an important 
role in the automatized processing of sublexical and lexical representations and hence in direct word recognition 
(Bowers et al., 1994), but also in learning the alphabetic principle of written language. The results of this study 
suggest that the fast access to phonological representations also influences the acquisition of the alphabetic 
principle of reading. RAN tests offer information on how quickly a symbol (letter) can be processed and 
identified and how fast a person can activate the relevant phonological information. Consequently, phonological 
recoding may be negatively affected by a large time lag in processing individual letters. This goes hand in hand 
with an overstraining of the working memory. 

In the early diagnosis of dyslexia, phonological awareness as well as naming speed should be tested, as children 
with a double deficit develop severe difficulties when learning how to read and write unless they receive specific 
intervention. This assumption is supported by the results of this study, since the double-deficit children in the 
control group performed about one to two standard deviations below the performance of the children in the 
no-deficit and the single-deficit groups. This result mostly agrees with the investigations of Kirby et al. (2003), 
Cronin (2013) and Torppa et al. (2013). 

On the other hand, this study also suggests that these children can be supported effectively in their development 
by methods that train phonological awareness and automatized word recognition. Indeed, the training 
programmes that were implemented in this study were certainly a step into the right direction. However, since 
not all children were able to sufficiently profit from the training, further modifications and enhancements are 
necessary. 

The methods can be expected to prove even more effective if the intervention is not integrated into the classroom 
routine, but is rather conducted in small groups of children who are at risk of developing dyslexia. A more 
individual and intense support would be guaranteed if the intervention did not include the whole class. Having 
SLPs or special needs teachers, who offer supportive trainings in small and more homogeneous groups, is also a 
prerequisite in inclusive settings. Only then can all students get the best and most suitable individual support. 
Indeed, this proposal goes hand in hand with the Convention on Human Rights of Persons with Disabilities 
(United Nations, 2006), which explicitly states: “Specific measures which are necessary to accelerate or achieve 
de facto equality of persons with disabilities shall not be considered discrimination under the terms of the present 
Convention” (article 5, paragraph 4).  

Ideally, support measures should additionally be modified so that the training of automatized word recognition 
on the sublexical level would only be implemented once the children have mastered phonological recoding. Most 
children with a double deficit in our study had probably not yet mastered this prerequisite midway in grade one. 
Therefore, starting this training in grade two would be more appropriate.  

For the double deficit group in the study at hand, deficits in general language comprehension and expressive 
abilities became obvious. The regression analyses support the assumption that these difficulties could have 
negatively influenced reading comprehension on the sentence and text level. Hence, a comprehensive training in 
the context of reading and writing lessons should also include therapeutic support for expressive and receptive 
language skills in general. 

The double-deficit group in this study showed a tendency to perform below average with regard to phonological 
memory, although this memory was only examined superficially. Since the working memory is a stable and 
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largely invariant personality trait which, although it develops with maturity, is largely resistant to systematic 
training (Holmes et al. 2009), measures that acknowledge restrictions in the working memory should be 
integrated into school lessons. Boudreau/Constanza-Smith (2011) offer numerous suggestions how this could be 
done. 
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